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Designing   Net-Zero Energy Buildings  (NZEB) is a complex and collaborative 

team process involving knowledge sharing of experts leading to the common 

goal of meeting the Net-Zero Energy (NZE) project objectives. The decisions 

made in the early stages of design drastically affect the final outcome of design 

and energy goals. The Architecture, Engineering and Construction (AEC) 

industry is pursuing ways to improve the current building design process and 

project delivery methods for NZEBs. To enable the building industry to improve 

the building design process, it is important to identify the gaps, ways of 

improvement and potential opportunities to structure the decision-making 

process for the purpose of NZE performance outcome. It is essential to identify 

the iterative phases of design decisions between the integrated team of experts 

for the design processes conducted in these early stages to facilitate the 

decision-making of NZEB design. The lack of a structured approach to help the 

AEC industry in making informed decisions for the NZEB context establishes the 

need to evaluate the argumentation of the NZEB design decision process. The 

first step in understanding the NZEB design decision process is to map the 

current processes in practice that have been successful in achieving the NZE 

goal. Since the energy use performance goal drives the design process, this 

research emphasizes first the need to document, in detail, and investigate the 

current NZEB design process with knowledge mapping techniques to develop an 

improved process specific to NZEB context.  

 

In order to meet this first objective, this research qualitatively analyzed four 

NZEB case studies that informed decision-making in the early design phases. 

The four components that were studied in the early design phases included (1) 

key stakeholders involved (roles played), (2) phases of assessments (design 

approach), (3) processes (key processes, sub-processes and design activities 

affecting performance) and (4) technology (knowledge type and flow). A series of 

semi-structured, open ended interviews were conducted with the key decision 
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-makers and decision facilitators to identify their roles in the early design process, 

the design approach adopted, rationale for decision-making, types of evaluations 

performed, and tools used for analysis. The qualitative data analysis was 

performed through content analysis and cognitive mapping techniques. Through 

this process, the key phases of decision-making were identified that resulted in 

understanding of the path to achieving NZE design goal and performance 

outcome.  

 

The second objective of this research was to identify the NZE decision nodes 

through a comparative investigation of the case studies. This research also 

explored the key issues specific to each stakeholder group. The inter-

relationships between the project objectives, decision context, occupants usage 

patterns, strategies and integrated systems, building operation and renewable 

energy production was identified through a series of knowledge maps and visual 

process models leading to the identification of the key performance indicators. 

This research reviewed the similarities and differences in the processes to 

identify significant opportunities that can improve the early building design 

process for NZEBs. This research identifies the key decision phases used by the 

integrated teams and describes the underlying structure that can change the 

order of key phases. 

 

A process mapping technique was adapted to capture the practice-based 

complex NZEB design approach and draw insights of the teamwork and 

interdisciplinary communication to enable more comprehensive understanding of 

linkages between processes, sub-processes and design activities, knowledge 

exchange, and decision rationale. Key performance indicators identified for early 

design of NZEBs resulted in developing a decision support process model that 

can help AEC industry in making informed decisions. This dissertation helps 

improve understanding of linkages between processes; decision nodes and 

decision rationale to enable industry-wide NZEB design process assessment and 

improvement. The dissertation discusses the benefits the proposed NZEB design 

process model brings to the AEC industry and explores future development 

efforts. 
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Chapter 1 

1. Introduction 

1.1. Overview 

1.1.1. Environmental Impact of Buildings 

Buildings account for 38% of carbon dioxide emissions and 12% of water 

consumed in the United States annually (U.S. Environmental Protection Agency 

[EPA], 2004; Energy Information Agency [EIA], 2008). The International Energy 

Agency (IEA) estimates that buildings account for 30-40% of all primary energy 

used worldwide (IEA 2005). Research and studies are being conducted to reduce 

the CO2 emissions from all sectors including industries, transportation and power 

production while improving our understanding of the human contribution towards 

such emissions. For these sectors greenhouse gas emissions are highly 

correlated to the amount of energy consumed. Energy sources typically include 

coal, nuclear, and natural gas. The process of converting this energy to a usable 

from requires extraction, transportation, power generation and distribution. 

Typically every step of this energy production process releases greenhouse 

gases to the atmosphere. As per the Energy Information Administration statistics, 

“…76% of all electricity generated by power plants in the U.S. is used to operate 

buildings” (as cited in Mazria & Kershner, 2008, p. 2), therefore stressing that a 

decrease in energy use in buildings could make a huge difference in reducing 

global warming. 
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Figure 1–1: Growth in building energy use relative to other sectors. Source: 

Crawley, D., Pless, S., & Torcellini, P. (2009). Getting to net zero. ASHRAE 

Journal, 51(9), p. 1 

 

Making buildings energy efficient can reduce CO2 emissions but this is just a 

starting point. The construction and materials use in buildings includes the 

extraction of raw materials, their manufacturing, transportation, water use, energy 

use, transportation to the site, construction process, operation, maintenance, and 

finally demolition of the building. All these processes directly or indirectly impact 

the environment by causing carbon emissions. The average life span of any 

building is about 60 years in the United States and in order to understand the 

environmental impact of buildings, the carbon emissions need to be calculated 

over the life cycle of a building. Wiedmann and Minx (2007, p. 4) define the term 

‘carbon footprint’ as, "… a measure of the exclusive total amount of carbon 

dioxide emissions that is directly and indirectly caused by an activity or is 

accumulated over the life stages of a product. The emissions must take all direct 

and indirect forms into account.” Hence the carbon footprint of a building can be 

defined as the total count of carbon dioxide emissions in all the above-mentioned 

processes for a building over its life cycle.  “The 2030 Challenge” initiated by 

architect Edward Mazria in 2006, is a challenge to reduce greenhouse gas 

emissions in all new buildings and major renovations to zero by the year 2030 

(Mazria, Architecture 2030). The 2030 challenge is an initiative to reconsider the 

conventional building design and construction process and be mindful of creating 
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buildings that are not just energy efficient but achieve a target of carbon-neutral 

(Mazria, Architecture 2030).  

 

The Department of Energy (DOE) and National Renewable Energy Laboratory 

(NREL) have been at the forefront of ‘very low energy’ or ‘high-performance 

buildings’ (Torcellini, Pless, Deru & Crawley, 2006b). These two organizations 

have been monitoring the performance of their buildings over time and have 

come to realize that most energy-efficient buildings often do not reach their 

designed goals. The contributing factors to the overestimation of performance 

were: “optimistic …occupants’ behavior and acceptance of systems”, and 

“…uncertainty of designing buildings and forecasting their performance” 

(Crawley, Pless & Torcellini, 2009, p. 5). “The U.S. federal government has set 

goals through the Early Independence and Security Act of 2007 for all newly 

constructed commercial buildings to achieve Net-Zero Energy by 2030…” 

(ASHRAE, 2010). As suggested by the ASHRAE’s manager of government 

affairs “…what is more certain is the move to a net zero energy building stock 

likely will require a series of major shifts in the structure of codes…” (ASHRAE, 

2010). Pless, Torcellini and Shelton (2011) stated that for buildings to attain their 

NZE goal within budget, changes would need to be made to the current building 

design and construction process along with the need for “new tools and 

strategies” (p. 1). This indicates the need for a shift in the AEC industry from 

sustainable, green or high-performance goals to more measurable goals such as 

Net-Zero Energy. 

 

1.1.2. Evolution from Traditional to Integrated Design 

The design and construction of a building is a process that typically consists of 

many phases beginning with a pre-project planning phase followed by conceptual 

design, design development, construction documentation and construction (The 

American Institute of Architects [AIA], 2007). These phases can be broadly 

classified into three stages - building planning, design and construction. The 

decisions made throughout these stages impact the function of the building, its 

performance, aesthetics, sustainability, life cycle cost and the building occupants. 

Multiple and varied decisions are associated with each of these project phases. 

The pre-project planning phase involves major investment decisions; the 

schematic design phase is concerned with decisions related to building 

performance, cost and aesthetics through comparison of various design 

proposals. The construction-planning phase is focused on decisions to improve 

the efficiency of the construction process.  
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Figure 1–2: Traditional design process phases and involvement of stakeholders. 

Source: The American Institute of Architects, AIA California Council. (2014). 

Integrated Project Delivery: An Updated Working Definition, p. 7 

 
Often planning, design, construction and operation are separate and distinct 

phases in the development of a building (refer to Figure 1–2). The decisions 

made during the building design and construction process are often complex with 

input from multiple decision makers. The involvement of multidisciplinary 

stakeholders with specific roles makes the decision process more challenging. In 

the traditional design process, various role players like managers, architects, 

contractors, engineers, etc. work in isolation and make decisions without teaming 

up to share their knowledge. This lack of information sharing between individual 

stakeholders can undermine the final outcome in terms of building performance, 

energy efficiency, life cycle cost as well as functionality and aesthetics. The 

report ”Energy Efficiency in Buildings” from the World Business Council for 

Sustainable Development (WBCSD) suggests that the barriers of energy 

efficiency in buildings is due to the “…significant barriers preventing widespread 

involvement…serious gaps in knowledge about energy efficiency among building 

professionals, as well as a lack of leadership throughout the industry” (Energy 

Efficiency in Buildings [EEB], 2007, p. 34). The report asserted, “a holistic design 

approach, with more appropriate financial mechanisms and relationships, and 

behavioral changes” are the three approaches to overcome these barriers (EEB, 

2007, p. 7). 
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Figure 1–3: Integrated design process phases and involvement of stakeholders. 

Source: The American Institute of Architects, AIA California Council. (2014). 

Integrated Project Delivery: An Updated Working Definition, p. 7 

 
Unlike the traditional fragmented design process, an integrated design approach 

requires active participation of all the key players in the design and construction 

process. Integrated design requires collaboration between experts from various 

fields. Meetings with various team members are integral to this approach and 

must begin in the conceptual design phase. The initial interaction typically 

involves discussion of the project objectives and setting performance goals. 

Depending on the scale and scope of the project, design options are proposed 

from the key team members. The team members collectively weigh the options 

and analyze the alternatives to select and refine details such as building 

materials, construction technique, systems to be used, etc. NZE building design 

requires a holistic design approach, as the current fragmented decision-making 

process becomes more challenging when the need is to deliver high performance 

buildings. The challenge of designing NZE projects requires an integrated design 

process.  

1.1.3. Emerging Trends - Net-Zero Energy 

Net zero-energy buildings go beyond low-energy or high-performance buildings. 

Guidelines on whole building design (Whole Building Design Guide [WBDG], 

2008) outline design objectives for high-performance buildings with sustainability 

as one of the main objectives. Net-zero energy buildings must be energy efficient 

and typically use on site renewable energy sources. Net-zero energy buildings 

generate more or an equivalent amount of energy throughout the year as that 

being used by the building (Torcellini et al., 2006). This is a more generalized 

understanding of the zero-energy criteria. The American Society of Heating, 

Refrigerating and Air-Conditioning Engineers (ASHRAE) defines Net-Zero 

Energy Buildings as “buildings which, on an annual basis, use no more energy 
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than is provided by on-site renewable energy sources” (ASHRAE). Torcellini et 

al. (2006b) from the National Renewable Energy Laboratory (NREL) of the U.S. 

Department of Energy have listed four definitions for ‘net-zero’ based on the 

energy goals. These definitions are listed below: 

 

Net Zero Site Energy: “A site NZEB produces at least as much energy as it 

uses in a year, when accounted for at the site”.  

Net Zero Source Energy: “A source NZEB produces at least as much energy 

as it uses in a year, when accounted for at the source. Source energy refers to 

the primary energy used to generate and deliver the energy to the site. To 

calculate a building’s total source energy, imported and exported energy is 

multiplied by the appropriate site-to-source conversion multipliers”. 

Net Zero Energy Costs: “In a cost NZEB, the amount of money the utility pays 

the building owner for the energy the building exports to the grid is at least equal 

to the amount the owner pays the utility for the energy services and energy used 

over the year”. 

Net Zero Energy Emissions: “A net-zero emissions building produces at least 

as much emissions-free renewable energy as it uses from emissions-producing 

energy sources” (Torcellini et al., 2006b, p. 5). 

 
Lapinski et al. (2005, p. 2) mentioned, “…sustainable building projects often 

require integrated design approaches to perform complex design analyses, 

energy modeling and systems optimization”. NZEBs demand an “increased level 

of design integration between structural, envelope, mechanical, electrical and 

architectural systems” during the early design phases in order to successfully 

achieve their performance objectives (Korkmaz et al., 2007, p. 62).  However, 

there is no pre-defined design process for NZEB design.  Designing for NZE is 

challenging due to the increased level of complexity involved and the 

interdisciplinary, integrated and iterative nature of the design process. The 

specifics of the net-zero energy design process for individual projects remains 

unclear. Part of the reason for this obscurity is that owners and project teams 

have a limited understanding of which processes are the important ones for NZE 

project delivery. The intermediate deliverables, activities, and outcomes of 

current delivery processes are best suited for conventional buildings but often do 

not meet the needs of NZEB projects (Lapinski et al., 2005). In response, this 

research explores NZEB case studies using qualitative research methods to 

identify the key design activities and design decision nodes that a design team 

can use to help them with a more informed NZEB decision process. Korkmaz et 

al. (2007) note that “…the green building assessment systems such as Building 

Research Establishment Environmental Assessment Methodology (BREEAM) 

and Leadership in Energy and Environmental Design (LEED) primarily evaluate 
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building features such as energy performance and materials used; however, they 

provide minimal guidance on design and construction processes to help project 

teams achieve these standards” (p. 63). There is a need for understanding the 

process of NZEB decision-making. This qualitative research will identify and 

evaluate critical design process decisions, identify the required knowledge 

domains and identify the required stakeholder competencies.  

1.1.4. Role of Decisions in the Early Phases of Design  

Black et al. (2010) suggest that the design phase is as the key to meeting high 

performance goals. The project conceptualization and early design phase 

demands a high level of collaboration between the interdisciplinary teams (AIA, 

2007) while important decisions are concerned with aesthetics, energy systems 

selection, envelope design, selection of building materials and implementation of 

assessment tools (Magent et al., 2009; Riley et al., 2004). The AIA Integrated 

Project delivery guidelines (AIA, 2007) refer to the “MacLeamy Curve” to 

emphasize the importance of early design decisions (refer to Figure 1–4). 
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Figure 1-4: The "MacLeamy Curve". Source: The American Institute of 

Architects, AIA National, AIA California Council. (2007). Integrated Project 

Delivery: A Guide, p. 21 

 
The “MacLeamy Curve” helps in understanding the distribution of design effort 

along the various design phases. The curve emphasizes the importance of 

decisions made during the early design phases and their “ability to impact cost 

and functional capabilities” (AIA, 2007, 2010). Due to their impact, the focus of 

this research is on the early design phases. Sanvido (1990) states that the 

design process is more like a black box (Sanvido, 1990) where the known 

elements are the project objectives and the outcomes of the design but what is 

key is the logic of progress (Sanvido, 1990) of the decisions to understand the 

rationale for context specific (Yin, 2003) decision-making. This holds true for the 

design process of high-performance buildings or NZEBs. The specific objectives 

for each key player in the design processes may be different but their combined 

decision-making will contribute to the success or failure of a project. Torcellini et 

al. (2006) found through the analysis of six high-performance commercial 

buildings that setting specific energy or sustainability goals was the driver for 

minimizing energy use and achievement of the high-performance goals. 
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Figure 1–5: Opportunities of impact plotted along the “MacLeamy’s Curve” for 

early phases of design 

 

Research on green, high-performance buildings suggests the need for new 

approaches to deliver projects (Riley & Horman, 2005; Lapinski et al. 2006; 

Korkmaz et al., 2010). Sanvido et al. (1990) adapted the Integration Definition for 

Function Modeling (IDEF0) functional model to present the Integrated Building 

Process Model (IBPM) that describes the top-level and lower level processes as 

a series of functions with inputs, outputs and constraints. For example, Toyota’s 

sustainable building delivery process was captured to evaluate Toyota’s project 

delivery method in this way (Lapinski, 2005). New green project delivery method 

and IDEF0 process mapping techniques have not been widely adopted in the 

building industry (Klotz et al., 2007). The cumbersome and not very user-friendly 

graphical representations have been identified as a barrier for adoption. The 

intention of this research is to identify the key design goals and phases of 

assessment, and the roles performed by the key team members to improve the 

design process (Riley & Horman, 2005; Lapinski et al., 2006; Korkmaz et al., 

2007). Identifying the decision nodes in the early design phases can help in 

understanding the important patterns of decision-making (Buchanan & O’Connell, 

2006) and potentially improve the process (Snowden & Boone, 2007; Bennet & 

Bennet, 2008). 

 

1.1.5. Adaptation of Existing Model for Net-Zero Energy 

Buildings 

Designing for NZE requires a creative design approach that often considers 

integrating innovative technologies and/or off-the-shelf technologies more 

creatively in to lower energy use in buildings. Assessing and understanding the 

decisions made during the early phases of design, is most critical when NZE is a 

goal. The decisions made during the conceptual design phase affect decisions 

made during the later project phases. The challenge therefore is to understand 

the decisions made relevant to the issues of concern.  

 

Unlike traditional buildings, NZEB are designed with energy performance 

(Torcellini et al., 2006) as a dominant factor. Project performance is measured by 

energy performance (Torcellini et al., 2006) which drives the way the design 

progresses. Current NZEB certification and green building assessment systems 

do not elaborate on the decision-making aspect of the design processes 

(Korkmaz et al., 2007). NZEB design is a complex process that is highly iterative 

and evolves through different stages with various interdisciplinary stakeholders. 

Each stage is a collection of processes, sub-processes and design activities that 
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are centered on achieving the project objectives (Riley & Horman, 2005; Lapinski 

et al., 2006; Korkmaz et al., 2010). The International Green Construction Code 

(IgCC) development committee recently introduced the “first-ever outcome-based 

compliance path in a model energy code” as per the New Building Institute’s 

report in the article “New approach to energy code compliance clears hurdle” (as 

cited in New Building Institute, 2014). As emphasized in the article, a prescriptive 

approach is more of an inhibitor than a facilitator for the High-Performance 

Buildings design process. This research stresses the need to use a combination 

of descriptive as well as proscriptive approaches that will support the 

performance outcome of NZE while allowing flexibility in design.  

 

The development of an integrated NZEB design process model will require the 

systematic modeling and analysis of the key process attributes. This will provide 

an understandable breakdown of which processes add value and help identify 

what process improvements can help in achieving Net-Zero Energy Buildings. 

Although other process models have carefully documented the building delivery 

process, the model developed through this research result is the first to examine 

the entire NZEB early design process, from building inception through detailed 

design. The new process model will play a vital role in providing the means to 

identify and understand the current building delivery process for NZEBs. Such a 

design process model can help reduce or eliminate process waste, which can 

improve decision-making for NZEBs.  

1.1.6. Benefits and Impact of A New NZEB Process Model 

Review of literature (U.S. Department of Energy’s Building Technology Program 

[U.S. DOE, BTP], 2015; National Institute of Building Sciences [NIBS] – Whole 

Building Design Guide [WBDG], 2015) shows the number of Net-Zero Energy 

Buildings are few. This suggests that not many buildings that were designed with 

Net-Zero Energy as a goal and fewer still have been successful in achieving the 

goal after construction. The New Building Institute recently verified that 32 

buildings achieved Zero Net Energy (New Buildings Institute [NBI], 2014). 

Korkmaz et al. (2007) suggest that current green building assessment systems 

do not support the decision-making aspect of design. The initiative to create a 

separate assessment system for Net-Zero Energy building rating such as the 

Living Building Challenge by the International Living Future Institute (International 

Living Future Institute, May 2012) suggests the need to capture and argument 

the design decision process (Buchanan & O’Connell, 2006) for NZE buildings. 

The lack of a structured approach to help the AEC industry in making informed 

decisions for Net-Zero Energy Building decision-making establishes the need to 

map NZEB project delivery methods in current practice. 
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The contribution of this research is to understand this dynamic decision-making 

process and merge it with the business decision-making modeling thereby 

capturing and sharing knowledge involving the interactions between multiple 

stakeholders for Net-Zero Energy design. A clear understanding of the decision-

making process for Net-Zero Energy design begins by identifying the challenges 

faced when trying to meet this goal, then mapping the knowledge flow while 

identifying the areas of improvement for the decision process. The outcome of 

this research would be the identification and mapping of the key decisions 

involved in the Net-Zero Energy design process and providing suggestions for 

improvement of the current decision-making process. 

 

The benefit of this research is in the development of a generic new process 

model for NZEB design that can be applied and adapted to specific project needs 

during the early stages of design. The contribution of this research will be to 

develop a framework for representing and integrating the key decisions and roles 

of the decision stakeholders in the design processes, and identify the need for 

new methods and tools that might be needed to improve the NZE decision-

making process. The detailed analysis of the complex and iterative early design 

process along with the clear identification of the roles of the interdisciplinary team 

members and their knowledge exchange can help in developing a structured 

approach for NZE design decisions. Lessons learned from current practice can 

be the basis for understanding the critical decision nodes and the knowledge 

domains associated with each decision in relationship to the project objectives 

and project context (Yin, 2003). Identification of the roles played and the type of 

knowledge used to make the decisions by the key team members can create 

value (Riley & Horman, 2005; GSA, 2004) by empowering the users with a 

structured approach for informed decision support (Lapinski et al., 2006; 

Korkmaz et al., 2010; Horman et al., 2006). This approach will attempt to further 

dissolve the boundaries between stakeholders involved in the NZEB design 

process and support an environment for collaboration (Magent et al., 2009). 

1.2. Problem Statements 
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Figure 1–6: Performance and process gaps in the current NZEB design process 

 

The failure of many buildings designed to meet the NZE goal may be attributed to 

the gap between the predicted energy uses versus the actual energy use 

(Torcellini et al., 2006). One of the primary reasons for this gap is the 

assumptions made to account for unknowns. Though early on these assumptions 

play a vital role in the design decision-making process, there is lack of explicit 

documentation and an established method of tracing the rationale relevant to 

design decisions. The building design process substantiates early design 

decisions that eventually influence the design development, construction and the 

overall evolution of the design (Riley & Horman, 2005; Lapinski et al., 2006; 

Korkmaz et al., 2010). The early design phase is the point of intervention that 

presents the maximum opportunity for improvement and control of the process 

(Torcellini et al., 2006). The importance of setting specific and clear performance 

goals (GSA, 2004; Riley & Horman, 2005) in the form of energy utilization goals 

and other performance parameters has been established for NZEBs (Torcellini et 

al., 2006). In order to understand and improve the current design process for 

NZEB design, design decision-making needs to be assessed during this early 

design phase (Korkmaz et al., 2007; Korkmaz et al., 2010). Decisions made 

without sufficient information can lead to waste and inefficiency including 

frequent changes in design. An effective way to minimize process waste would 

be a clear definition and map to organize, classify and manage the required 

information. 

 

The lack of integration has been widely recognized as a major problem in the 

building design and construction industry (Sanvido, 1987). Due to the fragmented 
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nature of the industry, the coordination among project members is ineffective and 

results in the loss and duplication of information. There is need for the definition 

of the information flow required to support the NZE building design process and 

for the clarification of tasks and responsibilities among project participants.  

Firstly, no clear definition of tasks and responsibilities has been established 

specific to the Net-Zero Energy context. The members of the AEC industry have 

not reached consensus on the tasks required, nor on the division of 

responsibilities among the team members. The second factor is the lack of a 

common structure and method of transfer of the information required to support 

the NZEB design and construction process. 

 

 
 

Figure 1–7: Key decision makers of an integrated design team 

 

An attempt to develop an integrated design process model for NZEB design is 

challenging and complex as it involves the participation and coordination of 

members from widely dispersed disciplines and organizations, and is further 

prohibited by the volume and complexity of the information required. Sanvido 

(1987) attributes the difficulties in information transfer in the AEC industry to 

differences in data formats, lack of common data classification methods, and 

differing techniques for graphical representation of data. Before a common data 

format and mode of transfer can be established, however, the information that is 

generated and transferred during the design process must be identified. 

Furthermore, processes that generate, transform, and utilize the information must 

be identified to determine the flow of information, and the building design 

process. This calls for the proposition of an appropriate modeling methodology 

for the NZEB design process. 
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1.2.1. Research Questions 

Question 1 – What are the challenges, barriers and constraints in delivering Net-

Zero Energy Buildings? 

Question 2 – What is the current NZEB design process that is used in practice in 

building successful and verified NZEBs? 

Question 3 – What are the central issues that drive the NZE design decision-

making? 

Question 4 – What should be the important steps of decision-making and 

important considerations to improve the quality of design decisions for NZEB 

early stages of design? 

Question 5 – What are the key performance indicators of the NZE decision 

process? 

1.3. Research Objective 
 

The outcome of this research is a new process model to evaluate and support 

the design decisions in conceptual design that would help in achieving NZE goal 

for buildings. The process model consists of key activities structured as per the 

sequence of the decision phases to enable the achievement of performance 

measures and objectives based on their relevance and level of importance in the 

conceptual design phase. The new process model also defines the roles of key 

members and the design and assessment tools that would facilitate the 

knowledge flow and decision-making process. Enabling an enterprise or a 

designer to better understand the key decisions involved in the NZEB decision-

making process through a process model was the outcome of this research. This 

goal was achieved through the following objectives: 

 
Objective 1 – Identify the existing challenges and limitations of the current 

Net-Zero Energy Building design process. 

 
The design process is viewed as a system comprising many levels of 

subsystems, where inputs are transformed by the functions into outputs. Such a 

system may be represented by a generic model consisting of a set of functions, 

whose interrelationships are established by transfer of information among the 

functions. The processes and information that support the design process may 

then be represented and analyzed in a clear, concise manner. The researcher 

conducted extensive literature review and analyzed literature case studies in an 

attempt to understand the Net-Zero Energy context and explored the utility of 

analytical process models to represent current design practice. This was also an 

attempt to document the known challenges of the NZEB design process. This 

research identified the need for facilitation of integration of the design team 
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through stakeholder commitment for developing innovative ideas (Riley & 

Horman, 2005; Lapinski et al., 2006; Korkmaz et al., 2007) to be equally 

important as the integration of efficient systems and innovative technologies. This 

research also identified flexibility to be key in design, system design and design 

decision support.  

 
Objective 2 – Mapping the current design decisions for the early phases of 

Net-Zero Energy Buildings. 

 
Studying the project specific processes adopted by the lead firms in designing 

such projects can facilitate in developing the basis of the framework. Adoption of 

a methodology for NZE design in the building industry could often be challenged 

through characteristics unique to a project.  Study and analysis of recently 

completed case studies, NZE projects in progress and design firms that will help 

in understanding the decision basis of the NZE design process. Identifying 

recently completed NZE case studies and the design firms that are involved with 

such projects will offer the potential for valuable practical input in identifying the 

functions and sub-functions, inputs and outputs of the process model. This will 

help in generating and improving the generic process model by sharing the 

project-specific design challenges. 

 

The second objective of this research was to map the ‘As-Is’ design decision 

process used in practice of four NZEB case study projects. This research goal 

was achieved through mapping four components – stakeholders and their roles 

played, key processes they performed, phases of assessment of key decision-

making and technology used for analysis. The researcher examined the NZEB 

case studies design process in detail as the design was performed by attempting 

to map the processes and sub-processes in the early design phase through 

extensive semi-structured interviews conducted with the key decision makers 

and decision facilitators of the project. Also identified the most appropriate 

approach for modeling the NZE design process. 

 
Objective 3 – Identify the stakeholder specific central issues and important 

considerations that drive their decision-making. 

 

The two domains of knowledge in architecture are identified as design knowledge 

and practice knowledge. The goal of this research was to map the practical 

process of architectural design practice specific to the Net-Zero Energy goal. Due 

to the lack of adaptable generic sustainable design process models and NZE 

design process models in the AEC industry, the need for the development of a 

generic model of the NZE conceptual design process was recognized. 
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Understanding of the various roles of the activities in different phases of decision 

making for a NZE design would help in learning the decision-making process. 

This would mean working backwards in mapping the process thereby reducing 

uncertainty in the model, hence improving upon the decision making process. 

The outcome of this research is the identification of the most important activities 

and factors that can be used by decision makers to ensure better selection of 

NZE strategies during the conceptual design phase.  The research explores how 

best practices can be formulated with input and feedback from the leading firms 

working on NZE solutions. 

 

Objective 4 - Develop a model-based approach to support the planning and 

re-planning of activities for the Net-Zero Energy design process. 

 

The key decision nodes and the high-level phases of assessment were defined 

only after the review of the design decision-making process (Lapinski et al., 

2006; Korkmaz et al., 2010; Horman et al., 2006) of ‘WHAT’ decisions were 

made, ‘WHICH’ decisions were important and ‘WHY’ were they important. 

Therefore, the fourth objective of this research was the assessment of the NZEB 

design processes documented to explicitly uncover the key decision nodes 

resulting in the mapping of a new NZEB design process model by establishing 

the key phases of assessment, the role of stakeholders involved and 

deliverables. 

 

Objective 5 – Establish the structural constructs for Net-Zero Energy 

Building design that impact the decision phases based on the context of 

the project needs. 

 

Finally, this research identifies the process-based key performance indicators 

that drive the processes that should be considered in developing a decision 

framework for NZEB early design by identifying the most important issues within 

the identified processes and sub-processes and map how they relate to design 

decision-making (Lapinski et al., 2006; Korkmaz et al., 2010; Horman et al., 

2006). Clear definition of performance goals and then mandating them through 

contractual requirements can help owners share the risk and in the process 

facilitate innovation. 

1.4. Research Methodology 
 

This qualitative research was conducted with the interpretive perspective of 

grounded theory. As explained by Burrell and Gareth (1979), in this anti-positivist 

stance there are no universal principles or generalizable realities that apply 
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evenly to every scenario. Instead, unique perspectives and perceptions are 

created and understood by individual experiences says Charmaz (2006). He also 

believes that people in their explanation convey these experiences in equally 

unique subjective ways (Charmaz, 2006). In order to understand the subjective 

experience of Net-Zero Energy decision-making from the industry experts’ 

perspective, the first research stage was built around observed NZE design 

practice.  

 

 
 
Figure 1–8: Overall research methodology 

 

1.4.1. Research Stage 1 - Observed NZEB Design Practice 

The researcher conducted multiple rounds of semi-structured interviews to 

capture the participant’s tacit knowledge along with the context of the specific 

project needs and the background of the participants. Grounded theory 

(Creswell, 1998) was used to discover the emerging codes and themes from the 
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initial round of interview transcripts. Specific questions were asked in round 2 

and 3 of the interviewees as needed to capture more depth and the rationale for 

decision-making centered on the themes identified. An inductive analysis 

approach as suggested by Charmaz (2006) was implemented by investigating in-

depth details of the case studies and the role of each participant to achieve an 

unbiased unique understanding of the NZE early design process that the 

participants experienced.  

 
Phase I – Literature Case Study Analysis 

Review and analysis of concepts and practices applied within the manufacturing 

industries as well as lean, green design and construction practices.  

Phase II – Review and analysis of current NZEB design processes and 

practices 

 
Research Outcomes 

1. Synthesize a coherent perspective of activities and their interactions from 

the process participants’ localized understanding. 

2. Identify the issues of concern specific to each stakeholder group and 

connect the issues to the design decisions made. 

The advantage of using the case study methodology with the above-described 

semi-structured approach was in the ability to not just capture the key decision 

nodes and processes but also to encapsulate their experience of what strategies 

worked or did not work in retrospect. Grounded theory research was used as a 

method to study and explain the NZEB design decision process. 

1.4.2. Research Stage 2 - NZEB Process Model Development 

As explained by Glaser and Strauss (1967), conceptual categories rooted in the 

issues and decision rationale were discovered through the interview data 

analysis process to generate theories on relevant knowledge domains, influence 

of key performance indicators and dependencies of NZE decision phases. The 

researcher developed an exploratory and prescriptive methodology with the 

intention of discovering the interpretation from participants informing the 

researcher of their real life Net-Zero Energy and High-Performance Building 

project experiences. This research was designed so that the design teams 

experience in practice could be used to generate key performance indicators 

informing the framework for the NZEB design process grounded in their particular 

real-life experiences (Magent et al., 2009; Yin, 2003). The number of interviews 

with each participant depended on the saturation of data that was collected. 

 
Phase III – Process modeling including various knowledge and cognitive 

modeling tools and techniques 
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Phase IV – Identification of process-based key performance indicators that 

define the rationale of NZE decision-making 

 

Research Outcomes 
1. Support monitoring and re-planning using decision phases that are not 

expressed in terms of deliverables. 

2. Identify the structural constructs that act as a function that create changes 

in the NZEB design decision phases. 

This research implemented a method of combining the design knowledge of the 

industry experts and the guidelines from the low energy building design process 

(Pless & Torcellini, 2011), green project delivery modeling protocol (Klotz et al., 

2007) to create a framework for a transferable design process as suggested by 

Cross and Roozenburg (1992) by incorporating the proscriptive and descriptive 

approaches (Roozenburg & Cross, 1991; Cross & Roozenburg, 1992).  

1.5. Research Scope  

1.5.1. Net-Zero Energy Building Definition 

For the purpose of this research, Net-Zero Site Energy is defined as the 

generation of renewable energy to offset the energy needs is generated on the 

building footprint from on-site renewable resources. 

1.5.2. Design Phases 
Conceptual design is an early design phase that defines the inception of the 

building project, its goals, and involves identification and exploration of possible 

strategies and options to fulfill the goals of the project. A NZE design process is a 

complex process involving multiple decision stakeholders, multiple objectives and 

decision information. The key design activities in the conceptual design phase 

are “basic building plan, massing and general appearance, buildings’ placement, 

orientation on site, structure, basic building program, design and analysis of 

building systems”. The design decisions relating to these design activities are 

resolution of siting, building orientation and massing, satisfaction of the building 

program, addressing sustainability and energy issues, construction and possibly 

operating costs, and design innovation. These early design decisions will affect 

the costs, project objectives and performance measures thereby needing careful 

analysis and integration. The importance of decisions during the conceptual 

design phase can be understood by the fact that the design decisions discarded 

during the conceptual design analysis process would mean not considering those 

decisions during the latter design phases. Thus, more effort, analysis and time 

are needed during the decisions made in the conceptual design phase. This 
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proposal focuses on the NZE decision-making process for the conceptual design 

phase only. 

1.5.3. Geographic Location 

This research is focused and limited to the study of Net-Zero Energy Buildings in 

the North American Continent. Since climate, geographic location, type of 

architecture, construction materials and methods, building program and space 

type are all influencing factors in affecting the outcome of Net-Zero Energy for 

buildings, the decision to limit the study to a geographic location was made to 

minimize the variables. 

1.5.4. Project Types 

 
 

Figure 1–9: NZEB and HPB project distribution based on building type 

 

Net-Zero Energy Building projects that have been successful in attaining the Net-

Zero Energy status were searched for and tabulated from multiple building 

databases such as the U.S. Department of Energy’s Building Technologies 

Program’s High-Performance Buildings Database and Zero Energy Buildings 

Database, National Institute of Building Sciences – Whole Building Design 

Guides’ Case Studies and High Performance Buildings Database, The Carbon-

Neutral Design Project by AIA and SBSE’s Carbon Neutral Case Studies 

Database. Other resources used for identifying case studies and potential 

interviewee were New Building Institute’s reporting’s on Net-Zero Energy 

Buildings, AIA Top Ten Green Projects and publications by the National 

Renewable Energy Laboratory on High-Performance and Net-Zero Energy 

Buildings. A summary of the project distribution based on building type and the 
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Net-Zero Energy or High-Performance status was mapped from the case studies 

data collected from all resources mentioned above to get a consolidated view of 

the actual number of Net-Zero Energy Buildings from which the potential case 

studies could be shortlisted. The Commercial office building type was identified 

as the category that had the most number of High-Performance and Net-Zero 

Energy Buildings listed followed by institutional and third residential buildings. 

Some projects were a combination of commercial office space with institutional or 

interpretive center type spaces. Therefore, the research sample size was initially 

narrowed to verified Net-Zero Energy Buildings in the commercial office, 

institutional and residential building types in the U.S. 

1.5.5. Research Sample 
 

 
 

Figure 1–10: NZEB tabulation of case studies by building type 

 

The next step was to formulate the criteria for choosing the Net-Zero Energy 

Building case studies. The projects were plotted as per each database and 

building type – mainly commercial, institutional and residential to identify the 

number of projects in each category and also to access the amount of 

information available on the case studies through the databases and other 

resources. The Net-Zero Energy Building case studies were tabulated based on 

their location, building type, area, building ratings and design goals, time of 
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completion, team organization, guiding philosophy, design considerations and 

Net-Zero Energy definition based on data availability to narrow the projects 

further to shortlist the relevant case studies. 

 

Six projects were shortlisted from the matrix as the potential case studies for this 

research and the core team of each Net-Zero Energy Building project was 

contacted to request their participation in the interview process. With multiple 

follow-up conversations and depending on the interest of the project teams to 

participate in this research, finally four Net-Zero Energy Building projects were 

selected. The overall research sample of verified Net-Zero Energy Buildings was 

limited and so the final four projects selected may not be a complete 

representation of all project types but was considered a good purposeful 

selection for this research. In order to capture the entire early design phase 

decision-making process of each case study, the researcher interviewed most of 

the important decision-makers and facilitators from various organizations for 

each project. This included and was not limited to conducting multiple rounds of 

semi-structured interviews with the owner’s project team, architectural team, 

mechanical electrical and plumbing team, daylighting consultants, specialty 

consultants, commissioning agents, project managers, building operators, 

sustainability directors, mechanical engineers or energy consultants, ecologists, 

contractors and construction managers. 
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Figure 1–11: NZEB case studies matrix 
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1.6. Research Assumptions and Limitations 
 
Designing Net-Zero Energy Buildings demands the expertise and collaboration of 

specialists and professionals in the building industry. In order to develop a 

decision process model for Net-Zero Energy Buildings, this research required 

investigation into a wide range of areas such as design activities in traditional and 

integrated design processes, changing roles of the deign teams involved in these 

processes, analysis and evaluation tools used during design and analysis 

phases. An in-depth analysis of each of these areas would not be possible for 

this research due to the research time frame. The data for the key areas of 

analysis are based on literature reviews, case studies and interviews. The 

baseline for this research is set through extensive literature review on research 

and studies done related to Net-Zero Energy Buildings and High-Performance 

Building projects. The aim of not restricting the literature review to studies 

conducted in the United States is to capture all relevant research that can 

contribute in understanding the Net-Zero Energy context and acknowledging all 

research advancements in the area of NZEB design world over. But for the 

purpose of this research for development of the NZEB early design process 

model, there was a need to limit the applicability to United States. This research 

limit will help in better defining the decision phases, roles of the decision makers 

and the types of analyses to be performed. The new process model will help the 

designer in interpreting the design decisions with respect to the NZE project 

objective during conceptual design but the actual design strategies and decisions 

must be project specific and have to be made by the integrated design team 

based on the project needs. These decision phases do not consider cost 

implications and may not be cost-effective and the impact of the chosen design 

decisions will need to be studied for energy, cost and other performance 

measures. This research has documented the appropriate design decisions and 

tools for analysis used in practice by the NZEB case studies but it is important to 

note that many of these design and evaluation tools are still evolving and might 

change with time. The tools and types of analyses mentioned are also not the 

only recommended way of performance assurance for NZEBs. The results of the 

NZE performance will depend on the design teams experience, level of expertise, 

rigor of analysis, familiarity with the tools, project schedule and budget among 

other influencing factors.  Also, the research identifies the need for new tools for 

possible areas where tools for evaluation do not exist. This is an initial attempt to 

identify the gaps and may not be a complete exhaustive list of gaps and 

recommendations. 
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1.7. Research Contributions 
1. Better understand how Net-Zero Energy goal changes the current design 

process 

2. Development of a process model to understand the whole picture of NZE 

decision-making for early phases of design 

3. Identify potential challenges to implementation 

4. Maximize energy efficiency in buildings through informed decision-making 

thereby contributing to the overall goal of building industry sustainability 

5. Development of guidelines to maximize awareness of factors affecting NZE 

decisions and as a result maximizing the potential to create more successful 

NZEBs. 

6. Promote adoption of the new model and therefore promote NZEB design 

7. Help establish descriptive and proscriptive methods related to NZE early 

design process in an attempt to bridge the existing gap between designed or 

modeled and actual NZE performance. 

 

The first important contribution of this research is in the proposition of a new 

NZEB Design Process Model that helps the building industry with suggestions on 

ways to structure the NZE early design phase planning and decision-making. The 

second important contribution of this research is the graphical representation of 

the NZEB decision process. This proposition is an attempt to present the process 

and knowledge maps in ways to better understand and for easy usability in 

practice during the early design phase. The proposed new process model is 

intended as a decision support model for Net-Zero Energy Building design rather 

than directly leading to decision-making. The model guides the users with the 

tentative phases of decision-making for Net-Zero Energy and it is up to the users 

to adapt the model to the specific needs of the project. The structural constructs 

that can influence the decision phases have been explained to inform the 

decision-maker about the important considerations and key-performance 

indicators. This research acknowledges that no one generic model can fit all or 

any type of project. The power of decision-making rests entirely with the users 

who could be designers, owners, sustainability consultants, or anybody who 

intends to understand the process that they need to go through before they 

initiate the NZE project planning. The ultimate goal of this research is to be 

adopted by the AEC industry to guide their design process to inform their 

decision-making and eventually lead to a paradigm shift in the current design 

methods and standards. 

 

Development of a process model for NZEB design requires a wide range of 

expertise from relevant fields of the AEC industry. The new process model is a 
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valuable knowledge base of the key decisions and decision information needed 

at each stage of design, integrating the responsibilities of the key role players at 

each stage and the tools that might possibly help them achieve these goals. The 

most important contribution of this research through this decision-support 

framework for NZEB design is to enhance the NZE decision-making process for 

the decision makers and prove to be an asset that can guide them in making 

good decisions. Another important benefit of this research is the contribution of 

bridging the gap between high-performance buildings or low-energy buildings 

and NZEBs. Though the 2030 Challenge has been accepted by many 

organizations, the lack of a clear methodology to get there has been a challenge 

in itself that will partly be changed by the knowledge base created by this 

research. The best practices followed by lead firms who have been involved in 

the design of net zero-energy buildings and lessons learnt from experiences of 

stakeholders were analyzed and considered in structuring the new design 

process model for NZEB design.  

 
A careful analysis of the breakdown of credits of the Leadership in Energy and 

Environmental Design (LEED) green building rating system shows that a building 

can get LEED certified or even be LEED Gold and Platinum without addressing a 

significant reduction in carbon emissions. For a building to be Net-Zero Energy, 

achieving all the credits for energy performance through optimization following 

the LEED guidelines is not enough. This research intends to create awareness 

and highlight the importance of NZEBs and explore the possibilities of inclusion 

of this aspect more directly through some form of guidelines and calculations into 

the current LEED rating system. 

1.8. Research Design Approach Summary 
The organization of dissertation chapters is as follows: 

 

Chapter 1 – Introduction 

Chapter 2 – Literature Review 

Chapter 3 – Research Methodology 

Chapter 4 – NZEB As-Is Design Process Mapping 

Chapter 5 – Case Studies Comparison – Discussions and Results 

Chapter 6 – A New Decision-Support Framework for Design of NZEBs 

Chapter 7 – Summary and Conclusions
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Chapter 2 

2. Literature Review 

2.1. Background 
Global warming and climate change are now of international interest. Studies 

suggest that the global temperature is increasing and thereby impacting the 

environment (Hansen et al., 2008). Efforts are being taken to minimize the 

human influence on global warming and to create a more sustainable 

environment. The building and construction sector play a critical role in improving 

sustainable development. Buildings emit carbon emissions at every stage of their 

life cycle. From the beginning of the construction and site development phase to 

the demolition phase, buildings use energy throughout their life and disturb the 

ecology of the site. The environmental effects include not just disturbance to the 

site but also the environment from where the raw material is extracted for 

manufacturing of building materials. Globalization has made this effect wide 

spread and the effects can be seen all round the world. Globalization has 

accentuated the environmental impacts due to the large transportation distances 

to be covered to transport the fabricated building products around the world.  

 

CO2 is just one of the many greenhouse gases. The Kyoto Protocol considers 

emissions of six greenhouse gasses: carbon dioxide (CO2), methane (CH4), 

nitrous oxide (N2O), hydro fluorocarbons (HFC), perfluorocarbons (PFCs), and 

sulphur hexafluoride (SF6) (Kyoto Protocol). The greenhouse gases considered 

under the Kyoto Protocol such as methane and nitrous oxide are reported to 

have a major impact on climate change and global warming but CO2 is the most 

abundant of the gases generated. Thus the emissions are often reported in units 

of CO2-equivalent (CO2e) that is expressed as the mass of carbon dioxide in 

pounds. Just the energy use of a building during the operation phase cannot be 

attributed as the entire carbon emissions of the building. Due to the extensive 

depletion of fossil fuels and the need to conserve energy, it is important to 

consider the CO2 and greenhouse gas emissions over the life cycle of a building. 

The carbon footprint measurement of a building comprises the emissions count 

from energy used due to building operations, and includes emissions due to 

transportation to and from the building site, energy associated with providing 

water to the building, and embodied energy. These other sources grow in relative 

significance, as the building’s operations get more efficient. 
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2.2. Policy Changes Impacting Current Design Process 
The Intergovernmental Panel on Climate Change (IPCC, 2006) has taken the 

initiative in reduction of greenhouse gas emissions by developing guidelines for 

conducting national greenhouse gas inventories. IPCC is developing 

“greenhouse gas reduction plans is the establishment of baseline emissions 

through a comprehensive inventory, for comparison with reduction scenarios and 

to track progress over time. The intention is to provide standardization and 

assistance in the reporting of greenhouse gas emissions across nation states” 

(IPCC, 2006). 

 

Energy Efficiency in Buildings is one of the projects of The World Business 

Council for Sustainable Development (WBCSD). “The group adopted a multi-

faceted approach to understanding and analyzing the issues that included 

commissioning a perception study to identify the attitudes, knowledge and 

understanding among building professionals and opinion leaders, and the 

readiness to adopt more sustainable practices. This project will develop a 

roadmap from a business perspective, outlining the critical steps needed to 

transform buildings’ energy consumption” (WBCSD, 2007). 

 

“The U.S. Department of Energy (DOE) has established an aggressive goal to 

create the technology and knowledge base for cost-effective zero-energy 

commercial buildings by 2025” (Torcellini et al., 2006, p. 1).  

 

27 states have or are developing climate action plans  

839 US cities have signed the Mayors Climate Protection Agreement  

Three regional greenhouse gas (GHG) initiatives have been established and  

The 2030 Challenge has been adopted by (Architecture 2030, www.architecture 

2030.org):  

• US Conference of Mayors (USCM)  

• National Association of Counties (NACo)  

• American Institute of Architects (AIA)  

• US Green Building Council (USGBC)  

• American Society of Heating, Refrigerating and Air-Conditioning 

Engineers  

• (ASHRAE) (supporter)  

• International Council for Local Environmental Initiatives (ICLEI)  

• Congress for the New Urbanism (CNU)  

• States of Illinois, Minnesota, California and New Mexico  

• Numerous counties and cities 
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• Although slower to act, the federal government has also begun to move, 

adopting the 2030 Challenge targets for all new and renovated federal 

buildings 

 

2.2.1. Architecture 2030 
 

“Architecture 2030 has issued The 2030 Challenge asking the global architecture 

and building community to adopt the following targets: 

All new buildings, developments and major renovations shall be designed to 

meet a fossil fuel, green house gas (GHG)-emitting, energy consumption 

performance standard of 50% of the regional (or country) average for that 

building type. 

 

At a minimum, an equal amount of existing building area shall be renovated 

annually to meet a fossil fuel, GHG-emitting, energy consumption performance 

standard of 50% of the regional (or country) average for that building type. 

 

The fossil fuel reduction standard for all new buildings shall be increased to:  

60% in 2010 

70% in 2015 

80% in 2020 

90% in 2025  

Carbon-neutral in 2030 (using no fossil fuel GHG emitting energy to operate) 

 

These targets may be accomplished by implementing innovative sustainable 

design strategies, generating on-site renewable power and/or purchasing (20% 

maximum) renewable energy and/or certified renewable energy credits” 

(Architecture 2030 www.architecture2030.org). As per the Architecture 2030 

website, as of October 31st, 2010,”the U.S. Department of Energy, the U.S. 

Conference of Mayors, the National Association of State Energy Officials, 

congressional officials and the Energy Efficient Codes Coalition (EECC) voted to 

improve the 2012 International Energy Conservation Code (IECC) standard by 

30% beyond the 2006 IECC” (Architecture 2030, www.architecture2030.org).  

 

2.3 Net-Zero Energy Buildings 
Net zero-energy buildings are those that generate more or an equivalent amount 

of energy that is being used by the building, through renewable energy sources. 

This is a more generalized understanding of the zero-energy criteria. Net zero-

energy buildings are a step ahead of low-energy buildings, high-performance 
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buildings, as well as sustainable and energy efficient buildings in general. The 

guidelines on whole building design (Whole Building Design Guide, 2008) outline 

design objectives for high-performance buildings with sustainability as one of the 

objectives. The objective of net zero-energy buildings is to be most energy 

efficient and cater to the rest of the energy use through on site renewable energy 

sources. 

2.3.1. Net-Zero Energy Definitions and Goals 

The American Society of Heating, Refrigerating and Air-Conditioning Engineers 

(ASHRAE) define net zero-energy buildings as “buildings which, on an annual 

basis, use no more energy than is provided by on-site renewable energy 

sources.” 

 

Torcellini et al. (2006b) from the National Renewable Energy Laboratory of the 

U.S. Department of Energy have listed four definitions for ‘net-zero’ based on the 

energy goals. These definitions are listed below and will be used to identify the 

goal of this research and for defining assessment procedures. 

    

1. Net Zero Site Energy: “A site ZEB produces at least as much energy as it 

uses in a year, when accounted for at the site”.  

2. Net Zero Source Energy: “A source ZEB produces at least as much energy 

as it uses in a year, when accounted for at the source. Source energy refers 

to the primary energy used to generate and deliver the energy to the site. To 

calculate a building’s total source energy, imported and exported energy is 

multiplied by the appropriate site-to-source conversion multipliers”. 

3. Net Zero Energy Costs: “In a cost ZEB, the amount of money the utility pays 

the building owner for the energy the building exports to the grid is at least 

equal to the amount the owner pays the utility for the energy services and 

energy used over the year”. 

4. Net Zero Energy Emissions: “A net-zero emissions building produces at 

least as much emissions-free renewable energy as it uses from emissions-

producing energy sources” (Torcellini et al. 2006b, p.5). 

 

2.4. An Overview of Current Design Practice in AEC 

Industry  
It is challenging for architecture and construction projects to be high performance 

designs due to the complexity of the AEC industry, involvement of multiple 

stakeholders and the isolated islands of professional practice. In the report titled 

“The Kyoto Protocol, The Clean Development Mechanism, and the Building and 
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Construction Sector – A report for the United Nations Environment Programme 

Sustainable Initiative”, Cheng, Pouffary, Svenningsen, and Callaway (2008, p. 

17) state that “…small savings per technology improvement, large numbers of 

buildings, widespread locations, many technologies used to achieve efficiency 

improvements, various specifications for dispersed endues requirements, varying 

end-user knowledge levels and decentralized energy use decision making… 

make managing and controlling building sector projects comparatively difficult 

and costly.”     

 

Architecture, Engineering, and Construction projects are based on complex 

design decisions. Mapping of this complex decision making process calls for the 

understanding of the clear reasons behind each decision leading to the other as 

well as their interdependencies. Multiple decision makers, project objectives, 

constraints and methods of analyses add more complexity to the design decision 

dynamics.  

 

 
 

Figure 2–1: Fragmented delivery process in the AEC industry. Source: World 

Business Council for Sustainable Development (WBCSD). (2007). Energy 

Efficiency in Buildings: Business realities and opportunities, p. 11; Credit to 

presenter Lee Siew Eang, Seminar proceedings Aus-PeBBu Industry seminar, 

Melbourne, 24 June, 2004 

 
 
Figure 2–1 illustrates the inefficiencies in coordination between multiple trades of 

the AEC industry and the resulting isolated processes. The pyramid of 

professional and trade responsibilities depicts the non-interaction between the 

various trades creating a communicational and functional gap. The pyramid of 

building delivery process depicts the traditional step-by-step process of design 

and construction. The gap between each step is associated with the discontinuity 



Railesha Tiwari Chapter 1- Introduction  32 

of the management of the building delivery process. This function and 

management gap results in an inefficient process of fragmented islands with 

least coordination and communication (WBCSD, 2007). 

 

Garofolo and Seganti  (2003) suggest that the current procedure of designing a 

project needs to change which will require identifying the theoretical and practical 

intervention areas and management of available tools to coordinate design 

(Garofolo and Seganti 2003). Net-Zero Energy Buildings will require a different 

approach of looking at the problem. The approach needed is integrated design 

process, which in simple terms means integration between the design processes.  

2.4.1. Traditional Linear Design Process 

The phases of life cycle building commissioning in the Architecture, Engineering 

and Construction industry that demands technical expertise in building design 

and construction. It involves a wide spectrum of experts involved in the design, 

analysis and construction of buildings making the entire process complex in 

nature. The key players include but are not limited to architects, contractors, 

engineers, project managers, owner and consultants. Each member of the 

various processes not only has a defined role to play but also needs to 

collaborate with other key players, shaping or influencing the decisions made. 

The traditional approach of linear design process is characterized by standard 

design phases. The strict definition of these phases leads to fragmentation within 

architecture as well as construction processes.  

 

The report ”Energy Efficiency in Buildings”, a research work of World Business 

Council for Sustainable Development (WBCSD) identifies that the barriers in 

building industry’s growth in energy efficiency is due to the “…significant barriers 

preventing widespread involvement – serious gaps in knowledge about energy 

efficiency among building professionals, as well as a lack of leadership 

throughout the industry. The report asserted a holistic design approach, more 

appropriate financial mechanisms and relationships, and behavioral changes as 

the three approaches to overcome these barriers” (EEB, 2007, p. 12). The focus 

of my research will be limited to the holistic design approach, appropriate 

approach for the design process, changing roles of the key decision makers and 

the tools required for the new design process, and restructuring of office 

organization. 

 

2.4.2. Integrated Design Process 

The integrated design approach requires active participation of all the 

stakeholders who are the key players in the design and construction process. 



Railesha Tiwari Chapter 1- Introduction  33 

The participation between all the building professionals, design and technical 

experts, contractors, and consultants happens since the early phases of design. 

Integrated design means collaboration between all experts from various fields to 

share their expertise and opinion and understand the concerns of the rest of the 

team members. Small and large group expert panel meetings are integral to such 

an approach, which starts from the conceptual design phase. The initial 

interaction involves discussion of the project objectives and setting goals for 

achieving carbon neutrality. Depending on the scale and scope of the project, the 

design options are brought to the table with equal contribution from all the key 

members. Through further close and continuous interactions, the path to achieve 

the set project objectives is chalked out. All the team members collectively weigh 

the options and analyze the alternatives to come up to consensus about the 

project details such as building materials, construction technique, systems to be 

used, etc.    

 

In the integrated design process, multiple alternatives and iterations are 

developed jointly by team members and also individually. Methods are worked 

out to achieve smaller goals, which will eventually fulfill the project objectives. 

Cost estimating, value optimization, and client buy-in occur throughout the 

process, reducing the risk of drastic value engineering (cost-cutting) late in the 

game. Additional time spent up-front is recovered by avoiding time-consuming 

negotiations and last-minute changes (Malin, 2006). The present challenges of 

designing NZEBs demands a paradigm shift from the fragmented linear design 

process to a holistic approach of integrated design process. This change in 

approach would change the conception of the design process. The traditional 

design phases would no more have strict boundaries and definition. The span of 

each design phase will have to be readjusted according to the needs of the 

project. The most important design decisions are taken during the conceptual 

design stage that is the initial phase of the design process. 

2.4.3. Whole Building Design 

Whole building design is a design approach developed by the National Institute 

of Sciences and explained in the whole building design guide. It preaches a 

holistic approach of design that consists of two components: an integrated design 

approach and an integrated team process. Prowler (2008) explains in the whole 

building design guide that the "integrated" design approach takes a different take 

on the conventional design process. Unlike the conventional method of design 

and planning which is fragmented, this new approach demands collaboration of 

all members of the design and planning process. This is called as a holistic 

approach as experts from all related fields are welcome to share their expertise 

and bring options to the table giving each member an opportunity to understand 
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each other’s roles and issues early on in the process. The traditional design 

process has been dependent on just a few experts for their inputs into the design 

thereby limiting the possibilities of optimization.  “The whole buildings process 

draws from the knowledge pool of all the stakeholders across the life cycle of the 

project, from defining the need for a building, through planning, design, 

construction, building occupancy, and operations” (Prowler, 2012, 

www.wbdg.org/wbdg_approach.php).  

 

According to Whole Building Design Guide (WBDG), design objectives of whole 

building design are:  

• Accessible 

• Aesthetics 

• Cost-Effective 

• Functional/Operational 

• Historic Preservation 

• Productive 

• Secure/Safe 

• Sustainable 

 
The design objectives mentioned above haven been suggested for holistic 

approach of design of high performance buildings. In order to design high 

performance buildings addressing these design objectives, each of these design 

objectives need to be quantified and should be assessable through evaluation or 

assessment tools or benchmarks of best practice. The objectives such as 

aesthetics, spatial needs and requirements are difficult to quantify. Productivity 

as a design objective can still be quantified by thermal comfort, daylight analysis, 

energy analysis, indoor environmental quality check and freedom of control for 

the occupants.   

 

2.4.3.1. Integrated Design Approach 

The WBDG defines “integrated" design approach where it “asks all the members 

of the building stakeholder community, and the technical planning, design, and 

construction team to look at the project objectives, and building materials, 

systems, and assemblies from many different perspectives” (WBDG, 

www.wbdg.org).  

 

2.4.3.2. Integrated Team Process 

Integrated team process is defined by WBDG as, “all the stakeholders—

everyone involved in the planning, design, use, construction, operation, and 

maintenance of the facility—must fully understand the issues and concerns of all 

the other parties and interact closely throughout all phases of the project. Team 
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members are encouraged to cross fertilize and address problems beyond their 

field of expertise” (WBDG, www.wbdg.org).  

2.4.4. Key Decision-Makers in the Current Design Process 

The stakeholders consist of all the members who are directly and indirectly 

involved in the design or decision-making process of a building project. The 

stakeholders include but are not limited to architects, engineers, contractors, 

subcontractors, owners, consultants, management experts and users.   

 

Members of the design team are represented in the following main groups 

(WBCSD, 2007): 

• Design issues (experts: architects) 

• Technical issues (experts: consultants) 

• Technical issues (the building industry) 

• User issues (client/user) 

• Building management, policy and economic/financial issues 

 
 

Figure 2–2: Complexities and interdependencies of various stakeholders in the 

AEC industry. World Business Council for Sustainable Development (WBCSD). 

(2008). Energy Efficiency in Buildings: Business realities and opportunities, p. 31 

 

The various stakeholders of the architecture and construction industry that have 

been loosely connected through the isolated islands as part of the value chain 

have been illustrated in Figure 2–2. “Even if individual actors try to optimize their 

own performance, there is often no system to optimize the total building process” 

(Cheng et al., 2008. p. 8). All members of the design and decision making team 

should actively participate in all the phases of building design process. 

Interaction between key players of multiple disciplines since the early stages of 
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design would enhance the design alternatives and quality of design schemes. 

This process would also reduce unwanted exchange of information back and 

forth during the later stages of design reducing the time and money spent in this 

process. The integrated design process will ensure that all team members have a 

similar understanding the project objectives and help in providing inputs unlike in 

the traditional design processes where there is a disconnect between the 

members working on the same project. 

2.4.5. Current AEC Business Model 

Sanvido and Konchar (1997); Warne and Beard (2005) mention two dominant 

contract methods in the U.S., Design-Bid-Build, Design-Build, and many 

variations of them. As the name suggests, the Design-Build model is a 

collaborative effort on design and construction by the architecture and 

construction firm. The opportunities of early design analysis and feedback from 

construction point of view are tremendously advantageous for the iterative design 

process of building design in the Design-Build model. Such a model facilitates 

early integration of the project team encouraging early involvement of all 

stakeholders and collaboration since the conceptual design phase itself. For a 

NZEB design process, the Design-Build business model will be favorable to 

benefit the most from the early integration process. This business model is time 

efficient as well as cost efficient due to the simultaneous design and construction 

collaboration (Konchar & Sanvido, 1998). During the conceptual design phase, 

feedback regarding constructability, sequencing, and estimated construction cost 

can help in re-evaluating the decisions made and could help in exploring new 

design possibilities (Sanvido & Konchar, 1997; Konchar & Sanvido, 1998; Warne 

& Beard 2005). Such essential feedback from other stakeholders will benefit the 

decision process, helping in improving the decision-making. The Design-Build 

model works best for AEC projects and can facilitate NZE design as it allows 

incorporating early feedback and multiple iterations of design options and 

decisions. 

2.4.6. Importance of Conceptual Design Phase 

Conceptual design is an early design phase, which defines the inception of the 

building project, its goals, and involves identification and exploration of possible 

strategies and options to fulfill the goals of the project. NZEB design process is a 

complex process involving multiple decision stakeholders, multiple objectives and 

decision information. The key design activities in the conceptual design phase 

are basic building plan, massing and general appearance, buildings’ placement, 

orientation on site, structure, basic building program, design and analysis of 

building systems. The design decisions relating to these design activities are 

resolution of siting, building orientation and massing, satisfaction of the building 
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program, addressing sustainability and energy issues, construction and possibly 

operating costs, and design innovation. These early design decisions will affect 

the costs, project objectives and performance measures thereby needing careful 

analysis and integration. 

 

The “MacLeamy Curve” helps in understanding the distribution of design effort 

along the various design phases. The curve emphasizes the importance of 

decisions made during the early design phases namely, conceptualization and 

criteria design of integrated design process as they have the maximum “ability to 

impact cost and functional capabilities” and thereby need the maximum design 

effort (AIA, 2007, 2010).  The importance of decisions during the conceptual 

design phase can be understood by the fact that the design decisions discarded 

during the conceptual design analysis process would mean elimination of even 

considering those decisions during the latter design phases. Thus, more effort, 

analysis and time are needed during the conceptual design phase decision-

making. This research focuses on the early phases of design for NZEB design. 

2.5. Design as a Decision-Making Process 

2.5.1. Integrated Project Delivery Process 

The literature review indicated that integrated design process is integral to whole 

building design and American Institute of Architects (AIA) has formulated design 

guidelines for Integrated Project Delivery (IPD) process. Some of the facets of 

this guidebook explain the design process and decision-making. The reinforcing 

project objectives of integrated project delivery process are “quality, cost-

effectiveness and sustainability of the built environment” (AIA, Integrated Project 

Delivery – A Guide, 2008). Integrated design team building, defining roles and 

responsibilities, and defining and measuring project outcomes are the key 

components common to every integrated project. As suggested in the integrated 

project delivery guide (2010), the expected outcomes of each of these three 

initial design phases are shown in Figures 2–3, 2–4, 2–5, 2–6, and 2–7. 

 

The major difference in approach of an integrated project compared to a 

traditional project is up streaming of design decisions and early involvement of 

decision stakeholders. The AIA-IPD guide has redefined the design phases and 

the key role players involved in these design phases. The redefinition of the 

design phases is driven by the motive of early involvement of the stakeholders in 

the decision process leading to early integration and early simulation of 

information improving the quality of the building projects. The benefits of this 

collaboration are seen the most in the first three design phases of 

conceptualization, criteria design and detailed design. Since the key design 
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decisions are finalized in the detailed design phase, the following phases of 

implementation documents, agency coordination/ final buyout, construction and 

closeout require fewer changes to be made. 

 

 

 

 
 
Figure 2–3: AIA Integrated Project Delivery design phase 0 – Setting the stage 

(AIA, 2007; AIA CC, 2014) 
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Figure 2–4: AIA Integrated Project Delivery design phase 1 – Conceptualization 

(AIA, 2007; AIA CC, 2014) 

 

 

 
 
Figure 2–5: AIA Integrated Project Delivery design phase 2 – Criteria design 

(AIA, 2007; AIA CC, 2014) 

 

 

 
 
Figure 2–6: AIA Integrated Project Delivery design phase 3 – Detailed design 

(AIA, 2007; AIA CC, 2014) 
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Figure 2–7: AIA Integrated Project Delivery design phase 4 - (AIA, 2007; AIA CC, 

2014) 

 

2.5.2. NZEB Design as a Process 
 
Usually, the final deign strategies are recorded, while the alternatives and the 

rationale leading up to it are not. Moreover, the context of the project disappears 

when the project ends. The objective of this research is to capture the design 

process rationale and to make it available for re-use for design of NZEB projects. 

The approach involves extracting elements of argumentation and keeping 

connections between arguments, proposed solutions and the decision-making 

context. Cachere and Haymaker (2008, p. 2) explain about the design decision-

making process that, “supporting every design decision, there are reasons that 

collectively form a design rationale and …the rationale contains several essential 

and distinctive parts - components, design options, project objectives, and 

constraints.” Such methods for documenting decision rationale provide evidence 

and reasoning that can help explain decisions and develop consensus for later 

use for future projects. Design rationale is generally based on project attributes, 

and rarely on design process information, because of the absence of such 

information in records. The contribution of this research is to identify and 

document the NZEB design process that will help in understanding of the design 

rationale. 
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Torcellini et al. (2006) identified factors that influence a zero-energy goal in their 

study titled, “Lessons learned from case studies of six high-performance 

buildings”. The four factors affecting the objective of zero-energy buildings are 

“number of stories, plug and process loads, principal building activity and 

location” (Griffith et al., et al, 2007, xii). The study examined the strategies that 

would lead to energy use, energy generation and energy efficiency. Griffith et al. 

(2007) concluded that thermal insulation, lighting, plug and process loads, HVAC, 

dynamic windows, daylighting and passive solar architecture strategies, in the 

order of importance had the most influence and building size does not influence 

the zero-energy goal of buildings. Though the overall building size is not a factor 

affecting the zero-energy objective, the project boundary needs a clear definition 

as it defines the scope of on-site energy generation sources which plays an 

important part in achieving the zero-energy goal (Torcellini et al, 2006).    

 

2.6. NZEB Process Mapping 
As described by Kam (2005), the complexity of the decision-making process in 

the building industry is multifold due to the involvement of numerous decision 

stakeholders with multiple interests making it a tedious process, which is 

iterative. Correspondingly, the decision information and the decision rationale 

also keep changing through this iterative decision making process. A decision 

process model relies on the decision rationale of each decision made throughout 

the process based on the information contained in the inputs, assessment of the 

options to attain the desired outputs. Decision analysis is a decision process that 

defines decisions in a structured sequential network of smaller decisions that 

leads to the clear understanding of the decision rationale. 

2.6.1. Modeling Methodology 

The Integrated Computer-Aided Manufacturing project of the U.S. Department of 

Defense developed IDEF0 to model the architecture of the manufacturing 

process. The objectives of the manufacturing modeling effort are similar to the 

objectives of this research: to define the generic design process to generate a 

common process model for exchange of NZEB decision-making stages. The 

manufacturing model serves as a guide in modeling the NZEB design process. 

Based on the selection criteria established and specific challenges of the NZEB 

design process, the Integrated Computer Aided Manufacturing definition Model 

(IDEF0) was selected as the tool to be used in modeling the NZEB design 

process.    
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Figure 2–8: IDEF0 process model nomenclature and graphic notation 

 

Function: An activity, process, operation, or transformation. 

Input: Elements (resources or data) that are transformed through a process or an 

operation to form the outputs. 

Output: Elements that result from the function being performed. 

Control: The elements that influence or determine the process of converting input 

to output. May limit the activity or allow the activity to occur without being 

affected. 

Mechanism: The elements used to perform a process or operation, such as a 

person or machine.  

 

Sanvido et al. (1990) developed the hierarchical model for integrated building 

process model that defines the building process as functions from managing to 

operation phase of a facility. Sanvido et al. (1990) started the development of the 

integrated process model by first defining the “boundaries of the system” in the 

form of an “overview diagram” representing the highest level of abstraction of a 

process view. The overview diagram depicts the ultimate purpose of the research 

question as the primary process and the attributes associated with the process 

as elements of the model. One limitation as cited by Sanvido (1990) is the 

 

 
IN

P
U

T
S

 

 
O

U
T

P
U

T
S

 

M    E    C    H    A    N    I    S    M 

C    O    N    T    R    O    L 

F   U   N   C   T   I   O   N 



Railesha Tiwari Chapter 1- Introduction  43 

absence of sense of time and task sequence relationships in the IDEF0 model. 

The IDEF0 methodology describes a process as a series of functions tied 

together with a number of inputs, outputs, and constraints; no time concept is 

introduced. 

 

Roozenburg and Cross (1991) suggest “combining prescriptive and the 

descriptive approaches to design, since a generalized model of the design 

process would integrate the strengths of both the approaches, while (hopefully) 

avoiding the weaknesses” (as cited by Emmitt et al., 2009, p. 212; Roozenburg 

and Cross, 1991; Cross and Roozenburg, 1992). This research will implement a 

method of combining the design knowledge of the experts in the industry and the 

rational methods used in case studies to build NZEBs with focused literature 

review informing the process and becoming the input at multiple levels. 

 

2.6.2. Mapping Practice-Based Design Process 

The Toyota Production System (TPS) project delivery method is an excellent 

example that helps in understanding “process-based theories and modeling 

strategies” providing an “insight about the way a process is recognized, 

documented, and assessed for improvement”. The modeling approach used by 

TPS is based on the Integrated Building Process Model (IBPM) developed at 

Penn State (Sanvido 1990). This model based upon the IDEF0 modeling 

language, uses an input-activity-output relationship to identify the key steps 

required to provide a facility to the end user.  

 

Similarly for the purpose of this research, the IBPM will be developed through 

extensive interviews with experts and practitioners that are part of design teams 

of NZEB case studies.  

 

To help Department of Energy (DOE) reach its Zero Energy Building (ZEB) goal, 

the Buildings and Thermal Systems Center at the National Renewable Energy 

Laboratory (NREL) studied six buildings in detail over the past four years to 

understand the issues related to the design, construction, operation, and 

evaluation of the current generation of low energy commercial buildings. These 

buildings and the lessons learned from them help inform a set of best practices - 

beneficial design elements, technologies, and techniques that should be 

encouraged in future buildings, as well as pitfalls to be avoided. The lessons 

learned from these six buildings are also used to guide future research on 

commercial buildings to meet DOE’s goal for facilitating marketable ZEBs by 

2025. 
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As illustrated in the examples above, even though every building project is 

unique, the lessons learned from these case studies can be applied to a wide 

variety of buildings. The buildings and the lessons learned from them help to 

define a set of best practices. Understanding the reason behind the choice of the 

best practices for a particular project context will help in analyzing the process 

arguments that lead to the achievement of the project objective. Understanding 

the successful NZEB case studies can provide valuable information for the new 

NZEB design process model and help in improving the current practices. 

Understanding the process of the current NZE strategies is an important step 

toward reaching this research’s objectives. A few building owners and designers 

have made great strides to significantly change the way commercial buildings 

use energy. They have documented the performance of sustainable buildings 

with respect to energy and identified lessons learned from their experience. 

These case studies illustrate owners and designers who have been early 

adopters. Publishing case studies and summarizing lessons learned encourages 

others to build low-energy buildings and can help build NZEBs.  
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Chapter 3 

3. Methodology 

3.1. Research Organization 
This chapter explains the methodology that was used for this research to develop 

a decision-support framework for NZEB design. The research methodology starts 

with the summary of findings from literature review, research questions and 

objectives. These sections are followed by explanation of the research strategy 

adopted and design of the research method for data collection and analysis. 

3.1.1. Introduction 

Green building rating and certification systems require validation of design 

performance through energy modeling but they do not necessarily guide the 

users on how to design for high-performance or low energy use buildings. This 

prescriptive process of validation is contrary to the proactive detailed energy 

modeling that needs to be performed early on to inform the design decisions for 

net-zero energy buildings. The former approach of validation typically is 

performed towards the end of design development phase whereas the latter 

approach of informed design decision-making is a continuous and iterative 

process that begins from the very beginning of design. This demonstrates that 

energy modeling can be used as a tool that can either be used to prove how 

much better a building design can perform in terms of energy use in comparison 

to other code compliant base line buildings of the same building type and 

location. This also demonstrates that energy modeling can become the enabler 

in the design decision process while being able to more realistically monitor the 

energy performance of the building throughout the design, construction and 

operation phases. Chapters 1 and 2 show NZEB design requires the latter 

approach indicating the need for reassessing how design is being practiced in 

the building industry. This needed difference in design approach equates to a 

required difference in process delivery. Presently, building professionals, 

researchers and government organizations have agreed that setting specific EUI 

goals, analyzing the needs of occupants and owners, use of passive strategies, 

performing detailed energy analysis and plug load control are some of the key 

contributors to improving NZEB performance. This research identified that NZE 

process performance not only depends on these quantitative performance 

metrics but is also a result of qualitative variables that affect project performance. 
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The NZEB design process gets more complex with the need for integrated 

project delivery, high level of design integration, stakeholder commitment, owner 

leadership and occupant education. The literature review indicates that through 

calculated early analysis, informed design practices resulting in better decision-

making, failures in performance outcome can be reduced in NZEBs. This could 

also potentially result in both cost savings and timesavings without compromising 

performance. In order to help decision makers make informed decisions, there is 

a need to establish the primary and secondary factors that affect the design 

process performance of NZEBs. Hence, the objective of the data collection 

process was to identify the factors in the form of design variables and process-

based key performance indicators that affect NZE design process performance 

and study their interrelationships. 

3.1.2. Systems of inquiry 

Positivist research as explained by Saunders, Lewis and Thornhill (2009) were 

founded on the philosophical position that human behavior is determined by 

external stimuli and therefore a social phenomenon is measurable by quantitative 

methods. In social sciences, positivism relies on creating or predicting a 

hypothesis that can then be quantitatively measured to explain or prove natural 

phenomena (Guba & Lincoln, 1994). Lincoln and Guba (2003) defined 

postpositivism as “probabilistic attainable” reality (as adapted by O’Byrne, 2007, 

p. 1383). Although quantitative research methods are known to be most 

commonly used for hypothesis testing, but they can also be used for exploratory 

data analysis and data mining. A qualitative research can belong to interpretive, 

positivist or critical epistemologies based on the “philosophical assumptions of 

the researcher” (Orlikowski & Baroudi, 1991, p. 2). A generic definition of 

qualitative research defined by Denzin and Lincoln (1994): “Qualitative research 

is multi-method in focus, involving an interpretive, naturalistic approach to its 

subject matter. This means that qualitative researchers study things in their 

natural settings, attempting to make sense of, or interpret, phenomena in terms 

of the meanings people bring to them” (Denzin & Lincoln, 1994, p. 2).  Glaser 

and Strauss (1967) developed grounded theory on the premise of using induction 

from available data as a means to determine a theory. A priori theory is the pre-

assumption of a theory in data analysis either to justify or to infer conclusions 

based on a priori expectations that govern perceptions. As stated by Trauth 

(2001b, p. 7) “interpretivism is the lens most frequently influencing the choice of 

qualitative methods.”  

 

The primary difference between natural sciences and human sciences is in their 

approach in providing a scientific explanation for the former versus attempting to 

understand social phenomena in the latter (Ponterotto, 2005). The debate 
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between quantitative and qualitative schools of thought has continued since the 

1970’s but since then mixed methods have emerged as a new approach that has 

received wide acceptance in research studies. As explained by Creswell and 

Clark (2007), mixed methods research methodology is the use of a combination 

of both quantitative and qualitative methods in the design of the same research 

problem. In their book “Designing and Conducting Mixed Methods Research”, 

Creswell and Clark (2007) argue that methodology is defined by the 

“philosophical assumptions of any research” where as methods are just a means 

for “collecting and analyzing data”, therefore promoting pragmatism as a 

paradigm in itself (Creswell & Clark, 2007, p. 5). Many authors of qualitative 

research such as Miller and Fredericks (2006) and Giddings and Grant (2007) 

disagree with this argument. There are some commonalities between the 

positivist/postpositivist and interpretivist paradigms, especially the emphasis on 

creating knowledge through the lived experience. 

 

Ultimately, the selection of a research paradigm or methodology is dependent on 

the research question or the problem that needs to be answered (Saunders, 

Lewis & Thornhill, 2009). The evaluation of similar relevant researches that were 

designed to use a combination of the two paradigmatically different methods in 

the attempt to identify design variables and performance outcomes for high-

performance buildings or green/sustainable design have shown disadvantages of 

using such a mixed methods research methodology. The sample size and data 

needed for quantitative research method exploratory data analysis is currently 

unavailable due to the limited number of verified NZEBs and the state of infancy 

of emerging NZE building sector. 

3.1.3. Selected Research Strategy 

To be able to meet the research questions and objectives identified above and 

earlier in Chapter 1, an interpretive methodology with a mixed-method data 

collection procedure was adopted. The details of the interpretivist perspective, 

qualitative research method and reasons for selecting such an approach are 

described in the following sections of this chapter. 
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Figure 3–1:  Overview of research questions and research objectives 

 

This research had five specific objectives as explained in Chapter 1 (as shown in 

Figure 3-1): 

1. Identify the existing challenges and limitations of the current Net-Zero 

Energy Building design process. 

2. Mapping the current design decisions for the early phases of Net-Zero 

Energy Buildings. 

3. Identify the stakeholder specific central issues and important 

considerations that drive their decision-making. 

4. Develop a model-based approach to support the planning and re-planning 

of activities for the Net-Zero Energy design process. 

5. Establish the structural constructs for Net-Zero Energy Building design 

that impact the decision phases based on project needs. 

Part of the answer to the puzzle of understanding how to improve the current 

design for better NZE performance outcome is to identify the factors that 

significantly affect the NZE design process performance. The first three 

objectives attempt to understand and capture the actual design process within 

the project context, design team experiences and integration levels, stakeholder 

specific issues, challenges faced by different stakeholder groups and how the 

decision makers address these issues. The premise of this research is hence 

based primarily on the perspectives of each expert, how and why they make 
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certain decisions in designing NZE buildings requiring an interpretive qualitative 

inquiry. The knowledge derived from these real world Net-Zero Energy project 

experiences can help in uncovering patterns that are common and explain the 

reasons for the differences in design approach and performance outcome. 

Initially, Delphi methodology was considered as one of the methods to capture 

the NZE design process and decision-making. This would have meant making an 

initial attempt by the researcher to develop a process map for NZE building 

design process that could then be presented to the Delphi group of experts to be 

further refined based on multiple rounds of agreements and disagreements. The 

primary reason for not developing and presenting initial process maps based on 

literature review to the research participants was for the researcher to not claim 

having an a priori understanding of the phenomena or findings. A priori 

knowledge of a few important factors affecting NZE design processes through 

literature review were integrated in the open-ended interview questions. For 

example some of the factors were, the effect of project delivery methods, building 

size, building types, project goals, NZE definitions, etc. But as noted, this 

approach was not presupposing a theory or trying to justify the effect of these 

factors on the NZE performance outcome. Rather the questions were framed to 

capture expert’s perspectives to investigate if any of these factors and any 

additional factors had any influence and if so how and why. The purpose of this 

research was to extract tacit knowledge owned by experts that is built over time 

with their experience and expertise in the area of study. Since knowledge capture 

was the initial intent, the participants of this research were owners, project 

architects, senior engineers, principals of specialty consulting firms, lead 

mechanical engineers, commissioning agents, owner’s representatives such as 

executive directors and developers, project managers, construction managers, 

operation managers and manufacturers belonging to four NZE project design 

teams. Most of the participants had experience with sustainable design, LEED 

projects, high-performance building design and Net-Zero Energy design projects. 

Interviewing each of these key decision makers, decision facilitators and process 

participants who actually performed the design activities enabled the researcher 

to get a clear picture of the decision process that the design team followed 

allowing documentation of tacit knowledge flow that otherwise would not have 

been possible to capture in such detail. Mapping the design process for each of 

these projects and proposing a framework for NZE decision support to these 

experts to be refined through following rounds of investigation would have been a 

futile attempt that might not have been a true depiction of reality. 

 

This research was exploratory in nature due to (a) the need to discover or 

explore the key design variables and performance indicators that experts believe 
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as having a significant impact on NZE performance, (b) limitation of currently 

validated NZE projects with detailed documentation of their decision-making 

process, (c) currently emerging and changing concepts as well as definitions of 

NZE buildings, (d) NZE building sector being a newly emerging market sector 

with new developments and affected by fast paced technology improvements, 

and (e) practical limitations of detailed data collection from key decision makers 

of successful NZE building projects. The purpose of this research was to develop 

a theory on the NZE design decision process rather than testing a hypothesis or 

existing theory. Therefore, grounded theory methodology was chosen as the 

research strategy to explore the NZE design phenomena without any pre-

developed process maps or theories. Relying solely on the data collected from 

the experts through interviews and supplementing materials to generate the 

theories emphasizes the interpretive inductive research perspective that is quite 

the opposite of the positivist research paradigm. Engward (2013, p. 38) stated, 

“grounded theory methodology is not meant to be used as a prescriptive 

framework that cannot be adapted.” The intent of this research was to elaborate 

on the descriptive design decision-making process of NZE buildings and to 

identify the design variables and key performance indicators that can alter the 

design process based on specific project context. Therefore, another reason for 

selecting the grounded theory methodology was to allow the proposed theories to 

be understood and adapted by the users as per their project context and needs. 

Grounded theory was used as a qualitative methodology to develop a deeper 

understanding of the NZE design decision-making phenomena. 

3.2. Research Design 
Research design is the description of the objectives of data collection and 

analysis techniques used to produce the knowledge needed for developing the 

theories. The steps taken to answer the research questions and identify the 

primary process-based key performance indicators are described in this section. 
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Figure 3–2: Research design workflow  

3.2.1. Literature Review 

1. To examine the current state of the building industry, especially the sector 

of high-performance buildings and net-zero energy building 

advancements.  

2. To assess the role of net-zero energy decision-making process at the 

conceptual design stages and identify important aspects of decision-

making. 

3. To review the existing design process decision-support modeling 

methods, frameworks and tools available for early phases of design in 

order to identify gaps and opportunities of improvement. 

3.2.2. Interview Analysis – As-Is Process Model Development  

1. To understand the role of design context knowledge in concept design by 

clearly defining and structuring it into formalized decision nodes and 

themes for supporting effective NZE decision-making. 
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2. To understand the important roles of decision-makers and decision-

facilitators and identify level of integration within the design teams. 

3. To identify the knowledge domains and their interrelationships through 

establishing the level of design integration, use of innovative or creative 

technology and/or procedures used along with types of analyses 

performed. 

3.2.3. Focused Literature Case Studies Review 

1. To verify and refine the mapped As-Is process models by review of 

supporting documents that documented decision process along with 

review of published literature on the case studies design methods. 

3.2.4. Components of Decision Mapping 

Four decision-mapping components were identified through literature review to 

map the complex layers of information flow in early phases of NZE design for 

each case study (figure 3-4). As shown in Figure 3–3, these four components 

were critical to understand and map NZEB decisions, knowledge exchange and 

their effects on NZE goal (GSA, 2004; Riley & Horman, 2005). 

 

 
 

Figure 3–3: Four key interconnected decision components of NZEB design 

(adapted from three interlocking fields of BIM activity – Venn diagram, Succar, 

2009, p. 4) 
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a. Stakeholders – In order to understand the essential roles played and the 

tasks performed on the project by a design team member, it is imperative 

to identify the stakeholder’s role in decision-making, decision facilitation, 

technical expertise, or regulatory role for decision mapping (Magent et al., 

2009). 

b. Phases of assessment – Within each design phase the design approach 

is centered on various iterative cycles of phases of assessments. 

c. Processes – Identifying the key design processes, sub-processes and 

design activities that led to the effective project performance and 

achieving of the project objectives was an essential part of the decision 

mapping to establish the decision phases (Korkmaz et al., 2007; Korkmaz 

et al., 2010). 

d. Technology – Identifying knowledge type and flow for the assessments 

used by the stakeholders, tools selection, team communication and 

collaboration were captured.  

3.2.5. New Process Model Development 

1. To propose and derive a framework to enable proactive and descriptive 

design support for decision-making for the early phases of design in a 

process based representation of NZEB design decisions. 

 
 

Figure 3–4: Proposed conceptual constructs of NZEB decision-support 

framework  
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3.3. Qualitative Research Method 

3.3.1. Data Collection Techniques 

3.3.1.1. Conduct Literature Review 

1. Current design process and concept design decision-making 

2. Review existing design process models  

3. Project delivery methods and design team integration 

4. High-Performance Building Design and Net-Zero Energy design 

processes 

5. High-performance building and Net-Zero Energy design decision-making 

6. Process modeling methodologies 

7. Decision support frameworks 

The first step in the development of the new process model for Net-Zero Energy 

Building design was to conduct an extensive literature review so that this 

research could be built on existing relevant research. An in-depth literature 

review on previous studies related to design processes, conceptual design 

decision making, net-zero energy design strategies and generic design process 

modeling was performed. This was the first step towards identifying the gaps and 

potential areas of improvement in existing design process models. After 

identifying exactly what gaps needed to be addressed, the next step was to 

select the modeling methodology. Review of theory of modeling approach, 

selection criteria for modeling method, analysis of various models, their benefits 

and limitations, was studied to choose the method that suited the representation 

of NZEB design process the best. A specific extensive search for literature on 

existing design process models was conducted to review the relevance of 

incorporation of pre-existing models for net-zero energy design process 

modeling.  

 

3.3.1.2. Identify Potential NZE Case Studies 

1. Identify verified NZEB projects 

2. Shortlist relevant NZEB case studies 

3. Identify point of contact for each case study 

4. Solicit participation in research 

As suggested by Yin (2003; 2009, p. 21) and Creswell (2007, p. 73), case study 

as a research method was used for qualitative inquiry to investigate how NZEB 

design is being practiced and why the decisions were made in context of 

individual projects. As explained by Punch (2005, p. 144), case study research 

“aims to understand a case in depth in its natural setting, and recognize its 

complexity in the context.” The case study projects for this research were 
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selected on the basis of project type, NZE status in operation, participant’s 

interest in the purpose of the study and their willingness to participate in the data 

collection procedure. Detailed explanation of the methodology is explained in 

Chapter 1. This research used case studies to illustrate theory and capture the 

depth of decision-making experience on each NZE project grounded in the 

context specific participant experiences. 

 

3.3.1.3. Interview Inquiry Design 

3.3.1.3.1. Phase 1: Design constraints 

1. Choosing the approach 

2. Participant selection 

3. Sample size 

4. Instrument design 

 

A priori theory was used to frame the initial interview questions and these 

questions guided the initial approach used in data analysis (Creswell, 1998). 

Partial structuring of the interviews helped the questions to be consistent across 

all interviews and the open-ended nature of the questions provided room for 

discovery by adapting the questions as per the interviewee’s role in the design 

team. 

 

3.3.1.3.2. Phase 2: Implementation factors 

5. Timing of the interviews 

6. Proactive management 

7. Documentation of results 

8. Analysis of results 

 

Interview data was collected using a semi-structured interview format (Klotz et 

al., 2007). Partial structure common to the interview rounds conducted with each 

interviewee was to capture their background and experience, with NZEBs and 

HPBs, building types they have worked on, overall design team structure, their 

internal organizational team structure, process of team selection, identification of 

key players, project delivery method and its influence on the NZE goal and 

design process, project goals and guiding philosophy, important considerations 

for NZE, challenges in achieving NZE, critical issues, influence of building type 

and building use on NZE goal, project phases duration and tools used for 

analysis.  

 

The unstructured interview parts were open-ended questions that allowed each 

interviewee to explain their role in detail, encouraged the interviewee to structure 
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their discussion around the key processes and decisions performed by them and 

the design team. The unstructured format enabled the interviewee’s to introduce 

and elaborate on what they considered as important decisions, critical processes 

and key drivers. Further probing on why these decisions were important led to 

the discovery of the rationale for decision-making (Riley & Horman, 2005; 

Lapinski et al., 2006; Korkmaz et al., 2007). Initial interview questions were 

formulated to guide the overall research inquiry direction.  

 

For example, the participants were asked to “describe their responsibilities on the 

project, describe the process by which the design team evaluated the project 

context and requirements to propose the first design concepts.” They were asked 

to explain “how did the team proceed with developing strategies during the early 

phases of design? What steps were taken before developing the initial concepts 

for the design? Who was part of the decision-making process during each of 

these phases? What were the influencing factors in developing the design 

strategies? What were the analyses performed to evaluate the design and were 

any model-based analyses performed? How did the schematic design 

development process begin? Was any project goal introduced after the 

schematic design phase? What strategies or factors specifically helped in 

achieving the NZE goal, what were the challenges that inhibited the NZE goal 

attainment for the project? In their opinion, what are the critical or important 

elements that need to be addressed when designing for NZE? ” 

 

As the open-coding and immediate analysis phase evolved to surface emerging 

concepts and categories, the researcher asked more specific questions to 

explore these new concepts and categories to identify patterns.  

 

For example, “please elaborate on the preliminary energy and water calculation 

methods, what were the important considerations in deciding the EUI goal, what 

were the influencing factors and critical information to make a decision on how 

much glazing to provide, please elaborate the decision process on using the 

unique external shading system.” 

 

3.3.1.3.3. Phase 3: Evaluation criteria 

9. Reviewing results 

 

Dexter (1970) and Guba and Lincoln (1981) describe the unstructured interview 

format as “stressing the interviewee’s definition of the situation; encouraging the 

interviewee to structure the account of the situation; and letting the interviewee 

introduce…what he regards as relevant instead of relying upon the investigator’s 



Railesha Tiwari Chapter 3 - Methodology  57 

notion of relevance” (Guba & Lincoln, 1981, p. 142). In data analysis, due to the 

challenges that such completely informal and free flowing responses of 

interviews present, a partial structure was introduced by the researcher as a 

solution to help analyze and display the data in a more meaningful way.  

 

A detailed account of the interview questions asked for phase 1, 2 and 3 can be 

found in Chapter 4. The level of detail of the developed process maps was 

correlated to the level of expertise of the interviewees (Table 3-1).  

 

Table 3–1: Correlation between expertise of interviewee and level of detail of 

mapping 

 

 
 

3.3.1.3.4. Data Collection – Level 1 Mapping 

The questions in the interview phase 1 were centered around understanding 

requirements, information flows and links between these flows to create a big 

picture map called as level 1 process map. This was the first attempt to capture 

who made the key decisions, what information was necessary to make these 

decisions, the source of information, distinction between information and 

knowledge to develop high level knowledge bases within decision nodes. 

 

3.3.1.3.5. Data Collection – Level 2 Mapping 

Questions in phase 2 interviews were designed to address the key processes 

and sub-processes within the high level map (level 1) generated previously.  

 

 

 

3.3.1.3.6. Data Collection – Level 3 Mapping 

As explained by Hines and Taylor (2000), “the front line workers involved in the 

day to day operations of the sub-process being mapped must be consulted to get 

a complete picture of what actually happens in the process” (as cited in Klotz et 

al., 2007, p. 13; Hines & Taylor, 2000). Specific detailed information on sub-
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processes and design activities performed by individuals were captured through 

the round 3 interviews to map the level 3 process maps where needed. 

 

   
 

Figure 3–5: Data collection procedure for initial level 1 and level 2 mapping 

 

3.3.1.4. Identify and Solicit Research Participants 

Open-ended interview questions were used as the method with purposive 

sampling of participants involved with the industry that worked on the design 

teams of NZEB projects and have the expertise in NZE related area. Before 

starting the data collection process, the points of contact for each potential NZE 

case study project were identified to request their participation. Typically these 

points of contact were the project architects or owner’s representatives. The 

interview participants consisted of individuals with knowledge about the area of 

research, the motivation to engage with the inquiry process and the ability to 

articulate judgments. Relying on these experts to provide their tacit knowledge 

was important for this research since more traditional research has not yet been 

undertaken in the NZE design decision-making knowledge domain. Mead and 

Moseley (2001) suggest that it is particularly useful in areas of limited previous 

work, policy making or to develop practice guidelines, and Hardy et al. (2004) 

state that it is “particularly useful when there is little knowledge or uncertainty 

surrounding the area being investigated” (p. 97). The identification of potential 
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experts to be interviewed for this research was also based on Umbdenstocks’ 

(1981) recommendation: 

 

a. Criticality of individuals as determined by the organizational and 

personal perspective analysis. 

b. Need for representation from the principal organizational and 

professional decision-making components. 

Letters of invitation to participate in the research were sent out to the experts 

soliciting their participation. The first step in the selection of other participants 

consisted of identifying individuals considered experts and key decision makers 

in net-zero design process and project development.  

 

3.3.1.5. The Interview Rounds 

3.3.1.5.1. Define the problem  

The first and the foremost step before starting the first interview round was to 

introduce the research study to the participants. To start the data collection 

process from a common ground, letters defining the research problem, objectives 

and interview procedures were sent to all the participants who had accepted to 

participate in the interview process. It was important to make sure that all the 

participants had a clear understanding of the problem and relevant information. 

 

3.3.1.5.2. Conduct Interviews 

A series of semi-structured interviews were conducted with the key decision-

makers and decision-facilitators on the project team from multiple disciples 

involved. Research participants having varied experiences with varied projects 

brought their experience and expertise in the form of important decisions along 

projects’ design decision phases, or in explaining a process, that helped in 

understanding their design practices. As more participants were identified and 

interviewed on each project, the scope of the interview got narrower, allowing 

greater depth and specificity of information to be captured. As recommended by 

Likert and Likert (1976) all participants were asked to also mention their personal 

viewpoint on the challenges for the case study, most essential strategies that 

helped with the success of the NZE goal for the case study, and important 

consideration or critical conditions for a NZE design process. An outline of the 

steps involved in the interview-conducting phase has been listed below. This was 

by no means a step-by-step linear approach, but was a very iterative cycle that 

involved concurrent data collection and analysis and selection of more research 

participants with the progress of the interviews. This process was repeated 

multiple times through the data collection and analysis process until a strong 

theory tying the context, interpretation and the research questions was derived. 
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1. Selection of one or more participants to participate in the research 

interviews. The participants are experts in the area to be investigated. 

2. Development of the first round interview questionnaire. 

3. Testing the questionnaire for proper wording, ambiguities or vagueness. 

4. Conduct the first round of interviews with the participants. 

5. Analysis of the first round responses. 

6. Selection of more participants based on first round responses to 

participate in the research interviews. 

7. Preparation of the second round interview questionnaires. 

8. Conduct the second round interviews with the participants 

9. Analysis of the second round responses. 

10. Selection of more participants based on second round responses to 

participate in the research interviews. 

11. Conduct first round interviews with newly selected participants 

12. Analysis of the first round interview responses. 

13. Preparation of the third round interview questionnaires. 

14. Conduct the third round interviews with the participants 

15. Analysis of the third round responses. 

16. Conduct second round interviews with newly selected participants 

17. Analysis of the second round interview responses. 

18. Preparation of a series of process models by the researcher to best 

represent the interpretation of the data collected and analyzed for each 

NZE case study. 

 

 

 

3.3.2. Data Analysis Techniques 
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Figure 3–6: Qualitative data analysis techniques 

 

3.3.2.1. Qualitative Content Analysis 

Krippendorff (2004) explained content analysis as “a research technique for 

making replicable and valid inferences from texts (or other meaningful matter) to 

the contexts of their use” (p. 18). The sampling units used in this research 

context were generated through answers to open questions through interviews 

with participants. Supplementing sampling units such as through articles, books, 

published case study literature, relevant published research, and quick notes 

generated through the interviews and supporting documents from the participants 

also were analyzed. The researcher analyzed individual responses by 

participants to the open-ended questions to capture each individual’s 

perspective. A set of common questions asked to all the participants helped the 

researcher to characterize the perspectives of all the experts about particular 

areas of interest. Since the research question was to understand the decision 

process of NZEBs, the unit of analysis in this case was the process described as 

a whole, specific key decision questions within each decision phase, and the 

specific key decision rationale. 
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3.3.2.2. MAXQDA Qualitative Analysis 

MAXQDA is an analytical software that was used for qualitative analysis due to 

the following main reasons. 

 

3.3.2.2.1. Data Triangulation 

All the qualitative data collected in the form of interview transcripts, 

supplementing data from participants, articles and research papers through 

focused literature review were brought into MAXQDA for each individual case 

study project and analyzed both individually as one document group for a project 

and as a whole for the entire research. 

 
3.3.2.2.2. Theory Triangulation 

Selecting text and/or key phrases for each participant corresponding to the 

questions asked generated codes. The researcher assigned multiple codes 

within the same text where necessary to mark the concepts that were important. 

Since multiple participants were interviewed for each case study project, all the 

transcripts for each case study were grouped as one document group and within 

this document group text segments were coded with the names if each 

participant. Different statements and parts of text in the documents were coded 

to represent the same category depending on straightforward answers and 

emerging unexpected indications in text matching the same category. 
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Figure 3–7: Document grouping, initial open coding and creating a code system in MAXQDA 
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Figure 3–8: Coding of categories and sub-categories within text segments to refine codes in MAXQDA for qualitative 

analysis 
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Visual models were also generated to visually view and capture the different 

coding schemes assigned with different colors for co-occurrence, proximity and 

frequency. Memos were written throughout the documents to explain the codes 

and category development. These memos were later used to tie the data 

together to analyze patterns and themes to form the theories.  

 

3.3.2.3. Knowledge Mapping 

Both graphic and tabular presentation methods were used to present the analysis 

and research findings supplemented with explanatory text to describe the 

structural constructs and the overall NZE design decision-making phenomenon.  

 

3.3.2.3.1. Process Maps 

Activity diagrams used in UML language and business process mapping 

techniques were used to graphically represent the design process with the key 

decision elements and phases as explained by the experts. The intent of 

choosing this particular graphical representation format was to keep the process 

maps simple and easily readable by users while being able to capture the 

complexity of the different layers of information. 

 

 
 

Figure 3–9: A step-by-step analysis procedure to identify and define the decision 

nodes and knowledge domains 
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Figure 3–10: A conceptual and hierarchical representation model for process and knowledge mapping 
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3.3.2.3.2. Concept and Network Maps 

Network maps are a type of brain mapping technique used to visually represent 

concepts in a simple and intuitive way. Concept and network mapping was used 

to develop the information flow and relationships amongst the codes and themes 

identified in the data analysis process. Many disciplines use concept-mapping 

processes to construct new knowledge (Canas & Novak, 2008). Concept and 

network mapping were used due to their appropriateness in drawing easy to 

represent maps that could show connections between the emerging categories 

and help show how these categories developed into theories (Canas & Novak, 

2008).  

3.4. Description of Fundamental Methods 
Although there are many variations to the grounded theory approach but as Birks 

and Mills (2011) and Engward (2013) suggest there are certain fundamental 

methods that need to be included in any study for it to be called as grounded 

theory. As per Birks and Mills (2011), Engward (2013) and Connelly (2013) these 

fundamental methods are “open-initial coding, concurrent data collection and 

analysis, writing memos, theoretical sampling, constant comparative analysis, 

theoretical sensitivity, intermediate coding, core strategy selection, theoretical 

saturation and theory development” (Connelly, 2013, p. 124). Content analysis 

was used to analyze the qualitative data collected. Glaser and Strauss (1967) 

recommend the inductive approach in content analysis over the deductive 

approach to fill the knowledge gap and stitch the fragmented understanding of 

the research phenomena being studied. As established earlier in the Introduction 

chapter, there is a lack of clear understanding of the NZE design decision-

making process in the building industry as of now with no clear direction and 

structured approach to facilitate decision-making for different stakeholders. 

Therefore, inductive content analysis method helped in developing a theory to 

contribute towards an improved understanding of this fragmented knowledge, 

create a knowledge base for NZE design processes and decision phases. The 

fundamental methods used in grounded theory for inductive content analysis are 

described in the following sections. 

3.4.1 Literature Review 

It is important to note that the literature review conducted by the researcher 

before starting the data collection process was mainly to review the current state-

of the-art of the NZE building sector, assess relevant research and theories to 

establish grounding for this study. Another important role of the literature review 

phase was for the researcher to become familiar with the NZE building projects, 

design strategies used in order to get acclimatized to the project specifics before 

conducting the interviews with experts who were part of the design teams on 
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these projects. Literature review on theories and concepts allowed a deeper 

understanding of the process linked to designing of High Performance Buildings 

and NZEBs thereby helping in the development of the semi-structured interview 

protocols and questions. Theories from literature review had an influence on the 

development of initial open-ended research questions and initial data analysis 

procedures. 

3.4.2. Theoretical Sampling 
The selection process used for the sample case studies to be included and their 

relevance for the purpose of this qualitative research have been explained in the 

research methodology section of Chapter 1. The issue of transferability of the 

qualitative research findings was more pressing than generalizability, and so the 

selection of samples had to be purposive. Six case studies were selected before 

the beginning of data collection and coding process. Through the interview 

process, some of the case studies could not be pursued due to lack of required 

participation of all key decision makers in the interview process and therefore 

resulting in incomplete data. Two of the case studies were selected parallel to the 

initial interviews and coding process based on the emerging categories and the 

need to further analyze the patterns. 

 

 
 

Figure 3–11: Additional case studies identified and pursued parallel to initial data 

collection process 

 

The first round of interview for each case study project was conducted with the 

point of contact. During these interviews, the researcher identified the overall 
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design team organization and the key decision makers on the design teams for 

each project. This method of theoretical sampling was used to identify the 

important decision makers and select the next potential participants that could 

contribute the best information rich data for the study. In other scenarios where a 

key decision maker, facilitator or process performer was not identified by the 

current research participants, the researcher identified the emerging categories 

and key processes through immediate and comparative analysis followed by 

identifying the people who could provide more detail about the categories or 

answer specific questions. This was therefore an iterative process where 

questions were asked through round 1 and 2 with each key decision maker to 

identify specific people who either performed those particular tasks or had 

knowledge of the decision process. The latter interviews within each case study 

project were conducted with such individuals or participants based on review of 

the previous data collected and categories developed. 

 

Structure of the interview phases adapted from methodology suggested by Klotz 

et al. (2007) was as described below. The interviews were split into the following 

three phases and each interview phase was further split into two-three rounds of 

interviews as needed to collect complete data. 
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Table 3–2: Methodology to create partial structure in data collection process 
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(a) Interview phase one – Rounds of interviews was conducted with the 

Project Manager, Architect of Record/Project Architect, Sustainability 

Director, Commissioning Agent, Energy Consultant and the Director of 

mechanical-electrical team.  

1. Round one - The objective of the first interview round was to develop 

an overall understanding of the project, role of the interviewee, overall 

team organization, procedure for goal setting, and unique project 

specific considerations. 

2. Round two – The objective of the next interview was to understand 

the development of pre-design strategies and innovative approaches, 

how the strategies started shaping the concept design, understanding 

iterations of concepts and design options, type of analysis performed, 

tools used for analysis and other key team members involved in the 

above processes. 

3. Round three – The intent of this interview round was identification of 

key processes and sub-processes in the early phases of design, 

knowledge exchange at key decision nodes, knowledge flow, specific 

roles of other team members and basis of decision-making.  

 

(b) Interview phase two – Multiple interviews were conducted with the 

Executive Director, Lead Mechanical Engineer and Construction 

Manager/General Contractor. 

1. Round one – The goal of this interview was similar to the round one 

interview of phase one but additionally capturing the specific role of the 

interviewee, their understanding of the project goals and their team 

organization. 

2. Round two – This interview focused on identifying the pre-design and 

concept design processes or steps, in which phase did they get 

involved in the project, their integration with the architectural team, 

owner and other teams, knowledge exchange and decision-rationale. 

3. Round three – The purpose of this interview round was to identify the 

sub-processes and activities performed in various early design phases, 

tools used for analysis, benchmarks referred to, rationale for analysis 

and decision-making, identifying collaboration with other teams. 

 

 

(c) Interview phase three – Interviews were conducted with the Operations 

Manager, Ecologist and Manufacturer. 
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1. Round one – This interview was based on input from previous 

interviews from phase one and two and identification of specific roles 

performed by the interviewee for this project, kind of analysis 

performed, information exchange, how and where they fit into the 

overall project phases, their rationale for decision-making and tools 

used for analysis. 

 

As-Is Emerging Content 

3.4.3. Interview Data Analysis 

Grounded theory approach was used to develop the initial coding schemes that 

helped in discovering emerging themes (Schensul et al., 1999) while working 

through the interview transcripts. Additionally, collecting and analyzing supporting 

documents and links provided by the interviewee to understand details of the 

project supplemented data collection and analysis. 



Railesha Tiwari Chapter 3 - Methodology  73 

 

 
 

Figure 3–12: Concept diagram representing the initial coding process of tidying up the text, finding items through codes, 

combining codes into stable categories and patterns and grouped patterns into structures to form theory 
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3.4.4. Open-Initial Coding Process 
The research methodology used to document and map the integration of the 

various interdisciplinary stakeholders was started with a clean slate. The data 

collected through the interview process was the basis for mapping the design 

process used by the stakeholders for the project and to identify the emerging 

issues relevant to each stakeholder group. The interview process was begun with 

the Project Architect and then followed by the key decision makers identified by 

the architect. As each key stakeholder was interviewed, they were asked to 

identify other key members of the design team based on their role and 

involvement in the project in the early design phase. Each interviewee was first 

asked to explain their background, experience with high-performance buildings 

and Net-Zero Energy building design, building types they have worked on, and 

their roles and responsibilities on the project. They were asked to explain the 

overall design team structure including all the key stakeholders, their internal 

organizational team structure, process of team selection, basis of team selection 

and decision-makers involved in the process. The interviewees were then asked 

to explain in detail how the design progressed from conception to the major 

stages of decision-making. Along the interview process, specific questions were 

asked to understand the underlying issues or concerns relevant to each 

stakeholder thereby capturing the rationale for decision-making. They were 

asked common questions such as the most important considerations for NZEB 

design process, challenges in achieving the NZE goal for this project, what really 

helped in achieving the NZE goal for this project, their perspective about the 

influence of project delivery method, building size, building use, selection of tools.  
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Figure 3–13:  Manual observation quick notes and initial MAXQDA coding 

system 

 

The interview transcripts were analyzed and coded using multiple levels of 

coding to infer key decision nodes and phases of assessment from the 

interviewees’ narrated experiences. The audio interviews conducted with all the 

experts were first transcribed and coded to identify how they were successful in 

designing a NZEB. For this, the first level of coding and mapping was to capture 

“HOW” design decisions evolved for each case study. Mapping of “HOW” meant 

documenting the strategies used and steps taken by each stakeholder group 

relevant to the context of each Net-Zero Energy project. The initial coding was 

done manually going over the interview transcripts to identify the strategies and 

steps of the design process. Next, MAXQDA qualitative data analysis software 

was used to code the transcripts for this project to refine the codes and group 

them around each stakeholder and design phase. Thirdly, the steps taken by the 

stakeholders were mapped manually using sticky notes on the wall placed along 

stakeholders on the Y-axis and design progress phases on the X-axis. The sticky 

note process (refer to Figure 3-16) helped in stitching the transcripts and codes 

together; identify the integration and interaction points between the teams.  

 

 
 

Figure 3–14: Level 3 coding and mapping strategy using sticky notes. This 

analysis methodology was an iterative exercise to create stable sets of items and 

construct sets of taxonomies from the stable sets derived. 

 

3.4.5. Concurrent Data Collection and Analysis 
Interview data was the prime focus of all analysis and was used to uncover 

patterns to explain the NZE design process. The researcher had an open mind 

and was receptive to the research participants to be able to capture their 

experience and areas of emphasis in their own words. The central issues, 



Railesha Tiwari Chapter 3 - Methodology  76 

concerns, challenges, and important considerations emerged as part of this 

discovery process by probing further into issues of importance as brought up by 

the research participants. This required a continuous concurrent data collection 

and analysis of interview data and identification of other participants who could 

elaborate on issues of importance providing more detail. Immediate analysis of 

the initial interview data for all interviews was performed to verify if all questions 

were answered, to inform next set of questions and know where to probe deeper 

based on where the data was either incomplete or insufficient. This step of 

immediate analysis allowed the researcher to filter the data of all the noise to be 

able to see the bigger picture and focus on emerging, recurrent codes that were 

classified into categories and sub-categories. 

 

 
 

Figure 3–15: Additional questions arising from immediate and concurrent data 

analysis 

 

Data Reduction/Coding and Interpretation Techniques 

3.4.6. Constant Comparative Analysis 
In order to organize the discovered categories and processes, the researcher 

systematically arranged the codes to form an intact picture of the design process. 

The mapping process was guided by ‘how the project was designed?’ 
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Figure 3–16: Continuous iterative process of data collection, organization and 

analysis 

 

After identifying and mapping “HOW” design was performed for each case study 

and placing the processes along phases, the next level of coding involved 

abstraction to “WHAT” were the processes and sub-processes grouped along the 

relevant stages of progression of the project. In the process mapping, the phases 

have been shown sequentially and return arrows have depicted the iterative 

loops of feedback/ interaction. The processes within each phase are not 

necessarily ordered in any sequence. They could be parallel, sequential and/or 

iterative. Based on comments from the experts on main processes, sub-

processes and design activities performed within each phase, the decision 

phases were identified for each NZE project.  
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Figure 3–17: Mapping correlation and decision flow between key decision phases 

 

3.4.7. Emerging Categories and Themes  
The next level of coding after identifying “WHAT” processes were performed 

along what phases was to map the important considerations and challenges 

faced by all key stakeholder groups specific each project context. Network maps 

were developed overlaid on the process map phases (refer to Figure 3-20) to 

identify the important considerations and challenges specifically color coded to 

each stakeholder group. The key decisions were mapped along the phases in the 

design process map to depict the timeline of when they were performed along 

the design life cycle. The critical considerations were marked in red and the texts 

around the considerations were the relevant addressed issues. The green arrows 

showed the relationship between the issues and therefore between the 

considerations/ decisions. The issues mapped explain “WHY” the decisions were 

made that resulted in “WHAT” processes the design team performed.  
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Figure 3–18: Intermediate coding process to extract categories and analyze the data to develop the theory 
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Further, supporting information and literature related to the case studies was 

collected from the interviewees and through published articles in order to get in-

depth information regarding the processes as well as to verify the conceptual 

mapping. Through inductive approach, the researcher analyzed the case studies 

to identify the underlying structural constructs of the NZE design process. The 

results of the investigation were analyzed from the researchers interpretation to 

describe the NZEB design process of the case studies and explain how it 

occurred and why. Interpretation of the key issues, considerations, challenges 

from the interviews and supporting literature, helped in the definition of the 

structural constructs and the emerging key process indicators of the design 

process.   

 

3.4.8. Memo Writing 
Memo writing was an integral part of the coding and continuous comparison 

process described above. Memos were used to define the meaning of emerging 

categories, define the changing roles of research participants and discover 

emerging themes, build theories and thereby establish the decision nodes and 

their relationships. 

 

3.4.9. Intermediate Coding Process 
The researcher first explored four case studies in a systematic approach with the 

aim to capture the sets of project phases and processes through interviews of the 

key decision-makers involved in the design processes. As suggested by Punch 

(2005), the design decision-making process was mapped to “understand the 

wholeness of the case” (p. 144). Secondly, the researcher conducted a cross-

case or comparative analysis using multiple sources of information such as open-

ended interviews, focused literature review, supporting documents collected from 

interviewee. The purpose of this analysis was to investigate the projects and 

literature to discover core categories and themes of process-based key-

performance indicators. 

 

3.4.10. Core Categories and Theories 
Based on the interview results from the decision makers and decision facilitators, 

the processes and sub-processes were identified and grouped into phases that 

reflect the steps taken on the project development in practice. The mapping 

process involved an iterative coding procedure where the interview transcripts 

were coded in multiple levels to identify the design process as well as the 

rationale for decision-making used for the case study. Apart from direct 

responses from the interviewee, the researcher used their interpretation to 
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discover the emerging patterns of issues, important considerations and 

challenges by iterative coding of the interview transcripts. 

 

 
 

Figure 3–19: Abstraction process to identify core categories by identifying 

patterns 



Railesha Tiwari Chapter 3 - Methodology  82 

 

Table 3–3: Establishing structural constructs through core categories 
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Practice theory was used to remove the individual experts context and identify 

practices as the theory and how it evolved in the projects studied. The goal was 

to expand and analytically generalize theories discovered. Schramm (1971) 

states, “the central tendency among all types of case study is that it tries to 

illuminate a decision or set of decisions; why they were taken, how they were 

implemented, and with what result” (as cited in Yin, 2009, p. 17; Schramm, 

1971). Since every case study has unique project needs and goals apart from the 

NZE goal, the design process can vary due to context specific factors. Therefore, 

the challenge was to address the generalizability of theories beyond the specific 

context of the case studies to address varied project needs (Groat & Wang, 

2002). Focused literature review was conducted as a means to discover 

evidence on the developing theories from sources that covered varied NZEB 

design process and stakeholder experiences leading to generalizability of the 

process. The partial structure to the type and quality of data collected for all case 

studies through the semi-structured open ended interviews helped gather the 

stakeholder specific central issues and key-performance indicators as drivers of 

the early design decision process. 

 

3.4.11. Theoretical Saturation 
Interviews were stopped for any particular case study when no more new data 

could be captured leading to the saturation of codes and categories created.  

 

 
 

Figure 3–20: Design process story boards created to cross check and map key 

decision points 

 

 

 

 

 

 

New Process Model Development 
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Figure 3–21: Summary of research methodology for new framework development  

 

3.4.12. Theory Development 

Through multiple rounds of interactions between the researcher and the research 

participants, the objective of the research design was to gain a deeper 

understanding of the NZE design process (phenomena) that was being studied 

leading to identification and refinement of critical issues, key design strategies 

and design methods, key considerations for NZE early project design. Hence, the 

intended outcome of the research was to develop a series of design process 

maps that could guide the decision makers by providing them with detailed 

explanations and a roadmap of the design process phases and key processes. 

The final product of each case study analysis was a series of detailed process 

maps. The results discussed in Chapter 4 are only limited to the four individual 

case study analysis but the NZEB decision support framework was developed 

based on the collective analysis of all four NZEB case studies and focused 

literature review conducted for the research study. Key performance indicators 

and design variables were identified grounded in the data collected from all 

experts by cross comparison of patterns and themes across cases studies. 

Comparison of the design process methodologies and emerging process based 

key performance indicators for each case study enabled the development of 



Railesha Tiwari Chapter 3- NZEB ‘As-Is’ Design Process Mapping  85 

primary key performance indictors that informed the NZEB descriptive and 

proscriptive design guidelines. Structural constructs were developed by 

comparing similarities and differences of specific themes and concepts within the 

data and supported by further focused literature review. The intent of the theory 

development process was to constantly refine the process models to a high 

degree of abstraction so that the result is a simple model that could represent 

and explain the NZE decision-making process. The development of new stages 

and phases of decision-making cycles for NZEB design was deemed essential to 

be able to explain to the users and stakeholders the essence of the critical pieces 

of the decision-making process. The theory developed is an attempt to explain 

the phenomena rather than trying to generalize or extrapolate the research 

results to fit all or any project context. The detailed descriptions of the 

development method of the proposed NZEB design decision-support process 

model are described in Chapter 5 of this dissertation. The mapped design 

process model for NZEB design can suggest ways to improve the current early 

design process and project delivery methods by identifying gaps in the current 

design approach (Yin, 2003). 

3.4.13. Conclusion Drawing and Validating 

The proposed NZE design process maps and structural constructs affecting the 

phases of decision-making were presented at relevant conferences that had NZE 

as central themes, attended by experts from the AEC industry both from 

academia and the industry who are pioneers and contributors to the NZE 

knowledge base. The proposed process maps were also submitted for 

consideration for journal publication in the form of a journal articles in the 

International Journal of the Constructed Environment and The Design Collection 

that is currently under peer-review. The reviews from the conference reviewers 

and participants have helped with validating the developed theory and usefulness 

of the process maps in decision-making. The results of the reviews are described 

in Chapter 5. 

3.5. Research Limitations 

3.5.1. Role of Researcher as the Instrument 
Researchers’ background and interest and the participants’ value in high-

performance buildings and NZEBs share a similar path, making it difficult for the 

researcher to maintain complete objectivity about the research.  
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3.5.2. Sample Size 
Since this research has adopted the interpretivist approach, including more 

participants and their individual experiences of the NZE design decision-making 

phenomena may or may not vary the current research findings.  

 

3.5.3. Research Timing 
With time and more experience by working on HPBs and NZEB projects, the 

perspectives of current research participants might vary. Further technological 

developments in the NZE sector and other future research findings can result in 

changes of interpretations of this research and its findings. 

 

3.5.4. Strategies to Address Limitations 
Researcher’s background and experience certainly facilitated the interview 

process with the participants responding in detail and taking the time to elaborate 

their decision process in an attempt to clearly remember the design process that 

the teams went through. As a means of triangulation the researcher asked the 

same questions to all participants from each project in addition to the other open-

ended questions to capture more detail; allowing the researcher to get complete 

detailed account of the processes as well as confirmation of the roles played by 

each stakeholder within the entire team. This methodology facilitated the 

researcher in identifying and mapping the design team integration throughout the 

different phases of design and define key nodes of decision-making. 

Researcher’s background and experience does have bearing on the 

interpretation of the data collected and angles of analysis, making the research 

findings an outcome of not only the data collected but also the researchers’ 

interpretation
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Chapter 4 

4. NZEB ‘As-Is’ Design Process Mapping 

4.1. Decision Mapping Process 
In order to map the ‘As-Is’ design process of the four NZEB case studies, four 

interview phases were conducted with multiple rounds. A detailed description of 

the knowledge capturing process along with the case studies project description 

and summary of interview participants is presented in the following sections. The 

purpose of each interview phase and an outline of the questions asked during 

each interview phase are listed below. Interview results and analysis discussions 

of the ‘As-Is’ design process mapping for each case study are presented in this 

chapter. 

4.1.1. Four Interview Phases 

A summary of the four interview phases were as follows: 

 

a. Interview Phase 1 – The purpose of interview phase 1 was to establish a 

background about the NZE project, the respondent’s role in implementing the 

NZE design and the overall organization structure of the team involved in the 

project. The intent was to understand the early stages in which decisions 

were made by owners, project managers and senior designers about team 

size, team composition, project duration and deliverables were. 

 

 Design team size 

 Team Composition 

 Time investment 

 Clarity of goal definition 

 Number and range of design options generated 

 Number and type of model-based analyses performed 

 Criteria used for decision making 

Interviewee: High-level executives who understand the organizations overall 

delivery process.  
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b. Interview Phase 2 – The purpose of interview phase 2 was facilitation of 

visualization and process understanding, to discover the steps taken by 

designers when approached with a NZE building project goal, to capture 

process participants’ localized understanding and synthesize a coherent 

perspective of activities and their interactions (Klotz et al., 2007). 

Interviewee: High-level executives who understand the organizations overall 

delivery process.  

 

c. Interview Phase 3 – The purpose of interview phase 3 was to identify 

relevant metrics for process improvement to clearly define the process for 

decision-support and to identify the performance metrics used to measure the 

achievement of the goal of NZE. 

Interviewee: Members of the organization that best understand the 

processes identified through the previous interviews and interactions with the 

high-level executives of the project. 

 

d. Interview Phase 4 – The purpose of interview phase 4 was to capture 

detailed design activities performed and to identify gaps in processes. 

Interviewee: A multi-disciplinary team of “…front line members involved in 

the day-to-day operations of the sub-process being mapped…” (Klotz et al., 

2007, p. 11). 

4.1.2. Case Studies Background 

Case study background of project name, project location, cost, project objectives 

and ratings and certifications for each project is explained in this section.  

 

4.1.2.1. Case Study A – Hawaii Gateway Energy Center 

This section presents the background for case study A to explain the 

documentation and analysis procedure used for decision mapping purpose. Case 

study A was a new center for distributed and renewable energy built in Hawaii in 

2005. The project was conceptualized as an interpretive center with office and 

conference space to promote energy research, public outreach and 

demonstration of innovative renewable energy technology. Construction of the 

energy center was completed in January 2005 with a project cost of $3,400,000 

(AIA – Top Ten Green Projects, 2007). The project set precedence for Net-Zero 

Energy by becoming net energy producer. In 2005, it was rated LEED Platinum 

status adding it to the list of the only seven other projects with Platinum rating 

worldwide at the time; putting Hawaii on the map for highly efficient, low energy 

consuming passive building design. The energy center represents engineered 

passive architectural design as the prime example for minimizing energy 

consumption as well as maximizing the potential use of renewable energy 
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resources available on site by the use of standard building materials differently. 

The client was motivated and driven to build a renewable energy demo facility 

that would become the gateway of their research campus to not only orient 

people to the campus, but be a living example of innovative and adaptive 

architecture while being respectful of the Hawaiian culture. 

 

4.1.2.2. Case Study B – Aldo Leopold Legacy Center 

This section presents the second case study and explains the design decision 

mapping. The second case study selected was the Aldo Leopold Legacy Center 

that is an interpretive center and a commercial office space owned by the Aldo 

Leopold Foundation located in Baraboo, Wisconsin. Construction of the 11,900 

sq.ft legacy center was completed in April 2007 (U.S. Department of Energy, 

Zero Energy Buildings Database, 2008) with a project cost of $3,943,418 

(AIA/COTE – Top Ten Green Projects, 2008). This project set the record for the 

highest obtained points in LEED Platinum rating (61 points) any project had 

achieved at the time (2007) and also by being the first Carbon-Neutral building 

built in the US at the time (2007) (U.S. Department of Energy, Zero Energy 

Buildings Database, 2008). The mission of the foundation and the mission of the 

program were aligned without sacrificing their purpose. Ethical land 

management, education and community outreach were part of the project goals 

apart from the Net-Zero Energy and Carbon-Neutral goals in line with the 

foundation mission. The Aldo Leopold Foundation is the legacy of Aldo Leopold 

who truly believed and practiced the “land ethic” (AIA/COTE – Top Ten Green 

Projects, 2008) through conservation of the ecological system as a whole. The 

purpose of the legacy center was to share the Aldo Leopold philosophy with the 

world and practically show how one can live on a piece of land without spoiling it 

(AIA/COTE – Top Ten Green Projects, 2008). Other important project goals 

complimentary to their mission were to stay local and use local constructors, 

harvest the wood available on site and use it effectively for construction. The 

legacy center construction incorporated sustainable harvesting of wood from the 

forests owned by the Aldo Leopold Foundation, in order to improve the health of 

the forests. Wood harvesting was an integral part of the process since the 

beginning and was one of the biggest contributors towards achieving Carbon-

Neutrality and Net-Zero Energy goal. 

 

 

 

4.1.2.3. Case Study C – National Renewable Energy Laboratory Research 

Support Facility I 
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National Renewable Energy Lab (NREL) Research Support Facility (I) is a ‘Class 

A’ commercial office building located in Golden, Colorado that is 220,000 sq. ft. 

with 824 employees (Pless et al., 2011). It is the largest commercial office 

building to achieve Net-Zero Energy (NZE) status and LEED platinum rating in 

2010 (U.S. Department of Energy, Zero Energy Buildings Database, 2008). 

Hirsch et al., 2011 explain the process that the owner went through in the 

preliminary phase (pre-acquisition stage) to develop the Request for Proposal 

(RFP) and protocol for the design competition to start the procurement process. 

The processes explain the strategy used by NREL and Department of Energy 

(DOE) as a “novel procurement, acquisition and contract” procedure (Pless et al., 

2011, p. 1). The owner’s project team had various user groups from NREL and 

DOE. The Energy Efficiency Representative on the owner’s team was 

interviewed to understand the key performance indicators used for control or to 

influence the integrated design process. Owner’s representatives’ primary 

responsibilities were to help write the RFP around the energy performance 

requirements, contributing design ideas around energy efficiency to the team that 

was selected, review all the submittals on the energy performance requirement 

for substantiation of the contract. As design evolved, he evaluated the technical 

efficiency of the proposed solutions. On the operations side, his role is what they 

call of a ‘Performance Assurance Manager’ that takes all the design intent and 

the energy model expectations set for the project and ensure everything involved 

in the operations are lying around those goals to ensure NZE in operation phase. 

Apart from identifying the control strategies used by the owner’s project team to 

facilitate design team integration, this research identified the proposals and 

feedback that were presented to the owner’s team by the design team. This 

research also identifies the process that the winning design team went through to 

fulfill the RFP and substantiation requirements in the early design phase. 

Therefore allowing a complete or holistic assessment of stakeholder specific 

roles and loops of feedback in the early design phase of the NZEB design 

process. 

 

4.1.2.4. Case Study D – Bullitt Foundation Cascadia Center for Sustainable 

Design and Construction 

The Bullitt Foundation Cascadia Center for Sustainable Design and Construction 

is a six story, 52,000 sq.ft. commercial office building located in an urban setting 

in Seattle, Washington owned by the Bullitt Foundation that was constructed in 

April 2013 with a total project cost of $18.5 million (U.S. Department of Energy, 

High Performance Building Database, 2015). The Bullitt Center was designed to 

achieve both NZE and NZW as operational goals in pursuit of the Living Building 

Challenge (version 2.0) that is still under review (U.S. Department of Energy, 
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High Performance Buildings Database, 2015). The Bullitt Center website lists 

seven current tenants holding office spaces in the building mostly including the 

design teams such as the Bullitt Foundation, PAE Consulting Engineers, Point32 

and University of Washington Integrated design Lab that was the consulting 

partner for daylighting and International Living Future Institute (Bullitt Foundation, 

2015). The website also mentions current tenant space availability indicating that 

the building is not yet fully occupied. As per the current records on the High 

Performance Buildings Database the EUI of the building is listed as -6.91 

kBtu/sq.ft., but since the building is not yet fully occupied its NZE and NZW 

status is yet to be verified by the certification of living building status (U.S. 

Department of Energy, High Performance Buildings Database, 2015). Owner of 

the Bullitt Foundation was described by the design team as strongly motivated 

with clear project objectives such as achieving the living building status, 

designing for 250 year design life and service life expectancy and creating a 

replicable financial model for NZEBs. Owner’s motivation and commitment 

inspired the design team to commit to the goals since the beginning of the 

project. The pilot program initiated by the city of Seattle for buildings attempting 

the Living Building Challenge helped the project in getting variances from the city 

to fulfill some of the project objectives. The primary challenge of this case study 

in achieving NZE and NZW design goals was the occupants being unknown 

tenants that will be leasing the office building. Most of the design efforts 

throughout the design and construction phases went into material sourcing and 

procurement to comply with the Living Building Challenge material red list and in 

designing a standalone building that is independent of municipal water and 

sewage system.  

 

 

 

 

 

 

 

 

 

 

 

 

4.1.2.5. Case Studies Timeline 

Case study A was the first project studied for this research that began planning 

and design in 2003. The second project was case study B that initiated planning 
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in 2004. Case Study C was the third project studied for this research that began 

planning in 2007. Case study D was the fourth project that initiated planning and 

designed in 2011. Figure 4–1 shows the timeline of the case studies along with 

the number of case studies-specific interviews conducted and the number of 

participants for each case study. This timeline helps in understanding the 

progression of advancements in technology, design process methods and 

practices, project delivery methods and team knowledge explained in this 

chapter. The order of case study-specific interviews was parallel to the timeline of 

the case studies. 

 

 

Figure 4–1: Timeline of NZEB case studies A, B, C and D  

 

 

 

 

 

 

 

4.1.2.6. Case Studies Summary 

A summary of project description and characteristics of all four case studies is 

presented in a tabular format on the following two pages (refer to Tables 4–1 and 

4–2). 
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Table 4–1: NZEB case studies characteristics 

 

Project 

Characteristics 

Building 

Type 

Project 

Delivery 

Method 

Project 

Setting 

Occupant 

Type 

Ratings/Certificatio

n Levels 

Case Study A 

Interpretive 

Center, 

Commercial 

Office 

Hybrid 

D-B-B 
Urban 

Owner 

Occupied 

U.S.GBC LEED-NC, 

v.2/v.2.1 – Level: 

Platinum (52 points), 

Zero Energy Building 

Case Study B 

Interpretive 

Center, 

Commercial 

Office 

Hybrid 

D-B-B 
Rural 

Owner 

Occupied 

U.S.GBC LEED-NC, 

v.2/v.2.1 – Level: 

Platinum (61 points), 

Zero Energy Building 

Case Study C 

Class A 

Commercial 

Office 

Performance-

based 

Design-Build; 

Fast-Track 

Sub-

urban 

Owner 

Occupied 

U.S.GBC LEED-NC, 

v.2.2 – Level: 

Platinum (59 points), 

Zero Energy Building 

Case Study D 
Commercial 

Office 

Guaranteed 

Maximum 

Price 

Contract 

Urban 
Speculative 

Tenant 

Pursuing Living 

Building Status 

(Living Building 

Challenge v.2.0) 

 

 

 

 

 

 

 

 

Table 4–2: NZEB case studies description 

 

Project 

Description 
Location & 

Climate 

Owner/Cli

ent 
Building 

Area & No. 

Total Project 

Cost 

Completion 

Year 
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Zone of Stories 

Case Study A - 

Hawaii Gateway 

Energy Center 

Kailua-

Kona, 

Hawaii 

Hot, Humid 

and Barren 

National 

Energy 

Laboratory 

of Hawaii 

Authority, 

Hawaii 

3600 sq.ft 

1 story 

building 

Construction 

Cost: $3,400,000 

($944 per square 

foot) 

January 

2005 

Case Study B - 

Aldo Leopold 

Legacy Center 

Baraboo, 

Wisconsin 

6A: Cold-

Humid 

Aldo 

Leopold 

Foundatio

n 

11,900 sq.ft 

Three 1-

story 

buildings 

Construction 

Cost: $3,943,418 

(land excluded) 

($331 per square 

foot) 

April 2007 

Case Study C - 

NREL Research 

Support Facility 

I 

Golden, 

Colorado 

5B: Cool, 

Dry 

Departmen

t of Energy 

and 

National 

Renewabl

e Energy 

Laboratory 

222,000 

sq.ft 

Building 

Footprint - 

65,600 sq.ft 

4 story 

building 

Design-Build 

Contract Firm-

Fixed Price: $64.3 

million 

Construction 

Cost: $57.4 

million (excludes 

furniture, interior 

design fees and 

insurance) 

Incentive Award 

Fee: $2 million 

($259 per square 

foot) 

July 2010 

Case Study D - 

Bullitt 

Foundation 

Cascadia Center 

for Sustainable 

Design and 

Construction 

Seattle, 

Washington 

The Bullitt 

Foundatio

n 

52,000 sq.ft 

6 story 

building 

Construction 

Cost: $18.5 

million 

($355 per square 

foot) 

April 2013 

 

 

4.1.2.7. Interview Participants 

42 participants were interviewed in total but 5 of these participants represented 

case studies that are not included in this research due to insufficient data and not 

enough participation from key stakeholders of those projects. A summary of 37 

participants that were interviewed for this research relevant to the case studies 
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presented are listed in Table 4–3. Owner representatives, project architects, lead 

engineers, sustainability directors, commissioning agent and energy modelers 

were some of the most active participants who were interested in sharing their 

design process and explain their reasoning in decision-making. Developers and 

some construction managers and/or contractors were hesitant in sharing details 

about their decision-making process.  
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Table 4–3: Summary of all interview participants with their discipline, title and number of interviews conducted for the four 

case studies 

 

Participant 

Code 
Participant’s Discipline Title/ Position 

Number of 

Interviews 

A1 Architecture Primary Architect and Designer 3 

A2 Engineering - MEP Lead Mechanical Engineer 3 

A3 Sustainability Consultation Sustainability Director 2 

A4 Project Management Project Manager 1 

A5 Facility Management Operations Manager 1 

A6 Manufacturing Project Engineer 1 

B1 Architecture Project Manager/ Project Architect 3 

B2 Sustainability Consultation Sustainability Director 3 

B3 Commissioning Commissioning Agent 2 

B4 Energy Modeling Energy Modeler 3 

B5 Owner Executive Director 2 

B6 Construction Construction Manager 1 

B7 Construction Construction Manager 1 

B8 Owner Ecologist 1 

C1 Owner Energy Efficiency Representative 2 

C2 Architecture Sustainability Director 2 

C3 Architecture/Construction Client Project Manager 3 

C4 Engineering - MEP 
Lead Mechanical Engineer & Performance 

Manager 
2 

C5 Engineering - MEP Energy Modeler 3 

C6 Engineering - MEP Mechanical Engineer 1 

C7 
Daylight, Commissioning, Measurement & 

Verification 
Principal 2 

C8 Architecture Technical Project Manager 2 

C9 Architecture Design Principal 2 

C10 Daylight Consulting Daylight Consultant 2 

D1 Architecture Project Architect 2 

D2 Architecture Architect 1 

D3 Engineering - MEP Senior Engineer 3 

D4 Construction Construction Manager 2 

D5 
Engineering - MEP 

 
Lead Mechanical Engineer 2 

D6 
Engineering - MEP 

 
Lead Electrical Engineer 1 

D7 Daylight Consulting Project Manager 2 

D8 Building Envelope Consulting Principal 2 

D9 Building Envelope Consulting Building Envelope Consultant 1 

D10 Water Consulting Water and Wastewater Consultant 1 

D11 Photovoltaic Consulting Solar Consultant 1 

D12 Development Developer 1 

D13 Engineering - MEP Researcher 1 
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4.1.3. Questions - Interview Phase 1 
 

4.1.3.1. Introductory Questions 

Respondents Background: 

1. What is the nature of your experience with Net-Zero Energy building design? 

a. How many Net-Zero Energy building projects have you been involved 

with? 

b. Please list the building type of these projects. 

c. What were your responsibilities on the Net-Zero Energy building projects 

you have/are worked/working on? 

 

4.1.3.2. Organization Structure And Respondent’s Role: 

2. What was the organization structure of the overall team involved in the 

conceptual design phase of (Project Name)? 

a. Please list the team size (number of people) and team composition along 

with the roles of the various members involved including but not limited to 

design, analysis and management decision makers, owner and others. 

(Please list the key members and their key roles in the concept design 

phase.) 

b. What was the basis for deciding the team size? 

c. Who decided the team size and team composition? 

d. How is this information communicated? 

Cues: 

Verbally 

Email 

e. What was your position on the design team? (Please select all that apply) 

Architect 

Landscape Architect 

Electrical Engineer 

Mechanical Engineer 

Project Manager 

Owner 

Building Operator 

Other  

f. Please define your understanding of your role in the Net-Zero Energy 

design plan. 

3. What was the project delivery method used? 

a. What was the reason behind choosing the project delivery method 

chosen? 

b. Who made the decision of choosing the project delivery method? 
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c. In your opinion, how does the project delivery method affect the Net-Zero 

Energy design goal? 

4.1.3.3. Concept Design Phase Duration 

4. What was the project duration? 

a. What was the duration of the concept design phase (weeks)? 

b. What were the total man hours for the concept design stage? 

c. What was the basis for deciding the project duration? Who made this 

decision? 

d. What were the total number of generated design options during concept 

design phase? 

5. Please define the Net-Zero Energy building definition used for the project. 

a. What was the scope of the project? 

b. How does building size influence the Net-Zero Energy design goal?  

c. How was the project boundary defined in relation to the Net-Zero Energy 

definition used? 

4.1.3.4. Overall Project Summary 

6. What specifically helped the development of the Net-Zero Energy design 

plan? 

7. What specifically inhibited the development of the Net-Zero Energy design 

plan? 

8. In your opinion, what are the critical elements that need to be addressed 

when developing a Net-Zero Energy design plan? Please explain with 

reasons. 

Describe the process by which the design team evaluated the project 

context and requirements and proposed the first design concepts in a 

design charrette. 

 

4.1.3.5. Project Goal Definition Clarity 

9. Please define your understanding of the project goal definition(s) used. 

a. What was the basis for this goal definition(s)? What was the project’s 

guiding philosophy? 

b. During what phase of conceptual design stage were these project goals 

defined?  

c. Who was part of the decision making process for setting the project goals? 

(Please list all the members involved in project goal definition) 

 

10. Were there any revisions in the project goal(s)? 

a. When were these revisions introduced? Please mention the project phase.  

b. Who decided to introduce the project goal revisions? 
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c. Were the new project goals different from the original project goals and 

how did this decision change the course of the Net-Zero Energy project 

design? 

d. How were the revised goal communicated to the team? 

 

4.1.3.6. Unique Project Specific Considerations 

11. What were the building’s programmatic requirements? 

a. How did the building program requirements influence the Net-Zero Energy 

design? 

12. What were the initial important steps taken in the pre-design phase before the 

start of the design process? 

a. What steps were taken before developing the initial concepts for the Net-

Zero Energy building design? Who was part of the team in doing the 

study?  

b. What project information is required or gathered for the pre-design stage 

for a Net-Zero Energy design process? (building size, type, location, use, 

architectural program, area requirements, height limitations, site context) 

c. What information governs these steps? (Historical and cultural 

background of the region, site context, project brief, etc.) 

d. What is the outcome used for? Where is it used? 

e. What factors helped in setting the functional and comfort requirements for 

the project? Who was part of the decision making process?  

f. Was a model-based analysis performed? What were the tools used?  

g. What were the assumptions made? 

h. What were the tradeoffs considered? 

i. What were the benchmarks or standards referred to? 

j. What are the documents that mark the end of this phase? 

k. Who sets the design schedule? 

13. Who was part of the team who performed the initial research to come up with 

initial design strategies and concept ideas or inspiration? 

a. How was this information presented to the team? What were the tools 

used? 

b. Who was part of the review team? 

c. What was the process behind choosing the final initial concept idea? Who 

made this decision? 

4.1.3.7. Developing Strategies 

14. How did the team proceed with developing strategies for concept design? 

a. What information/ studies are necessary before beginning?  

Cues: 

Building massing and orientation 
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Position within the site 

Site geometry 

Prevailing wind direction 

Building geometry, etc. 

b. What information governs the steps? 

c. Who performs reviews, checks, etc? 

d. What were the influencing factors in developing the design strategies? 

e. What were the analyses performed to evaluate these studies? Were any 

model-based analyses performed? 

f. What were the tools used to model? 

4.1.3.8. Design Concept 

15. How many initial concept designs were generated?   

a. Which design concept was chosen for further development? What was the 

criteria used to judge the concepts? 

b. Who was part of the decision making process of choosing the final 

concept? 

c. What were the dominant factors for choosing the concept? 

d. What is the final output of this phase? 

e. What are the documents which mark the end of this phase? 

f. What is included in the final evaluation criteria? 

g. What information comes out of this phase? 

h. What level of detail do you go into? 

16. How did the schematic design development process begin? 

a. Who is part of the schematic design development team? 

b. What were the tasks assigned for schematic design development? 

c. What was the medium used to present the designs?  

d. What information was presented? What were the metrics calculated from 

these designs? 

e. What information governs the steps of this process? 

f. List the team members who needed to coordinate to generate this 

information? 

g. What project goals were satisfied through the design? 

h. How many design iterations were made? 

i. How did the design iterations affect document and/ or model rework? 

j. Who performs reviews, checks, etc? 

17. Were there any goals that were introduced after this stage of schematic 

design development? 

a. Who introduced these goals or new ideas? 

b. What was the reason for introducing this new project goal or redesign? 

c.  Was the new goal or idea explored? 
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d. How did it affect the timeline of the deliverables? 

e. What was the reason not to explore the new goal or idea? Who made the 

decision? 

f. What was the downfall of not exploring the new project goal or idea? 

18. How do you coordinate schemes? 

a. What information comes out of this phase? 

b. What is included in the final output of this phase? 

c. What are the documents that mark the end of this phase? 

d. What is included in the evaluation criteria? 

e. Is it different from the conceptual evaluation criteria? 

f. Who signs off the final schematics? 

g. Who approves them? 

h. How do you judge the schemes? 

i. Who selects the schemes to move forward? 

j. What level of detail do you go into? 

4.1.3.9. Team Collaboration 

19. Did the design team interact and work well with each other? Please explain. 

a. How would you strengthen the team? 

b. What would you have done differently if given the opportunity? 

c. Additional comments: (Please write anything that you would like to 

discuss e.g. successes, frustrations, concerns, problems, solutions) 

4.1.4. Questions - Interview Phase 2 
 

4.1.4.1. Preliminary Steps 

1. In general terms, how do you perform a Net-Zero Energy building design? 

a. Do you have a definite set of steps you follow? If so, what are they? 

b. What are the inputs to the design (i.e., documents)? 

2. Before the design begins, what are the preliminary steps (activities) 

performed? By whom? 

a. What information is required or gathered at the start of the design phase? 

b. What information governs these steps? 

c. What is the outcome used for? 

d. Where is it used? 

e. What are the documents that mark the “end” of this phase? 

f. Who sets the design schedule? 

 

4.1.4.2. Design Processes Questions 
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1. Please identify the six (6) to ten (10) major processes (project phases) taken 

by designers and high level executives during the conceptual design phase of 

the project. 

Cues: 

Pre-Design, Programming, Base-Case Generation, Parametric Analysis, 

Brainstorming, Design Solutions, Simulation, Concept Design, etc 

a. Please explain how you identify the distinction between each project 

phase. 

2. Identify internal divisions who lead and assist these processes (for each 

project phase identified above). List all leads and assists if more than one for 

each major process. 

Cues: 

Project phase: Decision Makers and Decision Facilitators 

3. Create process in sequential order from information in questions 1 and 2. 

Cues: 

a. List the sequence of major processes 

b. List the decision makers for each major process 

4. Identify major approvals required within each process 

Cues: 

Sketch/ preliminary design approval 

Preliminary Drawing Review 

Final Drawing approval, etc 

5. Identify stakeholder leading the process. 

Cues: 

Owner 

Service Provider 

Architect 

Project Manager, etc 

6. Identify initial analyses performed within each major process. 

a. Identify tools used for the analyses performed in each process. 

7. Identify a member of the organization that best understands the process for 

each of the major processes listed in Question 1. 

4.1.5. Questions - Interview Phase 3 
 

4.1.5.1. Design Sub-Processes Questions 

1. Identify input(s) and output(s) for applicable processes. 

Cues: 

Design Inputs – Program 

Design Outputs – Construction documents 
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a. What is the format of transfer of information between inputs and outputs 

for each sub-process? 

b. What are the interoperability issues? 

c. How did format of information of inputs or outputs and interoperability 

issues drive the design decisions? 

d. What steps were taken to address the issues related to transfer of 

information?  

2. For each process identify six (6) to ten (10) sub-processes within each 

process 

a. Sequence the sub-processes 

b. Identify internal divisions who lead and assist the process 

3. Locate major approvals in each sub-process. 

Cues: 

Preliminary Design Review 

Sketch 

Preliminary Design Approval 

4. Identify stakeholder leading the process. 

Cues: 

Architect 

Project Manager 

Owner 

Contractor 

5. Identify and locate milestones in relation to sub-processes. 

6. List the explicit analyses performed in each sub-process. 

a. How many options were developed in each analysis performed in each 

sub-process? 

b. Identify the tools used for the analyses performed. 

c. What were the reasons behind choosing the above mentioned tools for 

analyses? 

d. In your opinion, is there a lack of any tools for analyses that was identified 

during the design process that led to assumptions of any metrics? 

e. Identify the gaps or problems encountered. 

7. How many design options were generated during each sub-process? 

a. Identify the performance metrics established. 

b. What was the procedure to establish these performance metrics? 

8. What is the total number of man-hours for each sub-process? 

a. What is the time spent per task? 

9. What was the role of the architect in each sub-process? 

a. List the interactions and directions given by the architect to establish the 

Net-Zero Energy design goal.  
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b. How do you communicate your design on to others? Who does it? 

a. What information is required? 

c. What information governs the steps of this process? 

d. Who performs reviews, checks, etc? 

10. How is the decision to perform a redesign taken? Who decides to perform a 

redesign? 

a. What level of detail do you go to? 

b. How do you coordinate the documents? 

c. What information comes out of this phase? 

d. What is included in the “final” output of this phase? 

e. What are the documents which mark the “end” of this phase? 

f. What is included in the evaluation criteria? 

g. Is it different from any previous evaluation criteria? 

h. Who signs off on the “final” documents? 

i. Who approves them (if different than above)? 

j. How do you judge the designs? 

k. What type of simulations/ studies do you perform, if any? 

l. Who establishes “quality control”, both design and technical? When/ 

where is it established? 

m. How is your design information coordinated? 

n. Do you have a set method of handling information/ document control? 

o. How do you make sure that what you have designed is built? 

p. Do you have any procedures (procedure books)? 

11. Identify a multi-disciplinary team of front line members involved in the day to 

day operations of the sub-processes listed in Question 2. 

 

4.1.6. Questions - Interview Phase 4 
 

4.1.6.1. Design Sub-Processes, Design Activities and Current Gaps 

1. Identify input(s) and output(s) for applicable sub-processes. 

Cues:  

Design Inputs – Program 

Design Outputs – Construction documents 

a. What is the format of transfer of information between inputs and outputs 

for each sub-process? 

b. What are the interoperability issues? 

c. How did format of information of inputs or outputs and interoperability 

issues drive the design decisions? 
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d. What steps were taken to address the issues related to transfer of 

information?  

2. For each sub-process identify six (6) to ten (10) activities within each sub-

process 

a. Sequence the activities 

b. Identify internal divisions who lead and assist the activities 

3. Locate major approvals in each activity. 

Cues: 

Preliminary Design Review 

Sketch 

Preliminary Design Approval 

4. Identify stakeholder leading the activity. 

Cues: 

Architect 

Project Manager 

Owner 

Contractor 

5. Identify and locate milestones in relation to each activity. 

6. List the explicit analyses performed in each activity. 

a. How many options were developed in each analysis performed in each 

activity? 

b. Identify the tools used for the analyses performed. 

c. What were the reasons behind choosing the above mentioned tools for 

analyses? 

d. In your opinion, is there a lack of any tools for analyses that was identified 

during the design process that led to assumptions of any metrics? 

e. Identify the gaps or problems encountered. 

7. How many design options were generated during each activity? 

a. Identify the performance metrics established. 

b. What was the procedure to establish these performance metrics? 

c. What is the total number of man-hours for each activity? 

d. What is the time spent per task? 

8. What was the role of the architect in each activity? 

a. List the interactions and directions given by the architect to establish the 

Net-Zero Energy design goal.  

b. How do you communicate your design on to others? Who does it? 

c. What information is required? 

d. What information governs the steps of this activity? 

e. Who performs reviews, checks, etc? 
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f. How is the decision to perform a redesign taken? Who decides to perform 

a redesign? 

g. What level of detail do you go to? 

h. How do you coordinate the documents? 

i. What information comes out of this activity? 

j. What is included in the “final” output of this activity? 

k. What are the documents that mark the “end” of this activity? 

l. What is included in the evaluation criteria? 

m. Is it different from any previous evaluation criteria? 

n. Who signs off on the “final” documents? 

o. Who approves them (if different than above)? 

p. How do you judge the designs? 

q. What type of simulations/ studies do you perform, if any? 

r. Who establishes “quality control”, both design and technical? When/ 

where is it established? 

s. How is your design information coordinated? 

t. Do you have a set method of handling information/ document control? 

u. How do you make sure that what you have designed is built? 

v. Do you have any procedures (procedure books)? 

 

 

 

4.2. Interview Results and Analysis 
Initial findings from 67 interviews with 37 key decision makers and decision 

facilitators of the four NZEB case studies are presented in the following sections. 

4.2.1. Interviewees Background 
Decision makers such as owners, project managers, sustainability directors and 

principals were asked about the overall organization structure of the design team 

in the early design phases. These high-level executives were asked to explain 

their team size, composition along with the roles of various key members 

involved and the basis for deciding the team size. Each interviewee was asked to 

explain their background and experience with both sustainable/high-performance 

buildings and more specifically with NZEB projects.  

 

37 experts were interviewed in total, amongst them 6 were representing owner’s 

project teams, 8 were from architecture firms, 2 were sustainability directors, 1 

commissioning agent, 8 from MEP firms, 3 from construction firms, 5 were 
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specialty consultants, 2 energy/daylight modelers, 1 researcher and 1 

manufacturer (as shown in Figure 4–2). 

 

 
 

Figure 4–2: a. Percentages of the 37 interview participants represented 

discipline-wise and b. Distribution of disciplines of interviewed participants within 

each case study design team 

 

 

4.2.1.1. Key Role Players – Case Study A 

The Architect of Record for the project took a leading role in driving the team to 

achieve the project objectives through all the project phases along with leading 

the architectural design decisions. The Project Manager on the client’s team 

actively represented the owner’s project team by putting together the project 

proposal document justifying the need and location for the energy center, 

compiling the request for proposal document, sending out request for interest, 

closely reviewing the design concept development during various phases of 

design and facilitating decision-making by the client. The team of mechanical and 

electrical engineers were equally a part of formulating the initial design 

strategies, analysis and validation of the design concepts resulting in the 

engineering of the architectural form. The project involved participation of an 

integrated team of members from the architectural group, mechanical and 

electrical engineering, environmental/ energy consultant, civil engineering, 

landscape architecture, building commissioning and manufacturing disciplines. 

 

4.2.1.2. Key Role Players – Case Study B 
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The daughter of the owner was a driving force behind the project concept and 

guiding philosophy. The owner’s family was involved in the selection of teams, 

the vision for developing the concept and decision-making. The Executive 

Director who was representing the Owner ensured the programming for the 

building met the Aldo Leopold Foundation’s needs. He was integral to the 

selection of the architectural firm, selection of the general contractor and other 

consultants. The Executive Director helped raise money by fundraising. He 

helped with public relations and education work about the project, coordinated 

the committee of board and staff members. The Executive Director was actively 

and closely involved with the entire design and construction process. The 

Commissions Agent on the project began as a consultant to the owner, educating 

the owner’s project team about the process involved, important factors to 

consider, standards and benchmarks to follow. As a Consultant to the owner, he 

stressed the importance of selecting the architectural and engineering firms to do 

the design and helped the owner as owner’s representative in interviewing the 

architectural and engineering firms. He then joined the design team as a 

Commissioning Agent. In the later phases, his role was to use commissioning as 

a template to influence the design. He was guiding design to make sure that 

design confirmed to what they agreed they wanted to do in the earlier stages. 

The Ecologist working for the Aldo Leopold Foundation was instrumental in wood 

harvesting and planning the design and construction process around wood 

harvesting. 

The Project Architect who was also the Project Manager for the architectural 

team for the project was chosen as the single source of disseminating 

information. He led the whole process facilitating collaboration meetings between 

all the consultants and commissioning agent. In the preliminary stages, the 

Project Architect managed all the meetings, goal setting and took records. He 

was also responsible for site supervision of the whole construction phase, 

supervision of wood harvesting and was instrumental in the design process and 

material selection process. The Sustainability Director took a leading role in 

driving the team to achieve the project objectives through the early design 

phases by acting as an internal Commissioning Agent on the process of energy 

flows of the building. His role was to make sure the architecture and the systems 

were well integrated. He conceived of a process to do a Net-Zero Energy and 

Carbon-Neutral building by overseeing integration of design and simulation to 

achieve the goals. He took the lead on determining the mechanical system, 

helped the architects understand their capabilities and helped the owner in 

decision-making with what the energy goals would be. The Energy Consultant 

performed dual function by supporting the research function as well as the 

consulting function and helped with field experiments. His role was to work in 
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response to the architecture and engineering team needs for inputs on systems 

and their performance. The independent Controls Engineer provided oversight on 

the systems design and simulation. The project involved the participation of the 

entire integrated team of members from the owner appointed committee of board 

and staff members, daughter of the owner, executive director, ecologist, project 

architect, Principal architect, sustainability director, energy consultant, structural 

engineer, commissioning agent, general contractors and controls engineer 

among other disciplines. 

 

4.2.1.3. Key Role Players – Case Study C 

 

The key decision makers and facilitators interviewed from the architectural team 

were the Director of Sustainability, Client Project Manager, Technical Project 

Manager, and Design Principal. Insight on the role of the construction 

management team was captured through inputs from all the stakeholders 

interviewed and through literature review. The Client Project Manager played the 

role of design team leader and executive project manager for the entire design 

team (integrated team of consultants). The principal of the architectural firm and 

the Client Project Manager were responsible for identifying and selecting the 

consulting engineering partners and selecting the internal team within the 

architectural firm to deliver the project. The Director of Sustainability played an 

important role in guiding the design team with a roadmap for NZE goal and 

managing the overall sustainability direction for the project. He collaborated with 

the Team Lead Administrator for LEED documentation work, helped with the 

more complicated energy pieces, helped in selecting the team and developing 

the design concept. The Design Principal led the design effort of the building 

envelope, interior and site design and also functioned as the Project Designer. 

His role was to resolve day-to-day design issues of the building design process. 

The Technical Project Manager managed production and technical aspects of the 

design and construction documents, worked with the consultant teams ensuring 

the building came together as planned. 

 

The key stakeholders interviewed on the engineering consulting team were the 

Leader of the engineering team, Energy Modeler and Mechanical Engineer. The 

Principal of the engineering firm was responsible for securing the project and the 

contract; he was a key member in exploring design innovation and promoting 

creative ideas. The Leader of the engineering team had the responsibility of 

managing the MEP design and energy analysis; he was the NZE and 

Sustainability Consultant whose role was to oversee the analysis side to ensure 

the design team was tracking the project goals and interfacing with other team 
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members so that their role in meeting NZE was accounted for. He had to make 

sure that the engineering team was incorporating the entire design teams 

contributions into the analysis while also acting as a Performance Manager of the 

project to ensure meeting the substantiation criteria for the project. The Energy 

Modeler was responsible for daylight, energy, natural ventilation, thermal 

modeling and analysis portions of the project and driving MEP innovation along 

with the Principal of the firm. The Mechanical Engineer acted as an internal 

consultant on the project. Initially, he participated as a technical resource for the 

team in some of the early concept evaluations on some of the initial options that 

were being considered. Later on, he was responsible for the thermal labyrinth 

performance evaluation and integration into the energy model. A specialty 

consultant team for energy, daylighting and sustainability was selected to 

perform daylighting analysis, LEED certification management, building 

commissioning and measurement and verification of performance. The 

Daylighting Designer and the Principal of the firm were also interviewed. The 

Daylighting Designer’s role was to perform the lighting simulations, provide 

consulting and feedback on daylight design. 

 

 

 

4.2.1.4. Key Role Players – Case Study D 

Key stakeholders of the overall design team comprised of the CEO of the Bullitt 

Foundation, Developers representing the Owner, architectural team, Contractors, 

MEP team, civil, structural engineers, landscape architects, and specialty 

consultants for water, building envelope design and photovoltaic. Developers 

represented the Owner and helped with research on plug load assumptions, user 

preferences, research with material sourcing and composition, review of design 

and feasibility of the project. The Project Architect played an important role in 

leading coordination with all the consultants. The Project Architect acted as the 

primary point of contact with the Owner and helped with developing systems 

coordination and integration of all components of the building with regards to 

performance goals. The Senior Engineer was responsible for oversight of all 

MEP design components of the project including energy modeling and comfort 

modeling teams. The Contractor was accountable for all construction aspects 

and the coordination of all interdisciplinary teams to deliver a finished project. 

The Water and Wastewater Consultant was involved in selecting technologies 

relevant to water use and helped the team with feasibility studies. The Lighting 

Designer developed lighting strategies and control strategies that supported that 

goal and consulted on daylighting portion of design with the Integrated Design 

Lab. The Building Envelope Consultants were instrumental in developing high 
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quality airtight building envelope solutions and the Solar Consultant helped with 

photovoltaic design. 

 

4.2.2. ‘As-Is’ Design Process Mapping - Case Study A 

The semi-structured interview questions were structured around identifying the 

key processes and sub-processes around the AIA defined design phases of 

conceptualization (extended programming), criteria design (extended schematic 

design) and design development (AIA, 2007) due to the widely used AIA project 

delivery method and contract format used at the time of conception of this 

project. Through the interview process, it was discovered that though the 

stakeholders used the AIA project delivery and contract, it was hard for 

participants to distinctly identify the processes and sub-processes pertaining to 

the individual phases of design. Hence the interviewee were asked open-ended 

questions to describe the design process in the order that it was performed 

without necessarily categorizing or compartmentalizing them into AIA defined 

design phases (refer to Figure 4–3). This lesson learned from the initial data 

collection and early analysis process informed the adaptation of the interview 

questions in future rounds for other case studies. 

 
 

Figure 4–3:  Open-ended questions relating to stakeholder, process, technology 

domains and their integration 
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4.2.2.1. Interviewee Background 

Six key stakeholders were interviewed for the Hawaii Gateway Energy Center 

project. All these stakeholders played an important role in decision-making and 

decision facilitation in the early phase of the design process. The stakeholders 

interviewed represented the disciplines of architecture, mechanical engineering, 

sustainability, project management, facility management and manufacturing that 

were important for the design process decision-making. The organization 

structure of the design team and hierarchy of decision-making is shown in Figure 

4–4.  

 

 
 

Figure 4–4: Organization chart of the key stakeholders involved in decision-

making and decision facilitation 

 

The Project Architect, Sustainability Director and the Lead Mechanical Engineer 

had previously established working relationships. This working relationship 

played an important role in team dynamics and project success due to 

established trust and mutual respect between team members. Owner’s selection 

of the design team was influenced and driven by the following factors: 

 

a. Previous working relationships and team dynamics - Trust and respect 

b. Design expertise and experience 

c. Architect’s innovative and creative design thinking 
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d. Colocation and team communication 

 

4.2.2.2. NZEB Assessment Phases and Design Decisions 

The first phase of design process mapping was to map the top-level processes 

along the project design phases on the x-axis and the swim lanes representing 

key stakeholder groups along the y-axis (refer to Figure 4–5). The research 

discovery process and further analysis of the transcripts indicated the emergence 

of seven key assessment phases around which the decision-making made can 

be interpreted and structured (refer to Figure 4–5 and 4–6): 
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Figure 4–5: Level 1 design process map depicting top-level processes and identification of seven key phases of decision-

making 

 
Figure 4–6: Seven key phases of design decision-making for case study A 
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Each of these decision phases has been described in detail in the following 

sections. 

 

4.2.2.2.1. Define Project Objectives 

The key processes and design decisions made during this phase have been 

explained below with identification of the central stakeholders involved in 

decision-making. The top-level process map was developed to represent these 

key processes along stakeholder-specific swim lanes in the conceptualization 

phase (refer to Figure 4–7). 

 

The Request for Proposal (RFP) and Request for Interest (RFI) put together by 

the client committee members and the project manager representing the client 

outlined the need for using cold deep-sea water and air into the building design 

strategies and stressed the importance of the building to consume the least 

amount of additional non-renewable energy as possible. Additionally, providing 

opportunities for public outreach, public education and demonstration of 

renewable and distributed energy was put in as a requirement in the RFP. The 

critical objective for the project manager and the client was for the building to be 

adaptable, iconic and innovative with no traditional mechanical systems while 

being respectful of the Hawaiian culture. The design had to adhere to LEED 

concepts and objectives at the time, but obtaining a LEED rating status was not 

specifically included in the RFP.  

 

The project objectives represented a mix of priorities such as the client body 

representing a renewable energy lab whose sole purpose was to research 

Ocean-Thermal Energy Conversion (OTEC) and they were primarily concerned 

with advocating the use of cold deep-sea water for cooling as a major component 

of design and operation of the building. This objective pertained to both energy 

and water use. The presence of high solar insolation and the high-temperature 

gradient due to the active volcano in Hawaii was emphasized as an on-site 

resource by the Owner for the design team to incorporate in design to improve 

the energy performance of the building suggesting relevance to energy use. The 

Owner’s project team valued the need to demonstrate, educate and facilitate the 

use of renewable energy systems. The priority of the cultural advisory board put 

together by the client and the project manager was to check the design elements 

for cultural respectfulness. The guidelines laid out in the client’s guidebooks for 

the research campus and the guidebook for local counties regulations defined 

the criteria for additional considerations in the early schematic design phase. 
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The values, priorities, vision and mission defined through multiple client meetings 

in the RFP and RFI defined the project goals and criteria for decision-making for 

the design approach and the design concepts. It was evident through the 

analysis that the project and site context were the drivers for the project 

objectives identified which in turn became the criteria around which design 

strategies were developed. At this point, the architectural group that mainly 

comprised of the Principal architect and the architect of record suggested 

including applying for the highest LEED rating to the project objectives.  
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Figure 4–7: Level 1 (top-level) process map for the conceptualization phase 
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4.2.2.2.2. Establish Criteria for Design 

The objective of using cold deep-sea water became the driver for exploring ways 

to using deep-sea water as a design strategy. Similarly, the objective of using 

high solar insolation and the heat differential as a resource initiated the idea of 

ways to use the sun as a natural resource to naturally ventilate the building by 

moving air. Ways to mitigate the excess heat were also looked at. The goal of 

creating a building that would become the gateway of the client’s research 

campus with the intention of drawing people in, the goal of public outreach and 

the requirement to create an innovative building were the drivers for choosing the 

design elements and final concepts as the design progressed to resolve the 

building form. The question of how the building could work with no additional 

non-renewable energy input drove the idea for resolving the building form with 

the use of passive architectural strategies. The data gathered in the form of initial 

research and through informal face to face meetings, phone and email 

conversations was centered around vetting the initial ideas that were set around 

the project objectives. Discussions, hand sketches to develop and depict a 

concept, further research were done by the integrated team of Architect of 

Record, Principal Architect, Director of Sustainability of mechanical engineering 

team and the Lead Mechanical Engineer that helped in exploring more options or 

ways to implement the ideas and study the feasibility of the ideas through other 

projects and literature. This phase of establishing the criteria for design was 

critical in clearly defining the project objectives to be considered that would affect 

the outcome of the design process establishing the basis of design around those 

objectives. The Architect of Record played a leading role in this phase and was 

supported with active participation by the Principal Architect, Director of 

Sustainability and the Lead Mechanical Engineer with initial idea formulation. The 

research identified that this phase involved key decision-making and defined the 

direction of the future design approach. Hence, the inclusion or omission of 

strategies to meet the objectives needs to be vetted out during this phase to 

minimize the chance of re-work or re-strategizing in terms of exploring new 

strategies. It was also evident from the analysis that this phase set the premise 

for further developing the strategies into design concepts.      

 

By the end of phase two, the team of Architect of Record, Lead mechanical 

Engineer and the Principal Architect had established the major design attributes 

of the building. These design attributes were reviewed and verified by the Project 

Manager and led to the design concepts developed in the following phase. Most 

of the attributes relied on the architect and engineer’s tacit knowledge gained 

through know-how and past experience of working on sustainable projects. The 

architect knew that East-West orientation of longer faces of the building and a 
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narrow building form would work for daylighting. The architect and the engineers 

knew that a tall building form along with apertures at the bottom and top of the 

building would make the building function as a thermal chimney. The choices of 

arrangement of spaces next to the conference room and administration offices 

were initially made based on past experience and discussion with the client. The 

role played by the client committee members in decision-making was towards the 

end of this phase when they were presented with the presentation drawings, 

imagery, narratives, and tentative cost estimates to make their decision. The 

committee gave their feedback and agreed upon the design approach taken. The 

research identified that the project manager representing the clients’ team took a 

more active role in reviewing the design process closely and also played an 

important role in facilitating the decision-making process by the client committee 

members. The Operations Manager also played an active role in providing 

feedback, reviewing the submittal and specifications to ensure the smooth 

functioning of the operation side of things. Since the rest of the client’s project 

team did not have the expertise to understand the technical drawings and 

documentation, a simpler approach of presentation drawings supplemented by 

hand-made sketches and narratives was presented for the decision-making at 

this stage. The analysis supports the role of a member or a group of members to 

represent the clients project team depending on the scale of the project, that has 

the expertise to understand the design concepts and validation process closely to 

evaluate their measure against the achievement of the project objectives. A 

project manager, sustainability director, executive director or someone with a 

similar expertise as described above can assume this role. 

 

4.2.2.2.3. Develop Initial Design Strategies       

The concept of natural ventilation emerged from the idea of using sun (high 

insolation) as the driver of airflow in the building and using sunlight as a driver for 

daylighting the spaces. The need to use cold deep-sea water introduced the 

concept of free cooling for the building. Shading strategies and building 

orientation mitigated excess heat gain. The strategy of using standard building 

materials for envelope design to do something different complemented the idea 

of creating temperature difference in the building to drive air through material use 

and building form. It is apparent that the design concepts that were established 

during this phase were the result of the answers to the question “why” in the 

previous phase (refer to Figure 4–8). The analysis showed that there is a strong 

inter-relationship between the design processes and activities of the criteria 

establishment phase and the developing of initial design concepts phase. The 

arrangement of spaces had the most inter-relationship to optimizing the building 

form to function as a thermal chimney. Further analysis of the design concepts 
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led to the discovery of three themes around which the strategies were developed 

(refer to Figure 4–8): 

(a) Resolution of building form with passive strategies 

(b) Minimize energy consumption 

(c) Maximize available renewable resource potential 
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Figure 4–8: Grouping of design strategies along key phases of decision-making and inter-relationship between the 

decision phases 
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4.2.2.2.4. Select assessment tools 

Resolution of building form, the concept of thermal chimney for natural 

ventilation, free cooling using deep-sea water for thermal comfort were all 

strategies that depended on the assessment of these concepts to demonstrate 

their performance. The mechanical-electrical engineering team had access to a 

specialty mechanical consulting team who performed the initial thermal and 

airflow performance assessment. For this project, the thermal and airflow 

modeling was performed using a building modeling and simulation tool called 

Thermal Analysis Software (TAS) that is considered as a “powerful design tool in 

the optimization of a buildings environmental, energy and comfort performance” 

(U.S. Department of Energy, Building Energy Software Tools Directory, 2015). 

TAS is a bulk airflow-modeling tool that can be used to predict energy 

consumption and natural ventilation performance with hourly temperature profiles 

as an output to assess thermal comfort (U.S. Department of Energy, Building 

Energy Software Tools Directory, 2015). At the time, the driver for selection of 

the assessment tool was based on its ability to perform the performance 

modeling in individual smaller sections or areas of the building. This was 

especially helpful in airflow modeling to assess the different areas and corners to 

detect a difference in airflow. The Lead Mechanical Engineer identified the lack of 

a graphic interface in the tool at the time to input building geometry as a primary 

limitation of the modeling tool. It was a DOS based tool with mainly data inputs. 

As per the Lead Mechanical Engineer, the other limitation of the tool was the 

length of time it took for any change in the model to occur. The specialty 

consultants defined the run time as really long for any change in the model to be 

run multiple times thereby limiting the number of iterations that could be 

performed. 

 

Daylight modeling was done using the modeling software Radiance, energy 

modeling was performed using eQuest and shading studies were conducted with 

Ecotect. Radiance is a lighting analysis and visualization tool that is used in 

design to simulate daylighting and lighting using definition of parameters such as 

building geometry, materials, surface and finishes, paint colors, etc. It can also 

be used as a tool to conduct glare analysis, simulate renderings of building 

interior spaces to show the effects of daylight conditions on interior lighting 

levels. eQuest is a energy modeling tool that can be used for whole building 

energy analysis. Building geometry, weather file, mechanical systems, building 

components and occupant use schedules, etc. are defined into the analysis 

engine to perform detailed energy analysis of the entire building or different 

zones within a building. Ecotect is defined as a “complete environmental design 

tool” that can be used for “extensive solar, thermal, lighting, acoustic and cost 
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analysis” (U.S. Department of Energy, Building Energy Software Tools Directory, 

2015). Ecotect is widely used in the AEC industry especially in the early phases 

of design for “performance analysis that is simple, accurate…” and “…visually 

responsive” (U.S. Department of Energy, Building Energy Software Tools 

Directory, 2015). 

 

For this project, the assessment of thermal comfort and natural ventilation played 

a critical role for the success of the design concept. The mechanical engineers 

team in Australia generated the initial building performance model in order to 

inform the architectural team with the essential design parameters to work with. 

Sizing of the openings, and location of the openings for the building to perform 

informed the Architect of Record with the parameters to work with while 

developing the architectural building form. Any time a major change occurred in 

the building form, the team of lead mechanical engineer using the performance 

models validated it. The research revealed that an important consideration in the 

selection of the assessment tools is the role of the person performing the 

assessments in understanding the purpose of the tool along with the knowledge 

of how to use the tool to best suit the specific needs of the design and energy 

goals (refer to Figure 4–10). Another consideration was the familiarity with the 

tool or past experience of working with some tools to avoid wasting much time in 

the learning curve needed for new assessment tools to be able to get the 

required results.   

 

4.2.2.2.5. Refine Design Elements 

4.2.2.2.6. Perform Assessments to Validate Performance 

The key processes and design decisions made during these two phases have 

been explained below with identification of the central stakeholders involved in 

decision-making. Since the processes within the two phases were iterative, the 

joint discussion below addresses both phases of decision-making. The top-level 

process map was developed first to represent these key processes along 

stakeholder-specific swim lanes for the criteria design phase and secondly, 

detailed concept development stages were mapped (refer to Figures 4–9 and 4–

10). 

 

The concept development started by answering questions that were asked at the 

end of design phase three. The phase of criteria design was a series of parallel 

activities unlike this phase where refinement of the design elements to develop 

the concepts happened in sub-processes that were partly parallel and partly 

sequential in order. With the design parameters established in the previous 

phases, the first design concept was the optimization of the building form to 
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function as a thermal chimney. The strategy was to architecturally create 

difference in temperature in order to move air passively. The parameters for the 

thermal chimney performance were the volume of air, velocity of air, aperture 

inlet and outlet area. The architect designed the building form and height of the 

chimney for the air to move with the design. This was a unique opportunity for the 

mechanical engineering team to perform the analysis based on the parameters to 

validate if the design would function as a thermal chimney. The driver for the 

resolution of building form was to create an airflow that will result in the required 

air-changes cycle.  
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Figure 4–9: Level 1 (top-level) process map for criteria design phase  
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Figure 4–10: Correlation between the three top-level key decision phases – Tools selection, assessment procedures and 

validation of performance 
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4.2.2.2.7. Design Concept Refinement Stages 

 

1. Design Concept One 

Key decisions in design refinement stage that led to the first concept are 

explained in this section (refer to Figure 4–11). Once the thermal chimney was 

functional, the next questions were how to get the air into the building and how to 

use deep-sea water to pre-cool the air. The two questions resulted in two 

simultaneous sub-processes. The first approach to draw air into the building was 

the exploration of using a concrete labyrinth below the building. The 

supplementing strategy investigated was to place the cooling coils in the 

concrete labyrinth and pass air over the coils filled with chilled deep-sea water. 

By creating a maze of thermal mass, the objective of the strategy was to provide 

enough contact for the air with the surface area of the thermal mass to cool down 

the building. The assessment performed by the engineers showed that there was 

too much static loss through the coils. As a result, they tried iterations by 

changing the parameters of the inlet size versus the outlet size, but the physical 

limitations and cost constraints made the thermal labyrinth a non-feasible option.  
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Figure 4–11: Concept 1 - Level 2 and 3 sub-processes and design activities map 
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2. Design Concept Two 

Key decisions in design refinement stage that led to the second concept are 

explained in this section (refer to Figure 4–12). With the failing of the concrete 

labyrinth strategy, another way was needed to get the air into the building. That’s 

when the concept of providing a big rectangular concrete form like a volcano with 

an air inlet and coils inside it was introduced. Multiple iterations of where to 

create the inlet for outside air and how to get the air beneath the building were 

analyzed. This meant changes in the architectural form that were informed by the 

mechanical engineers inputs to design an engineered form. Simultaneously, the 

question of how to develop the cooling coils was investigated. The engineers 

researched suitable materials for the coils. The biggest constraint was the 

corrosive nature of seawater and finding coils that would allow enough air 

through without resisting the flow. The pre-cooling of the air relied on the 

performance of the chilled water filled coils to be able to transfer the heat to the 

air passing over them. The manufacturers helped with the calculations to validate 

the performance of the coils for the strategy to work and provided 

recommendations on the specifications of the coils. Designing a structure to hold 

the coils in the volcano and reuse of collected condensate from the coils were 

peripheral design activities.  
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Figure 4–12: Concept 2 - Level 2 and 3 sub-processes and design activities map 
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3. Design Concept Three 

Key decisions in design refinement stage that led to the third concept are 

explained in this section (refer to Figure 4–13). Since the labyrinth idea failed, a 

decision to create a big underground concrete plenum for the thermal mass was 

made. In order to make a decision between providing the concrete plenum 

versus a conventional air-conditioning system, cost analysis was performed to 

compare the costs between the two options. The driver of the decision was 

comparative cost for both options and the owner’s desire not to provide a 

conventional air-conditioning system.  
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Figure 4–13: Concept 3 - Level 2 and 3 sub-processes and design activities map 
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4. Design Concept Four 

Key decisions in design refinement stage that led to the fourth concept are 

explained in this section (refer to Figure 4–14). The roof element was designed to 

compliment the working of the thermal chimney effect. The parameter for the roof 

material was the ability to create heat differential. This was an engineering 

decision that needed analysis of the heating properties of copper and the driver 

for the roof to work effectively in creating the temperature differential was the roof 

area provided in comparison to the floor area. The architectural decision to curve 

the roof on the outside towards the chimneys and from the inside was to improve 

the effective air movement through the building. The curvature of the roof forced 

the air to come out on one side of the building where the thermal chimneys were 

placed. Therefore the roof element was a product of making the standard 

building materials work differently through both architectural and engineering 

decisions. A peripheral activity as a result of this process was to look into 

blocking the hot air from getting back inside the building. Use of dense highly 

insulated panels reduced the impact of roof heat getting into the interior space. 

Space modeling done to identify best locations to distribute the air for cross flow 

was another peripheral activity of this process. 
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Figure 4–14: Concept 4 - Level 2 and 3 sub-processes and design activities map 
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4.2.3. ‘As-Is’ Design Process Mapping - Case Study B 
For this case study’s decision mapping, the questions or themes that helped map 

the design process and derive the emerging issues, considerations and 

challenges relevant to NZE goal are presented in the following sections. 

 

4.2.3.1. Interviewee Background 

Eight key stakeholders were interviewed for the Aldo Leopold Legacy Center 

project. All of them were key in decision-making and decision facilitation in the 

early phase of the design process. The stakeholders interviewed represented the 

disciplines of architecture, mechanical engineering, energy modeling, 

sustainability, commissioning, construction, ecology and management that were 

important for the integrated design process (refer figure 4–15).  

 

 
 

Figure 4–15: Organization chart of the key stakeholders involved in decision-

making and decision facilitation 

 

Three of the experts, the project architect, sustainability director and the energy 

consultant had previous working experience of working on two or three other 

projects in the past. Two of the projects that were similar to the Aldo Leopold 

Legacy Center project were the Schlitz Audoban Nature Center and the Urban 
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Ecology Center. This working experience played an important role in the team 

integration and project success due to their experience on similar High-

Performance Building (HPB) projects, already established trust and respect. 

Based on the analysis of the interviewees’ backgrounds, experiences on HPBs 

and attempting other NZEB projects the following parameters emerged as 

important to consider: 

 

a. Previous working experience – improved communication amongst teams 

b. Experience on HPBs (including NZEBs) 

c. Trust and respect – rapport and personal connection 

d. Team communication 

 

4.2.3.2. Team Selection 

The team characteristics to be able to ‘play along’ and ‘adapt’ were critical as per 

the Project Architect. The Executive Director described ‘team commitment’ and 

‘ability to think and approach design and construction differently’ as important 

parameters for the right team. The Commissioning Agent stressed on ‘team 

ethics’, ‘strong degree of integrity’ and ‘adaptability’ as key criteria for design 

team selection. These parameters were identified as not just subjective 

characteristics but qualitative measures that need to be considered in team 

selection process apart from qualifications, experience and other considerations.  

 

This research identifies the following performance measures (refer to Table 4–4) 

suggested be incorporated in the framework development for NZEBs design 

decision support for organizations to evaluate. In the Tables listed in the following 

sections, the key processes and sub-processes are listed along each key 

decision phase with identification of central stakeholders that were part of the 

decision-making process and their central issues of concern driving decision-

making. The processes and central issues that are marked as bold text were 

identified as critical processes and issues to consider in NZEB decision-making. 

The performance measures for process evaluation are derived through 

identifying process-based key performance indicators listed in bold and italic text 

in the Tables.  

 

 

 

 

 

Table 4–4: Key phases and processes relating to team selection 

Phases of 

Assessment 

Central 

Stakeholders 

Processes & Sub-

Processes 

Central Issues Process-Based Key 

Performance 
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Indicators 

Starting up a 

project 

Owner’s project 

team 

Consultant to 

Owner 

Appoint committee 

to oversee the 

project 

Appoint coordinator 

of the committee 

Define project 

context 

Discuss project 

approach 

Establish project 

goals 

Appoint a 

consultant to the 

owner 

Understand the 

process involved 

Use of natural 

resources on 

site 

Build with least 

environmental 

impact 

 

Unique project 

and context 

goals 

Resource 

management 

 

Context specific 

performance goals 

Initiate the 

project 

Owner’s project 

team 

Consultant to 

Owner 

Establish initial 

teams shortlisting 

criteria 

Develop request for 

proposal 

Develop request for 

interest 

Understand 

important factors 

affecting project 

goals 

Define protocol for 

interview and team 

selection process 

Establish final team 

selection criteria 

Willingness to 

work outside 

the box 

 

Adaptability – play 

along with project 

changes and 

changing needs of 

technology 

 

Team commitment 

– complete buy-in 

and willingness to 

test new ideas to 

achieve the goals 

 

Select 

project 

teams 

Owner’s project 

team 

Commissioning 

Agent 

Shortlist & 

interview 

commissioning 

agents 

Select 

Commissioning 

agent 

Shortlist 

architectural firms 

Send out request 

for statement of 

qualifications 

Select qualifying 

architectural firms 

Call for detailed 

Work as an 

integrated team 

Team 

commitment to 

the process 

Openness to 

new ideas and 

testing 

Selection of 

design team 

Team ability – 

come up with 

innovative thinking 

for design 

solutions 

 

Team ethics – 

doing things for 

the right reasons 

and not just 

because they have 

to 

 

Team integrity – 

accept not knowing 
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response to 

request for 

proposal 

Interview 

shortlisted firms 

Recommend 

choice of architects 

to the owner 

Owner makes sure 

architects on board 

with the project 

objectives 

Select final 

architectural firm 

 

all the answers but 

open to feedback/ 

new ideas 

 

Secure 

project 

funding 

Owner’s project 

team 

Public relations and 

education work for 

the project 

Fund-raising for the 

project 

 Project budget 

 

 

4.2.3.3. Project Delivery Method       

The Construction Manager was on-board from the beginning and was an integral 

part of the integrated team process. HPB design is an emerging new area and 

the concept of having a Commissioning Agent for Leadership in Energy and 

Environment Design (LEED) projects was still new in the year 2005. The role 

played by the Commissioning Agent was identified as critical to the NZE process 

due to his experience and oversight of the process to meet the project goals. The 

Commissioning Agent interviewed every bidder on the subcontract involved with 

the HVAC system making sure they understood the commissioning requirements 

and what he expected to see to commission the HVAC system. This was formally 

put in the contract requirements that the controls and HVAC sub-contractors 

were needed to run all the tests and correct errors in the commissioning phase 

(refer to Table 4–5).  

 

 The project delivery method adopted for this project was a hybrid of Design-Bid-

Build with lowest bid not being the criteria for selection and involving the 

Construction Manager in the decision-making during the early design process. 

There was a pre-qualification process in place to select the sub-contractors with 

added criteria of them being local in order to provide local employment 

opportunities as another dimension of sustainability. Therefore when asked about 

the project delivery method, the Executive Directors’ perspective was as follows. 

AS per the Executive Director, Owner took the entire burden of the risk for this 

project. Commissioning and LEED process were used by the Owner to ensure 
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that the performance objectives were being met. Energy performance measures 

were not spelled out in the contract. The expectation to achieve NZE was 

expressed by the Owner and the design team formulated the EUI goal for the 

project. As explained by the Executive Director, intimate involvement in the 

design process did give the Owner some confidence in the collective 

commitment of NZE. The Commissioning Agent suggested if the goal is very 

carefully defined with measurable indices of performance expectations, Design-

Build “could work if the right Design-Build firm is selected”. The key is definition 

by reducing the subjective goals into measurable indices.  

 

Table 4–5: Important phases and processes relevant to project delivery method 

and team selection 

Phases of 

assessment 

Central 

Stakeholders 

Processes & 

Sub-Processes 

Central Issues Process-Based Key 

Performance 

Indicators 

Decide 

project 

approach 

Owner’s project 

team 

Commissioning 

Agent 

Project 

Architect 

Select project 

delivery method 

Decide team 

organization and 

involvement 

approach 

Base project 

objectives on 

measurement 

Have a tool to 

make analytical 

judgments 

Control of the 

project 

Collective 

commitment to 

project goal 

Base on 

measurement 

Analytical 

assessment 

component 

Justify one 

solution over the 

other 

Integrated team 

approach 

Risk assessment – 

share the burden of 

the risk 

 

Performance 

objectives – specific 

energy performance 

goal 

 

Contractual 

requirements – 

binding requirement 

to ensure 

performance 

 

Owner involvement 

– not to be mistaken 

for control 

 

Process oversight – 

specific assigned 

role to oversee the 

process to meet the 

goals 

 

Post-Occupancy 

commissioning 

 

Performance 

verification 
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Owner commitment 

– complete buy-in 

 

Select rest 

of design 

team 

Owner’s project 

team 

Commissioning 

Agent 

Project 

Architect 

Sustainability 

Director 

Select 

Sustainability 

Director 

Identify dynamic 

simulation 

modeling firm 

Interview & test 

simulation 

modeler 

Select 

simulation 

modeler 

Identify 

construction 

manager 

Select 

construction 

manager 

Interview 

mechanical 

engineers 

Select 

mechanical 

engineer 

Think and 

approach design 

& construction 

differently 

Openness to new 

ideas and testing 

Sharing and 

implementation of 

ideas and 

opinions 

Stakeholder 

involvement – 

integrated team 

process 

 

Stakeholder 

commitment 

 

Goal definition 

 

 

4.2.3.4. Program Requirements 

As per the Project Architect, it was really critical to understand the way the 

occupants (Owner and Staff) live. Pattern language is an approach designed by 

Christopher Alexander to “…resolve any problem that occurs over and over…” 

that can be adopted to resolve any kind of problems such as understand user 

requirements, and define project objectives as was used by the architectural 

team for this project to capture the Owner’s needs (Price & Price, 1999, p. 117). 

The Project Architect described the development of the pattern language as a 

method that lets the owner decide what is important to them and see it written 

down. The Project Architect interpreted what the statements meant and got the 

interpretations reviewed by the Owner to validate if the patterns captured the 

Owner requirements. It was an iterative process (refer to Table 4–6) through 

which owner’s requirements were defined first, in an attempt to define them into 

design elements in the next phase. In the later phases of design, solutions were 

tested against this pattern language as a way to analyze the proposal with the 

Owner requirements. 
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From the energy perspective, the integration of building usage to thermal zones 

was key as explained by the Sustainability Director. Space planning or zoning to 

accommodate the needs of staff members that had varied tolerances for comfort 

levels and educating the staff about natural ventilation control and lighting 

controls for the building to function as designed was key. Consideration of the 

types of tasks performed by the occupants was important to provide the right light 

levels needed. 

 

Table 4–6: Overview of key phases and processes related to owner requirements 

Phases of 

Assessment 

Central 

Stakeholders 

Processes & 

Sub-Processes 

Central Issues Process-Based 

Key 

Performance 

Indicators 

Understand 

owner 

requirements 

Executive 

Director 

Owner 

Project 

Architect 

Effort to refine & 

clarify project 

goals in alignment 

with foundation 

mission 

 Understand 

owner needs 

Initiate the 

design 

Owner’s project 

team 

Commissioning 

Agent 

Project 

Architect 

Sustainability 

Director 

First formative 

meeting between 

architects and 

owner’s committee 

Effort to refine and 

clarify objectives 

Start basic 

building modeling 

Assess building 

shape, orientation, 

size, geometric 

structure types 

Get a sense of the 

direction for 

design approach 

Start design goal-

setting 

Identify program of 

physical spaces 

needed 

Develop list of 

concerns or 

problem 

statements 

Develop set of 

solutions in 

response to 

concerns 

Let owner decide 

what is important 

to them 

 

Define owner 

requirements 
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Test the site 

organization 

Refine owner 

requirements 

Owner 

Committee and 

staff 

Executive 

Director 

Project 

Architect 

Owner gives 

written statements 

of what is 

important to them 

Define owner 

requirements 

 Establish 

design criteria 

Develop 

pattern 

language 

Owner’s project 

team 

Project 

Architect 

Review what the 

statements mean 

Define owner 

requirements into 

design elements 

Review architects 

interpretation 

Test design 

solutions against 

pattern language 

Have a way to test 

design solutions 

later 

Define design 

elements 

 

Test design 

solutions 

 

Design 

traceability 

Review design 

ideas 

Owner’s project 

team 

Commissioning 

Agent 

Intimate 

involvement in the 

design process 

Using innovative 

design approach 

Exploring new 

strategies 

Acknowledge 

doing something 

that none of the 

team had done 

before 

Providing 

latitude to design 

team 

Design 

innovation 

 

Design 

flexibility 

 

 

 

4.2.3.5. Project Goal Setting 

For this particular project, the Sustainability Director did pre-design work before 

the goal setting. He studied detailed case studies published by National 

renewable Energy Laboratory on six HPBs, observed building operation, 

occupant building usage pattern and energy use from websites and site visits. He 

researched what the current state-of-the-art buildings were in terms of 

performance at the time, how the architects previous buildings fit into the state-

of-the-art, he helped the architects understand their capabilities and helped the 

owner in decision-making with what the energy goals would be. The informal goal 

setting began with the brainstorming session before the programming meetings 

where the design approach was decided and appropriate starting points were set 

based on previous experience on other HPB projects. 
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By the goal setting meeting, images of how the pattern might be resolved as a 

space, the notion of the kind of spaces were already known. The basic idea of 

transit spaces were already known enough to talk about strategies of thermal 

zoning, construction processes, strategy for Carbon-Neutral and Net-Zero 

Energy analysis. Goal setting exercise for determining the Energy Use Intensity 

and renewable energy needed to set the energy goals were performed (refer to 

Table 4–7). Design end use goals relevant to meeting the energy goals were set. 

 

4.2.3.6. Design Simulation Accuracy 

In their past working experience of working on similar projects, the Sustainability 

Director and the Energy Consultant had conducted previous research and field 

experiments that unintentionally became pre-design work for this project. The 

Sustainability Director and Energy Modeler measured and modeled natural 

ventilation with CONTAMW (Multizone Airflow and Contaminant Transport 

Analysis Software) in the auditorium of the Schlitz Audoban Nature Center. They 

used Cp-Generator (program to predict wind pressure coefficients) to generate 

pressure coefficients on the outside surfaces of the building. The results of the 

analysis gave them enough confidence in the accuracy of the simulation model. 

The TRNSYS (Transient System Simulation Tool) simulation program was 

revised to integrate with CONTAMW. Data monitored, recorded and used in 

some simulations from the experiment to measure effectiveness of the natural 

ventilation formed the basis of modeling in the early project phase. 

 

 Data was collected on photovoltaic power generation from the Urban Ecology 

Center project to predict photovoltaic power generation more precisely. 

Observations on how users treated their operable windows were made to 

develop an algorithm based on measurements and observations to show how 

occupants of the space treated their operable windows. Modeled occupant 

control of lighting by measuring lighting usage from previous two projects to 

estimate measured occupant use of lighting. So the design approach was not to 

look at the overall results of the entire building (refer to Table 4–7) but looking at 

the results of parts and how they enforce and carve the design along the way. 

 

Table 4–7: Important phases and processes relevant to goal setting and 

simulation accuracy 

Phases of 

Assessment 

Central 

Stakeholders 

Processes & 

Sub-Processes 

Central Issues Process-Based Key 

Performance 

Indicators 

Initiate 

benchmarking 

Commissioning 

Agent 

Evaluate energy 

consumption of 

Understanding 

energy 

Research current 

state-of-the-art 
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exercise Project 

Architect 

Sustainability 

Director 

Energy 

Consultant 

HPBs 

Analyze metered 

energy use of 

HPBs 

Study current 

state-of-the-art of 

buildings and 

their 

performance 

Observe building 

operation and 

occupant 

building usage 

pattern 

Analyze 

contributors to 

the difference in 

design & 

measured 

building 

performance 

Use the 

understanding to 

apply on current 

project 

Compare 

architects 

previous 

buildings with 

current HPBs 

Help the team 

understand their 

capabilities 

Help the owner 

with energy 

goals decision-

making 

consumption 

Understanding 

renewable 

energy 

production 

Benchmarking 

exercise 

Evaluate 

energy 

consumption 

Knowledge of 

how buildings 

perform 

Conduct field 

experiments 

Gain enough 

confidence in 

simulation 

models 

(buildings and 

technologies) 

 

Building 

performance 

knowledge – 

knowing how your 

buildings actually 

perform 

 

Energy goal 

definition 

 

Simulation 

integration 

 

Occupant usage 

patterns 

 

Simulation 

accuracy 

confidence 

 

Define modeling 

basis 

 

Calibrate 

simulation models 

 

Experimentation 

and measurement 

 

Reduce 

uncertainty 

 

Minimize errors 

 

Plug load analysis 

 

Explore design 

ideas 

Executive 

Director 

Commissioning 

Agent 

Project 

Architect 

Sustainability 

Director 

Energy 

Brainstorm initial 

design ideas 

Establish design 

approach 

Use previous 

approach on 

HPBs as an 

appropriate 

starting point 

Explore full 

potential of site 

Explore full 

potential of 

available 

resources 

Make good use 

of natural 

resources 

Resource analysis 

 

Brainstorming 

 

Decide design 

approach 

 

Explore starting 

points 
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Consultant Identify project 

context 

Identify project 

constraints 

Establish design 

criteria 

 

Project goal 

setting 

Owner’s project 

team 

Executive 

Director 

Commissioning 

Agent 

Project 

Architect 

Sustainability 

Director 

Energy 

Consultant 

Construction 

Manager 

Staff & 

Ecologist 

Meet with 

owner’s project 

team, owner and 

entire design 

team 

Discuss images 

of how the 

program might 

be resolved as 

spaces 

Know the notion 

of the kind of 

spaces 

Discuss 

strategies for 

thermal zoning 

Discuss 

strategies for 

construction 

processes 

Determine 

boundary and 

scope for NZE 

analysis 

Set goal for EUI 

Set goal for 

photovoltaic 

energy needed 

Design end-use 

goals relevant to 

meeting energy 

goals 

Identify how 

different spaces 

will be used 

Establish 

organization of 

program 

Identify 

implications of 

use to reduce 

energy 

Setting energy 

consumption 

goal 

Setting 

photovoltaic 

energy 

production goal 

Goal setting 

Explore design 

strategies 

 

Design end-use 

goals 

 

Benchmarking 

exercise 

 

Thermal zoning 

 

Occupant comfort 

 

Occupant 

education 

 

Occupant usage 

pattern 

 

Program 

organization 

 

Program balance 
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consumption 

Define thermal 

zones 

 

4.2.3.7. Tool Selection 

TRNSYS was used for energy modeling due to the tool’s ability to “…integrate 

component models as required” making it a flexible tool that was used to 

“…model control of natural ventilation systems”, integration of “…previously 

developed component modeling earth tube heat exchangers” and “previously 

developed model of a heat pipe” (Klien et al., 2005; Bradley and Utzinger, 2007; 

Utzinger and Bradley, 2009, p. 1215) 

 

The selection of building energy modeling tool was primarily based on its 

flexibility in individual component assessment and integrated assessments. It 

allowed modeling multiple and varied occupant behaviors to test occupant use 

patterns in the space. The Sustainability Director and Energy Modeler described 

the run time of the tool as “long” and due to this limitation described that the 

analysis process was time consuming. The intent of selecting the simulation tool 

was to assess each part of the simulation model in support of the different 

stakeholders. Hence, assessing systems separately was critical to the simulation 

process. The simulation team (both Sustainability Director and Energy 

Consultant) had the experience and expertise in writing simulation code and had 

the capability of conducting component-wise assessments along the phases of 

design providing feedback to the design team to inform design decisions. The 

integration of the component models was implemented towards the end of the 

design process to assess the performance of the integrated model. Therefore, 

one of the important criteria for energy modeling tool selection for this project 

was the ability to simulate individual building components. This allowed the 

modeling team to assess the performance of each component. This was 

especially helpful for the performance assessment of earth tubes that was a new 

technology at the time and energy performance data was unavailable for the 

system performance for projects in the US. Also, this strategy helped the 

modeling team to allocate resources and project budget for portions of energy 

modeling where the design team was uncertain of systems performance (refer to 

Table 4–8). The energy modeling team suggested that the selection of the 

building energy modeling tool is a tradeoff decision between flexibility and ease 

of implementation where project budget and team experience with simulation 

modeling plays an important role. 

 

Table 4–8: Key phases and processes for tool selection 

Phases of Central Processes & Central Issues Process-Based 



Railesha Tiwari Chapter 4 - NZEB ‘As-Is’ Design Process Mapping  147 

Assessment Stakeholders Sub-Processes Key 

Performance 

Indicators 

Select 

assessment 

tools 

Sustainability 

Director 

Energy 

Consultant 

Establish criteria 

for tool selection 

Select 

assessment 

tools 

Work in 

response to the 

needs of the 

team 

Assess 

systems 

separately as 

parts 

Tool flexibility 

 

Simulation 

experience – 

part of team 

ability 

 

Tool run-time – 

ease of 

implementation 

Develop 

assessment 

strategies 

Sustainability 

Director 

Energy 

Consultant 

Use data 

collection & 

observation on 

previous projects 

Develop 

algorithms based 

on measurement 

& observations 

Conduct field 

experiments by 

data monitoring 

& recording to 

measure 

effectiveness of 

strategies 

Compare 

solutions based 

on performance 

Have a way to 

look back at 

shortcomings 

later 

Modeling 

component to 

help make 

decisions 

Gain enough 

confidence in 

simulation 

models 

Assessment 

strategy 

 

 

4.2.3.8. Design Assessment 

Based on the iterative process of simulation in parts, feedback was provided to 

the architectural team by the Sustainability Director and Energy Consultant on 

envelope issues, infiltration, insulation levels, etc. (refer to Table 4–9). Sensitivity 

analysis was performed to find out the buildings sensitivity to changes in 

infiltration versus changes in insulation levels. 

 

 Simultaneously, the architectural team processes included developing set of 

design solutions, developing and analyzing building sections, fine-tuning of 

design organization, detailing of the shell, etc. Design influenced amounts of 

glazing, placement of glazing, which glazing to be operable in clerestory. Based 

on the feedback from the Energy Consultant, detailing and specification to 

minimize thermal bridging were refined, effectiveness and required number of 

operable windows were evaluated, window openings were fine-tuned and desired 

infiltration rates were assessed. 
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Table 4–9: Important phases and processes related to different stages of early 

design and energy assessment 

Phases of 

Assessment 

Central 

Stakeholders 

Processes & Sub-

Processes 

Central Issues Process Based 

Key 

Performance 

Indicators 

Develop 

design 

strategies 

Project 

Architect 

Sustainability 

Director 

Perform site analysis 

Test building 

solutions on site 

Solve program within 

building form 

Develop building 

sections 

Develop building 

design to respond to 

site & energy goals 

Assess building 

section and 

orientation relative to 

sun angles & views 

Develop building 

envelope 

Identify availability & 

size of wood for 

structure & design 

Provide some 

kind of direction 

to go in 

 

Basic modeling 

in early design 

phase 

Develop design 

concepts 

 

Refine design 

elements 

Commissioning 

Agent 

Project 

Architect 

Sustainability 

Director 

Establish design 

attributes 

Develop building 

form for daylighting 

Assess impact of 

overhangs & 

shading devices 

Assess U-values for 

building section 

Assess R-values for 

wall sections 

Develop building 

form for natural 

ventilation 

Disconnect program 

spaces based on 

heating & cooling 

needs 

Refine building 

envelope 

Size the 

building for its 

function 

Balance design 

organization 

 

Perform early 

design 

assessment 

Project 

Architect 

Sustainability 

Revise simulation 

program to integrate 

with other models 

 Sensitivity 

analysis 
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Director 

Energy 

Consultant 

Develop schematic 

design in simulation 

model 

Assess envelope 

decisions 

Perform sensitivity 

analysis 

Recommend design 

approach 

Design 

approach 

based on early 

assessment 

Commissioning 

Agent 

Project 

Architect 

Sustainability 

Director 

Energy 

Consultant 

Tighten up building 

envelope 

Plan to use natural 

ventilation for 

summer 

Effective & required 

glazing and operable 

windows 

 Perform 

detailed 

assessments 

 

Refine design 

elements 

 

Review & 

grade 

competing 

design 

solutions 

Executive 

Director 

Commissioning 

Agent 

Use commissioning 

as a template to 

influence design 

Check elements of 

design through 

drawing reviews for 

meeting owner 

requirements 

Guide design to 

make sure that 

design confirms to 

project goals 

Burden of the 

risk involved 

Make sure 

requirements 

are understood 

Make sure 

expectations are 

clear from the 

beginning 

Intimate 

involvement in 

the design 

process 

Oversee the 

process 

Process 

oversight 

 

Owner 

involvement 

 

Requirement 

specification  

 

Expectation 

clarification 

 

4.2.3.9. Simulation Integration 

The Heating, Ventilation and Air-Conditioning (HVAC) system was designed and 

evaluated piece by piece. Earth tubes were explored as an alternative to heat 

recovery unit through an independent simulation model since the building or the 

loads did not influence its performance. Schematic design of the office shell was 

done to assess natural ventilation, integration of design and window opening 

area. The simulation of the ground source heat pumps was well understood by 

the Energy Consultant due to previous experience of writing simulation models. 

The integration of all the simulation models at the end included tying together all 

the separate models of the heat pumps, radiant slab model, building shell for the 

entire building, and the earth tubes (refer to Figure 4–16 and Table 4–10). Then 

controls were integrated into the simulation model and the final piece added to 
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the model was the photovoltaic system. Actual sizing of the equipment waited 

until an operational simulation model with integration of controls. 
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Figure 4–16: Level 2 and 3 mapping of the processes, sub-processes and design activities
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Table 4–10: Key phases and processes for detailed assessments and simulation 

integration 

Phases of 

Assessment 

Central 

Stakeholders 

Processes & Sub-

Processes 

Central 

Issues 

Process-Based 

Key 

Performance 

Indicators 

Mechanical 

design approach 

for detailed 

assessment 

Sustainability 

Director 

Energy 

Consultant 

Analyze 

performance of 

elements 

independently in 

parts 

Assess how their 

performance carves 

design 

Design separate 

HVAC systems for 

thermal zones 

Assess in 

parts 

 

Perform detailed 

assessment of 

unknowns 

Sustainability 

Director 

Energy 

Consultant 

Explore alternative 

solutions 

Develop simulation 

model of chosen 

alternative 

Assess performance 

of alternative 

Develop HVAC 

simulation model 

piece by piece 

Develop other 

mechanical 

components 

separately 

Tie the component 

models together 

Assess performance 

for heating & cooling 

loads 

Hand over 

schematic design of 

HVAC system 

Manage risk 

in trying new 

things 

Right sizing of 

building 

Flexible 

systems with 

reserve 

capacity 

 

Develop 

performance 

module 

Commissioning 

Agent 

Project 

Architect 

Sustainability 

Director 

Energy 

Consultant 

Describe how the 

building is modeled 

and how it is 

perceived to work 

Describe 

approaches to 

solving design 

issues 

Moderate each 
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design solution by 

scoring for energy 

use 

Discuss what that 

means amongst 

design team 

Come to consensus 

on best design 

solution 

Generate final 

schematic design 

performance module 

Develop controls Controls 

Consultant 

Sustainability 

Director 

Energy 

Consultant 

Develop sequence 

of operations 

Identify controls & 

monitoring 

strategies 

Establish controls & 

monitoring systems 

  

Perform 

integrated 

assessment 

Commissioning 

Agent 

Sustainability 

Director 

Energy 

Consultant 

Integrate HVAC 

system model with 

building shell model 

Tie the model of 

photovoltaic system 

Integrate control 

strategies for 

lighting 

Integrate control 

strategies for natural 

ventilation 

Analyze the 

sequence of 

operations 

document 

Integrate controls 

into simulation 

model 

Start actual sizing of 

equipment based on 

operational 

simulation model 

Right sizing of 

equipment 

 

Simulation 

integration 

 

Controls 

integration 

 

Equipment 

sizing 

 

Refine design 

concept 

Project 

Architect 

Sustainability 

Director 

Energy 

Consultant 

Increase insulation 

levels 

Confirm 

effectiveness of 

daylighting 

strategies 

Confirm 
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effectiveness of 

overhangs & 

shading devices 

Establish U-values 

for building section 

Establish R-values 

for wall sections 

Incorporate natural 

ventilation 

improvement 

strategies 

Disconnect program 

spaces based on 

heating & cooling 

needs 

Define building 

envelope 

 

4.2.4. ‘As-Is’ Design Process Mapping - Case Study C 
For this case study’s decision mapping, the themes that helped map the design 

process and derive the emerging issues, considerations and challenges relevant 

to NZE goal are presented in the following sections. 

 

4.2.4.1. Interviewee Background 

Ten key stakeholders essential to the integrated design process were 

interviewed for the NREL RSF I project. All the interviewed participants were key 

in decision-making and decision facilitation in the early phase of the design 

process. The stakeholders interviewed represented the disciplines of 

architecture, project management, mechanical engineering, energy-efficiency 

research, energy modeling, sustainability, daylighting, commissioning, 

construction, LEED documentation and building performance measurement and 

verification. 

 

The architectural team and the contracting partner had previous experience of 

working together. The Design Principal had the opportunity to work on two 

previous projects with NREL as a Project Designer. The Design Principal’s 

previous experience with the Owners was instrumental in shaping the design by 

guiding the design teams about owners mission, values, knowledge and 

understanding of the NREL campus architecture. The MEP team had extensive 

experience and expertise in HPB design and NZEB design that allowed them to 

guide the team about the process and expectations from the beginning. As per 

the MEP team, they could guide the team of strategies that would be successful, 

and educate the entire design team on the importance of plug load minimization. 
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The MEP team had previous experience with using the thermal labyrinth (crawl 

space with thermal mass in building basement) for cooling benefit on a small-

scale project; they had used natural ventilation and radiant systems as 

successful strategies on many projects. The MEP team had expertise in 

conducting thermal comfort studies, bulk airflow modeling and daylighting 

studies.  

 

4.2.4.2. Project Initiation 

The central issues to be addressed very early on in the pre-planning phase by 

the owner’s project team are the selection of the project delivery method that will 

define the procurement process and contractual obligations of stakeholder 

groups (refer to Table 4–11). Pless et al. (2011) named the project delivery 

method used as a “performance based Design-Build process” (Pless et al., 2011, 

p.1). Hiring a Design-Build (D-B) team was identified as a key control strategy to 

promote design team integration to achieve the performance goals as well as 

being instrumental in meeting the cost and schedule related project goals. Since 

NREL and DOE were used to the Design-Bid-Build project delivery on previous 

projects, they identified undergoing the training from Design-Build Institute of 

America as an important step towards learning to administer a Design-Build 

contract especially for a large project of this scale. This was their third attempt to 

make this building happen. Rather than hiring an Architect to write the 

parameters of design into the RFP, they decided to hire a Criteria Consultant with 

more knowledge on how to write performance requirements. NREL’s mission has 

been to “advance the U.S.DOE and the nation’s goals in the areas of energy 

security, environmental quality and economic vitality” (Pless et al., 2011, p. 1). 

They have been conducting research and collecting data on HPBs and NZEBs 

building performance, detailed plug load analysis, reasons for shortcomings or 

failures in their buildings and observing occupant usage pattern in their office 

facilities. Through their year long efforts, they have documented and assessed all 

the equipment and occupant specific plug loads, process loads related to 

common internal loads of the building, They also went through everything that 

needed to go into their building to provide more detailed account of the program 

and needs of various user groups from NREL and DOE that would be occupying 

the new office building.   

4.2.4.3. Detailed RFP 

Pless et al. (2010) explain the details of the structure of the RFP, the different 

tiers of project objectives and their prioritization. The performance requirements 

explicitly included in the RFP as a contractual obligation made their RFP different 

than others (refer to Table 4–11). With the help of the Criteria Consultant the 

Energy Efficiency Representative wrote the wordings of the RFP around the Net-
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Zero Energy goal. The owner started off doing data collection on energy use 

target and other performance criteria. Obligation around energy efficiency and 

LEED were made to substantiate contractual requirements for Net-Zero Energy. 

 

Table 4–11: Key phases and processes for development of detailed RFP and 

project initiation 

Phases of 

Assessment 

Central 

Stakeholders 

Processes & Sub-

Processes 

Central Issues Process-Based 

Key 

Performance 

Indicators 

Starting up a 

project 

Owner’s 

project team 

Appoint energy and 

facility management 

group, construction 

group, contracts and 

other user groups to 

oversee the project 

Select project delivery 

method 

Undergo project 

procurement training 

Learn to administer the 

procurement and 

acquisition contract for 

a large scale project 

Appoint Criteria 

Consultant 

Identify qualifiers for 

how to account for plug 

loads 

Explain everything 

going into the building 

Large scale 

project 

Project 

oversight 

Project delivery 

method 

Contract 

administration 

Role of Criteria 

Consultant 

Plug load 

accounting 

Program 

definition 

Need analysis 

Develop 

detailed RFP 

Owner’s 

project team 

Analyze current state-

of-the-art for building 

energy performance 

Set energy use target 

and other performance 

goals 

Make a conceptual 

requirement for budget, 

time and energy goals 

Define a 

comprehensive list of 

project objectives 

Define project delivery 

method and contractual 

substantiation 

requirements 

Address budget, 

schedule and 

energy goals 

 

Change 

decision-making 

in integrated 

process 

 

Performance 

requirements 

 

Data collection 

on energy 

performances 

Assess current 

state-of-the-art 

Energy goal 

definition 

Performance 

goal definition 

Project 

objectives 

Contractual 

substantiation 

requirements 

Request for 

proposal 

Prioritize project 

objectives 

Project budget 
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Write the RFP around 

performance 

requirement 

Organize and prioritize 

performance 

requirements 

Project schedule 

Initiate the 

project 

Owner’s 

project team 

Set the process for 

complete commitment 

by all user groups 

Develop design 

competition guidelines 

Establish initial teams 

shortlisting criteria 

Develop request for 

qualifications 

Announce a design 

competition 

Send out request for 

qualifications for design 

teams 

Establish design 

competition scoring 

criteria 

Establish final team 

selection criteria 

Commitment to 

meeting goals 

 

Survive value 

engineering 

 

Enable 

innovation and 

creative 

solutions 

 

Those building it 

must design it 

 

Facilitate 

integrated team 

approach 

Integrative 

building design 

Owner control 

Stakeholder 

accountability 

Risk 

management 

Risk sharing 

Design flexibility 

Design influence 

Level of 

integration 

 

 

4.2.4.4. Project Delivery Method 

The project delivery method can be split into two important elements – 

‘performance-based’ and ‘design-build’. The requirement for a D-B team was 

included in the call for the design competition proposal since hiring a D-B team 

was identified as a key control strategy to promote design team integration to be 

able to achieve the performance goals as well as being instrumental in meeting 

the cost and schedule goals (refer to Table 4–12). Owner’s key way to influence 

design of the RSF (1) project was by performance specifications. The design 

details were left to the D-B team. From the Owner’s perspective, they had to 

verify that the proposed solutions were going to meet their performance 

specifications. There were some requirements requested such as the new 

architecture be consistent with their campus and the design team had to 

maximize the number of people that could sit in the office space but the Owner 

provided design flexibility to the D-B team. The D-B team was also asked to 

propose a schedule that they thought was realistic to achieve. Level of 

integration of the design team was critical in getting the performance that they 

got since the construction team building the building was also designing it with 

the design team. The D-B team was one unit for the Owner and they had to 

workout solutions innovatively to meet the contractual performance requirements 
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specified. By adopting this project delivery method NREL and DOE could get a 

significant return on value in cost saved and time saved to deliver a large project 

of this scale. By making a conceptual requirement upfront before hiring a design 

team, that is performance driven, changed a lot of decision-making that 

happened in the integrated design process. And then by combining the 

performance requirements with a design competition they were able to survive 

the value engineering process that happens in the traditional project delivery 

methods. Thus by having a firm-fixed price contract, the owner could meet their 

budget, schedule as well as energy goals. The delivery method adopted elevated 

the level of importance of energy performance to the level of importance of 

schedule and cost. Having the contractors involved from the beginning made 

sure they had ownership of the energy goal and allowed energy to be a part of 

the decision-making process. The well-articulated goal in the beginning of the 

project helped the stakeholder groups understand how significant the challenge 

was and helped align the interest of the teams. 

 

4.2.4.5. Team Selection 

NREL and DOE selected and put together internal teams as part of Owner’s 

project team such as – energy group, facility management, construction group, 

project managers, contractors, various user groups from both NREL and DOE, 

energy efficiency representatives, performance assurance manager etc. For the 

design competition owner made a public announcement through print requesting 

submission of qualifications for D-B teams. From those submissions of interest a 

few D-B teams were shortlisted and were requested to submit their list of 

complete teams of stakeholders. So the D-B team was first formulated in 

response to the design competition proposal publicized by the owner. To be able 

to move forward the shortlisted teams had to find very effective teammates within 

the deadline and the commitments of teams were binding (refer to Table 4–12). 

The owner tried to influence the design process in two ways; one by specifying a 

requirement for D-B team through the design competition and the other was to 

make them commit to the entire team selection early on. By making the team 

commitment binding, the D-B teams were forced to carefully select their rest of 

the teams very early on in the design process. The RFP of final requirements 

was updated in the next few weeks and the shortlisted teams had to respond to 

the final RFP requirements. The D-B team that finally won the contract proposed 

an added process to restructure the contract to help balance the risk sharing 

(refer to Table 4–12). As part of their submission they did their best to emulate 

the computations described and how the project fit to their NZE definitions. The 

D-B team restructured the contract to say what they could achieve out of the 

requirements and how, what they couldn’t achieve and why, what they will try to 
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achieve and the degree to which they would achieve based on boundaries. So 

they had to commit to a duration of how long to provide a firm-fixed price which 

meant they had to design the project to a sufficient level of detail for their 

contracting partner to price that. While a well thought and articulated goal 

definition with contractual performance requirements was a way of risk 

management for the Owner’s project team, restructuring of the contract to include 

the above changes was a method for risk sharing adopted by the D-B team. 

 

Owner’s selection criteria for the D-B team was mainly based on the level of 

influence the Mechanical, Electrical and Plumbing (MEP) team had over the 

proposed design. They saw value in the engineering team having inputs on 

original form, function of the building and how it needed to look like. Three teams 

were shortlisted through the design competition and two teams did not meet the 

NZE goal and did not admit to the commitment in their design proposal. The 

team that finally won thought how to bring the finance for the photovoltaic to the 

project and so really committed to the NZE goal. The team was chosen based on 

their commitment to performance. Though the owner controlled the process by 

specifying performance requirements in contract, but allowed fluid scope of work 

for the D-B teams to choose.   

 

Table 4–12: Key phases and processes for project delivery method and team 

selection criteria 

Phases of 

Assessment 

Central 

Stakeholders 

Processes & Sub-

Processes 

Central Issues Process Based 

Key Performance 

Indicators 

Select 

project 

teams 

Owner’s 

project team 

Shortlist Design-

Build teams 

Request complete 

list of team members 

from shortlisted 

teams 

Send out detailed & 

updated RFP of final 

requirements 

Request to commit 

to a firm-fixed price, 

time duration & 

scope in response to 

RFP 

Interview D-B teams 

and review RFP 

response 

submissions 

Reconsideration of 

High level of 

integration 

 

Firm fixed price 

contract 

Level of influence 
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contract 

requirements 

Select three final D-

B teams 

Compete for 

Design 

Competition 

Architectural 

team 

Contracting 

partner 

Review request for 

qualifications and 

RFP 

Identify and select 

contracting partner 

for D-B team 

Send out team 

qualifications and 

resume to client 

Shortlisted for the 

design competition 

Identify and select all 

consulting partners 

Put together the 

team qualifications 

Respond to client’s 

request with 

complete team 

listing 

Decide the team 

organization and 

involvement 

approach 

Changing role of 

architects 

 

Integration 

around the 

contractor 

Lead 

collaboration 

Initiate the 

proposal 

Architectural 

team 

Contracting 

partner 

Review detailed and 

updated RFP 

requirements 

Restructure the 

contract language 

and terms 

Propose a two step 

process to balance 

risk sharing 

Respond to the final 

RFP requirements 

Formulate a strategy 

to define the time to 

commit to a firm-

fixed price and 

scope 

Commit to a duration 

to submit the scope 

for the firm-fixed 

price 

Create trust 

between 

construction and 

design teams 

 

Owner describing 

the problem 

without 

describing the 

solution 

Collaboration 

challenge 

 

Owner’s 

description of 

project objectives 

 

Clear target of 

EUI 

 

Design 

freedom/latitude 

Select Principal of Select two project Success/failure of Building scale 



Railesha Tiwari Chapter 4 - NZEB ‘As-Is’ Design Process Mapping  161 

internal 

teams 

Architectural 

firm 

Client Project 

Manager 

Sustainability 

Director 

managers on the 

team due to project 

schedule, goal and 

scale 

Appoint design team 

leader and executive 

project manager 

responsible for the 

entire design team 

Appoint technical 

project manager 

responsible for 

production drawings 

deliverable and 

details of design 

Appoint design 

Principal and project 

designers 

Appoint director of 

sustainability 

Appoint project 

architects and 

interior designers 

Appoint landscape 

designers, lighting 

designers and 

support staff as 

needed 

project depends 

on team 

 

Whole team 

needs each other 

 

 

Trust and respect 

 

Integrated team 

process 

Select 

internal 

teams 

Principal of 

MEP team 

MEP team 

leader 

Decide team 

organization and 

involvement 

approach 

Select two senior 

engineers on the 

team due to project 

schedule, goal and 

scale 

Appoint performance 

manager responsible 

for overseeing 

analysis side 

Appoint other senior 

engineer responsible 

for construction 

document 

deliverable and 

details of design 

Appoint energy 

Stakeholders 

commitment to 

delivering NZE 

 

Guide the team 

 

Know what 

strategies would 

be successful 

Stakeholder 

commitment 

 

Experience on 

HPBs 
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modeler, electrical 

engineers and 

plumbing engineers 

 

What was unique in the internal team selection of the architectural team was 

appointing two project managers – one for the client side and the other for the 

technical side to be able to handle the project since NZE goal was being 

attempted for the first time for such a large-scale office building. Similarly, the 

MEP team appointed two senior engineers – one as a performance manager of 

the project and the other to take care of details of design and construction 

document deliverables due to the aggressive schedule and goal of the project. 

The teams addressed that the process could fail or succeed by trust and respect 

since this was a unique scenario where the whole team needed each other. 

Assembling a team of people with experience on HPBs and to work around a lot 

of ideas internally to take that to the design charrettes to discuss with the whole 

team was identified as critical to the success of this project. 

 

4.2.4.6. Owner Setting the EUI Goal 

Owner’s project team researched and evaluated HPBs across the US and 

analyzed their measured energy use. They assessed the current state of the 

industry and did some early modeling internally to verify that the goal they were 

setting was achievable for their climate zone and program. Knowing their energy 

usage for the data center helped them account for the energy use. They built a 

conceptual standard office built model to test a series of best practices for 

efficiency such as the strategies suggested in the American Society of Heating, 

Refrigerating, and Air-Conditioning Engineers (ASHRAE) design guides as a 

starting point. Initially the EUI goal was set to 25 Kbtu/sq.ft in the RFP that was 

later relaxed to 35 Kbtu/sq.ft to account for better higher occupant density 

resulting in space efficiency. The RFP showed calculations of how to normalize 

for space efficiency. The owner’s project goal was to develop the performance 

target to be aggressive requiring innovation to meet the target. 

 

4.2.4.7. Project Goal Setting by Design Team  

Before all the stakeholder groups discussed the goals as a team, each 

stakeholder group conducted internal brainstorming sessions to explore design 

ideas. The architectural group put together recommendations to discuss with the 

rest of the teams based on their early analysis of key strategies to reduce energy 

consumption, site conditions, weather data, program requirements described in 

the basis of design. They identified the key objectives to solve and developed a 

roadmap of what needs to be met (refer to Table 4–13). The MEP group 

conducted their own series of internal brainstorming sessions to review the RFP, 
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explore strategies to maximize passive performance for a building of this scale, 

break down energy usage of the building, study site and weather data.  

 

Similar to the EUI goal setting exercise that the owner’s project team went 

through, the design team surveyed all relevant LEED platinum and HPBs similar 

in program and scale and presented their lessons learnt. Going through the RFP 

requirements jointly as a team, the decision was made unanimously to attempt all 

the listed requirements in the RFP to win the competition. The team believed that 

though the owners listed the NZE goal as an ‘If possible’ goal, NZE is a goal the 

owners were aiming for and the team that could be creative in achieving all the 

requirements on the RFP could potentially win the design competition. The MEP 

team identified daylighting and natural ventilation as key strategies for impact in 

an office space to address the different pieces of the energy pie. Early energy 

simulations were performed to first check if the EUI goal was even attainable and 

then to optimize the width of the floor plate. They also put together 

recommendations of strategies to make a big building act like a smaller passive 

building. The goal setting charrettes were intense all day meetings where all the 

consultants discussed the RFP requirements and best practices from their 

experiences as a team (refer to Table 4–13). After investigating the energy 

requirements, responsibilities were divided for the design competition proposal 

and the design work began. Multiple discussions were held between stakeholder 

groups on passive strategies, shape of the building, photovoltaic systems, 

program configuration. The floor plate width was optimized based on natural 

ventilation and daylighting, building form was roughly resolved to fit the program, 

site shape and orientation needed. The construction partners provided their 

insight on constructability issues and cost implications. Finally the best ideas that 

worked for all disciplines were agreed upon, the tools and format of information 

exchange were decided. 

 

Table 4–13: Key phases and processes for project goal definition including 

defining/verifying EUI goal 

Phases of 

Assessment 

Central 

Stakeholders 

Processes & Sub-

Processes 

Central Issues Process-Based 

Key Performance 

Indicators 

Explore 

design ideas 

Principal of 

architecture 

firm 

Client Project 

Manager 

Sustainability 

Director 

Design 

Conduct internal 

brainstorming sessions 

Review the detailed 

RFP & discuss the 

RFP summary 

checklist of project 

objectives 

Discuss strategies to 

Understand 

your target 

 

Area available 

for photovoltaic 

 

Target to get to 

as low energy 

Stakeholder 

specific 

brainstorming 

 

Understand 

energy 

consumption 
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Principal 

Technical 

Project 

Manager 

Contracting 

Partners 

reduce energy 

consumption 

Identify the key 

objectives to solve 

Study the site 

conditions, weather 

data and campus 

Study the program 

requirements from the 

basis of design 

Explore how to put the 

program on site 

Doodle sketches 

before the first design 

charrette 

Develop a roadmap of 

what needs to be met 

Put together 

recommendations to 

discuss with the rest of 

the teams 

use as possible 

 

Understand 

renewable 

energy 

production 

 

Explore 

design ideas 

Principal of 

MEP firm 

MEP team 

leader 

Senior 

Engineer 

Energy 

Modeler 

Mechanical 

Engineer 

 

Conduct internal 

brainstorming sessions 

Review the detailed 

RFP to understand 

requirements 

Discuss the RFP 

summary checklist of 

project objectives 

Discuss strategies to 

reduce energy 

consumption 

Explore how to get 

passive performance 

for the building scale 

Discuss how to break 

down the energy 

usage of the building 

Study the site 

conditions, weather 

data and campus 

Identify strategies to 

address different 

pieces of the energy 

pie 

Identify strategies for 

daylighting for major 

impact in office 

Goal of NZE 

 

Very first move 

is energy 

modeling with 

architectural 

assumptions 

 

Having a 

quantitative 

basis to start a 

project 

 

What the 

energy pie 

looks like 

 

What key 

strategies affect 

the energy pie 

 

Understand 

what the bigger 

decision issues 

are 

 

Client giving a 

Stakeholder 

specific 

brainstorming 

 

Level of 

importance of 

energy 

performance 

 

Level of 

importance of 

schedule 

 

Level of 

importance of 

cost 

 

Clear goal 

definition 

 

Architectural 

assumptions 

 

Detailed plug 

load 

assumptions 
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building 

Make initial 

assumptions based on 

basis of design 

document 

Perform early analysis 

through energy 

simulations 

Come up with optimum 

floor plate size through 

simulations 

Based on floor plate 

formulate passive 

strategies 

Identify how to make a 

big building act like a 

smaller passive 

building 

Put together 

recommendations to 

discuss with other 

teams 

lot of thought 

and making 

internal 

commitments 

Energy use 

breakdown 

 

Key strategies 

 

Define key 

decision issues 

 

Quantitative 

basis 

 

Define space 

type 

 

Define use type 

 

Owner 

commitment 

 

Occupant 

commitment 

Project goal 

setting 

charrettes 

Principal of 

architecture 

firm 

Client Project 

Manager 

Sustainability 

Director 

Design 

Principal 

Technical 

Project 

Manager 

Contracting 

Partners 

Principal of 

MEP firm 

MEP team 

leader 

Senior 

Engineer 

Energy 

Modeler 

Mechanical 

Engineer 

Structural 

Engineer 

Discuss RFP 

requirements as a 

team with all 

stakeholders 

Discuss best practices 

from all team 

experiences 

Create the most open 

mental framework for 

the team to work with 

Discuss the survey of 

all LEED Platinum and 

HPBs studied similar in 

program and scale 

MEP team present 

their lessons learnt 

from healthcare and 

office low energy 

project experience 

Daylighting consultants 

present overview of 

daylighting best 

Principals and 

practices 

Investigate what the 

client wanted in terms 

Team alignment 

around the goal 

 

Simple, elegant 

and daylit 

design 

 

Agree it can be 

done and in 

budget 

 

Energy model 

informing the 

form 

 

Commitment 

from every team 

member 

 

Project delivery 

process 

 

Ownership of 

energy goal 

 

 

Define key 

objectives 

 

Establish design 

criteria 

 

Explore design 

strategies 

 

Identify primary 

strategies 

 

Perform early 

simulations 

 

Optimization 

exercise 

 

Previous 

experience 

 

Best practices 

and lessons 

learnt 

 

Current state-of-
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Daylighting 

Designer 

LEED 

consultant 

Interior 

Designers 

 

of NZE 

Investigate the energy 

requirements 

Review NZE 

definitions framework 

created and published 

by the client 

Divide responsibilities 

for providing various 

content for the design 

competition proposal 

Begin work on the 

design 

MEP team present 

their recommendations 

floor plate width, 

orientation of building, 

cross ventilation and 

floor height 

Discuss strategies to 

mitigate mechanical 

system by using 

passive strategies 

Discuss site analysis 

to understand nature 

of land, shape of land, 

topography and soils 

report 

Discuss how the site 

informs design 

decisions 

Explore and 

understand 

photovoltaic systems 

Workout the cross 

section of the roof to 

attach the photovoltaic 

Study the program and 

identify elements to be 

put in the building 

Understand the head 

count need and the 

various groups in the 

office space 

Study the diagrams 

provided by the client 

of how they want the 

program to fit together 

the-art 

 

Division of 

responsibilities 

 

Resolution of 

building form 

 

Constructability 

issues 

 

Project budget 

 

Project schedule 

 

Tool selection 

 

Information 

exchange format 

 

Stakeholder 

expertise 
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inside the building 

Resolve the building 

form to fit in the site 

shape provided 

Conceptually layout 

the building program in 

the building form 

Workout detailed 

layouts to know the 

headcount fits in the 

building as per the 

program 

Decide the approach 

on passive strategies 

to implement 

Discuss 

constructability issues 

to choose most robust 

ideas 

Discuss cost 

implications of ideas 

Rank order things to 

look into more detail 

discipline wise 

Discuss implications of 

ideas from each 

disciplines perspective 

Discuss how to model 

the project visually, 

from energy and 

daylighting standpoint 

Decide what tools to 

use for architectural, 

mechanical and 

structural engineering 

Discuss how 

information will be 

exchanged 

Finalize best ideas 

with respect to all 

disciplines 

 

4.2.4.8. Design Competition Proposal  

The series of design charrettes helped establish the initial design approach. The 

owner’s desire to have a fairly high headcount in the office building for space 

efficiency could only be achieved by challenging their own conventional office 

space layout and sizes provided in the RFP program requirements. The design 
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team found that in order for the passive strategies of daylighting and natural 

ventilation to work efficiently, the program decisions had to be driven based on 

these passive strategies. Hence, they challenged the conventional office layout 

and proposed a completely new open office modular space configuration. The 

other drivers to keep the design simple and modular were to address simplicity 

and constructability issues. The idea was to split the building like a kit of parts for 

it to be simple and repetitive, thereby saving time and cost without compromising 

energy performance. Envelope decisions were driven by daylighting and natural 

ventilation followed by the selection of efficient mechanical systems. Since 

daylighting was one of the biggest components to help achieve the NZE goal 

daylighting simulations were performed by the MEP team as well as a separate 

daylighting consultant using Sensor Placement and Optimization Tool (SPOT) 

and Radiance. The inputs from the daylighting consultant were used to calibrate 

the whole building energy model for improved accuracy of the energy simulation 

(refer to Table 4–14). In order to commit to a firm-fixed price the design team had 

to develop enough scope to cover 65-70% of the project budget. The scope that 

they defined for the proposal included MEP, structural system, exterior envelope 

including precast, glass and roof system. While the architectural team with close 

integration of interior design was developing plans and sections, MEP team 

performed natural ventilation modeling and energy modeling to inform the design 

and keep track of the energy target. One of the key differentiators in approach 

compared to other D-B teams who also competed in the design competition was 

that the winning team located a kind of a D-B renewable company for power 

purchase agreement and understood the installation procedures for accurate 

design details and modeling (refer to Table 4–14). The MEP team performed 

assessments through simulations and calculations assisting the design team 

every step of the way. In order to get the commitments on price by sub-

contractors to fulfill the firm-fixed price commitment, the contracting partner used 

the same procurement and contract strategy as the owner used to hire the D-B 

team. Sub-contractors were shortlisted and selected based on their pre-

construction fee, resume, willingness and ability to support he delivery of price. 

As the owner had the option to select a team based on delivery of price, the 

contractor had the option to reselect new sub-contractors if price was 

undelivered. This process indicates that if a stakeholder group is held 

responsible and bound by contract to deliver their part of responsibilities, the risk 

of project success is shared amongst the team and does not primarily rest on the 

owner like in other traditional project delivery methods. The traditional D-B 

project delivery was transformed by the need for elevated level of detail to the 

cost drivers in structure, exterior envelope and mechanical system well in 

advance for certainty of price. Also, this risk sharing if combined with 
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performance-based incentives as in this case promotes higher level of integration 

between the stakeholders and facilitates design innovation. 

 

The key question in this phase was how to make a big building act like a small 

passive building. Strategies of natural ventilation and daylighting were used to 

change the relative dominance of different aspects of what the energy uses were 

in the building. The bigger the building, the chances of it being internally load 

dominated are more; the larger the building, more analysis and level of detail is 

required that needs allocation of project budget and resources. Design was 

started with the architecture and passive strategies to take care of the 

downstream energy uses first and then work backwards. Reducing lighting 

energy and making daylighting work was identified as critical for the NZE goal. 

Daylighting drove the building geometry, architecture, what the envelope looked 

like and the massing. Approach to get passive preheating from the façade was 

conceived and the general Principal of how the building was going to work was 

sorted out during this phase.  

 

Table 4–14: Key phases and processes for early design approach and design 

competition proposal 

Phases of 

Assessment 

Central 

Stakeholders 

Processes & Sub-

Processes 

Central Issues Process-Based 

Key Performance 

Indicators 

Establish 

design 

approach 

Principal of 

architecture 

firm 

Client Project 

Manager 

Sustainability 

Director 

Design 

Principal 

Technical 

Project 

Manager 

Contracting 

partners 

Principal of 

MEP firm 

MEP team 

leader 

Senior 

Engineer 

Energy 

Modeler 

Develop overall 

massing of the 

building based on 

daylighting and 

natural ventilation 

Design skinny floor 

plate configuration 

along E-W 

Design modular open 

office space to fit 

program on the site 

Develop envelope 

Develop design as 

simple and modular 

Provide structural 

stability using slabs 

due to expansive 

soils 

Select mechanical 

systems 

Incorporate 

daylighting 

Passive good 

architecture 

 

Simple and 

repetitive 

design goal 

 

Prove it can be 

easy and 

affordable 

 

Allowing energy 

to be a part of 

decision-

making process 

 

Drive down 

active systems 

 

Commitment 

from every 

team member 

Location 

 

Project type 

 

Load mitigation 

 

Simplicity 

 

Constructability 

 

Repetitive design 

 

Design 

optimization 

 

 

Simple and robust 

systems 

 

Stakeholder 

commitment 
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Mechanical 

Engineer 

Structural 

Engineer 

Daylighting 

Designer 

LEED 

consultant 

Interior 

Designers 

 

considerations Integrated design 

approach 

 

Integrated team 

 

NZE goal 

ownership 

 

Firm fixed price 

contract 

Develop early 

design scope 

Principal of 

architecture 

firm 

Client Project 

Manager 

Sustainability 

Director 

Design 

Principal 

Technical 

Project 

Manager 

Contracting 

partners 

Define the nominal 

description of work 

for the limited scope 

Develop multi-storey 

building section 

through the main 

building 

Optimize site, 

program, space plan 

and building section 

Develop floor plans, 

drawings and 

illustrations 

Create spreadsheet 

to keep track of 

energy target 

Look into prefab 

precast concrete 

walls to tie into the 

color and look of the 

existing campus 

Early integration of 

interior design to 

improve daylighting 

and natural 

ventilation 

Design offices as two 

modular options 

based on same 

planning module 

Optimize low partition 

heights, offices 

without ceilings, 

location of partitions 

and materials to use 

for daylighting and 

natural ventilation 
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benefits 

Locate a kind of D-B 

renewable company 

for power purchase 

agreement 

Work with the 

installer to 

understand 

installation 

procedures for a 

realistic energy model 

and design details 

Show how to bring 

the finance for the 

photovoltaic to the 

project to commit to 

NZE goal 

Perform early 

cost 

assessment 

Contracting 

Partners 

Define the limited 

scope that controls 

about 65-70% of the 

project budget 

Calculate pricing for 

different tracks of 

design 

Keep track of pricing 

and optimize material 

choices based on 

energy, cost, 

aesthetics, schedule 

and other 

performances 

Cost of high 

quality exterior 

envelope 

system 

 

Reduce cost of 

everything else 

as a trade off 

 

Technical 

challenge 

 

Perform early 

design 

assessment 

Principal of 

MEP firm 

MEP team 

leader 

Senior 

Engineer 

Energy 

Modeler 

Mechanical 

Engineer 

Assess the 

architecture and 

passive strategies 

Perform bulk air flow 

simulation for natural 

ventilation 

Assess height and 

width of the floor 

plate and size of 

opening for natural 

ventilation 

Assess trade-offs 

between heat loss 

and heat gain through 

the openings 

Assess how much 

space is needed to 

Research on 

plug loads 

 

Schedule very 

aggressive 

 

Energy 

accounting to 

the smallest 

level of detail 

 

Staging of 

design and 

construction 

 

Detailed energy 

analysis 

Plug loads 

mitigation 

 

Detailed energy 

accounting 
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be naturally ventilated 

Assess which is a 

better strategy for 

cross ventilation 

Tweak the natural 

ventilation model to 

look at temperatures 

in spaces to assess 

effectiveness 

Minimize the 

downstream energy 

uses first 

Work backwards to 

assess other energy 

uses such as plug 

loads 

Reduce lighting 

energy dramatically 

Reduce energy put 

into pre-heating or 

pre-cooling outside 

air 

Suggest insulation 

levels, window U-

values, materials and 

techniques to 

architects 

Design assist 

architect for thermal 

bridging potential in 

design details 

 

Issue of plug 

loads 

Perform early 

daylight 

assessment 

Daylighting 

designer 

Provide feedback on 

impact of design 

decisions relative to 

daylighting 

Help with early 

assessment of 

window configuration 

and glass type 

Assess window to 

wall ratio from 

daylighting 

perspective 

Identify amount of 

daylight redirection 

devices needed 

Assess mounting 

height of windows 
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and daylight 

redirection devices 

Help architects with 

design of window 

sizes and position of 

window opening on 

the facade 

Design 

competition 

proposal 

Principal of 

architecture 

firm 

Client Project 

Manager 

Sustainability 

Director 

Design 

Principal 

Technical 

Project 

Manager 

Contracting 

Partners 

Principal of 

MEP firm 

MEP team 

leader 

Senior 

Engineer 

Energy 

Modeler 

Mechanical 

Engineer 

Structural 

Engineer 

Daylighting 

Designer 

LEED 

consultant 

Interior 

Designers 

 

Develop scope to 

cover 65-70% of 

budget 

Get commitments on 

price by contractors 

Write descriptions of 

the scope of work 

Request 

qualifications from 

sub-contractors that 

represent various 

scopes of work 

Review sub-

contractors resume, 

proposal and 

statements of 

qualification 

Shortlist sub-

contractors for each 

scope 

Interview teams and 

have them submit 

their costs for pre-

construction 

Select sub-

contractors based on 

their general 

conditions, pre-

construction fee, 

resume and 

willingness and ability 

to support the 

delivery of price 

Select or reselect 

new sub-contractors 

if price undelivered 

Write narratives 

about architecture, 

interior design and 

engineering systems 

of the building 
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Compile energy 

model, daylighting 

models, natural 

ventilation models, 

renderings and 

calculation 

spreadsheets from all 

stakeholders 

Put together final 

submission of design 

proposal 

Present design and 

energy commitments 

to owner 

Review 

competing 

design 

solutions 

Owners 

project team 

Inspect teams original 

ideas based on the 

given budget, site 

and performance 

goals 

Let D-B team 

propose a schedule 

that they think is 

realistic 

Review all design 

scope and design 

development 

Verify the proposed 

solution is going to 

meet the 

performance 

specifications 

Score the final 

submissions and 

interview the 

shortlisted teams 

Select the final team 

based on their 

commitment to NZE 

performance and 

delivery 

Let the D-B 

team choose 

the scope of 

work 

 

Leave design 

details to the D-

B team 

 

Let D-B team 

propose a 

schedule that is 

realistic 

 

Influence 

design by 

performance 

specifications 

 

Help in a 

positive attitude 

 

 

Allow fluid scope 

 

Provide design 

flexibility 

 

Safety prime 

concern 

 

Control of space 

 

Incentive/penalty 

program 

 

NZE Commitment 

 

NZE performance 

delivery 

 

Review design 

scope 

 

Verify proposed 

solutions 

 

4.2.4.9. Design Feasibility 

Once the final design competition proposal was selected the owner’s project 

team requested the D-B team to align the budget with the proposed design 

allowing them an opportunity to make modifications as long as the promised 

obligations were met. This phase of budget design alignment was crucial early on 

in the design process since the signing of the contract was binding to the 
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commitments made in the design competition and the assignment of the contract 

was based on confirmation of the NZE/ EUI commitment in terms of delivery 

(refer to Table 4–15). This was an opportunity for the design team to go over 

their design solutions, review strategies based on cost and performance, workout 

more accurate pricing and identify strategies that need replacing due to cost or 

performance issues. Since the D-B team was at a risk of losing 50% of the 

design fee, the owner was able to manage risk by adding this control strategy of 

commitment to design performance and cost. This way the owner transformed 

the traditional design phase of value engineering process to happen early on 

where the design team was responsible for the commitments and design 

solutions they made to win the competition. Therefore the owner got more value 

through this project delivery in cost and timesavings.  

 

Table 4–15: Key phases and processes to assess design feasibility and 

alignment of budget and design and signing of phase-wise contracts 

Phases of 

Assessment 

Central 

Stakeholders 

Processes & Sub-

Processes 

Central Issues Process Based 

Key 

Performance 

Indicators 

Budget 

design 

alignment 

Client Project 

Manager 

Sustainability 

Director 

Design 

Principal 

Technical 

Project 

Manager 

Contracting 

Partners 

Principal of 

MEP firm 

MEP team 

leader 

Senior 

Engineer 

Energy 

Modeler 

Daylighting 

Designer 

Interior 

Designers 

Reassess design to 

align with the 

budget 

Make modifications 

as long as promised 

obligations are met 

Review strategies 

based on cost and 

performance 

Workout more 

accurate pricing 

Analyze feasibility 

of commitments 

made 

Identify strategies 

or ideas that 

needed to be 

replaced due to 

cost 

Request all teams 

to look for 

replacements for 

the identified cost 

issues 

Eliminate or replace 

design elements 

Firm fixed price Cost 

implications 

 

Detailed cost 

assessment 

 

Accurate 

pricing 

 

Performance 

driven design 

 

Cost driven 

tradeoffs 

 

Replacement 

strategies 

 

Design 

feasibility 
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with cost and 

performance 

constraints 

Propose new 

design solutions 

Feasibility of 

design 

solutions 

Client Project 

Manager 

Sustainability 

Director 

Design 

Principal 

Technical 

Project 

Manager 

Contracting 

Partners 

Principal of 

MEP firm 

MEP team 

leader 

Senior 

Engineer 

Energy 

Modeler 

Analyze 

performance of 

vertical photovoltaic 

on proposed double 

façade 

Analyze energy 

savings due to 

double façade 

Consider another 

option as a 

replacement for the 

double façade 

strategy 

Evaluate the 

transpired solar 

collector as a 

strategy for the 

south façade 

Assess if 

replacement does 

accomplish pre-

heating and is cost 

effective technology 

Contractual liability 

 

Firm fixed price 

 

Project schedule 

Design 

feasibility 

 

Cost 

implications 

 

Contractual 

obligation 

 

Schedule 

 

Budget 

 

Design 

performance 

 

NZE design 

goal 

 

 

 

Sign final 

contract 

Owners project 

team 

Request D-B team 

to align budget with 

design 

Signing of contract 

binding to 

commitments made 

in design 

competition 

Allow modifications 

as long as 

obligations are met 

Assign contract to 

confirmation of 

EUI/NZE 

commitment in 

terms of delivery 

No one responsible 

party for NZE goal 

 

Difficult for owners 

to have the 

expertise to 

manage their 

design and 

construction 

partners 

 

Risk falls to the 

owner to manage 

 

Team selection 

criteria 

Risk 

management 

 

Engineers 

influence 

 

Facilitate 

innovation  

 

Facilitate 

integration 

 

Contractual 

obligation 

 

4.2.4.10. Tool Selection 

The MEP team conducted initial daylighting studies and natural ventilation 

studies using Integrated Environmental Solutions (IES) building assessment 

software tool. IES is used for bulk airflow modeling with single node in how the 
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spaces are divided. Dividing the space into enough grid patterns can accurately 

predict natural ventilation from a temperature standpoint in a particular space. 

IES was chosen due to its accuracy. IES informed the width of the floor plate, 

orientation and floor height. Shading studies done using IES informed how the 

floor plate was arranged in the lazy ‘H’ configuration so that the two wings did not 

shade each other and helped identify the optimum distance between the wings. 

Whole building energy simulations were done with eQUEST. eQUEST was 

chosen due to its accuracy to a certain extent and the speed needed due to an 

aggressive project schedule. The level of detail of modeling and analysis 

performed was a factor of the budget, project schedule, experience with software 

and previous experience on other projects. A SketchUp model was used initially 

for the massing studies of the building and big level strategies were tested for 

goal achievement. The daylight designer used Sensor Placement and 

Optimization Tool (SPOT) and Radiance to model daylighting simulations. SPOT 

“…helps establish optimal photo sensor placement in a given space relative to 

annual performance and annual energy savings” (U.S. Department of Energy, 

Building Energy Software Tools Directory, 2015). More subjective simulations 

were done using Radiance such as to show the potential of glare and visual 

discomfort to show the owner how the place will look and feel with daylight. 

Combining the data from all the models together for energy and for measurement 

and verification was key. A control strategy that the owner used to add value to 

the design process was by requiring an ‘As-Built’ whole building energy model 

after construction that incorporated the modifications made in construction. The 

owner used this model to tweak the building in the first year of operation to 

compare the results of designed NZE goal versus the actual energy usage in 

operation. By tweaking the designed energy model to ‘As-Built’ energy model, 

the owner had the opportunity to operate the building as it needed to be operated 

to produce the desired EUI goal and assess the causes of any issues than 

looking at the operational data a year after. Calibration of operations to match 

designed intent is an important consideration in bridging the gap between 

designed and operational NZE goal. Measures should be taken to first integrate 

accurate occupant energy use patterns and plug load data into the energy 

analysis to ensure thermal comfort of occupants is not compromised. This is an 

iterative process that will need efforts from owners, occupants and design teams 

in integrating accurate building performance measures and reducing uncertainty 

of simulation results. 

 

4.2.4.11. Reducing Uncertainties 

The disadvantage of using eQUEST was that certain aspects of performance are 

either underestimated or overestimated. Other simulation tools were used in such 
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scenarios to get more accurate results. For example, Radiance was used as a 

pre-process tool to create more accurate lighting schedule for energy modeling. 

SPOT simulations of annual electric lighting in terms of how much electric lighting 

responded to daylight availability were calculated. The lighting schedules thus 

generated informed the energy model that lights would be off for those hours of 

the year based on daylight design and prevailing weather on site. This strategy 

was used to assign the number of lights to be controlled by each monitoring 

system and define different dimming algorithms to control lighting levels 

corresponding to daylight availability throughout the year (refer to Table 4–16). 

 

U-values and heat transfers were calculated using Lawrence Berkley National 

Laboratory’s heat transfer analysis tool called THERM and other heat transfer 

models to input the accurate values into eQUEST. U-value for every window 

including framing, mullions and glass was calculated using Lawrence Berkley 

National Laboratory’s windows and daylighting software called WINDOW in order 

to input accurate U-values for every window in eQUEST. Turning off the 

thermostat in eQUEST used 8760 files to plug natural ventilation data from visual 

analysis tool IES into energy modeling tool eQUEST. Input from natural 

ventilation modeling initially informed decisions regarding the height of the floor 

plate, width of the floor plate, size of the opening for natural ventilation and 

tradeoff between heat loss and heat gain through the openings. The natural 

ventilation modeling also drove decisions such as amount of space needed to be 

naturally ventilated, choosing an effective strategy between hi/low windows or 

open floor and high exhaust or cross-ventilation. The model was assessed to 

evaluate the temperatures in the space and assess the effectiveness of the 

strategies. The temperature gradient was assessed across multiple sections. 

Combining the data from all the models together into an 8760 file for energy use 

measurement and verification was key (refer to Table 4–16). 

 

Another control strategy that the owner used to add value to the design process 

was by requiring an ‘As-Built’ whole building energy model after construction that 

incorporated the modifications made in construction. The owner used this model 

to calibrate building operations in the first year to compare the results of 

designed energy use goal versus the actual energy usage in operation. This 

strategy addressed the shortcomings of taking a year’s worth of operational data 

and then modifying the design energy model to be used by owners to operate the 

building as per current LEED guidelines. By tweaking the designed energy model 

to ‘As-Built’ energy model, the owner had the opportunity to operate the building 

as it needed to be operated to produce the desired EUI goal and assess the 

causes of any issues than looking at the operational data a year after. This is 
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when the Energy Efficiency Representative took the role of the Performance 

Assurance Manager who needs to understand what is in the building, is it really 

needed and what is the most efficient way to operate. The role of the 

Performance Assurance Manager is to take all the design intent and energy 

model expectations set for the project and ensure everything involved in the 

operations are lying around those goals. This process completes the circle of the 

NZE design process by bridging the gap between the designed energy goal and 

the actual operational usage by continuous refinement of the assumptions made 

in design phase with actual energy usage numbers.   

 

Table 4–16: Key phases and processes for tool selection criteria and reducing 

uncertainties in design assumptions and improving simulation accuracy 

Phases of 

Assessment 

Central 

Stakeholders 

Processes & Sub-

Processes 

Central Issues Process-Based 

Key 

Performance 

Indicators 

Select 

assessment 

tools 

Principal of 

MEP firm 

MEP team 

leader 

Senior 

Engineer 

Energy 

Modeler 

Establish criteria for 

selection of tools 

Select assessment 

tools 

Having a 

quantitative basis 

to start a project 

Familiarity with 

tool 

Accuracy 

Speed 

Integration with 

other tools 

Design criteria 

Assessment 

method 

Project budget 

Project 

schedule 

Stakeholder 

experience 

with tool 

Previous 

experience 

Design 

charrette with 

client 

Principal of 

MEP firm 

MEP team 

leader 

Senior 

Engineer 

Energy 

Modeler 

Daylighting 

Designer 

Lighting 

Designer 

Work out more detail 

of the concept design 

Work out detailed 

plan of analysis 

Decide how to 

proceed forward to do 

what was said to be 

done 

Discuss the timeline 

Meet with the client 

and other team 

members 

Establish personal 

Understand 

operations closely 

Building 

operation 

schedule 

 

Design timeline 

 

Personal 

connection and 

rapport 

 

Detailed 

assumptions 
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connection and 

rapport early on 

Gather more detailed 

information 

Make better 

assumptions of what 

the building is going 

to be 

Gather detailed 

information about how 

the building is going 

to be used 

Identify what all is in 

the building 

Formulate strategy for 

detailed analysis of 

energy and natural 

ventilation 

Come up with a 

strategy to integrate 

the daylighting 

analysis in the energy 

model in a more 

precise manner 

Building use 

 

Detailed plug 

loads 

assessment 

 

Design 

approach 

 

Analysis 

approach 

 

Integration 

strategy 

 

NZE design 

goal accuracy  

Refine design 

elements 

 Workout more detail 

of concept design 

Work with contractors 

for more accurate 

pricing 

Work on design 

detailing and 

feasibility 

Design shading 

strategy 

Design for natural 

ventilation 

Expand south lighting 

zone 

Design spacing of 

punched windows 

Optimize height of the 

daylight portions of 

the windows 

Optimize window 

configuration and 

glass type to keep 

daylighting constant 

and reduce energy 

Optimize 

decisions with 

respect to all 

disciplines 

 

Integrate around 

finding solutions 

around cost, 

schedule and 

energy 

 

Decrease cost 

and increase 

performance 

 

 

Design 

detailing 

 

Design 

optimization 

 

Design 

integration 

 

Performance 

driven design 

 

Cost driven 

tradeoffs 

 

Accurate 

pricing 

 

Design 

feasibility 
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use 

Integrate daylighting 

with lighting design 

Design lighting control 

zones based on 

daylighting zones 

Design interior office 

spaces to compliment 

daylighting and 

natural ventilation 

Coordinate finishes 

for room surfaces, 

colors for paint to 

support daylighting 

needs 

Design furniture, 

furniture placement 

and partition heights 

Oversee changes in 

the direction of LEED 

and NZE balance 

Design detailing to 

minimize thermal 

bridging 

Put together 

submission package 

Perform 

detailed 

assessment 

 Natural ventilation 

analysis integrated in 

energy model 

Hybrid/passive 

strategies 

incorporated in the 

energy model 

Refine the façade and 

envelope details 

Workout right balance 

of windows for 

daylighting and for 

views 

Assess thermal 

performance of 

envelope 

Assess insulation 

levels 

Identify location of 

windows 

Identify where to put 

the operable windows 

Use off the shelf 

technologies in 

unique ways 

 

Design of controls 

and monitoring 

systems for 

maximal 

performance 

assurance 

 

Impact on interior 

loads and heat 

gain 

Innovative 

design 

 

Performance 

assurance 

 

Simulation 

accuracy 

 

Energy model 

integration 

 

Team 

collaboration 

 

Design 

optimization 

 

Cost 

implications 
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Convince the client to 

make exceptions on 

window requirements 

for natural ventilation 

performance 

Collaborate with 

interior designer on 

heath of partitions, 

locations of partitions 

and material use 

Collaborate with 

contractors and 

mechanical sub-

contractors on cost 

implications of 

selections made 

Optimize the sizing 

and number of 

windows that twill be 

operable for night 

flushing 

Perform 

detailed 

daylight 

assessment 

 Perform simulations 

for LEED daylight 

credit 

Perform annual 

simulations of electric 

lighting in response to 

daylight availability 

Use daylighting 

simulation to create 

lighting schedule for 

energy modeling 

Help design the 

building fenestration 

Optimize window to 

wall ratio based on 

daylighting 

Optimize visible light 

transmission 

Help lighting designer 

to circuit electric 

lighting for most 

flexibility 

Recommend lighting 

controls with least 

cost impact and 

commissioning 

complications 

Creative solutions Daylight 

simulations 

 

Create lighting 

schedules 

 

Design 

optimization 

 

Lighting design 

flexibility 

 

Innovative 

design 
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Review 

design 

solutions 

Owners 

project team 

Review all design 

scope and design 

development 

meetings 

Verify proposed 

solutions will meet 

performance 

specifications 

Provide help with plug 

load assumptions and 

strategies 

Inform teams about 

what hasn’t worked 

on previous projects 

Evaluate proposed 

solutions as design 

evolves 

Maximize number 

of people in the 

space 

 

Check if 

performance is 

being met 

 

Make sure 

complete 

commitment by 

all user groups 

 

Review decisions 

on what loads go 

through the 

building 

Normalize EUI 

 

Space 

efficiency 

 

Verify 

proposed 

solutions 

 

Plug load 

control 

collaboration 

 

4.2.4.12. Design Refinement 

The design competition proposal included about 30% of design development and 

was presented in the form of energy models, daylighting models, architectural 

renderings, narratives, calculation spreadsheets, cost analysis etc. Until this 

stage, the role of owner’s project team was to review the design proposal to 

verify if the project objectives and performance requirements will be achieved. As 

mentioned by the design team, the owner reviewed the design scope and had 

design development meetings but the interaction or feedback from owner’s team 

was very limited since they wanted to be fair to all the participating teams. This 

lack of interaction or opportunity for feedback by the owner at the most critical 

stage of the design process when major decisions were being made by the D-B 

team has been identified as an opportunity for improvement in the decision-

making process. Some participants expressed their dissatisfaction due to the 

lack of clarification of expectations about the process to make decisions and 

what the owner could expect from the D-B team. An open channel of 

communication between the owners and the design teams and establishing 

expectations about the overall decision-making process early on can help in 

minimizing communication challenges. Once the D-B team won the competition 

and signed the contract that is when the other team members met with the client 

and the rest of the design team to establish personal connection and rapport 

early on. This was an opportunity for the design team to gather more detailed 

information to make better assumptions about building space and use types, 

occupant use patterns and plug and process loads for a more detailed analysis 

(refer to Table 4–17). Post award of the competition, NREL campus architects, 

engineers and scientists from NREL’s buildings group reviewed the design very 
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carefully. As design evolved, the proposed solutions were evaluated and so once 

the D-B team was selected the owner’s team had inputs into the details of the 

design solutions.  

 

From here on design concepts were refined in detail, the systems and equipment 

within the building were decided in later phases. The design development was 

structured around the substantiation requirements. Given the aggressive 

schedule needs, the phase-wise energy substantiation requirements mandated 

more focus was given on energy modeling and other simulations to support the 

whole building modeling throughout the design process versus if it was a 

deliverable at the end of the design process (refer to Table 4–17). Natural 

ventilation analysis was integrated in the energy model during this phase. 

Building façade and envelope details were further developed. The optimum 

balance of windows for daylighting and views, optimization of thermal 

performance, insulation levels, location of windows, position of operable windows 

were developed and refined. Thermal bridging issues were addressed inside the 

radiant slab. DOE had strict window safety requirements that were conflicting 

with natural ventilation requirements. The design team had to convince the 

Owners to make exceptions to the window design requirements for the passive 

strategies to work since this required collaboration between interiors, acoustics 

and mechanical systems. An important consideration throughout the design 

process was to keep the design simple. NREL has been studying and monitoring 

HPBs and LEED Platinum projects for years and some of the reasons identified 

for failure of performance were failure of active technologies, mechanical 

programming errors or operator/ user errors. So the design team decided to use 

standard technologies in creative ways to make the design simple and energy-

efficient.   

 

Table 4–17: Key phases and processes for design refinement stage 

Phases of 

Assessment 

Central 

Stakeholders 

Processes & Sub-

Processes 

Central Issues Process Based 

Key 

Performance 

Indicators 

Refine design 

concept 

 Fine tune the building 

envelope 

Uprade windows to 

triple glazed option 

Collaborate on plug 

load control with client 

and user groups 

Detail design of 

external shading and 

Goal 

transferable to 

client for fine 

tuning the 

building 

Transferable 

goal 

 

Fine tune 

operations 
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control strategy 

Identify how many 

windows will be 

operable 

Establish how night 

purging will work 

Define how many 

window actuators 

need to be automatic 

Help develop the 

sequence of logic of 

temperatures to 

trigger the actuators 

Collaborate with MEP 

team on placement 

and sizing of windows 

for night cooling 

Specify electro-

chromic and thermo-

chromic glazing for E-

W facades 

Finalize basement 

design for 

substructure and 

groundwork to begin 

Finalize major pieces 

of equipment and 

envelope decisions 

Detailed design of 

building interiors 

Develop layouts of 

equipment selection, 

ductwork, piping and 

pump sizes 

Design furniture, 

furniture placement 

and partition heights 

Oversee changes on 

the direction of LEED 

and NZE balance 

Refine design 

detailing to minimize 

thermal bridging 

Put together the 

substantiation 

packages 

Perform 

detailed cost 

Contracting 

partner 

Analyze first cost of 

material and 

Massive 

implications for 

Budget 

First cost 
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assessment equipment choices to 

fit the budget 

Set priorities based 

on cost and energy 

performance to make 

trade offs 

Keep track of the 

budget and thermal 

performance of 

material and 

equipment choices 

every KWH 

energy used 

Performance 

driven design 

Cost driven 

tradeoffs 

Contractual 

obligation 

Refine 

simulations 

 Perform thermal 

bridging studies using 

heat transfer studies 

Recommend right 

details of construction 

of windows, walls, 

floor slabs and ceiling 

slabs to avoid thermal 

bridging 

Refine the thermal 

labyrinth strategy 

Identify number of 

partitions needed, 

thermal mass and 

density needed 

Develop spreadsheet 

calculations to 

estimate performance 

Tweak window sizes, 

daylight and vision 

portions for windows 

Assess design of 

shading options for 

windows 

Analyze location and 

configurations of 

operable windows 

and sizes 

Incorporate lighting 

schedules provided 

by daylighting 

designer into energy 

model for accuracy 

Identify strategies to 

avoid potential 

thermal bridging in 

final design 

Client to operate 

the building as it 

was designed 

Simulation 

accuracy 

 

Accurate 

performance 

estimates 

 

NZE 

transferable 

goal 
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Refine details to 

provide enough 

acoustical 

obsolescence in the 

spaces 

Maintain set back 

temperatures with 

hydronic systems 

Perform 

detailed 

lighting design 

 Design lighting for 

most flexibility with 

lighting controls 

Show potential for 

glare and visual 

discomfort 

Show to client how 

the space will look 

and feel with daylight 

Perform simulations 

to help MEP team to 

incorporate daylight 

responsive electric 

lighting controls into 

energy model 

Understand 

interaction between 

electric lighting and 

daylighting 

Coordinate with 

lighting designer to 

integrate electric 

lighting with 

daylighting 

Establish spatial 

distribution of daylight 

into logical electric 

lighting circuit zones 

Define lighting zones 

and their specific 

control strategies 

through dimming, 

partial dimming and 

automatic or manual 

controls 

Create lighting 

schedules for 

dimming fractions for 

every set of lights in 

the building 

Integrate results 

into energy 

model 

Energy model 

integration 

 

Lighting 

flexibility 

 

Glare analysis 

 

Visual daylight 

modeling 

 

Team 

collaboration 

 

Define lighting 

zones 

 

Design control 

strategies 

 

 

Create lighting 

schedules 
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Review 

substantiation 

packages 

 Review stage wise 

substantiation 

packages 

Review energy 

models and 

performance measure 

of solutions 

Recommend changes 

or provide feedback to 

the D-B team 

Review all design 

intent and energy 

expectations set for 

the project 

Ensure everything 

involved in the 

operations of the 

building are lying 

around the project 

goals 

Obligations 

around energy 

efficiency and 

LEED project 

guidelines 

 

Step acquisition 

approach 

 

Expectation and 

commitment by 

owner to have 

actual NZE in 

operation 

 

Substantiate 

contract 

requirements 

 

Request as-

built energy 

model 

 

Owner 

expectation 

 

NZE 

operational 

commitment 

 

Align building 

operations 

The design, energy and construction document submissions were divided into 

three substantiation packages – Design Package  (DP) 1, DP2 and DP3 based 

on the construction schedule and sequence. DP1 included the substructure, 

groundwork details, DP2 covered envelope, major pieces of equipment and DP3 

was the final construction documents for building interiors and everything else 

including layouts of equipment, selection, ductwork and piping and sizes. Apart 

from energy there were other substantiation requirements of how to maintain 

their equipment, how will equipment get in and out of the building, how different 

things in the building would be durable and stand up in time, issues of safety and 

public relations campaign. These issues were addressed and identified in the 

report for the owner to know that the D-B team was taking care of those things.  

4.2.5. ‘As-Is’ Design Process mapping - Case Study D 

For this case study’s decision mapping, the themes that helped map the design 

process and derive the emerging issues, considerations and challenges relevant 

to NZE goal are presented in the following sections. The objective of this analysis 

was to study and map the early design process implemented to attempt the goal 

of Net-Zero Energy (NZE) and Net-Zero Water as integrated strategies in pursuit 

of the Living Building status for Bullitt Center project. 

 

4.2.5.1. Interviewee Background 

13 stakeholders were interviewed representing the complete design team 

comprising of multiple disciplines such as development, architecture, mechanical 
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engineering, energy modeling, construction, lighting design, solar design, water 

and wastewater design and building envelope design.  

 

4.2.5.2. Team Selection 

Prior to the selection of the core design teams, the owner and developers first 

collaborated with the University of Washington for design feasibility study through 

introducing this project in design studio. In order to select the architectural and 

MEP teams, about 8-10 architecture firms were shortlisted from a selection of 

firms through interview and shortlisting process. The Owner selected the 

architectural firm and requested a list of potential MEP firms from the architects 

to review their preference. Shortlisted MEP firms were also asked to recommend 

preferred architectural partners for Owner’s review. Through this process, the 

final architecture and MEP firms were selected along with the selection of the 

construction team early on. The architectural team helped the Owner and the 

Developers with the shortlisting and final selection of the rest of the teams (refer 

to Table 4–18).  

 

The architectural firm had previous extensive working relationship with the MEP 

firm, civil, structural engineering firm and landscape architects. Although not 

clearly defined, owner’s gathering of recommendations on potential design team 

partners shows team selection criteria were based on both previous working 

relationship between the teams, teams’ expertise and ability to deliver NZEB. 

The Solar Consultants, Building Envelope and Water Consultants were 

appointed due to the aggressive NZE, NZW and Living Building status pursuit 

goals. Selection of MEP team was identified as the most important decision in 

team selection process for NZEBs. Selection of internal teams within design 

teams was dependent on stakeholders experience, expertise and/or willingness 

to learn. AS identified by the design team, the ability to think differently or the 

ability to learn was critical for each team member. This demonstrates that 

personal traits, skills, expertise and experience all play an important part with 

varying level of importance in the team selection criteria. Stakeholder and team 

abilities should be clearly defined in the form of competencies to demonstrate 

stakeholder or team capabilities to deliver NZEBs.  

 

4.2.5.3. Project Delivery Method 

Guaranteed Maximum Price (GMP) contract method was used for procurement 

of the project,  

 

The possibility of adopting Integrated Project Delivery was considered early on 

but was quickly disregarded due to team’s unfamiliarity of the contract terms and 
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methods. Owner and the design teams recognized the need to function as an 

integrated team for the success of the project and implemented early 

collaboration efforts despite the contract terms. Early integration of the complete 

design team was evident from the design mapping process.  

 

The core design team comprised of the architectural team, MEP team and 

construction team. Pursuit of Living Building status was a critical goal set by the 

owner that made material sourcing and compliance with the Living Building 

Challenge (LBC) red lists an important project objective. So early involvement of 

the construction team was critical to the success of this project (refer to Table 4–

18). All the participants emphasized the need for early integration of key 

stakeholders for the team to function as an integrated design team. 

 

Table 4-18 – Important phases and processes relevant to initiation of project, 

project delivery method and team selection 

Phases of 

Assessment 

Central 

Stakeholders 

Processes & Sub-

Processes 

Central Issues Process-Based 

Key 

Performance 

Indicators 

Starting up a 

project 

Owner’s 

project team 

Appoint a developer 

Define project 

context 

Discuss project 

approach 

Establish measure of 

success for project 

goals 

Project oversight 

 

Owner mission 

Owner values 

 

 

Living Building 

Goal 

 

Mission goal 

alignment 

Initiate the 

project 

Owner’s 

project team 

Establish initial 

teams shortlisting 

criteria 

Develop request for 

proposal 

Develop request for 

interest 

Send out request for 

statement of 

qualifications 

Understand 

important factors 

affecting the 

project goals 

 

Project 

constraints 

 

Team 

competency 

Select project 

teams 

Owner’s 

project team 

Shortlist and 

interview 

architecture firms 

Shortlist and 

interview MEP firms 

Select MEP firm, 

architecture firm and 

contractors 

Design team’s 

working 

relationship 

Previous 

working 

relationship 

 

Team expertise 

 

NZE capabilities 
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Select rest of 

the design 

team 

Owner’s 

project team 

Architectural 

team 

Identify water 

consultants, building 

envelope 

consultants and 

solar consultants 

Interview and select 

specialty consultants 

Appoint lighting 

design consultant 

Living Building 

Challenge 

Team expertise 

Decide project 

approach 

Owner’s 

project team 

Project 

Architect 

Senior 

Engineer 

Contractor 

Select project 

delivery method 

Formulate 

contractual 

agreement terms 

Decide team 

organization and 

involvement 

approach 

Formulate project 

objectives 

Function as 

integrated 

project team 

 

Base objectives 

on Living 

Building 

Challenge 

guidelines 

Early team 

integration 

 

Familiarity with 

contract terms 

 

Design team 

organization 

 

Project 

objectives 

 

4.2.5.4. Project Goal Setting 

Four primary objectives were set by the owner’s project team; one was to attempt 

the Living Building Challenge certification by achieving Net-Zero Energy and Net-

Zero Water goals, second was to make this a financially replicable project as a 

prototype for other developers to emulate, third was to design for an expected 

building service life of 250 years and the fourth objective was to define a design 

vernacular for what a performance based regional design aesthetic would look 

like. An important aspect of attempting the living building challenge certification is 

compliance of the building materials used as per the guidelines on red list 

materials. Major portion of the design efforts and time went into the research and 

procurement of compliant materials. Every product had to be assessed for its 

constituent building materials to meet the environmental criteria and not include 

any of the prohibited red list materials such as asbestos, lead, cadmium, 

formaldehyde, etc. The objective of making a building that is financially replicable 

forced the team to find the most economic and off-the shelf solutions. 

 

Once all the key stakeholders were selected and the design team was put 

together, all stakeholders were brought together for brainstorming in design 

charrettes. Apart from the architects, engineers, contractors, and specialty 

consultants, the key participants were industry leaders and experts from the 

Rocky Mountain Institute, World Change Foundation, New Building Institute, 

Healthy Buildings and the University of Washington. The agenda of these design 

charrettes was to analyze the site, assess available resources, evaluate 
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requirements of the site, and then reverse engineer the program to fit the needs. 

Strategies were explored and discussed to decide the direction that the team 

thought would work. The outcome of the design charrettes was to assess 

preliminary energy calculations, understand what a tight and better building 

envelope would mean and decide the design approach to be taken forward. 

Precedence studies were conducted to research the most energy efficient 

buildings; a goal was set not to use unique systems that are not easily replicable. 

Fairly simple and tested technologies were decided for the mechanical systems 

such as geothermal system with air-handling units with heat recovery and radiant 

system. These decisions were made primarily due to previous experience from 

using these systems on other projects and knowing the technology from lessons 

learned. 

 

The owner having a clear and definitive goal of pursuing the Living Building 

status and Net-Zero Energy was critical to the alignment of goals for the entire 

design team since the very beginning (refer to Table 4–19). The Living Building 

guidelines became the guiding document to define the performance goals for the 

project. Initially the challenge was to generate enough power on site to meet the 

estimated demand side energy use. The 50,000 sq.ft. gross building area needed 

for the project’s financial viability informed the requirement for renewable energy 

generation and resulted in setting the EUI target at 20 kBtu/sq.ft. 

 

4.2.5.5. Program Requirements 

While deciding the building program type, consideration was given to 

residential/office or retail/office mixed-use tenant spaces but the difficulty to 

control energy use of residential and retail tenants led to the decision of providing 

a 100% commercial office space. With wind power being ruled out early on due 

to Seattle’s climate, calculation of renewable energy that could be generated 

using solar photovoltaic panels on the roof and the south façade still left a 40% 

deficit of energy needed. This left the design team with two options, one was to 

shrink the program by 40% to decrease energy consumption or the second was 

to extend the roof out to the face of the side walk. A variance from the city 

allowed extension of the photovoltaic panels on all four sides to cover the extra 

40% energy needed and lowered the EUI target to 16 kBtu/sq.ft. 

 

4.2.5.6. Benchmarking Exercise 

Research was conducted both independently and jointly in the form of design 

charrettes to explore best technologies and strategies suitable for the climate and 

project needs (refer to Table 4–19). Early analysis on on-site rainwater collection 

and water demand informed the feasibility testing of wastewater treatment on 
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site. Using a geothermal system was an early choice since the architects and 

MEP team had previous experience with the system. Sunlight and rainfall were 

the two critical resources for the project given the cloudy Seattle climate. The 

design team reverse engineered the energy budgets and water budgets by 

assessing the available renewable resources and set goals for the entire design 

team to work within those budgets. 

 

 

Table 4-19 – Important phases and processes relevant to initiation of design, 

project goal setting and program requirements and benchmarking exercise 

Phases of 

Assessment 

Central 

Stakeholders 

Processes & 

Sub-Processes 

Central Issues Process Based 

Key Performance 

Indicators 

Initiate the 

design 

Owner’s 

project team 

Project 

Architect 

Senior 

Engineer 

Contractor 

Collaborate with 

owner and 

complete design 

team 

Research specific 

climate information 

Identify resources 

available on site 

Review zoning 

requirements for 

the site 

Identify program of 

physical spaces 

needed 

Get a sense of the 

direction for design 

approach 

Conduct site 

analysis 

Review Living 

Building Challenge 

guidelines 

Start basic building 

modeling 

Assess initial 

building shape, 

orientation, size, 

structure types 

Project 

oversight 

 

Owner 

mission 

Owner values 

 

Define 

program 

requirements 

 

Simplified 

building forms 

Team 

collaboration 

 

Early design 

approach 

 

Team 

commitment 

Initiate 

benchmarking 

exercise 

Owner’s 

project team 

Project 

Architect 

Senior 

Research current 

state-of-the-art 

buildings and their 

performance 

Evaluate energy 

Identify 

applicable 

strategies 

Understand 

energy 

consumption 

 

Understand water 
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Engineer 

Lead 

Mechanical 

Engineer 

Contractor 

Specialty 

Consultants 

Advisors 

Structural 

Engineer 

consumption of 

HPBs 

Understand 

current relevant 

technologies and 

products 

Compare similar 

building projects 

from HPB 

database 

Identify renewable 

energy sources on 

site 

Identify how much 

water can be 

collected on site 

over the year 

Estimate rough 

water use for the 

building 

Understand what 

strategies are 

feasible on site 

Reverse engineer 

energy 

requirements 

based on available 

resources 

Understand typical 

EUI of similar 

building types in 

similar climate 

Identify products 

and solutions that 

can work for this 

project 

consumption 

 

Understand 

renewable energy 

production 

 

Goal definition 

methods 

 

Project goal 

setting 

Owner’s 

project team 

Project 

Architect 

Senior 

Engineer 

Lead 

Mechanical 

Engineer 

Contractor 

Specialty 

Consultants 

Provide rough 

building form for 

energy use 

calculations 

Calculate energy 

and water budget 

for the building 

Set EUI goal for 

the building 

Set goals for 

energy and water 

budgets 

Project 

constraints 

 

Design criteria 

 

Appropriate 

starting point 

EUI goal 

definition 

 

Energy and water 

sub-goals 

 

Team experience 

 

Team involvement 

 

Division of 

responsibilities 
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Advisors 

Structural 

Engineer 

Identify goals for 

each sub-group of 

energy use 

Define discipline-

specific goals 

Brainstorm initial 

design ideas 

Establish design 

approach 

Use previous 

approach on HPBs 

as an appropriate 

starting point 

Identify project 

context 

Identify project 

constraints 

Establish design 

criteria 

Draft a schematic 

design narrative to 

describe the 

proposed systems 

 

Team 

commitment 

Review initial 

design 

direction 

Owner’s 

project team 

Explain project 

objectives and 

project vision 

Oversee design 

approach and 

decision-making 

Process 

oversight 

Project budget 

 

Project feasibility 

 

4.2.5.7. Tool Selection 

The architectural team simulated multiple scenarios to optimize photovoltaic 

panel design, skylight integration with photovoltaic and tilt angles using Rhino. 

Initial daylighting analysis, massing studies, fenestration patterns and window to 

wall ratios were analyzed through multiple iterations using Ecotect. An exception 

to MEP team’s previous practice was the depth of energy modeling and aspect of 

comfort modeling need for this project. eQuest was used for energy modeling to 

assess the performance of design solutions. Lighting and daylighting 

collaboration between the Integrated Design Lab and the lighting designer was 

performed using Radiance, Ecotect and AGI and some physical models. The 

MEP team, lighting designer and IDL worked together with the architects to 

assess different building forms, review modeling, window heights and spacing of 

windows, zones were assessed intuitively and informed the zoning for controls. 

Daylight zones were designed followed by electric lighting design. Natural 

ventilation analysis was performed using TAS. 
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As per the experts, primary drivers for tool selection were experience with the 

software, confidence in accuracy of results, understanding of tool limitations and 

ability to get results in a timely manner. Tool selection should be dependent on 

the design teams objectives. For example, choosing a tool based on simulation 

run time can allow the teams to run a lot more model iterations and allow faster 

troubleshooting of the models. As a result, it might help the teams with focusing 

on refining the quality of the model. It is important for design teams to understand 

the limitations of tools and have the knowledge of workarounds to be able to use 

the tools for specific needs of projects. 

 

4.2.5.8. Early Design Proposal 

Early on three big level concept design options were considered, one was 

providing a central atrium throughout the building, second was to design the 

building form around a courtyard and third was planning the building without an 

atrium or a courtyard. The first two concepts were quickly rejected due to 

practicality, cost implications and the limitations of furniture layouts for office 

settings. Option three was explored further by modeling sub-sets such as floor-

to-floor heights, percentage of glazing for the building, number of floors etc. 

Since this was a speculative tenant office building, the financial feasibility in 

recovering the costs through rents or lease played an important role in deciding 

the gross building area. Therefore, financially for the concept to be viable six 

floors were needed based on the building area needed.  

 

Key design strategies were to analyze photovoltaic energy production through 

parametric modeling, rotating panels and saw tooth roof configuration given the 

urban setting and allowable height limits. Providing natural daylighting to 

maximize daylight reaching the inside space was another primary strategy that 

guided design decisions. Therefore, the task initially was to develop the ideal 

form of roof while balancing the daylight levels inside the building. Early energy 

modeling was performed to assess the performance of wall assemblies, curtain 

wall systems and mechanical systems. Daylight drove the dimension of the floor 

plate to be 70’ wide. The tops of the windows were designed to be as high as 

possible in the horizontal direction to bring in more daylight. Comparative 

analysis was performed on fiberglass windows versus curtain wall aluminum 

systems to assess their thermal performance as well as daylighting performance 

and cost implications. Whole building feasibility studies required considering 

building materials performance attributes, cost attributes, regional sourcing and 

thermal performance. For this the design and MEP teams conducted multiple 

assessments of infiltration and massing. 
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Next two to three months went into developing the ideas and pricing exercises. 

The atrium scheme had too much skin, so the next exploration was for a skinny 

building with no atrium. While these design concepts were being developed, 

simultaneously on the developer’s side the process of applying for variances to 

increase the floor-to-floor height and overall height of the building were being 

pursued. Selection of the structural system was assessed between using 

concrete versus wood due to the seismic zone regulations. Addressing the goal 

of providing a superstructure with a life span of 250 years, concrete was chosen 

as the structural material for 2 floors and heavy timber was chosen as the main 

structural material for the rest of the floors mainly since timber is easy to retrofit. 

The skin of the building was designed for a 50-year life span. Having set energy 

generation needs based on the initial known factors such as shape of the 

building, footprint of the building and the number of floors; photovoltaic panels 

were proposed to be put both on the roof of the building and on outside overhang 

extending beyond the building. By the end of schematic design, the decision to 

get rid of some of the photovoltaic panels on the overhang due to cost 

implications created a deficit of 3000-3500 kWh of energy needed. Reducing 

plug loads became more important here on along with optimized lighting. 

 

4.2.5.9. Integrated Design 

Initial brainstorming ideas included exploring strategies used by NZEB buildings 

similar in type, scale and climate conditions to assess the potential to achieve 

NZE and NZW to pursue the Living Building Challenge. Before any form of 

energy modeling began, the question was to understand the distribution of 

energy loads in a typical building as percentages of heating and cooling loads, 

lighting and plug loads, etc. While the MEP team was trying to identify the 

available resources to formulate the energy and water budgets, the architectural 

team was exploring initial massing options. Collaboration between the teams 

began with assessing different scenarios to evaluate renewable energy 

generation, demand-side energy use minimization using an efficient building 

envelope, daylighting the building and reducing plug loads. Since the occupants 

were going to be unknown tenants leasing the spaces for this project, 

assumptions had to be made on occupant use patterns based on some user 

group preference studies conducted as a parallel process along with the design 

process. Extensive integration was needed to optimize the glazing percentages, 

daylighting, natural ventilation and thermal comfort analysis. 

 

Table 4-20 – Important phases and processes relevant to tool selection, early 

design proposal and integrated design 
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Phases of 

Assessment 

Central 

Stakeholders 

Processes & Sub-

Processes 

Central Issues Process Based 

Key 

Performance 

Indicators 

Explore 

design ideas 

Owner’s 

project team 

Project 

Architect 

Senior 

Engineer 

Lead 

Mechanical 

Engineer 

Contractor 

Specialty 

Consultants 

Advisors 

Structural 

Engineer 

Collaborate with 

owner and entire 

design team 

Explore early design 

options 

Identify tilt of PV 

panels 

Based on PV energy 

either reduce program 

or increase energy 

production 

Assume a certain 

occupant level 

Develop initial 

concepts for massing 

Define program 

requirements 

Perform rough cost 

estimates for initial 

massing concepts 

Study feasibility of 

concept options 

Study physical models 

for daylighiting 

Develop massing 

through daylight 

analysis 

Define a consolidated 

building form 

Establish energy 

savings through 

architectural design 

Draft schematic 

design narratives and 

sketches from all 

disciplines  

Maximize 

renewable 

energy 

efficiency 

 

Speculative 

tenant 

building 

 

Zoning 

limitations 

 

Site 

limitations 

Urban context 

Team 

collaboration 

 

Renewable 

energy 

production 

 

Occupant type 

 

Program 

adaptation 

 

Passive 

architectural 

design 

Select 

assessment 

tools 

Project 

Architect 

Senior 

Engineer 

Lead 

Mechanical 

Engineer 

 

Establish criteria for 

selection of tools 

Select assessment 

tools 

Familiarity 

with tools 

 

Accuracy to 

predict energy 

use 

 

Project budget 

Tools selection 

criteria 

 

Team 

experience 

 

Team expertise 
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Tools 

limitations 

 

Model quality 

Simulation 

accuracy 

 

Reducing 

uncertainty 

Develop 

design 

strategies 

Owner’s 

project team 

Project 

Architect 

Senior 

Engineer 

Lead 

Mechanical 

Engineer 

Contractor 

Specialty 

Consultants 

Structural 

Engineer 

Perform early 

modeling to refine 

building shape and 

massing 

Define maximum 

width of floor plate 

Solve program within 

building form 

Resolve floor to floor 

height 

Define number of 

floors 

Choose glazing and 

wall systems 

Develop building 

envelope 

Assess tentative 

glazing percentage 

Saleable area 

 

Project 

feasibility 

 

Project budget 

Program 

definition 

 

Project 

objectives 

 

Number of 

floors 

 

Develop 

lighting 

design 

strategies 

Senior 

Engineer 

Lead 

Mechanical 

Engineer 

Lighting 

Designer 

Make assumptions 

based on previous 

experience 

Recommend 

technologies to use 

Provide support with 

potential goals for 

lighting power 

densities 

Set goal for lighting 

power density 

Write narrative for 

basis of design for 

lighting power density 

and control systems 

Experience 

based starting 

points 

Team 

experience 

 

Team expertise 

 

Design goal 

definition 

Perform early 

cost 

assessment 

Developers 

Contractor 

Perform early cost 

analysis 

Study feasibility of 

options 

Discuss 

constructability issues 

Provide feedback on 

costing and alternate 

solutions 

Construction 

issues 

 

Design viability 

Project budget 

 

Design 

feasibility 
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4.2.5.10. Design Feasibility 

With the high-level decisions such as EUI target, amount of photovoltaic area 

needed to produce energy, optimum floor to floor height, building material 

selection for superstructure, and use of strategies such as geothermal having 

made, the next phase was to detail the design of the building envelope. 

Explorations of curtain wall systems, glazing area, etc. were performed through 

both energy modeling and daylighting studies. The strategy to use radiant system 

was made early on but the design refinement phase decisions were to assess 

between providing panels or floors or chilled beams. This shows that design 

teams select building systems early on based on previous experience as a 

starting point for design decisions. The analysis and validation of performance of 

these systems integrated with other systems began later in the design 

development phase. Exposed mass was provided to help on the cooling side. 

Provision of sun rooms or a six story green house to evapo-transpire the extra 

water and urine was a strategy that was considered but was found unfeasible 

due to the energy intensity needed to create enough heat given the Seattle 

climate and due to failure to meet the fire codes. As per the design teams, design 

iterations such as moving the sunrooms from building interiors to the exterior, 

design of water and waste water systems including waste treatment consumed a 

lot of time in the design process due to building code and regulatory issues.  

 

4.2.5.11. Design Simulation Accuracy 

As per the lead mechanical engineer, the energy model was built around the 

need for passive heating. While the decision on the percentage of glazing 

measured through percentage of floor area that could be daylit was informed by 

the daylight model, the energy model showed implications of solar heat gain and 

energy loss due to this glazing percentage input. One of the limitations of the 

eQuest daylight estimates was that it divided lighting into two zones, 

overestimating the closer lighting and underestimating lighting that was farther 

from daylight. Turning the lights down in the model performed calibration of the 

energy model for daylighting. It was also important for the team to verify the 

assumptions made in the schematic design phase such as envelope decisions, 

lighting power densities, baseline energy breakdown, etc. since these early 

assumptions were based on team’s experience.  

 

Integration of the comfort model and the energy model was key in accounting for 

the energy savings generated through natural ventilation mode into the energy 

analysis. TAS was used for natural ventilation modeling to generate hourly 

schedule as an output that was applied as a post-process to the eQuest energy 

model to show energy savings. The TAS model informed the number of hours in 
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natural ventilation mode that was in turn retracted from cooling loads of the 

energy model for those hours. This approach demonstrates the intent to define 

infiltration rates based on window opening and closing patterns generated 

through the TAS model to reduce uncertainties by making the simulation more 

accurate. The MEP team’s choice of bulk airflow modeling was driven by 

acceptable level of accuracy and their preference to generate hourly temperate 

profiles for the year (refer to Table 4–21).  

 

This analysis derived two important outcomes, one was the importance of tools 

selection process that should be guided by interoperability and certain level of 

accuracy of the modeling tools and second, measure of teams’ capabilities 

should define stakeholders’ level of expertise of tools knowledge, knowledge of 

fundamentals and experience level with use of tools to be able to workaround 

tools limitations. The analysis also indicated that design optimization plays a 

critical role in performance assessment and requires a seamless collaboration 

between multiple tools with ease of interoperability. 

 

Table 4-21– Important phases and processes relevant to early assessments, 

design feasibility and design simulation accuracy  

Phases of 

Assessment 

Central 

Stakeholders 

Processes & Sub-

Processes 

Central Issues Process Based 

Key 

Performance 

Indicators 

Research and 

review material 

composition 

and sourcing 

Owners 

Developers 

Contractors 

Complete 

Design Team 

Obtain product 

choices and potential 

manufacturer 

information from 

teams 

Review sourcing and 

distance limitations 

for manufacturers 

Contact 

manufacturers for 

exact detailed 

composition of 

materials 

Review materials 

with red list materials 

specifications and 

sourcing guidelines 

Contact other 

manufacturers as 

needed 

Compliance 

with red list 

materials 

 

Sourcing 

limitations 

 

Material 

composition 

transparency 

 

Project budget 

Material 

sourcing and 

composition 

 

Material 

composition 

transparency 

Research user Owner Get feedback on user Occupant Plug load 
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preferences Developers 

User groups 

comfort levels, owner 

comfort levels 

Feedback on 

technology 

preferences and 

controls systems 

Feedback on types of 

tasks, comfortable 

light levels, time 

spent at the desk and 

use of task lights 

comfort 

 

minimization 

 

Occupant 

energy use 

patterns 

Refine design 

elements 

Owner’s 

Project Team 

Project 

Architect 

Senior 

Engineer 

Lead 

Mechanical 

Engineer 

Electrical 

Engineer 

Lighting 

Designer 

Structural 

Engineer 

Contractor 

Develop fenestration 

pattern and 

arrangement of 

glazing versus solid 

walls ratios 

Develop building 

form for daylighting 

Assess impact of 

overhangs, internal 

and external shading 

devices 

Establish U-values 

for curtain wall 

system 

Assess R-values for 

building wall sections 

Develop building 

form for natural 

ventilation 

Asses relative 

daylight levels on the 

floor plate 

Refine building 

envelope 

Consider extending 

PV panels beyond 

the building footprint 

Maximize 

daylighting and 

natural 

ventilation 

 

Efficient 

building 

envelope 

Passive 

architecture 

 

Minimize 

energy 

consumption 

Perform early 

design 

assessment 

Owner’s 

Project Team 

Project 

Architect 

Senior 

Engineer 

Lead 

Mechanical 

Engineer 

Electrical 

Develop assumptions 

for energy model 

Develop schematic 

design energy model 

of office core and 

shell 

Assess envelope 

decisions, lighting 

power density and 

energy breakdown 

Design and 

energy 

assumptions 

 

Design 

feasibility 

 

Design 

implications 

on water and 

Team expertise 

 

Team 

experience 

 

Design 

integration 

 

Simulation 

accuracy 
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Engineer 

Lighting 

Designer 

Contractor 

for sub-groups 

Incorporate changes 

made by architects in 

energy model 

Calibrate the energy 

model for daylighting 

and turning the lights 

down 

Study feasibility of 

green house concept 

Identify energy 

implications of waste 

water treatment in 

building 

Recommend design 

changes based on 

energy implications 

Include all systems in 

the energy model 

Verify assumptions 

made in the 

schematic design 

phase 

Recommend design 

approach 

energy use  

Detailed 

assumptions 

 

Reducing 

uncertainty 

Refine design 

approach 

Owner’s 

Project Team 

Project 

Architect 

Senior 

Engineer 

Lead 

Mechanical 

Engineer 

Lighting 

Designer 

Contractor 

Choose curtain wall 

system due to 

thermal performance 

Plan to use natural 

ventilation for 

summer, fall and 

spring 

Use heavy timber 

and concrete topping 

floor for longevity of 

structure 

Apply for variance to 

the city for floor to 

floor height for 

daylighting benefits 

Apply for variance to 

the city for extension 

of PV panels up to 

the right of way 

Structural 

longevity 

 

Urban site 

limitations 

 

Renewable 

energy 

production 

Maximize 

daylighting 

 

Prioritize 

project 

objectives 

Refine 

mechanical 

design 

approach 

Owner’s 

Project Team 

Project 

Architect 

Analyze performance 

of daylighting, energy 

and thermal comfort 

separately 

Maximize 

daylighting 

 

Energy 

Simulation 

accuracy 

 

Project 
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Senior 

Engineer 

Lead 

Mechanical 

Engineer 

Lighting 

Designer 

Contractor 

Analyze thermal 

comfort through 

comfort modeling for 

natural ventilation 

Assess impact of 

performance on 

design 

Assess structural 

materials between 

timber, steel and 

concrete 

Assess plug loads in 

detail 

Minimize plug loads 

performance 

 

Thermal 

comfort 

 

Reduce carbon 

emissions 

objectives 

 

Plug load 

minimization 

Initial lighting 

design 

Project 

Architect 

Senior 

Engineer 

Lighting 

Designer 

 

Design lighting and 

lighting controls to 

current architecture 

Recommend 

strategies to light the 

entry to the building, 

circulation spaces 

and lobbies 

Define daylight zones 

Configure the electric 

lighting based on 

skylight placement 

for top floor 

Identify how many 

fixtures would dim or 

turn off in the space 

Minimize 

lighting load 

Design 

integration 

Perform cost 

assessments 

Developers 

Contractor 

Perform cost analysis 

Study feasibility of 

options 

Discuss 

constructability 

issues 

Provide feedback on 

costing and alternate 

solutions 

Project budget 

 

Construction 

quality 

Design 

feasibility 

 

Design quality 

 

4.2.5.12. Design Refinement 

Reducing infiltration to reduce energy loss was identified as a critical strategy for 

which most of the design effort went into designing the enclosure system with 

high quality windows and using weather barrier on the exterior of the skin. Walls 

were designed just to meet code requirements. This is an example of 

prioritization of budget and design effort to maximize energy performance based 

design. The effort to maximize daylighting drove the dimension of the floor plate 
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to be 70’ wide and the top of the windows to be designed as high as possible in 

the horizontal direction. Comparative analyses were performed on fiberglass 

windows versus curtain wall aluminum systems to assess their thermal 

performance as well as daylighting performance and cost. Whole building 

feasibility studies required considering building materials performance attributes, 

cost attributes, regional sourcing and thermal performance. For this the design 

teams conducted multiple assessments of infiltration and massing. Decision 

trade-offs were made between multiple factors such as cost, energy savings, 

environmental impact, aesthetics, compliance with red list materials, etc. One 

such example was the initial consideration of using stainless steel siding due to 

better thermal conductivity compared to other metals but as per the teams, the 

cost and embodied energy of stainless steel was very high. As an alternative a 

new product in the market, fiberglass clips were explored as a solution for 

thermal spacers. This demonstrates that defining a clear strategy for multi-criteria 

decision trade-offs is an important decision to make at the beginning of the 

design process. 

 

Design development phase included decision-making on aspects such as 

internal and external shading strategies, optimizing floor-to-floor heights and half-

way through design development phase, the design was refined into one clear 

concept (refer to Table 4–22). The decision to design the core of the building 

around the plumbing chase guided the building structure in design development. 

In the late design development phase a cistern was provided in the basement to 

store water that occupied one-third of the basement space but also acted as 

thermal mass. Infiltrating below the building to recharge the aquifer was found to 

be unfeasible, so the decision was made to divert gray water into the right of 

way. 

 

As per the participants, some of these design solutions such as the cistern, 

designing around the plumbing chase, recycling of wastewater etc. were not 

intentional but came about due to urban site context and site limitations such as 

lack of enough site area and driven by the goal to achieve NZW. These phases 

and stages of decision-making with progression of design clearly indicated that 

the project objectives define the course of decision-making and prioritization of 

these objectives is a critical factor in influencing design decisions. The clear 

project goal to achieve living building status early on guided the team and their 

decision-making in prioritizing NZE, NZW and material compliance with red list 

materials, all three as equally important goals. The lack of precedent studies and 

examples on projects that have achieved NZW, LBC and compliance with 
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building regulations for water, waste water treatment and reuse consumed most 

of the design efforts, resources and project time. 

 

4.2.5.13. Degree of Control and Automation 

Ventilation strategies for the project vary by the season, mixed-mode ventilation 

in spring, summer and fall and mechanical ventilation of the building during 

winter. The building has separate controls for the HVAC system and external 

shading system and lighting controls handle daylight dimming. All these controls 

are tied to a direct digital control with overlay systems to read the building 

dashboard. Most controls were designed to be automatic such as thermostat 

settings, night flushing, etc. but also provide manual override options. Controls 

are set to reset for some functions in two-hour increments and others by the end 

of the day.  

 

The optimization of comfort levels was defined at around 68 degree Fahrenheit 

for heating and 80 degree Fahrenheit for cooling using the radiant slab. The 

design team’s decision-making process was guided by analyzing energy savings 

and the numbers of photovoltaic panels that could be eliminated resulting in 

optimization of these temperature ranges. Owner and design team’s need to 

control unknown tenant’s energy use and water use as per the designed intent 

led to the strategy of creating a lease agreement that held the tenants 

responsible for their energy and water usage patterns. Importance of having the 

ability to track exact energy use was heightened for example; water usage was 

metered by number of gallons per floor and by area with separate allocations for 

kitchens and bathrooms. The decision was made to sub-meter the entire building 

to the extent that every circuit is metered with its own panel. All energy use 

information is tied to a website that is used to monitor the NZE goal. 

 

Table 4-22 – Important phases and processes relevant to detailed assessments, 

controls integration, building regulation variances and design refinement 

Phases of 

Assessment 

Central 

Stakeholders 

Processes & Sub-

Processes 

Central 

Issues 

Process Based 

Key 

Performance 

Indicators 

Perform 

detailed 

assessments 

Owner’s 

Project Team 

Project 

Architect 

Senior 

Engineer 

Lead 

Mechanical 

Define size of 

photovoltaic 

Refine daylighting 

model to minimize 

electric lighting load 

Define window 

placement and sizing 

Identify peak load of 

Accuracy of 

assumptions 

 

Define energy 

and water 

budgets 

 

Feasibility of 

Benchmarking 

exercise 

 

Plug load 

minimization 

 

Design 

optimization 
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Engineer 

Electrical 

Engineer 

Lighting 

Designer 

Structural 

Engineer 

Contractor 

mechanical system 

Size the mechanical 

system 

Monitor plug loads of 

architectural and 

engineering teams 

Assess actual plug 

loads to understand 

energy usage 

Identify feasible 

energy budget for 

tenants 

Select office 

equipment based on 

plug load efficiency 

Build energy model 

around passive 

heating 

Assess implications of 

solar heat gain and 

energy loss due to 

glazing 

Provide 

recommendations on 

envelope decisions 

Optimize daylighting, 

thermal performance 

and comfort levels 

Model plug load 

assumptions to define 

tenants energy 

budgets 

Consider options for 

distribution systems 

Draw flow diagrams 

for geothermal system 

and heat pumps 

Refine all system 

details 

Optimize anticipated 

energy use and PV 

energy production  

energy 

budgets 

 

Maximize 

energy 

performance 

 

Control energy 

use 

Develop 

detailed lighting 

design 

Owner 

Developers 

Project 

Architect 

Senior 

Engineer 

Adapt lighting and 

lighting controls to 

changing architecture 

Discuss influence of 

finishes and 

mechanical system on 

Maximize 

daylighting 

 

Minimize 

lighting loads 
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Lead 

Mechanical 

Engineer 

Electrical 

Engineer 

Lighting 

Designer 

Structural 

Engineer 

Contractor 

lighting 

Help architects 

understand the impact 

of choice of structural 

system on lighting 

Discuss finishes with 

architects and interior 

designers 

Decide color and 

temperature of light 

sources 

Discuss user control 

points 

Specify fixtures and 

control systems 

Use smart 

components inside 

fixtures that provide 

feedback 

Check sourcing 

limitations for 

manufacturers 

Design tenant spaces 

to make sure energy 

goals can be met 

Solidify approach for 

lighting in circulation 

spaces, core and 

exterior 

Configure digital 

lighting interface 

system 

Simple 

controls 

 

Occupant 

safety 

 

Occupant 

preferences 

Research and 

review material 

composition 

and sourcing 

Owner 

Developers 

Contractor 

Obtain product 

choices and potential 

manufacturer 

information from 

teams 

Review sourcing and 

distance limitations for 

manufacturers 

Contact 

manufacturers for 

exact detailed 

composition of 

materials 

Review materials with 

red list materials 

specifications and 

Compliance 

with red list 

materials 

 

Sourcing 

limitations 

 

Project 

budget 

Material 

sourcing and 

composition 
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sourcing guidelines 

Contact other 

manufacturers as 

needed 

Perform 

detailed cost 

assessments 

 Perform detailed cost 

analysis 

Provide feedback on 

costing and alternate 

solutions 

  

Refine design 

concept 

 Perform detailed 

design of systems 

Develop window and 

building controllers 

Design constructed 

wetland for graywater 

treatment and removal 

Design external 

shading device and 

control strategy 

Design 

unconventional way of 

framing the timber to 

maximize daylight 

penetration 

Negotiate with city to 

discharge treated 

graywater into right of 

way 

Refine building 

envelope to minimize 

thermal bridging 

Integrate graywater 

systems, composting 

toilets and mechanical 

systems 

Creative 

solutions 

 

Building 

regulations 

 

Building 

performance 

Systems 

integration 

 

Design 

integration 

Perform 

integrated 

assessment 

 Specify ventilation 

systems and heat 

recovery units 

Integrate mechanical 

systems with electrical 

Design control 

strategies for 

mechanical system 

Integrate with 

plumbing systems and 

their controls 

Build air flow model 

with sensors installed 

Accuracy of 

results 

 

Simple 

controls 

 

Promote 

tenant 

usability 

Reducing 

uncertainty 
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for a calibrated model 

Measure inside and 

outside temperatures 

Verify the model 

predicted 

temperatures for 

accuracy 

Pick generic zones to 

represent the building 

in temperature profiles 

Establish acceptable 

level of temperature 

range 

Provide feedback to 

architects on effect of 

envelope decisions on 

comfort levels 

Design spatial 

coordination of radiant 

floor 

Coordinate routing of 

conduit and wiring in 

radiant system for 

lighting 

Design control 

strategy for external 

shades, lighting and 

natural ventilation 

Design sequence of 

operations, automatic 

and manual system 

controls 

Integrate controls into 

the simulation model 

Integrate controls with 

building management 

system to assess 

energy performance 

Peer review of 

mechanical 

design 

Consulting 

MEP team 

Engage another MEP 

firm for a peer review 

of mechanical design 

Assess feedback 

provided 

Incorporate applicable 

comments and 

suggestions in design 

Potential 

issues 

 

Rigor of 

modeling 

Reducing 

uncertainty 
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4.3. Summary and Conclusions 

4.3.1. Case Study A 
In understanding the decision process and roles played by the key team 

members in this project, the research showed the early design phase decisions 

were centered around the themes of resolution of building form with passive 

architectural strategies, minimizing energy consumption and maximizing 

renewable energy resources available.  

 

The mapping of the processes and sub-processes captured the iterative nature 

of the NZEB early design decisions and identified the integrated team 

collaboration, rationale for decisions and the critical phases of decision-making.  

 

A key finding from this design process mapping exercise was that architects, 

energy consultants, engineers and sustainability consultants use their tacit 

knowledge from previous experience of working on other sustainable projects 

and know-how of what works to formulate their initial strategies and design 

approach.
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Figure 4–17: Detailed process map of key decision phases depicting level of integration between central stakeholder groups in the early phases of design 
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4.3.2. Case Study B 
 

A detailed assessment of the key processes and sub-processes in the early 

design phase of this case study helped in identifying the key contributors towards 

the success and failure of the design implementation process. This 

understanding can help in generating control measures for NZEB design process 

through the identification of process based key performance indicators.  

 

The key performance indicators identified for this NZEB case study informed the 

development of relevant control measures that become the components of the 

framework development for NZEB integrated design process mapping (discussed 

in chapter 5). 

  

Based on experts views on main considerations for NZEBs the following key 

performance indicators were key to decision-making: 

 

1. Owner commitment 

2. Team selection criteria 

3. Design team capabilities 

4. Risk assessment 

5. Design flexibility 

6. Performance goal setting 

7. Stakeholder commitment 

8. Contract requirements 

9. Resource planning 

10. Integrated team approach  

11. Innovative design solutions 

12. Tools selection criteria 

13. System flexibility 

14. Stakeholder willingness  

15. Team capabilities 

16. Decision trade-off strategy 

17. Owner involvement 

18. Continuous monitoring and verification 

19. Program adaptation 

20. Modeling component 

21. Knowledge of actual building performance 

22. Design of end-use goals 

23. Assess systems separately 

24. Decision traceability 
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25. Process oversight 

26. Benchmarking exercise 

27. Verification of performance 

28. Understanding client requirement 
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Figure 4–18: Detailed process map depicting the design process for case study B 
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Figure 4–19: Network map of the issues, considerations and key decision processes
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4.3.3. Case Study C 

One of the lessons learned by the design team of this project, that was 

implemented in the execution of RSF (II) project was having staggered 

deliverables for substantiation of overall design and energy documentation. The 

quality, level of detailing and accuracy of the energy model submissions can be 

less compromised since the design can be developed up to a certain level of 

detail and the energy model can incorporate all the last minute changes made in 

design which tend to be left out otherwise.  

 

Appointing two senior engineers and project managers was part of a unique team 

selection strategy based on aggressive schedule, project size and goals.  

 

Aggressive schedule forced staging of design and construction that was not ideal 

for NZE goals. Avoiding added uncertainty due to construction schedule and 

sequencing and phasing of design accordingly was another primary lesson 

learned.  

 

Though it is a challenge to implement in larger buildings, providing direct control 

to occupants of their environment is identified best for NZEBs and for passive 

strategies to perform better.  

 

Mass of the building, number of stories, site area and roof area for photovoltaic 

all are identified factors that have impact the NZE outcome and passive 

strategies performance.  

 

The issue of how to make the building replicable in such large scale NZEBs must 

be considered as a design strategy.  

 

While it is important to have an integrated design team with all stakeholders 

being on board from the very beginning, it is recommended to conduct third party 

reviews of design and energy analysis to ensure any potential issues can be 

identified and to establish appropriate level of rigor has been taken.  

 

The owner’s project goal should be to develop an aggressive performance target 

requiring innovation to meet the target.  

 

The key question in a large-scale project is to make a big building act like a small 

passive building. Passive strategies are recommended to change the relative 

dominance of different aspects of the energy uses in the building. An important 

lesson learned from this project is that the bigger the building, the more the 
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chances of it being internally load dominated and the larger the building more 

analysis and level of detail is needed that needs to fit into the overall project 

budget.  

 

The well-articulated goal in the beginning of the project can help stakeholder 

groups understand the significance of the challenge and help align the interest of 

the teams. 
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Figure 4–20: Detailed process map depicting the stakeholders’ integration and key processes and sub-processes within 

key decision phases of early design. 
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Figure 4-21. Network map depicting stakeholder specific central issues and challenges. 
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4.3.4. Case Study D 
 
Early efforts were focused on assessing permitting standards and regulations to 

know what was allowed and what needed to be changed. Once the feasibility of 

individual systems was understood, each stakeholder group further assessed 

regulations and analyzed performance of integrated systems. 

 

Reducing infiltration through the envelope to reduce energy loss was identified as 

a critical strategy for which most of the design effort went into designing the 

enclosure system with high quality windows and using weather barrier on the 

exterior skin. The walls weren’t designed much beyond code requirements. This 

is a prime example of prioritization and tradeoff between cost and energy based 

decisions. 

 

At the end of the design development phase, a peer review process was 

conducted to evaluate the proposed design and mechanical solutions from a 

fresh perspective. One of the recommendations of this peer review was to 

eliminate the radiant system since as per the review, the building envelope was 

designed to sufficiently maintain the thermal comfort levels but the MEP team 

was not comfortable with eliminating the radiant system completely and therefore 

ended up keeping it as is. An important part of the design process of HPBs and 

NZEBs is to intermittently evaluate the solutions through third party peer reviews 

in order to ensure appropriate level of rigor has been taken in both proposed 

design solutions and energy analysis. 

 

From the contractor’s perspective, attempting the Living Building status was 

more challenging and the most difficult aspect of the project than NZE goal. 

According to the contractor, aspects of material procurement and sourcing were 

a lot more concerning than NZE aspect. 

 

As the building’s architectural design gets more efficient without the use of 

renewable energy, plug loads and lighting loads contribute to the highest 

amounts of energy use as compared to other loads such as heating, cooling and 

ventilation loads. Therefore, design was approached in four key stages: 

a) The first approach was to define energy and water budgets and let those 

budgets guide the design process.  

b) The second approach was to minimize energy use by designing a highly 

efficient building envelope.  

c) The third approach was to maximize daylighting in the building to minimize 

electric lighting load.  
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d) The fourth approach was to reduce plug loads. 

The challenge was to ensure energy goal could be met through design based on 

assumptions although interiors, lighting and furniture could not be designed for 

tenants. A unique strategy to address the challenges that come along with a 

speculative tenant office building was the design of a tenant lease agreement 

with energy and water use budgets. An incentive program was put in place to 

facilitate abiding by the allotted energy and water use requirements, failing which 

tenants are required to pay a penalty.  

 

A living building pilot ordinance was passed in Seattle allowing certain exceptions 

for buildings pursuing the living building status. Due to the regulatory height 

limitations and in-sufficient daylight that would be available on each floor given 

the standard floor-to-floor height, the decision to apply for a variance to the city to 

increase the allowance of floor-to-floor height for daylighting was made.  

 

Twelve buildings are part of a pilot program for the Living Building Challenge 

Initiative in Seattle that are allowed exceptions upon review to some of the 

building code regulations. The city officials and policy makers have become part 

of the solution to the problem of buildings largely contributing to energy 

consumption and carbon-emissions. By tailoring of such pilot programs for cities 

all across the U.S can help facilitate owners in wanting to build high-performance 

and NZEBs. This way interest of individual owners can be aligned with interests 

of the city resulting in a mutually beneficial relationship and betterment of the city 

as a whole. 

 
Documentation of lessons learned from such project experiences and 

assessment results can help guide other teams in defining effective design 

strategies. 

 

 

 



Railesha Tiwari Chapter 4 - NZEB ‘As-Is’ Design Process Mapping  223 

 
 

Figure 4-22 – Detailed process map for case study D 
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Chapter 5 

 

5. Case Studies Comparison - Discussions and 

Results 

5.1. Knowledge Capturing Process 
This chapter summarizes the comparison of the four NZEB case studies that 

were mapped to understand their decision-making process to emulate important 

considerations, potential challenges, current gaps and opportunities for 

improvement of the current early design process of NZEBs. 

 

5.1.1. Comparisons of NZEB Design Process Decision Stages 

Stage-wise comparison of the decision phases, sequence of their occurrence 

and key process differentiators for each NZEB case study design process are 

discussed in the following sections. Chapter 4 explained the themes and 

categories that emerged from the previous coding process for each individual 

case study. The figures pertaining to each decision stage are shown in the 

following sections with color coded identification of key process differentiators for 

each case study design process to establish if they were a result of owner driven 

or design team driven initiatives. The comparative analysis presented in this 

chapter helped identify the primary categories and sub-categories that are 

addressed in the following sections. Through this analysis, gaps or opportunities 

of improvement pertaining to each knowledge domain - process, stakeholder and 

technology components of decision-making were identified for NZE design 

process. 

 

 

 

 

 

 

5.1.1.1. Decision Stage A 
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The first stage of NZEB decision-making for all case studies mainly comprised of 

the following six phases –  

A1 – Envision a Project 

A2 – Initiate a Project 

A3 – Select Project Teams (Core Design Team) 

A4 – Decide Project Approach 

        Develop Detailed RFP 

        Establish Project Goals 

A5 – Select the Complete Design Team 

A6 – Secure Project Funding 

 

Decision stage A mainly consisted of phases with processes that were owner 

driven as shown in Figure 5–1. The central stakeholders performing decision-

making during this stage were owners, owner’s project teams and consultants to 

owners. Architectural teams, sustainability consultants and in some cases 

mechanical teams facilitated decision-making. Owner’s project teams mainly 

comprised of occupants and user groups, board members, executive directors or 

developers, project managers, operation managers/ facility management group, 

contractors, specialty groups such as energy efficiency representatives, IT 

groups and/or data center representatives. Some of the consultants to owner’s 

project teams were criteria consultant, energy consultant and commissioning 

agent.  
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Figure 5–1: Comparisons of phases and key processes in decision stage A for case studies A, B, C and D 
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5.1.1.1.1. Comparison of Project Delivery Methods 

In comparing the four case studies and their delivery methods, it was important to 

also compare what their project objectives were, how clearly were they defined 

and by whom. This helped understand the reasons and importance of the 

procurement process used to achieve the project objectives and the roles played 

by the teams in goal setting. Assessment of the project acquisition and delivery 

methods further helped determine strategies to improve the current design 

process for NZE.  

 

Case Study A - Design-Bid-Build with Contractor Pre-Screening 

Case study A used the traditional Design-Bid-Build (D-B-B) project delivery 

method with the exception of involving the architects in a pre-screening process 

to assess the qualifications and capabilities of the potential contractors before the 

bidding phase. Due to the limitations of the kind of expertise contractors brought 

in the geographic location of Hawaii and the timing of this project being designed 

in the year 2000, the owner and the architects decided to make sure that the 

quality of construction expected could be delivered by the contractors.  

 

The owner had a fixed budget for the project that led to the architect’s decision to 

reverse engineer the program requirements to fit that available budget.  

 

The project schedule was proposed by the architects and agreed upon by the 

owner but did not have a set deadline. 

 

Participant A4 – “…It was a Design-Bid-Build process and once the 

architectural team was involved and we had the design, the engineering 

and planning in place, the next step was to then of course put out your 

request for bid for your general contractor and your specific trade. And 

that’s the process we did follow. The only change is that at that point the 

project architect steps in and participates as an advisor to the owner’s 

project team and is sitting in the meetings with us and is also helping to 

score contractors and trades because he is in position to most clearly 

understand what is needed and what the qualifications are that are 

needed for the actual building, the actual construction...” 

 

Participant A5 – “…we rarely do Design-Build projects just because the 

state government requires competitive bidding and typically we have less 

control over design-Build type projects than we would with a pretty strict 

construction contract...” 

Case Study B - Design-Bid-Build with Contractor Pre-Screening 
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Case study B also used D-B-B project delivery with a pre-selection process for 

the sub-contractors and carpenters but they also had construction managers on 

board since the beginning to help them with the design decision-making and to 

provide their expertise concerning cost and constructability issues. Therefore, 

contractually this project delivery method can be called a hybrid D-B-B delivery 

that functioned as an integrated project delivery process. In the earlier design 

phases, the construction team played a consulting role with greater involvement 

later in the design development and early construction document phases.  

 

Fundraising was an important part of the early design process; funds were raised 

for over a year and design nearly came to a halt during this period. Cost control 

strategies included using locally grown wood for construction and custom 

structural elements and custom furniture made by local carpenters.  

 

The project schedule was mainly driven by the availability of wood and the 

processing times between batches of wood cutting, drying and processing for 

construction. 

 

Participant B5 – “…We were working with that contractor. So they were 

part of the integrated team with the understanding that we would give the 

contractor work to do but we did not know what the scope of that contract 

was going to be until we refined all of this. So they were very open book 

about what their rates were going to be …our role in any of that was more 

just openness and willingness to find the best solution. It wasn’t I don’t 

think we were particularly proactive in making those kinds of things 

happen. But I think those were the kind of benefits that came out of the 

integrated delivery system.” 

 

Participant B3 – “…And so what we basically decided to do was to do a 

team concept… were you involve the owner, the architect, the engineer, 

you pick a general contractor upfront basically I think they call them 

contractor at risk because they agreed to do the work, but we don't know 

what the work is and how much it is going to cost you.” 

 

Case Study C – Performance-Based Design-Build Competition 

Case study C employed an innovative project acquisition and procurement 

process where the owners required Design-Build teams to compete in a design 

competition for a firm-fixed price.  
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A detailed request for proposals was designed around performance requirements 

and other performance objectives that were organized as per the priority levels of 

the objectives.  

 

The primary driver for owners of case study C in adopting the performance-

driven design-build project delivery method was to get more value for their 

budget and a fast-paced schedule without compromising performance.  

 

Owners allowed the D-B teams to propose the scope and the competition 

component of the process helped the owners choose between design proposals 

for best value. 

 

Participant C1 – “…To me that was the key node of decision that you were 

talking about is knowing that if you make a conceptual requirement upfront 

before you even hire a Design-Build team that is performance based that 

changes a lot of the decision-making that happens in an integrated 

process. And then if you combine a design competition with that 

performance requirement because those goals are only regarding the 

budget and time and not energy efficiency…This is how we survive that 

value engineering process is that we have a firm fixed price contract.” 

 

Participant C10 – “…the RFP was a very big document telling you 

performance criteria for the building and in that document they gave a list 

of number of items that they absolutely had to have, they would like to 

have and if you could. It was an interesting way to put things and they 

basically kind of left it open for the teams to be creative and to come up 

with creative solutions again with the intent of meeting or exceeding their 

criteria that they set forth in the document. It was very extensive.” 

 

Case Study D – Guaranteed Maximum Price (GMP) Contract 

A GMP contract is a contract with guaranteed maximum price with a fixed 

percentage of profit for the contractor on all costs of the work. Although this 

contract method was not integrated project delivery in terms of contracts between 

the stakeholders, the teams mutually agreed to function as though they were 

following the guidelines of an integrated project delivery process. The 

developers, architects, engineers and contractors’ teams were brought on board 

from the beginning of the design process.  

 

The contractor helped develop the initial cost estimations, while also addressing 

constructability issues and material options.  
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The developers and the construction team were instrumental in material sourcing 

and procurement as per the requirements of the red list for the Living Building 

Challenge.  

 

Participant D4 – “…the project team leaders… decided that we would like to 

do a IPD contract but the lawyers for each of our respective companies are 

not familiar with it and would create a long process. So what we did was 

signed a G max contract and we all agreed that we would act as if it were 

IPD contract.” 

 

5.1.1.1.2. Process Differences and Similarities 

Except for case study C, none of the other case studies had project budgets and 

project schedules specifically listed as project objectives although the budgets 

did drive decision-making.  

 

The project schedule was not a clearly defined objective for case study A, B or D 

due to the challenges of meeting the NZE objectives and other technical 

challenges.  

 

When case studies A and B were being designed NZE was a new concept that 

further challenged the project.  

 

Case study D had multiple challenges associated with getting Living Building 

Challenge certified and applied for multiple variances to the city officials, which 

extended the project timeline.  

 

For case study C the D-B team proposed the project schedule and the owner 

introduced a penalty program if the schedule was not met since the owners had 

to vacate the office space that they were leasing.  

 

Case study C also required the D-B team to commit to a firm-fixed price. The 

fast-paced schedule and fixed price drove the pace and direction of the project. 

However this fast pace was not desirable for a project with aggressive NZE and 

other performance goals. Though phasing of design and construction is not 

uncommon for the AEC industry, some decisions in the design development 

phase were compromised due to earlier decisions. 
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One similarity among all case studies was the flexibility of scope since the 

owners and design teams were aware that they were attempting something new 

and challenging that this involved risk.  

 

An important outcome of the owners’ willingness to take on more risk involved 

was providing greater flexibility to the design team by not imposing any bridging 

documents and/or prescriptive design guidelines.  

 

Although the project delivery methods were different for each case study, 

measures were taken to minimize the risk. For example in case study B, the 

commissioning agent interviewed every bidder on the subcontract that was 

involved with the HVAC system in order to contractually make sure that they 

understood the expectations of the commissioning requirements. In case study 

D, the integrated design team functioned as an IPD contract although the 

contract language and terms were that of a GMP contract. 

 

5.1.1.1.3. Key Performance Indicator - Project Delivery Method 

Though case study C was more successful in achieving the project objectives 

including the EUI, other performance and occupancy goals, schedule and budget 

goals through the use of a unique project acquisition strategy, case studies A, B 

and D also achieved their NZE goal with the use of traditional D-B-B, hybrid D-B-

B that functioned similar to integrated project delivery and GMP contract methods 

respectively. This indicates that the project delivery method can affect the project 

outcomes such as energy performance, schedule and budget but this does not 

inhibit achieving NZE.  

 

All participants emphasized the importance of the high level of design team 

integration early on, and recommended integrated project delivery and 

performance-based Design-Build as more favorable methods for achieving the 

project goals.  

 

Inclusion of contractual terms around performance delivery and early 

procurement of systems through bidding are a few recommendations that can 

make energy performance as the driver even with traditional project delivery 

methods. 

 

5.1.1.1.4. Key Performance Indicator - Risk Management 

The four case studies vary in their approach to risk management and risk sharing 

strategies. In case studies A and B, the owners’ bore the burden of the risk. 

Owners’ of case study C recognized the risk involved in their expectation of a 
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performance driven NZE goal while requiring teams to compete in a design 

competition where three D-B teams were shortlisted. For this, the owners’ took a 

different approach by awarding a stipend to the two teams that were not selected 

for the project execution. This risk sharing strategy was implemented to 

encourage creative solutions with cost not being a factor. Owners of case study 

C also made the D-B team contractually obligated by a penalty for not meeting 

their obligations thereby managing their risk and holding the team responsible for 

performance. The owner of case study D took an approach of off-loading the 

risks to their tenants through extensive end metering to meet end use 

performance goals. For this the tenants are bound by a lease agreement that 

includes penalties for over usage.  

 

The difference between case study D and the other three case studies is that 

case study D was a speculative tenant building whereas the owners occupy the 

other three projects. The occupancy and usage patterns influenced the design 

approach on these projects. 

 

5.1.1.1.5. Comparison of Team Selection Process 

Common to all projects, selection of the MEP team was identified as the most 

critical team choice. In three of the four case studies, the architectural firms had a 

previous working relationship with the MEP team. Case study C was the only 

exception where the architectural firm sought out the MEP firm solely based on 

their expertise in NZEB design.  

 

Primary passive design strategies selected for the project drove the need for 

specialty consultants or the kind of expertise needed on the design team. Team 

selection and the level of integration are also dependent on the primary design 

strategies that need the most focus.  

 

Project scale is another design variable that affects the team selection process 

and level of team integration needed. This was because every small aspect of 

energy consumption needs careful evaluation as space loads significantly impact 

total energy demand.  

 

Early contractor involvement and finding a contractor who understood the 

importance of NZE goal was also identified as an important member of the core 

design team. 
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One of the common findings that resurfaced throughout all the interviews was the 

owners and other stakeholders’ recognition of the uniqueness of the process 

involved.  

 

They all went though the team selection process very carefully. Most importantly, 

they all facilitated the integration of the design team to support the most creative 

solutions.  

 

A direct indicator of the uniqueness of the NZE design process is in the 

acknowledgement of the risks involved by owners and design team members. All 

participants stressed the need for the entire design team to work together from 

the very beginning.  

 

Some of the criteria used by owners in the team selection process were 

stakeholder-respective and team-collective expertise, experience on HPBs and 

NZEBs, previous working relationships, adaptability, willingness to learn and test 

new solutions, and the MEP team’s level of influence over the proposed concept. 

 

Participant B3 – “…So putting this team together was probably the single 

most important thing for the whole project and of course the owner of the 

team was the single most important contributor because not only did they 

define what they wanted but they ultimately defined the success or the 

failure of the project.” 

 

Participant C10 – “…I wasn't aware of their capabilities but that decision 

was brilliant to bring that mechanical team on as part of the team. Without 

them we couldn't have done this building plain and simple…That decision 

to me was key. Because I was telling you without the right team chemistry 

you can't do a building like this. I can tell you that believe me from my 

experience.” 

 

Participant D3 – “…And the engineers were hired separate from the 

architects which is fairly unusual... In this particular project we were 

actually hired before the architects, so we were on board at the very 

beginning and the meetings didn't happen without the architect but the 

very first meetings on the project and this is not typically how it is done. 

The engineers were literally at the kickoff meeting. Even before there was 

an idea of what the building would be.” 

 

5.1.1.1.6. Key Performance Indicator - Team Integration 
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Team buy-in and commitment of all stakeholders was identified as essential 

towards achieving the NZE goal.  

 

Team integration at the very beginning of each project was identified as a critical 

component to success. Early involvement and more frequent meetings, a higher 

the level of trust and reliability both within and across teams while working 

towards a common goal were also important for meeting project goals. This is 

especially true when teams have no previously established working relationship.  
 

Introduction of rewards and/or a penalty program such as those implemented in 

case study C and D can also help align the teams interest with the project goals 

early on. The need to clearly define the project performance objectives is even 

more critical in order to implement any reward or penalty strategy. 

 

Participant B5 – “…because the project is kind of unique in nature and 

goals…I think in some ways it was kind of clear we needed some of that 

knowledge and expertise involved earlier in the process than normal 

because… you know high performance buildings just weren’t as common 

back then. So we needed to have people who had some different 

knowledge sets and experiences available to the design team. So some of 

it was their willingness and their own excitement to have others involved 

early in the process.”  

 

Participant C10 – “…here we are a bunch of architects, engineers 

dreaming about ways that we can solve this problem but the contractor 

was on the hook, we all were but they had to guarantee the price. The 

price had to be really feasible so naturally they were a little nervous but 

the things that we started to realize in this process was the project could 

be succeeded or failed by trust and respect because we needed each 

other. You don't see that very often in the building industry when the whole 

team feels like they absolutely have to have each other.” 

 

5.1.1.1.7. Key Performance Indicator – Team Communication and 

Collaboration 

Case study A, being located in Hawaii, had had limited choices for the MEP 

team, contractor and sub-contractors. The MEP team had access to team 

members from Australia that had experience performing energy modeling. This 

long distance collaboration required an effective level of communication between 

the architects, and engineers. The local design team for case study A employed 

traditional methods of communication such as meeting face to face, making hand 
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sketches, emails, and phone calls. In case study B, the commissioning agent 

was located remotely in Texas whereas all the other design team members and 

the owner’s project team were from Wisconsin. This also suggested the 

importance of the communication strategy. 

 

Participant C9 – “…basically I was working from Phoenix office and our 

Denver office worked on the design part jointly. Then when it went into 

production, the construction documents were produced by some of the 

Phoenix office people who went up and lived in Denver for a couple of 

months to work on it as well. That's kind of the team’s make up.” 

 

Participant C5 – “…typically it [communication] was through memos, two 

or three page memos talking about certain issues and talking about the 

results; memos, presentations, graphics, reports and calculations. 

Typically we didn't make presentations since it was a short schedule and 

everyone was focused on doing innovative work and getting the results. 

For the substantiation phases for the client it was mainly reports.” 

 

Case study C is located in Denver, Colorado. Since case study C used a 

nationally advertised design competition approach, the teams that presented 

their proposals were geographically dispersed across the United States. The D-B 

team that was awarded the design contract was also geographically spread out 

between Denver, other areas in Colorado, Phoenix and San Francisco. The 

protocols for team communications, software tools to use, and collaboration 

methods were discussed during the early design charrettes. Case study D is 

located in Seattle, Washington with most of the core design teams such as the 

architectural team, MEP team, construction team are also located in Seattle.  

Some of the specialty consultants on the team were from geographically 

dispersed areas. 

 

The exchange of information in different formats between multiple teams was a 

challenge on most projects. Early agreement on ownership of models and 

information was essential in setting up an effective means of communication. 

Selection of tools must address data exchange format that will allow ease of 

coordination. 

 

Participant C3 – “…a crucial decision was who owned the model, who 

does the class detection and then who owns the model relative to design. 

You separate that process and you have to have a reintegration process. 

We established a regular series of meetings to review clash and make the 
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appropriate assignments of how everyone could make the changes of 

architecture, structure then eventually mechanical consulting joined the 

process and mechanical contracting joined the process and they needed 

to a double coordination between single-line drawings and 3-D models 

showing a greater level of detail and create their model coordinated with 

the 3-D and back again to incorporate their changes in design. That 

proved to be a very difficult relationship both from a technical process 

perspective, they didn't have a website per se so we moved drawings as a 

tool to manage information. That proved to be cumbersome at best and 

nonfunctional often. After the fact we use a very different process for that 

coordination using better digital tools like share point and notification of 

updates that makes the process more immediate.” 

 

The need for effective collaboration between teams that are geographically 

dispersed is necessary for a cohesive, iterative and uninterrupted design 

process. The first step in making this process more effective is for the owner to 

give thought on defining the project goals and making internal commitments 

within the owner’s project team. Secondly, the owner can facilitate this 

collaboration by clear definition of roles and contractual terms identifying each 

teams responsibilities and deliverables.  

 

In case study C, the owners held the D-B team contractually responsible for 

performance delivery and therefore the D-B team made sure they brought the 

right teams with the expertise needed to strengthen their design proposal. So for 

internal communication to be effective within design teams, the primary drivers 

are creating an environment of trust and respect within all team members. 

 

Participant C3 – “We had the trust challenge from beginning to end; it got 

better as we went on. Even though the construction team and architecture 

team had a long history with each other and there were some individuals 

within the team who knew each other and respected each other and liked 

each other, there was still there was a lot of concern about if everyone 

was being absolutely transparent. Are the designers putting more into this 

project than they should because they know some of it is going to be 

taken away thought the construction team, and the design team thought of 

the construction team, are they being completely transparent with the cost 

of the construction materials and labor or are they padding those numbers 

so that their bottom line is protected. I was on both sides and both sides 

thought that about the other. We had to be pretty committed to each other 

particularly in the tough moments when we were over budget to trust each 
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other and continue to try to work on answers and that might mean the 

design would change and you wouldn't get everything you wanted and it 

might mean that the contractor would have to go back to work that they 

thought they had priced and were done with and re-examine to see if we 

can pull money out of it so that we can pay for things that the design team 

said we absolutely have to have these other better elements.” 

 

Participant C5 – “…yes, we did [collaborate directly with the contractors] 

because the energy was the largest factor on this project. So I would not 

go to every meeting but I would definitely go to I think once every two 

months, I will be down in Denver but the Contractors were working 

through these issues because their cost was driven by what we were 

suggesting. So there was a lot of interaction with them and the mechanical 

subcontractor of the project.” 

 

5.1.1.1.8. Comparison of Key Role Players 

Owners of case studies A and B were committed to the NZE goal. For both case 

studies the owners’ representatives were committed to meeting the project goals, 

but they lacked the experience and expertise to draft the requirements for the 

energy use targets. For this the project architect for case study A took a 

leadership role while working collaboratively with the project manager that 

represented the owner.  

 

The sustainability director and the engineering team also played important roles 

in analyzing and proposing solutions with respect to energy performance.  

 

In case study B, the commissioning agent played a key role by first providing 

consulting services to the owner concerning the overall expectations of the 

process and the importance of the team selection process, and influenced the 

design through commissioning considerations.  

 

For case study C the owner’s project team had the technical expertise for 

building energy-efficiency research. As described by Judkoff (2010) in the “NZE 

Expert Roundtable – Analyzing Green Net-Zero Energy Buildings”, case study C 

was their “first design-build project” (as cited in Haxton & Hucal, 2010, p. 51). It 

was an outcome of their previous experience related to building energy-

efficiency. The owners identified case study C as the pinnacle of progression and 

transformation of HPBs (Haxton & Hucal, 2010). By the performance of their 

buildings over time they realized that their buildings did not reach their intended 

energy goals. This was primarily attributed to optimistic occupant behavior 
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assumptions, systems operation, and forecasting performance (Torcellini et al., 

2006).  

 

The owner of case study D had a clear vision for designing a NZE building that 

could attain the Living Building status and be applied as a model. In this case, 

the owner hired a developer to oversee the project.  

 

The role played by the owner in the decision process was identified as most 

critical to the success of all the projects. The owners’ ability to formulate and 

communicate the project objectives and expectations to the entire team helped 

the teams to align their goals from the beginning. 

 

The sustainability director, architectural team and energy modeler on case study 

B analyzed the performance of their previously built HPB projects to identify the 

factors that resulted in higher than expected operational energy. The roles played 

and expertise brought to the team by the sustainability director, project architects 

and the commissioning agent on case study B were critical for understanding the 

owner requirements, setting project goals, and coming up with a design approach 

to reduce uncertainties in the design process decision-making.  

 

For case study C the mechanical team had experience in NZEB design and 

understood the factors that contributed to the overestimation for performance of 

HPBs. The mechanical team helped the design-build team with assessing project 

objectives and setting expectations.  

 

For case study D the architectural team, contractor, mechanical team and 

developer were critical to the success of this project. Specialty consultants on 

both case studies C and D were also instrumental in the success of NZE goal 

achievement.  

 

5.1.1.1.9. Key Performance Indicator – Occupant Involvement in Goal 

Definition 

Case study A put together a cultural advisory board to review the design direction 

and to stay true to Hawaiian culture and architectural traditions. Apart from the 

energy performance goal, aesthetics and innovative architectural form weighed 

heavily on the design decisions.  

 

Case study B had owners and occupants that were committed to sustainability. 

This case involved the foundation board members, ecologist, and local 

community members in their design charrettes and decision process. Special 



Railesha Tiwari Chapter 5- Discussions of Comparison Results  239 

efforts were made to educate the local people concerning the NZE design efforts 

being taken, and the hiring of local carpenters and other tradesmen or sub-

contractors.  

 

Case study C included a buildings research team with energy efficiency 

representatives in the design charrettes and the decision-making process.  

 

Case study D had major industry experts and specialists involved in their early 

design charrettes.  

 

This inclusive approach on all projects was an indicator of the importance of 

having people who are committed to the project goals and who are going to use 

the building to be included in the goal setting and early phases of design.  

 

Participant B4 – “Keep in mind that one of the targets of this project is that 

they did not want the building to be a system apart from the people. They 

wanted the occupants in the building to really integrate with one another 

and so on through out. There was this important aspect of here is what we 

think the temperature settings are going to be, this building is going to be 

heavily influenced by occupant behavior intentionally…We can't assume 

some thermostat settings and occupant decide to do something quite 

different with it, you need to know what the consequence of that was and 

they need to know what the consequence of that decision is as the building 

is occupied and functioning.” 

  

 

 

 

 

5.1.1.2. Decision Stage B 

Decision stage B for all four case studies mainly comprised of the following six 

phases –  

B1 – Initiate the Design 

         Identify Regulatory Constraints 

         Develop Pattern Language 

         Compete for Design Competition 

         Initiate the Proposal 

B2 – Select Internal Teams 

B3 – Explore Design Ideas 

B4 – Initiate Benchmarking Exercise 
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B5 – Project Goal Setting 

B6 – Establish Design Approach 

 

For all of the case studies depending on the project scale, these phases were 

either separate phases in the design process, or a part of another phase as 

shown in figures 5–2, 5–3, 5–4 and 5–5. The figures are labeled with the decision 

phases and key processes to represent both scenarios as applicable to the 

project. 

 

“Initiate the Design” phase for case study A and B consisted of efforts to 

understand the owner’s mission, identify and refine the objectives and develop 

the previously established initial design approach. For case studies A and B this 

phase mainly involved interaction between the owner’s project team, occupants 

and the architects. The architects for case study B developed a list of concerns 

for the owners and occupants and used pattern language as a means to define 

owner requirements into design elements.  In case study D, this phase included a 

series of design charrettes to discuss the program, site resources, climate 

information and guidelines of the living building challenge. Unlike the other three 

projects, for case study C this phase had two parts. The first sub-phase involved 

the architectural team selecting their D-B team partner to compete in the design 

competition by sending out team qualifications as per owner’s requirements. The 

second sub-phase was to respond to the detailed RFP requirements, with a 

commitment to duration and scope for the required firm-fixed price. For all cases 

the key differentiator in the decision-making approach was the project goal-

setting phase. Comparisons for the project objectives are described in the next 

section. 
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Figure 5–2: Decision phases and key processes in stage B for case study A
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Figure 5–3: Decision phases and key processes in stage B for case study B
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Figure 5–4: Decision phases and key processes in stage B for case study C 
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Figure 5–5: Decision phases and key processes in stage B for case study D
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5.1.1.2.1. Comparison of Project Goal Setting Approach 

Irrespective of who set the energy use targets or how the EUI goal was set, the 

one common goal for case studies B, C and D was having a quantitative EUI 

target. Case study B set a EUI goal for 54 kWh/m2/year, case study C set a 

requirement for 35.1 kBtu/sq.ft/year and case study D set a target for 16 

kBtu/sq.ft/year.  

 

The sustainability director of case study B played an important role in conducting 

precedence studies and benchmarking exercises in order to assess the current 

state of the art of HPBs as well as understand how the buildings previously 

designed by them were actually performing and being used. Since the owner in 

this case clearly wanted a nature center with the least environmental impact, the 

NZE and carbon-neutral goals were set at the beginning. The sustainability 

director, with the help of the project architect and the energy modeler, set the EUI 

goal by assessing the amount of renewables needed.  

 

Owners of case study C also conducted extensive precedence studies, analyzed 

the current state of the art of HPBs and extensively documented the energy 

usage of their recent HPBs and identified the reasons for not meeting their 

targets. By modeling their program requirements specifically for their climate 

zone, they set the EUI goal at 25 Kbtu/sq.ft which was later relaxed to 35.1 

Kbtu/sq.ft for better space efficiency and to include the data center load. Knowing 

their energy usage for the current data center allowed them to develop more 

accurate load estimates.  

 

In case study D, the architects took a similar approach of studying the energy 

use of other NZEBs and HPBs similar in climate and building type.  

 

Case study A was the earliest of the four case studies and although it had an 

aggressive goal of not consuming any energy apart from what it could produce 

on site and did not have a goal for a EUI number. 

 

5.1.1.2.2. Comparison of Project Goals 

Each study not only included the EUI goals but other project goals such as 

budget, schedule and performance as shown in Table 5–1. The following 

sections present a discussion on the various project requirements for all four 

case studies. 

 

 

Table 5–1: NZEB case studies performance and other project objectives 
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Project 
Objectives 

Project 
Performance 
Objectives 

Target & 
Achieved EUI 

Size 
of PV 
Array 

Occupancy Details 
Other 

project 
Objectives 

Case 
Study A 

LEED 
Platinum (not 
set by owner) 

- 

-3.46 

(81% less 
energy than a 
comparable 

building 
designed to 
minimum 

compliance) 

20 kW 

Permanent 
Occupants: 4  

Occupant 
hours/week/occupant: 

40  

Visitors: 300  

Visitors 
hours/week/visitor: 2 

Innovative 
and 

Adaptable 
Design 

Discovery, 
Education, 

Outreach and 
Energy 

Research 

Case 
Study B 

LEED 
Platinum 

Carbon-
Neutral Status 

NZE Status 

54 kWh/m2/year 

-2.02 

(70% less 
energy than a 
comparable 
conventional 

building) 

39.6 
kW 

Typical Occupancy: 
12  

Occupant 
hours/week/occupant: 

40  

Visitors per week: 85  

Visitors 
hours/week/visitor: 5 

Local 
Community 
Awareness 

Local 
Sourcing of 

Labor 

Harvest 
materials on 

site 

Case 
Study C 

Mission 
Critical - 
LEED 

Platinum 

Highly 
Desirable - 
Occupant 
Density 

If Possible -
NZE 

35.1 
KBtu/sq.ft/year 

33.2 
kBtu/sq.ft/year 

0 

449 
kW + 
524 

kW + 
706 
kW 

Highly Desirable 
Occupancy: 800 

Actual Occupancy: 
822 

Occupied hours per 
week: 50 

Visitors per week: 60 

Mission 
Critical - 
Safety 

Include Data 
Center Load 

Case 
Study D 

Living 
Building 
Status 

16 
kBtu/sq.ft/year 

-6.91* (*not 
occupied 100%) 

(*75% less 
energy than a 
typical building 

in Seattle) 

242 
kW 

Not fully occupied for 
a year 

Exact occupancy 
unknown 

250 year 
Service Life 
of Building 

50 Year 
Replaceable 
Building Skin 

Replicable 
NZEB model 

Project Budget 

Case study A had a fixed budget and as a result the scope of the program was 

limited to fit within the budget. Case study B was dependent on fund raising to 
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construct the buildings. Their fund raising started as a parallel process to 

schematic design and continued for a year while design was put on hold. Not 

having a fixed budget as a goal for this project affected the sequencing of the 

decision phases. Case study C had a firm fixed price as part of the goals and 

contract terms but allowed for a fluid scope. The design teams determined the 

scope and prioritized their spending as a result of energy performance issues. 

 

Participant C2 - “There wasn't really a detailed payback analysis done in 

fact because the biggest way the contract and project was structured, it 

was really necessary. There was no extra money to go get, so we had a 

fixed budget. We couldn't say if we could add this, it will add this much 

more cost to the project but it will pay back in so much time. So the only 

real analysis that we had to do, we needed to make a bunch of decisions 

and they needed to fit within the budget framework like the energy goals. 

So the time it paid back all that wasn't really of much consequence to 

meeting net zero performance because we had a bucket of money and we 

were limited to it.” 

 

Project Schedule 

Case study C was the only project amongst the four cases that had an 

aggressive project schedule as a goal. 

 

Participant B5 – “…It was largely based around fund-raising. There was 

no time sensitive date that the project needed to be completed by.” 

 

Participant C2 – “…we didn't even finish designing they immediately 

wanted to break ground and start the foundation, start with the earthwork 

and site work. So we marched forward and thought how do we get to this 

quickly. We were still developing design parts that will be built later and so 

we ended up delivering design packets that went out incrementally as the 

contractor needed them and took time to define other parts that they did 

not need to later.” 

 

Design Quality 

Owners of case study A had project objectives such as the building design being 

innovative and adaptive, culturally sensitive and respective of the Hawaiian 

culture as well as a landmark to bring people into the site. Owners of case study 

B had the philosophy of “land ethics” meaning to live on a piece of land with the 

least environmental impact. They wanted their legacy to be reflected in the 

project by harvesting trees on site, educating the local community and hiring local 
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carpenters and sub-contractors to create jobs. Case study C had a mission 

critical goal of safety that was above all of the other project objectives. Durability 

in terms of service life of the building was important to the owners of case study 

D as reflected in their objective to provide a super structure that could last 250 

years. All of these project objectives helped guide the design decision-making for 

the case studies.  

  

Participant A4 – “…the general objectives such as Zero Net Energy using 

the deep cold sea water as a resource and integrating air into the building, 

developing an opportunity to provide public outreach, public education on 

renewable energy, distributed energy, ultimate energy, putting in place 

opportunities to showcase net-metering and other policy changes that 

were taking place, putting in place a venue that would allow itself or lend 

itself to adaptability and innovation so that we weren’t building something 

that was obsolete before we even moved earth and also we were looking 

very seriously at LEED. We wanted it to be a LEED design…” 

 

Project Performance 

Project performance was specified using varying performance measures such as 

energy use, LEED certification, Living Building status, and a desirable occupant 

density in some cases.  

 

In case study A and B it was found that the LEED documentation and certification 

process ran a parallel process to NZE design process mainly due to additional 

energy simulation models that had to be created for the LEED certification, 

adding cost and time to the projects. As per the sustainability consultant on case 

study B, the requirement for an energy base case simulation model “cost the 

client $6000 of wasted time”, but he did acknowledge the help from LEED 

reviewers with their carbon-neutral submissions that helped in getting the LEED 

innovation credit (Utzinger, 2007, Aldo Leopold Legacy Center LEED 

Submissions for Energy, Renewable Energy, Green Power and Carbon Neutral 

Operation preface).  

 

Case study C had a “mission critical” requirement for the project to be LEED 

Platinum and an “If possible” goal for NZE (Hootman, 2013, p. 388).  

 

Unlike case studies A, B and C, the owner of case study D had a clear objective 

to meet the Living Building Certification challenge that requires both NZE and 

Net-Zero Water (NZW). The NZE certification offered by the Living Building 

Institute was selected for the certification process for the purpose of NZE 
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certification as a better option as it could be achieved after one year of 

monitoring the building energy performance. LEED certification on the other hand 

is awarded without the measurement and verification of building performance.  

 

Participant B5 – “…we then early on determined that one way we would 

measure success in achieving those goals was through LEED certification. 

So experience with LEED certification became important. And then it got 

narrowed down to two additional means or opportunities for our project. 

One was using local materials, so with trees that were harvested off of our 

property and the other was generically around energy. And I think it would 

be later in project where we started to refine our energy goals.” 

 

Participant C1 – “…we made obligations around the energy efficiency that 

happen around a normal LEED project, to substantiate the contractual 

requirements of Net Zero-Energy... we did request architecture be 

consistent with our campus, had to maximize the number of people that 

could sit in the space…” 

 

A schematic comparison of the prioritization of the project objectives for all four 

case studies is shown in Figure 5–6. Each project objective including budget, 

performance, quality and schedule are color coded with a gradient in tone to 

reflect their level of influence. The darker the tone of the color shown for each 

project objective shows the higher level of priority given to that particular 

objective for each project.  

 

A comparison of the goal setting approach used on each case study showed that 

prioritization of project objectives should be included in the RFP so that the 

design team can be clear on the relative importance of each objective and to 

insure that the owners can get the most value for their budget.  

 

Participant C1 – “…the requirements of the RFP. We scored them like for 

mission critical requirements that they had to have and a whole list of 

highly desirables, and then a series of if possible wish list. So all the 

performance requirements were organized and prioritized amongst us and 

then clearly stated.” 
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Figure 5–6: Level of influence of project objectives on each case study project 

 

5.1.1.2.3. Prioritizing Project Goals through Contract Terms 

One of the key advantages of fixed price contracts is that the agreement between 

the owners and design teams does not allow for change orders as long as 

performance is being met. Another advantage of these contracts is that they 

include options for risk management for the owners by shifting most of the risk to 

the contractors.  

 

Transparency related to cost helped facilitate complete contractor buy-in from the 

very beginning and helped to ensure energy performance and cost performance 

goals would be met.  

 

The fixed price is most favorable in performance-based D-B project delivery 

since the D-B team is responsible for performance. Contract issues include 

having a fixed project schedule and faster delivery. 

 

5.1.1.2.4. Key Performance Indicator - Project Goal Definition 

The need to define the project objectives in as much detail as possible with 

quantitative goals was stressed by most participants. Specification of the 

expected occupancy density and patterns with reference to the gross floor area 

was set as a goal for case study C and is recommended for all NZE projects 

because these directly impact the EUI goal.  

 

A recommendation to set energy-contingencies similar to cost-contingencies 

early on was made by most experts to facilitate decision-making based on both. 

5.1.1.2.5. Key Performance Indicator – Early Resource Planning 

The public-private collaboration that included the local electric utility company 

funding the photovoltaic panels for renewable energy production happened quite 

late in the process for case study A. Due to the fixed budget for the project, the 

initial intent therefore was to design the building to consume the least energy 
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while using passive architectural strategies. Towards the later phases of the 

project, though this collaborative effort the building could achieve its NZE status 

by producing enough solar energy on site.  

 

Case studies B and D took the approach of assessing available resources on site 

to calculate the amount of available renewable energy. Then both design teams 

worked backwards to develop solutions that could fit within the allotted budgets.  

 

In the case of project D, the design team created a water budget in addition to 

the energy budget because the Living Building status requires both NZE and 

NZW.  

 

For case study C the D-B team that won the design competition was selected 

primarily due to their commitment to the NZE goal and their innovative ways of 

integrating renewable energy to the project. The D-B team proposed a power 

purchase agreement with the local utility supplier to finance the photovoltaic 

panels. As a result renewable energy production was considered from the very 

beginning while efforts were being made to minimize demand through design and 

plug load management.  

 

Case studies C and D created a system to track the estimated energy usage as 

part of the design process enabling the team to monitor the progress of the 

design with respect to energy use while comparing the savings with the number 

of photovoltaic panels used.  

 

Participant A4 – “Collaboration with Hawaii Electric Light Co. to include 

Photovoltaic and distributed generation to project – i.e., add PV panels to 

Triodetic Frames.  Opportunity for private-public collaboration as well as, 

real-time demonstration of the project producing energy in excess of its 

needs and sending subject excess to grid.” 

 

5.1.1.2.6. Comparison of Early Design Ideas 

Brainstorming initial design ideas through design charrettes involving all major 

stakeholders and decision-makers was a key phase for all of the four projects.  

 

Most teams used their previous experience on HPBs and NZEBs as starting 

point to guide the project development. Each stakeholder group relied on their 

expertise and experience to help develop the early design concepts. 
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In case study C since the owners defined the project objectives in the RFP along 

with a target EUI goal, the design teams spent their initial investigation time 

evaluating the energy requirements and reviewing the NZE definitions. The 

detailed RFP was used as a basis of design in the early analysis phase since the 

owners had identified all of the key components of the building including plug and 

process loads and energy efficiency assumptions for equipment.  

 

For all other case studies since the design team was part of the goal setting 

process, they focused their efforts on precedent studies of projects similar in 

program, scale and climate zone.  

 

Resolution of building form as per site shape and program requirements through 

the use of passive strategies was the common approach used on all projects.  

 

The primary challenge associated with case study C was to identify ways to 

make a big building act like a smaller passive building. This included 

consideration for occupant density while the design team spent most of their 

effort conceptually laying out the various user groups inside the initial building 

proposal to know if the headcount could fit in the building as per the program 

requirements.  

 

5.1.1.2.7. Key Performance Indicator - Collaborative Decision-Making 

Discussion of ideas from each discipline was identified as a common approach 

during the exploration of early design ideas and during the project goal setting 

phases. For example, discussions concerning constructability and cost, structural 

implications of material selection and implications on passive strategies due to 

program requirements were some of the instances that involved collaborative 

decision-making as a critical factor in NZE design. 

 

5.1.1.2.8. Key Performance Indicator – Project Design Criteria 

The exploration of design ideas and strategies through multiple design charrettes 

was a key design approach that the entire team agreed was important for 

attaining the NZE and other performance project goals.  

 

High-level goals such as daylighting the building as much as possible and using 

natural ventilation, reduction in lighting energy use, width of floor plates and floor 

to floor height of the building etc. were informed by early energy analysis.  
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Overall massing studies of the building were conducted during this phase based 

on daylighting, natural ventilation, and orientation decisions set by the design 

teams on all projects.  

 

In essence, key project design criteria were set during this stage and this formed 

the basis of design in the subsequent phases. Some examples of project design 

criteria that were adopted included keeping the design simple and modular 

allowing building envelope decisions to be driven by daylighting and natural 

ventilation, open office design to fit the program, use of outdoor air for ventilation, 

and use of water to provide heating and cooling. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.1.1.3. Decision Stage C 

Decision stage C for all four case studies mainly comprised of the following eight 

phases –  

 

C1 – Develop Design Strategies 
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         Develop Early Design Scope 

C2 – Apply for Plan Approvals 

C3 – Select Assessment Tools 

C4 – Review Design Progress 

         Develop Assessment Strategies 

         Design Competition Proposal 

C5 – Perform Early Cost Assessment 

C6 – Perform Early Design Assessment 

         Perform Early Daylight Assessment 

C7 – Budget Design Alignment 

         Sign Final Contract 

         Perform Detailed Cost Assessment 

C8 – Assess Feasibility 

         Perform Initial Assessment 

         Verify Design Attributes 

         Refine Design Solutions 

         Review Feasibility of Design Solutions 

         Review and Grade Competition Design Solutions 

         Research and Review Material Composition and Sourcing 

         Research User Preferences 

 

Figures 5–7, 5–8, and 5–9 show the respective decision phases and key 

processes within each phase for each case study. 
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Figure 5–7: Decision phases and key processes in stage C for case study A 
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Figure 5–8: Decision phases and key processes in stage C for case study B 
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Figure 5–9: Comparison of decision phases and key processes in stage C for case studies C and D 
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5.1.1.3.1. Comparison of Primary Design Strategies 

Daylighting and natural ventilation were the primary design strategies (refer to 

Figure 5–10) for all case studies. In addition the focus was mainly concentrated 

on designing a tight building envelope with increased insulation levels and 

minimized thermal bridging.  

 

The MEP teams played a critical role in assisting the design teams to meet these 

goals. The MEP teams were also instrumental in setting energy and water 

budgets and helped guide the teams concerning energy budget allocations.  

 

 
 
Figure 5–10 Primary design strategies used in case Study A 

 

Plug load management was the other primary strategy used in case studies C 

and D. Since case study D was a speculative tenant building, the design team 

decided to monitor their own plug loads to better understand the energy usage 

and to identify ways to minimize the plug loads. This information was shared with 

the design team as part of the RFP and through continuous support once the 

design team was awarded the contract. Early plug load analysis was identified as 

a critical step in making more accurate assumptions during the early energy 

analyses and in setting an aggressive but realistic EUI goal. Choosing the most 

energy efficient equipment was also an important strategy for plug load 

reduction. Table 5–2 summarizes the primary design and renewable energy 

production strategies used on all case studies along with some unsuccessful 

strategies. 
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Table 5–2: NZEB case studies primary design strategies 

Design 
Strategies 

Primary Design 
Strategies 

Discarded/ 
Unsuccessful 

Strategies 

Renewable Energy Production 
Strategies 

Case Study 
A 

Daylighting 

Induced Stack 
Ventilation 

Natural Ventilation 

Orientation 

Condensation Irrigation 

Photovoltaic Panels – Roof-
mounted 

Renewable Cooling from cold 
deep seawater (not included in 

NZE calculations) 

Case Study 
B 

Earth Tubes 

Geothermal Wells 

Radiant Floor 
Heating and 

Cooling 

Locally Harvested 
Lumber 

Thermal Zoning 

Daylighting 

Natural Ventilation 

Heat Recovery from 
Invertor Room 

Photovoltaic Panels – Roof-
mounted 

Wood Burning Devices 

Case Study 
C 

Daylighting 

Natural Ventilation 

Thermal Labyrinth 

Solar Transpired 
Collectors 

Night Purge 

Solar Shading 

Double Glazed Façade 

Photovoltaic on South 
Facade 

Photovoltaic Panels – Roof-
mounted and parking canopies 

Biomass Woodchip Central Plant 
Boiler (not included in NZE 

calculations) 

Case Study 
D 

Geothermal Wells 

Radiant Floor 
Heating 

Chilled Beam 
Ceilings 

Thermal Mass 

Night Purge 

Photovoltaic on South 
Façade 

Atrium/ Courtyard 

Internal Green house/ 
Sun rooms/ Green wall 

Photovoltaic Panels – Roof-
mounted 

 

5.1.1.3.2. Comparison of Initial Programming/ Conceptualization 
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While the NZE objective was the key driver in design decision-making on all four 

case studies, the early design approach of conceptualizing the program was 

different for case studies B, C and D.  

 

A pattern language was used to describe the vision for the spaces and define the 

potential operational uses of the building for case study B. In order to develop the 

pattern language, the architects spent time upfront asking questions to the 

owners and the occupants, capturing their answers in an effort to understand 

how the spaces would be used.  

 

In contrast, the owners of case study C included adjacencies of departments and 

the number of occupants in the program providing specifications for office sizes 

based on rank and designation. The design team had the freedom to design the 

spaces while meeting the energy performance objectives but since there was no 

feedback from the owners in the early design charrettes the design team took it 

upon themselves to challenge the traditional office space specifications by 

proposing modular office spaces that could compliment the daylighting and 

natural ventilation strategies.  

 

5.1.1.3.3. Comparison of Early Analyses Performed 

Early analyses on all case studies were focused on energy simulations, 

assessment of natural ventilation to determine thermal comfort, daylighting, 

shading and other proprietary studies such as thermal heat transfer and window 

U-value performance (refer to Figure 5–11).  

 

Selection of tools for modeling in all four case studies was mainly driven by 

simulation run times, the level of detail of modeling and analysis needed, 

experience with the software, experience on other projects, project budget and 

schedule.  

 

The modeling approach preceded selecting specific tools. Dependent on the 

specific project needs, modeling approaches can vary. For example, for case 

study B the simulation was conducted in parts to gain confidence and reduce 

uncertainty associated with each design component, before assessing the overall 

performance. 
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Figure 5–11: Types of early analyses performed on each case study 

 

5.1.1.3.4. Key Performance Indicator – Reduce Uncertainty 

The D-B team in case study C hired a specialty consultant to help them with in-

depth analysis on daylighting, LEED services, commissioning, measurement and 

verification. Although the MEP team had the expertise to perform energy 

modeling and assess daylighting strategies integrated with other passive and 

active systems, they felt the need to get additional assistance since providing 

daylighting to 90% of the internal spaces was a requirement from the owners. 

This collaboration between the teams allowed the design team to develop 

innovative analysis approaches such as manipulating the energy model to 

incorporate precise energy use numbers from the daylighitng model. The owner 

of case study C adopted a unique strategy of requiring an “as-built” energy model 

from the design team. 

 

The need to reduce uncertainty in assigning energy budgets to unknown tenants 

resulted in the design team for case study D conducting research on user 

preferences and plug loads.  

 

Case study B performed benchmarking exercises to study the behavior of 

occupants in their previously designed high performance buildings to evaluate 

occupant usage patterns and fine tune operational schedules. For the 
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simulations this was a creative way to know how their buildings perform and how 

do the occupants use their space to increase the accuracy and decrease 

uncertainty associated with modeling assumptions.  

  

Table 5–3: NZEB case studies early primary analyses performed and tools used 

Analyses Primary Analyses Primary Tools Used 
Proprietary Tools and 

Calculations 

Case 
Study A 

Daylighting 

Natural Ventilation  

Shading 

 

Radiance 

SketchUp 

 

TAS 

Case 
Study B 

Earth Tubes, Heat 
Recovery,  

Daylighting  

Natural Ventilation 

CONTAMW (multi-node bulk 
flow pollution transport model) 

Cpenerator (wind pressure 
coefficients) 

SketchUp  

TRNSYS (integration of 
component models) 

Wood Burning Stove Energy 
Calculations 

 

Case 
Study C 

Daylighting 

Natural Ventilation 

Thermal Labyrinth 

Solar Transpired 
Collectors 

Windows 
Performance 

Thermal Bridging 

Solar Shading 

Electric Lighting 

eQuest 

Radiance 

IES 

Energy Plus 

Therm 

Windows 

AGI 

Thermal Labyrinth 
Calculations 

 

Case 
Study D 

Geothermal Wells 

Radiant Floor 
Heating 

Chilled Beam 
Ceilings 

Thermal Mass 

Photovoltaic on South Façade 

Atrium/ Courtyard  

Internal Green house/ Sun 
rooms/ Green wall 

Photovoltaic Tilt Angle and 
Performance Calculations 

 

 

5.1.1.4. Decision Stage D 
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Decision stage D for all four case studies mainly comprised of the following 

seven phases –  

D1 – Design Charrettes with Owner 

D2 – Refine Design Elements 

         Develop Design Concepts 

         Develop Basic MEP Design 

D3 – Perform Initial Assessments 

         Perform Initial Lighting Design 

D4 – Review Design Concepts 

         Design Approach based on Early Assessment 

         Research and Review Material Composition and Sourcing 

D5 – Mechanical Design Approach for Detailed Assessment 

         Redevelop Mechanical Design Proposal 

         Research User Preferences 

D6 – Perform Early Design Assessment 

         Perform Detailed Assessment of Unknowns 

         Perform Detailed Daylight Assessment 

         Perform Detailed Lighting Design 

         Review and Grade Competing Design Solutions 

D7 – Approve Design Proposal 

 

Figures 5–12 and 5–13 show the comparisons between the decision phases and 

identify the key strategies used on each case study. Table 5–4 compares the 

innovative and creative strategies used on all four case studies. 
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Figure 5–12: Comparison of decision phases and key processes in stage D for case studies A and B 
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Figure 5–13: Comparison of decision phases and key processes in stage D for case studies C and D 
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5.1.1.4.1. Comparison of Innovation and Creative Solutions 

 

Table 5–4: NZEB case studies innovative/creative systems and strategies 

 

Unique 
Strategies 

Innovative/Creative Systems and Strategies 

Case Study A 

Thermal Chimney 

Condensation Irrigation 

Tapping into district cooling – cold deep sea water 

Case Study B 

Earth tubes to ventilate the building 

 Radiant system for both heating and cooling  

Trees in the form of structural beams, siding, finish work and furniture 

Case Study C 

Heat recovery from the data center 

Thermal Labyrinth 

Solar Transpired Collectors 

Case Study D 

Variance from the city – floor to floor height 

Variance from the city – extension of roof to the face of the side walk for 
photovoltaic panels 

Rainwater for poTable fixtures for drinking 

Reuse grey-water for flushing 

Energy and Water budget based rental lease agreement 

 

 

 

 

 

 

 

 

 

 

 

5.1.1.5. Decision Stage E 
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Decision stage E for all four case studies mainly comprised of the following eight 

phases –  

 

E1 – Develop Performance Module 

E2 – Perform Integrated Assessment 

E3 – Develop Controls 

E4 – Validate Performance 

         Size Equipment 

         Refine the Simulations 

E5 – Refine Mechanical Design Proposal 

        Perform Early Cost Assessment 

E6 – Perform Early Design Assessment 

         Perform Detailed Assessment of Unknowns 

         Perform Detailed Daylight Assessment 

         Perform Detailed Lighting Design 

         Research and Review Material Composition and Sourcing 

E7 – Peer Review of Design 

         Peer Review of Mechanical Design 

E8 – Refine Design Concept 

         Develop Design Concepts 

         Review Substantiation Packages 

 

Figures 5–14 and 5–15 show the comparisons between the decision phases and 

identify the key strategies used on each case study. 
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Figure 5–14: Comparison of decision phases and key processes in stage E for case studies A and B 
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Figure 5–15: Comparison of decision phases and key processes in stage E for case studies C and D 
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5.1.1.5.1. Comparison of Degree of Automation and Control 

For case study B a minimum degree of automation in building controls provided 

more direct control to occupants for lights, operable windows and the mechanical 

system switchover between heating and cooling modes.  

 

Case study C used actuators to automate some portions of the windows for night 

purging and also provided manually operable windows. The owners of case 

study C had strict window safety requirements that conflicted with the natural 

ventilation, so the D-B team had to convince the owners to compromise. The use 

of dashboards allowed the occupants to monitor building performance and take 

actions based on recommendations displayed on building monitoring systems.  

 

Case study D used net metering to monitor tenant energy use since tenants are 

contractually bound by energy budgets written in lease agreements. Most of the 

building controls in case study D are automated with the ability to manually 

override, but the controls reset every half to two hours.  

 

Case study B, C and D used varying degrees of automation of controls for 

performance assurance through the use of energy alarm systems. Continuous 

measurement and verification or continuous commissioning is most critical for 

NZE operation.  

 

Early attention to quality of metering systems, ability to provide net metering and 

maintenance are important for long-term NZE operations. 

 

5.1.1.5.2. Key Performance Indicator - Occupant Education 

For all case studies an important factor in the success of both the daylighting and 

natural ventilation strategies was occupant education and training. Occupants 

were encouraged to follow set schedules and were made aware of the 

consequences of their behavior on energy use. Occupant training, facility 

management training about efficiency and operational schedules, and creating 

tools and resources for efficient operation were critical for achieving and 

maintaining NZE operations for all case studies.  

 

The need for reliable assumptions for occupant usage patterns was highly 

emphasized by all participants. These assumptions were fine-tuned continuously 

as more precise information was available in the later phases of design.  

 

The narrow floor plate, and integration of daylight with electric lighting were early 

design decisions that were the result of project goals.  
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Simplicity of controls, knowledge of how the control systems work and how to fix 

the most critical controls are also important for NZE operations. 

 

Participant B4 - “So really again it was a matter of informing the users about 

how their systems operated, not necessarily making some hard and fast 

design decisions. It was a matter of teaching them that if you do this then 

that will happen…what we tried to do was provide the design team and then 

eventually have the building provides the endpoint user with information so 

that then they could make an informed decision. It was a matter of giving 

them the information about the consequences of their decisions… they 

didn't want their decision taken out of their hands.” 

 

Participant B2 – “The other issue is that we needed to, since the building 

was going to be naturally ventilated and since staff are going to control the 

lighting, we needed to work at educating the staff in terms of closing and 

opening the windows mode change between natural ventilation and air-

conditioning and what the risks were of condensation on the floor slab… So 

there was some learning about the way that the system would operate… So 

there was some work on activities that were expected of the staff for the 

building to perform the way it did and there was some discussion about 

organization of the program. And fitting the thermal requirements for 

different programs elements to fit with the need of our energy goals.” 

 

5.1.1.5.3. Key Performance Indicator – Performance Assurance 

Owners, facility managers and data center managers for case study C used the 

design intent and as-built energy model expectations set for the project to ensure 

everything involved in operations was aligned with those goals.  

 

Rather than measurement and verification being a report at the end of the year, 

the owners monitor performance on a continuous basis. The owner introduced a 

voluntary incentive scheme that they used as a one-year active warranty period 

of operations to fix controls and systems that were not working as planned.  

5.1.2. Findings from the Common Interview Questions 
The following sections review the design approaches and central issues that 

drove decision-making to develop key stakeholder specific considerations and 

primary process-based key performance indicators. The discussions presented 

here are the result of 67 interviews conducted with the 37 industry experts listed 

in Chapter 4. 
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5.1.2.1. In your opinion, how does the project delivery method affect the 

Net-Zero Energy design goal? 

 

Architect’s Perspectives 

Participant C3 – “…you know it varies with the owner. For the federal 

government, I think design-build is critical in the sense that absence of 

that delivery model they have too many regulations to respond to that they 

will unfortunately undo all their best efforts…Is it necessary for the delivery 

of a net zero model, I don't think so. I think what you are after instead of 

design-build, instead of any contract model precisely are terms which you 

can insert in any contract that require the owner, the architect and the 

contractor to work in a transparent and collaborative relationship. So the 

ownership reveals their responsibilities and transparencies, the ownership 

reveals completely what their budget is, how much money do they 

honestly and genuinely have, what are the boundaries of that budget… 

They need to be completely transparent about what the contingencies are 

so that everyone understands how much money there is, where the 

money is being banked to protect against unknowns, what known and 

unknowns there are in the job.” 

Sustainability Director’s Perspectives 

Participant B2 – “I guess what I am saying is that until design teams really 

come to grips with understanding how their buildings are actually 

performing and take the time to go back and interview clients about that I 

am not sure that a particular project delivery is going to have much 

meaning. So I would have to say that whatever project delivery method is 

out there, a reasonable part of the response to the way that project 

delivery method works has to include post-occupancy commissioning and 

verification of performance.” 

Participant C2 – “I can't imagine doing design-bid-build because it just 

gets in the way of the integration of the team as far as also making it cost-

effective and within the budget unless there is no budget constraint then 

you can choose whatever process you want but to be cost effective the 

integrated delivery method puts everyone together from day one around 

the goal of performance with constant schedule and other really important 

objectives of the client. Client is key.” 

Commissioning Agents Perspective 
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Participant B3 – “If the goal is very carefully defined and there are 

measurable indices of performance expectations, in other words, 

performance goals in terms of BTUs per square feet or carbon or some 

other measurable means then Design-Build can work if you get the right 

Design-Build firm…but in any case the key is definition and sooner or later 

reducing your subjective goals into measurable indices. And there are 

always the unmeasurable subjective approach too you have to meet those 

or you fail at all the rest. But in particular, if you can’t measure it, you can’t 

manage it.” 

Engineers Perspectives 

Participant A2 – “…it was a collaborative effort from day one… it was a 

very close collaborative effort and everyone was involved. I would say that 

there were no real individuals that drove the vision, that all the decisions 

were done in collaboration; but there is always a leader and I would say 

that would be the project architect. IPD is the method that we use on all 

our projects so I am of course biased but I say that that’s the way it should 

be.”  

Owners Perspectives 

Participant B5 – “…because the project is kind of unique in nature and 

goals…I think in some ways it was kind of clear we needed some of that 

knowledge and expertise involved earlier in the process than normal 

because… you know high performance buildings just weren’t as common 

back then. So we needed to have people who had some different 

knowledge sets and experiences available to the design team. So some of 

it was their willingness and their own excitement to have others involved 

early in the process.”  

 

Participant C1 – “…and so I think the Design-Bid-Build process would 

work, it will be more expensive, it will take longer, if you have a budget 

then it will take more but I think its less integrated and creates more 

complex intention. There is no one responsible party for energy efficiency 

and that means no one is responsible and you can’t hold anyone 

responsible to energy efficiency and Net-Zero Energy and therefore that 

risks falls to the owner to manage that and it will be more difficult for the 

owners to have that expertise to manage their design and construction 

partners for an energy target. So I think it’s very important that we can do 

to get your energy performance cost-effectively…Design-Build is more 

productive and a better understanding of the project between the owner 
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and the Design-Build team. So you know overall its more successful it 

terms of the project.” 

 

 

 

Contractors Perspective 

Participant D4 – “…this was a project that everybody wants to work on. 

There is an emotional part of this… to deliver the type of project such as 

this requires a level of effort and commitment that no contract can truly 

capture. It requires everybody working together as a team and do what’s 

best for the building. Unfortunately, you have to ignore who your company 

name is and you have to figure out what’s best for the project and you 

move forward. It is a level of understanding and trust that is rather foreign 

to the construction industry.” 

 

5.1.2.1.1. Challenges and Central Issues of Concern 

The uncertainties associated with achieving the project objectives were one of 

the primary reasons that most stakeholders did not choose the D-B or IPD 

contract methods. This decision was evident on projects where none of the 

teams had previous experience using an IPD contract method or experience with 

D-B project delivery.  

 

From the owner’s perspective the other central issue for not choosing an IPD 

contract method was the desire to keep control on the project. Therefore, 

inexperience with the integrated project delivery method, need for control on the 

project and the associated financial expense in exploring and introducing new 

contractual terms were limiting factors in adopting IPD for case studies A, B and 

D.  

Inexperience with NZE design was also a reason for not exploring alternative 

project delivery methods.  

 

The owner’s representatives on all case studies acknowledged the value in 

having stakeholders together for goal setting and planning meetings.  

Due to the unique project needs of harvesting construction materials that were 

developed and used on site, the ability to adapt along the way was critical for 

case study B and hence finding a construction manager that was flexible was an 

important issue.  

 

For case study A the challenge of finding contractors who could build innovative 

design and adapt as per the needs of the project.  
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The owner’s representatives on case study C had difficulty in finding contractors 

who understood what NZE meant.  

 

The comparative analysis of interviews indicated the inclusion of post occupancy 

measurement and performance verification was a critical strategy and should be 

a contractual part of the project delivery method chosen.  

 

Quantitative goals in the form of EUIs and other performance measures were 

identified as having an impact on the success of the project.  

 
5.1.2.2. What specifically helped the development of the Net-Zero Energy 

Building design goal? (Design strategies or process characteristics) 

 

5.1.2.2.1. Comparison of Project Specific Important Considerations 

The most important considerations of design strategies and control mechanisms 

that helped in achieving the NZE goal are presented below (refer to Tables 5–5, 

5–6, 5–7 and 5–8). The process-based key performance indicators that emerged 

are also identified below. 

 

Case Study A 

Table 5–5: Important considerations and process-based key performance 

indicators for case study A 

 
Stakeholders Important considerations Process-Based Key 

Performance Indicators  

Project Architect Design the building initially to consume as 
little energy as possible 
Thermal chimney 
Daylighting 
Condensation irrigation 

Passive architecture 
 
 

Lead Engineer Building use 
Natural ventilation strategy 
Low occupancy 
Daylighting and minimalist lighting 

Building use 
 
Passive strategies 

Operations 
Manager 

Use of cold deep seawater for air-
conditioning 
Recovery of water vapor for flushing 
toilets and irrigation 
Solar panels 
Objectives of NELHA and our mission 
blend very well 
Signature building used as main visitor 
center 

On-site renewable resources 
 
 
 
 
Goal & mission alignment 
 
Iconic building form 

 

Case Study B 
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Table 5–6: Important considerations and process-based key performance 

indicators for case study B 

 
Stakeholders Important considerations Process-Based Key 

Performance 
Indicators 

Commissioning 
Agent 

Putting the team together 
Willingness to work outside the box 
Making good use of natural resources 
Putting systems together that were flexible and 
with reserve capacity 
Manage risk in trying new things 
Right size for the equipment 
Make sure sub-contractors understand the 
commissioning requirements 
Expectations of commissioning put in contract 
and explained in detail upfront 
Giving latitude/ permission to fail 
Reducing subjective goals into measurable 
indices 

Team selection 
Stakeholder 
willingness 
Resource planning 
Flexible systems 
Risk management 
Performance 
expectations 
Design latitude 
Goal definition 
 

Executive 
Director 

Ideas, challenges and encouragement brought 
by commissioning agent to the project 
Kind of work done that helped invent those 
ideas and develop them further by the 
Sustainability Director and Energy Consultant 
Integrated team ability and willingness to let 
ideas percolate and get implemented 

Design innovation 
Stakeholder 
commitment 
 

Project Architect Minimize energy consumption 
Manipulate the building to meet the energy goal 
(balance program) 
Consider efficient mechanical systems 
Produce energy to balance energy use 
Having Commissioning Agent, Sustainability 
Director, Energy Consultant, Construction 
Manager from day one 
Having modeling component to help make 
decisions (justify one solution over the other) 
Select people that can play along and adapt 

Balance program 
Integrated team 
Modeling component 
Adaptability 
 

Sustainability 
Director 

Evaluate energy consumption and determine 
actual Energy Use Intensity (EUI) 
Compare with HPBs EUI (research other 
buildings) 
Knowledge of how our buildings performed and 
goals we could achieve 
Designing end use goals relevant to meeting 
energy goals 
Assess systems separately 
Selection of simulation tools 
Set EUI goal for the building and use that to 
determine how much solar is needed in 
programming 
Perform simulation modeling in parts 
Have a way to look back and see what some 
of the shortfalls were due to 
Commissioning Agent critical for overseeing 

Benchmarking 
exercise 
Building performance 
knowledge 
Set EUI goal 
Design end-use goals 
Assessment approach 
Decision traceability 
Process oversight 
Systems operation 
knowledge 
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the process and meeting the goals 
Knowledge of how different systems operate 

Energy 
Consultant 

Owner buy-in 
Careful selection of project team 
Owner understood the need for trade-offs 
Owner very involved in the design process 
Owner had a hand in making decisions 
On-going monitoring of the systems and 
buildings 
Selection of building energy modeling tools 

Owner commitment 
Owner involvement 
Tool selection 

 
Case Study C 
Table 5–7: Important considerations and process-based key performance 

indicators for case study C 

 
Stakeholders Important considerations Process-Based Key 

Performance Indicators 

Owner’s 
Representative 

Level of integration of design team 
Contract assigned to confirmation of 
EUI/NZE commitment in terms of delivery 
Provide design flexibility 
Influence design by performance 
specifications 
Fluid scope 

Design team integration 
Stakeholder commitment  
NZE commitment delivery 
Design flexibility 
Performance goals 
Fluid scope 

Client Project 
Manager 

Very clear metric 
Enough direction from owner of what NZE 
meant to them 
Owner describing the problem in a way 
without describing the solution 
Changing role of architecture/architects to 
lead collaboration 
Very first move is energy model with a lot 
of architectural assumptions 
Energy model informing the architectural 
form 

Goal definition 
Design freedom/flexibility 
Lead collaboration 
Early energy modeling 
Detailed architectural 
assumptions 

Sustainability 
Director 

Daylighting for maximum savings 
Plug load control collaboration with owner 
Plug load audit by owner on their existing 
buildings 
Use of new efficient equipment and 
standards 
Impact of plug loads on internal loads and 
heat gain 

Key passive strategies 
Plug load control 
collaboration 
Plug load assessment 
Internal load mitigation 

Design Principal Owner gave a clear target of energy use 
Owner din’t tell us how to get there 
Creative idea of the building being simple, 
elegant and daylit 
Daylighting the building to lower the energy 
use set everything in motion 
Integrated team 
Owner using the building as it is supposed 
to be operated 
Adapted the program to complement the 
passive strategies 

Clear EUI goal 
Design flexibility/ latitude 
Big decision ideas 
Key passive strategies 
Integrated design team 
Owner commitment 
Program adaptation 
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MEP Team Leader Contractual approach 
Stakeholders commitment to delivering 
NZE 
No bridging documents – performance 
based as opposed to being prescriptive 
Detailed assumptions on plug loads, 
different space types and use types 
Very detailed RFP helping the design team 
to figure out what the owner wanted 
Experience on HPBs helped to guide the 
team from the beginning 
Good idea of strategies that would be 
successful 
Design team incentives/ rewards built 
under the program 
Owner got great value for their money 
Incentives/ rewards helped in a positive 
attitude 

Contractual obligation 
Stakeholder commitment 
NZE commitment delivery 
Performance based project 
delivery 
Detailed plug load 
assumptions 
Detailed space type 
assumptions 
Detailed use type 
assumptions 
Articulate goal definition 
Experience on HPBs 
Previous experience 
Incentives/ rewards 
program 
Project delivery method 
Facilitate integration 
 

Energy Modeler Architecture of the building drove down the 
amount of active systems 
Project delivery process galvanized the 
entire team 
Owner being the champion to operate the 
building as it was designed 
Use of strategies with off the shelf 
technologies in unique ways 
Decrease cost and increase performance 

Passive architecture 
Project delivery method 
Integrated design team 
Owner commitment 
Innovative design 
Performance driven design 
Cost implications 
 

 
Case Study D 
Table 5–8: Important considerations and process-based key performance 

indicators for case study D 

 
Stakeholders Important considerations Process-Based Key 

Performance Indicators  

Project 
Architect 

Saw tooth roof configuration 
Daylighting 
Rotating PV panels 
Best enclosure systems – mainly windows 
Weather barrier on exterior skin 
Geothermal Mechanical system 
 

Renewable energy 
production 
Passive architecture 
Minimize thermal 
bridging 
Climate zone 
Efficient building 
systems 

Lead Engineer Find economic model for additional first cost 
along with technical challenge 
Design a tight skin with walls, windows with 
multiple seals 
Provide triple glazed windows 

Technical challenge 
Economic challenge 
 
Tight building envelope 
 
Minimize infiltration 

Contractor Right ratio of opaque and glazed walls 
 

Building envelope 

Lighting 
Designer 

Overall reduction in load 
Setting expectations such as 100% daylighting 
during the day 

Plug load minimization 
 
Project goal setting 
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Specialty 
Consultant 

Owner and developer were clear on the goals 
from the get go 
Architectural firm understanding our role in 
designing the building envelope, wall 
assembly 
Willingness of team to explore new materials 
in the market 

Goal clarity 
 
Mutual trust and respect 
 
Stakeholder involvement 

Mechanical 
Engineer 

Team working together Team integration 
 

 
5.1.2.2.2. Owner Driven Key Process Differentiators 

The key process differentiators for all the four case studies that were driven by 

the owner are listed below: 

 

Case Study A 

1. Appointing a project manager with construction experience to represent 

the owner’s team 

2. NZE project goal 

3. Setting the use of cold deep seawater as a project objective 

4. Appointing a cultural review board to assess cultural sensitivity 

 

Case Study B 

1. Goal to create a carbon-neutral building using harvested trees belonging 

to the owners 

2. Goal to create public awareness and local jobs as part of social 

sustainability 

3. Appointing a commissioning agent to serve as an owner’s representative 

4. Hire the commissioning agent to guide the design process using 

commissioning as a template 

5. Allowing the design team to experiment and explore innovative solutions 

while owners bear the risk 

6. Contractors on board from the very beginning 

7. Peer review of design 

8. Developing a performance module as a guiding document to explain 

rationale for decision-making 

9. On-site material procurement process parallel to design process 

10. Material procurement dictated critical path for design decisions 

 

Case Study C 

1. Hiring a criteria consultant to write the RFP 

2. Incorporating energy and performance requirements and qualifiers on how 

to account for plug loads in the RFP 
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3. Prioritization of performance goals, specification of occupant density, 

daylighting and natural ventilation as a requirement 

4. Developing performance requirement and EUI performance specification 

before hiring the design team 

5. Using a design competition 

6. Making a requirement for Design-Build team and requiring a list of all team 

members for the selection process 

7. Specifying a firm fixed price contract to survive the value engineering 

process  

8. Allowing a fluid design scope 

9. Step acquisition process with substantiation requirements 

10. Owner’s evaluated proposed solutions for performance 

11. Continuous calibration of operations 

12. Role of performance assurance manager in controlling and monitoring 

what equipment goes into the building and its effect on plug loads 

13. Requirement of updated as-built energy model 

14. Rewards and penalties to facilitate integration and innovation 

15. Design budget alignment phase before signing the contract 

16. Detailed plug loads monitoring and analysis 

17. Replacement of inefficient equipment with energy efficient ones 

18. Aggressive project schedule 

19. Normalization of EUI based on occupant density 

 

 

Case Study D 

1. Achieving living building challenge as a project goal 

2. Hiring a developer to represent the owner’s project team 

3. Intent to create a economically replicable model for NZEBs 

4. Specifying 250 year life span for service life as a requirement 

 
5.1.2.2.3. Design Team Driven Key Process Differentiators 

The key process differentiators for all the four case studies that were driven by 

the design team are listed below: 

 

Case Study A 

1. Early integration with specialty consultants for natural ventilation modeling 

2. Collaboration with heat pump manufacturer to custom design an 

innovative solution 

3. Recommending LEED certification as a project goal 

 

Case Study B 
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1. Benchmarking exercise – assessment of operating high performance 

buildings to evaluate plug loads, lighting usage, window opening patterns, 

and occupancy patterns 

2. Efforts to minimize uncertainty with modeled occupant usage patterns 

3. Knowledge of precise photovoltaic performance to calculate accurate 

renewable energy production early on 

4. Understanding owner requirements through pattern language 

5. Performance assessment approach 

6. Role of architects in capturing owners requirements and refining them as 

visual design solutions 

7. Performance measurement and verification 

8. The LEED certification base case energy calculation models and methods 

were challenging and not helpful for NZEBs 

9. Proposing arguments to justify carbon-neutral operations to LEED review 

committee 

 

Case Study C 

1. Power purchase agreement proposal to bring renewables to the project – 

financial feasibility of photovoltaic panels considered very early on in the 

design process  

2. Role of sustainability director – creating a system to keep track of energy 

targets and renewable energy production to balance the site and source 

energy with renewable energy. This information was constantly updated 

and communicated to the team to help the team understand the NZE 

target 

3. Role of the MEP team in establishing expectations due to their experience 

4. Leadership role of client project manager and technical role of technical 

project manager 

5. Roles of performance manager and construction details manager on the 

MEP team 

6. Strategy to make the design simple, constructible and modular to handle 

the large project scale and aggressive schedule 

7. Close involvement with contractors to continuously track energy and cost 

targets 

8. No payback analysis – focus was firm fixed price 

9. Challenged the conventional office space requirements made by owners 

10. Proposal to reevaluate contractual terms for risk sharing 

11. Proposed two step process for signing the contract 

12. Hired daylighting consultant to strengthen their analysis and deliver 

performance 
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13. Convinced owners to make exceptions in window safety requirements due 

to conflict with passive strategies 

 

Case Study D 

1. Variances from the city due to the pilot living building initiative 

2. Early integration of specialty consultants due to added goals such as NZW 

and living building certification 

3. Attempting living building status –materials sourcing and procurement to 

comply with red list materials took precedence over the energy goal 

4. Challenging the current city regulations on rain water and waste water 

recycling and reuse methods 

5. End metering at individual desktop level 

6. Energy and water budget based lease agreement 

7. Penalty and rewards system 

8. Detailed plug load monitoring and research on energy efficient equipment 

 
 
 
 
 
5.1.2.3. What were the challenges or what specifically inhibited the 

achievement of the Net-Zero Energy Building design goal? 

 

5.1.2.3.1. Comparison of Project Specific Challenges 

 The challenges faced by each stakeholder in achievement of the NZE goal for 

each project are summarized as follows (refer to Tables 5–9, 5–10, 5–11, 5–12 

and 5–13). Based on their experience with the case study and other HPB and 

NZEB projects, the interviewees were asked to summarize what they would 

suggest as critical or most important considerations for any NZEB design 

process. The summary of the results is as follows. 

 

Case Study A 
Table 5–9: Project specific challenges and process-based key performance 

indicators for case study A 

 
Stakeholders Challenges Process-Based Key 

Performance Indicators  

Project Architect Cost Project budget 
Lead Engineer Site soil conditions 

Non-adaptive equipment sizing 
 
System flexibility 

Operations 
Manager 

Project cost 
Some value engineering decisions 
made towards the end 
Lack of full transparency on renewable 

 
 
 
Continuous improvement 
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energy performance 
Lack of building data monitoring 
systems 

 
Performance verification 

 
Case Study B 
Table 5–10: Project specific challenges and process-based key performance 

indicators for case study B 

 
Stakeholders Challenges Process Based Key 

Performance Indicators  

Commissioning 
Agent 

Continuous measurement of the project 
No user interface to archive and analyze 
the information for future improvement 

Program flexibility 
 
System flexibility 
 
Team selection 

Executive Director Owner took all the burden of the risk 
Understanding the kind of return on 
investment that they needed to see 
Keeping the team together in doing 
something different than what they are 
used to 

Team coordination 
 
Stakeholder commitment 
 
Design innovation 
 
Return of investment 

Sustainability 
Director 

Engaging all the harvested wood 
Determine how to make the structural 
system 
Cut the trunks 

Continuous measurement 
 
Continuous improvement 
 
Performance verification 

Project Architect Hard to find contractors and consultants 
that completely get the issue 
Cost of technology and custom wood 

Stakeholder buy-in 
 
Technology cost 
 
Resource planning 
 

Energy 
Consultant 

 Owner commitment 

 

Case Study C 

Table 5–11: Project specific challenges and process-based key performance 

indicators for case study C 

 
Stakeholders Challenges Process based Key 

Performance Indicators 

Owner’s 
Representative 

Finding a contractor who understood what 
NZE meant 
Setting the process up for full buy-in 
Complete commitment by all user groups on 
owner’s side 
Making decisions on what loads go through 
the building 
Mission of organization and mission of 
program need to align without sacrificing their 
purpose 

Stakeholder 
commitment 
Owner commitment 
Plug load management 
Performance assurance 
Organization mission 
Program alignment/ 
adaptation 
Manage control systems 
Issues of operation 
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NZE operation 
expectation 
NZE operation 
commitment 
Continuous verification 
and commissioning 
End use metering 
Occupant training 
Efficient operation 

Client Project 
Manager 

Intellectual challenge – agree that it can be 
done and in budget 
Collaboration challenge – creating trust 
between construction and design teams 
Technical challenge – cost of high quality 
exterior envelope system resulting in reducing 
cost of everything else 

Intellectual challenge 
Stakeholder 
commitment 
Collaboration challenge 
Trust and respect 
Technical challenge 
Cost implications 
High quality envelope 

Sustainability 
Director 

Area available for photovoltaic is a factor to 
consider 

Goal definition 
Clear EUI goal 
Early energy modeling 
Stakeholder goal 
alignment 
Target low energy use 
Renewable energy 
generation 
Integrated design team 
Passive architecture 
NZE operational 
commitment 
Transferable goal 
Fine tune operations 

Design Principal Balancing cost 
Simplicity of the building 
Thermal bridging issues in glazing system and 
windows 
Glazing on E-W facades – optimization for 
performance and views 
Connector glazing needed shading – 
optimization for performance and views 

Budget 
Big decision ideas 
Design optimization 
Performance 
optimization 
Owner commitment 
Articulate goal definition 
Innovative design 
Design flexibility 
Stakeholder 
commitment 
Design simplicity 
Trust and respect 
Stakeholder willingness 

MEP Team 
Leader 

Schedule very aggressive 
Had to stage the design and construction 
which is not ideal for HPBs 
Owner’s unreasonable expectations about 
decision-making process 
Lack of strong feedback to the owner by D-B 
team of impacts of their expectations on rest 
of the team 

Control of space 
Schedule 
Owner expectations 
Design team 
expectations 
Team commitment 
Key drivers 
Detailed analysis 
Plug load management 
Key strategies 
Load mitigation 
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Occupant commitment 
Owner commitment 
Building use 
Quantitative basis 
Passive strategies 
Project location 
Building type 
Simple and robust 
systems 
Detailed energy 
accounting 
Big decision issues 
Team collaboration 
Energy use breakdown 
Occupant control 
 

Energy Modeler Integration with photovoltaic provider who 
came in late in the process 
Research on plug loads 

Integrated design team 
Plug load management 
NZE goal 
Owner commitment 
Stakeholder 
commitment 
Contractual obligation 
As-built energy model 
Fine tune operations 
Performance based 
project delivery 
Team goal alignment 

Daylight Designer EUI 
Budget 
Objective of building NZEB with no net added 
cost to status quo construction 

Clear EUI goal 
Budget 
Cost implications 
Integrated design 
NZE goal 
Stakeholder NZE 
commitment 
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Table 5–12: Summary of stakeholder specific important considerations, central 

issues and recommended key performance indicators for NZE considerations. 
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Case Study D 
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Table 5–13: NZE goal challenges and process-based key performance indicators 

for case study D 

 
Stakeholders Challenges Process-Based Key 

Performance Indicators  

Project 
Architect 

Generating enough power to meet demand 
side energy 
Projected EUI – aggressive target 
Minimizing demand side energy use 
Optimizing building envelope and building 
systems 
Urban site with allowable building height 
limits 

Renewable energy 
production 
 
EUI target 
Demand side energy use 
 
Design optimization 
Regulatory constraints 

Lead Engineer Physical constraints of the site 
Generating enough power in Seattle 
Pilot project for next generation PV panels 
Maximize energy generation by sun 
Not enough roof area 
Getting tenants on an energy budget 
Reduction of mechanical and lighting loads, 
plug loads 
Allotting energy budgets enough to run a 
business 
Need for efficient tenants willing to 
physically change the way they do business 

Climate constraints 
 
Changing technology 
 
Contractual energy budget 
Occupant commitment 
 
Plug load minimization 
 
Occupant use pattern 
Occupant commitment 

Contractor To keep cost reasonable 
Justify the cost to the team 
Material selection based on cost, 
environmental impact and energy savings 

Project budget 
 
Budget transparency 
 
Performance based material 
selection 

Lighting 
Designer 

Overall coordination with all disciplines 
Inflated costs on suppliers side 
Stakeholder perception of more work due to 
early integration 

Communication & 
collaboration 
 
Inflated costs 
 
Stakeholder commitment 

Specialty 
Consultant 

Aspect of air tightness in multi story 
buildings 
Red list materials 
Contractors quality control 
Components of air barrier 
Need for continuous wall and roof 
assemblies 

Tight building envelope 
Number of floors 
 
NZE certification 
 
Team commitment 
 
Project goals 

Mechanical 
Engineer 

Tall building – limited roof area for 
photovoltaic 
Climate 
Speculative tenant office building – not 
knowing the occupants 
Tenant agreements 
Designing radiant floor – routing the pipes 

Building footprint 
 
Project location 
 
Occupant use pattern 
 
Energy use contracts 

 

5.1.2.3.2. Gaps/ Opportunities of Improvement in NZEB Decision-Making 
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The gaps and opportunities of improvement of the design process for all the four 

case studies are listed below: 

 

Case Study A 

1. Integration of solar panel came late in the process due to budget 

constraints and city partnership procedures 

2. Program decisions initially were budget related 

3. The phasing of value engineering dictating some design decisions 

4. Contractors not accustomed to working on highly innovative project  

 

Case Study B 

1. Late cooperation with mechanical engineer 

2. Peer review quite late in the design phase – should be earlier and more 

often 

3. Owner training needed to administer contracts and teams 

4. Continuous monitoring and verification rather than just commissioning 

5. Occupant education 

6. Integration of building performance data and a way to monitor the data 

7. Make operational changes and provide suggestions based on data 

collected 

8. No contract in place for post occupancy evaluations and performance 

assurance 

9. Did not account for snow accumulation on solar panels 

10. Did not account for extreme weather fluctuations 

11. Use of wood for combustion as a trade off for using electric heat 

 

Case Study C 

1. Limitation of design competition method 

2. No early interaction or feedbacks with the design teams 

3. Disconnect between owner expectations and design team commitments 

4. Rewards were not enough incentive 

5. Penalties need to be addressed carefully 

6. Design waste – other design teams money, time and effort 

7. Aggressive schedule – sequencing of design and construction not 

favorable for NZEBS 

Case Study D 

1. Speculative tenant building 

2. Developer driven project – need to recover money through maximum 

saleable area 

3. Not a replicable model as intended due to the variances 
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4. Lighting and natural ventilation strategies designed with open office 

module for entire floor levels in mind – changed with unknown tenants 

5. Specification of lighting design and fixtures is an added service that 

tenants are not willing to pay for – affected performance 

6. No consideration of occupant density in EUI calculations 

 

5.1.2.4. In your opinion, what are the critical elements or most important 

considerations that need to be addressed when developing a Net-Zero 

Energy Building design? Please explain your reasoning. 

 

5.1.2.4.1. Comparison of Recommendations Critical for NZE Goal 

A detailed assessment of the project specific challenges and important strategies 

to be implemented in early phases of design was identified as key contributors 

towards the success or failure of the design. This understanding helped in 

generating recommendations for improving the NZEB deign process (refer to 

Tables 5–14, 5–15, 5–16 and 5–17). The comparative analysis of the control 

measures and key performance indicators identified previously for each NZEB 

case study ultimately resulted in a consolidated list of key performance indicators 

and design variables that informed the framework development for NZEB 

decision support. 

 

5.1.2.4.2. Common Characteristics of NZEB Decision-Making  

1. Leadership role of architects 

2. Precedence studies 

3. Design flexibility 

4. High level of Integration between design teams 

5. Selection of mechanical team as a critical choice 

6. Early input from contractors 

7. Detailed plug load analysis and management 

8. Accuracy when developing occupant use patterns 

9. Reduced uncertainty in modeling and analyses - detailed daylight and 

electric lighting modeling, natural ventilation modeling and shading studies 

10. Budget transparency 

11. Budget prioritization - on most expensive portions of energy budget 

Case Study A 

Table 5–14: Critical for NZE goal and process-based key performance indicators 

for case study A 

 
Stakeholders Critical for NZE goal Process-Based Key 

Performance Indicators  

Project Passive architecture strategies at the outset Passive architecture 
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Architect  
 

Lead Engineer Owner taking ownership and responsibility of 
the team achieving the goals 
Allocating budget either for innovative efficient 
systems or to buy more PV 

Owner commitment 
 
Budget allocation 

Operations 
Manager 

Ease and efficiency of operations 
Should not cost more than conventional 
building to operate the infrastructure and 
equipment 
No exotic or one of a kind equipment that are 
expensive to replace 
Easy maintenance of building 

Operational efficiency 
 
Operational costs 
 
Off-the-shelf equipment 
 
Easy building 
maintenance 
 

Project 
Manager 

Trust between team members for innovation 
and creative solutions 

Trust 
Innovation & creative 
solutions 

 

Case Study B 

Table 5–15: Critical for NZE goal and process-based key performance indicators 

for case study B 

 
Stakeholders Critical for NZE goal Process-Based Key 

Performance Indicators  

Commissioning 
Agent 

Flexibility in sizing the building right for its 
function 
Flexibility in sizing the systems serving the 
building 
Putting the team together 
 

Program flexibility 
 
System flexibility 
 
Team selection 

Executive 
Director 

Right team that are committed to the process 
Team able to think and approach design and 
construction differently 
 

Team coordination 
 
Stakeholder commitment 
 
Design innovation 
 
Return of investment 

Sustainability 
Director 

Owner commitment 
Teams need to have understanding of how 
their buildings perform 
Post-occupancy verification by architectural 
team 
Contract to do a year of post-occupancy 
commissioning with the client 
Verification of performance 

Continuous 
measurement 
 
Continuous 
improvement 
 
Performance verification 

Project Architect  Stakeholder buy-in 
 
Technology cost 
 
Resource planning 
 

Energy 
Consultant 

Genuine interest and willingness of owner to 
look at comfort and energy side of the 

Owner commitment 
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equation 

 

Case Study C 

Table 5–16: Critical for NZE goal and process-based key performance indicators 

for case study C 

 
Stakeholders Critical for NZE Process-Based Key 

Performance 
Indicators 

Owner’s 
Representative 

Understand how to finance your work 
Understand how to fix controls 
Know control systems that will be working 
Manage commissioning to focus on all issues of 
operation 
Make sure all systems are working 
Check efficiency sequence of implemented 
system 
Check any new loads 
Consider future growth 
Having an expectation and commitment by owner 
to have actual NZE in operation 
Having people, resources and expectations in 
place for continuous verification and 
commissioning 
Fix the most critical things resulting in poor 
performance 
Quality of metering systems and maintenance to 
keep it working long term 
End use metering required 
Owners need help to manage plug loads – role of 
Performance Assurance Manager 
Occupant training, facility management training 
about efficiency 
Creating tools and resources for efficient 
operation 

Stakeholder 
commitment 
Owner commitment 
Plug load 
management 
Performance 
assurance 
Organization mission 
Program alignment/ 
adaptation 
Manage control 
systems 
Issues of operation 
NZE operation 
expectation 
NZE operation 
commitment 
Continuous 
verification and 
commissioning 
End use metering 
Occupant training 
Efficient operation 

Client Project 
Manager 

 Intellectual challenge 
Stakeholder 
commitment 
Collaboration 
challenge 
Trust and respect 
Technical challenge 
Cost implications 
High quality envelope 

Sustainability 
Director 

Understand your target 
Begin with an energy goal 
Use precedence and analysis to simulate what 
the aggressive goal should be 
Get the team aligned around the goal 
Target to get to as low energy use as possible 
Consider renewable energy piece from day one 
Integrated team process 
Passive architecture 
Understand NZE is an operational goal 

Goal definition 
Clear EUI goal 
Early energy modeling 
Stakeholder goal 
alignment 
Target low energy use 
Renewable energy 
generation 
Integrated design 
team 
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The model should be transferable to owner for 
change of attitude and fine tuning the building 

Passive architecture 
NZE operational 
commitment 
Transferable goal 
Fine tune operations 

Design Principal Need really inspired and active client 
Extensively detailed RFP 
Owner left it open for the teams to be creative 
and come up with creative solutions with the 
intent of meeting or exceeding their criteria set in 
the RFP 
Interdisciplinary team that has passion 
Owner to set the project with an intriguing sort of 
problem 
Free flow of ideas between team members 
Keep design simple 
Trust and respect between team members 

Budget 
Big decision ideas 
Design optimization 
Performance 
optimization 
Owner commitment 
Articulate goal 
definition 
Innovative design 
Design flexibility 
Stakeholder 
commitment 
Design simplicity 
Trust and respect 
Stakeholder 
willingness 

MEP Team 
Leader 

Understanding it is everyone’s goal 
Analysis and key drivers for the project need to 
be very detailed 
Detailed energy analysis and issue of plug loads 
Help educate about the importance of plug loads 
and propose strategies 
Huge buy-in from owner and staff on load 
mitigation 
Important to understand the likely uses for the 
project very early on 
Quantitative basis to start a discussion for a 
project 
Develop strategies as much on passive 
strategies and load mitigation as location and 
project type will allow 
Simple and more robust systems 
Energy accounting to smallest level of details 
adds up to substantial energy savings 
Critical to understand what the big decision 
issues are 
Important to understand and articulate the big 
decisions to the rest of the team very early on 
Identify what the energy pie looks like 
Know what key strategies affect the energy pie 
Providing direct control of their environment to 
the occupants 

Control of space 
Schedule 
Owner expectations 
Design team 
expectations 
Team commitment 
Key drivers 
Detailed analysis 
Plug load 
management 
Key strategies 
Load mitigation 
Occupant 
commitment 
Owner commitment 
Building use 
Quantitative basis 
Passive strategies 
Project location 
Building type 
Simple and robust 
systems 
Detailed energy 
accounting 
Big decision issues 
Team collaboration 
Energy use 
breakdown 
Occupant control 
 

Energy Modeler Goal of NZE 
Client on board from day one 
Every team member has to commit to that goal 
Contractor implications for every Kwh energy 
used 

Integrated design 
team 
Plug load 
management 
NZE goal 
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Use as-built energy model to tweak the building 
operations 
Performance based project delivery gives a 
target and orients all team members to that target 

Owner commitment 
Stakeholder 
commitment 
Contractual obligation 
As-built energy model 
Fine tune operations 
Performance based 
project delivery 
Team goal alignment 

Daylight 
Designer 

Integrated design 
EUI goal should require to meet NZE goal 
Entire team needs to have their eyes on the goal 
from day one to finish 

Clear EUI goal 
Budget 
Cost implications 
Integrated design 
NZE goal 
Stakeholder NZE 
commitment 

 

Case Study D 

Table 5–17: Critical for NZE goal and process-based key performance indicators 

for case study D 

 
Stakeholders Critical for NZE Process-Based Key 

Performance Indicators  

Project Architect Accurate prediction of power generation 
Testing for the ideal form of roof 
Testing relative light levels inside the 
building 
Energy monitors to test and get most 
efficient systems 
Maximize daylighting inside the building 
Monitoring performance 
Controlling energy loss through building 
enclosure systems 
Energy modeling to test most efficient 
systems and building envelope 
Efficiency of mechanical systems 

Renewable energy 
production 
 
Performance measurement 
& verification 
 
Detailed energy modeling 
Minimize thermal bridging 
Efficient building systems 

Lead Engineer Find economic model for additional first 
cost along with technical challenge 
Design a tight skin with walls, windows that 
have multiple seals 
Provide triple glazed windows 

Technical challenge 
Economic challenge 
 
Tight building envelope 
 
Minimize infiltration 

Contractor Use of technology 
Insulation as a cost effective solution 
Harvest natural resources 
Building orientation 
Design for occupant energy use pattern 
Use of innovative, new products justifiable 
in cost and energy savings 
 

Building technology 
 
Insulation 
Orientation 
Occupant energy use 
pattern 
 
Explore new products 

Lighting 
Designer 

Understanding the user is key 
Designing the concept with long term 
modularity and flexibility 
Set a clear goal for lighting power density 

Occupant use pattern 
 
Modularity & flexibility 
 



Railesha Tiwari Chapter 5 - Discussions of Comparison Results  295 

Simplicity of controls 
Understanding users and their expectations 
Owner and user comfort levels 

Energy use sub goals 
Simple building controls 
Occupant involvement 
Occupant commitment 
 

Specialty 
Consultant 

Targets to be spelled out early in the 
process 
Stakeholder understanding of their impact 
on other disciplines 
Modeling of overall assemblies to evaluate 
actual U and R-values 

Goal clarity 
 
Stakeholder commitment 
 
Early energy modeling 
Reducing uncertainty 

Mechanical 
Engineer 

Make sure net-metering possible 
Building use 
Plug loads minimization to reduce dominant 
energy use 
Mechanical system for comfort and 
efficiency 

Net-metering ability 
 
Building use 
Plug load minimization 
 
Efficient building systems 
 

 

5.1.2.4.3. Recommendations 

Based on the interviewees the main considerations for NZEBs include:  

Owner commitment, selection of the design teams, risk management, latitude/ 

flexibility in design, goal setting, stakeholder commitment, contract requirements, 

resource planning, integrated team approach, innovative design solutions, 

selection of tools, system flexibility, team skills, recognizing the need for trade-

offs, owner involvement, on-going monitoring, program balance, modeling 

strategy, knowledge of building performance, design to end-use goals, 

performance assessment approach, decision traceability, overseeing the 

process, benchmarking exercise, verification of performance and understanding 

client requirements.  

 

5.1.2.5. In your opinion, how do building use and building size influence the 

Net-Zero Energy design goal?  

 
5.1.2.5.1. Impacts of Building Use and Building Size 

 

Participant B2 – “In terms of the use, uses that have high energy intensity 

per floor area whether it be server farms which there is no way you can 

run a server farm with photovoltaic panels on the roof or whether it be 

laboratory buildings with intense use, if you have buildings like hospitals or 

buildings that have very intense energy use per square foot, it would be 

very difficult to do net-zero. Beyond that typical office buildings, classroom 

buildings, commercial sales buildings I think that it is possible but it is 

highly critical to have a client that is bought into the concept of doing that.” 
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Participant A1 – “The things that would make it more difficult in my opinion 

would be the function of the building and the configuration of the 

building…You probably would have noticed there aren’t many net-zero 

medical facilities or laboratory facilities or data centers anywhere in the 

country. They consume a vast quantity of energy and it is very difficult to 

come up with passive design solutions or renewable design solutions that 

account for all of that energy.” 

  

Participant D1 – “…When we first started, we considered a mixed use 

building that was residential and office but the residential quickly became 

the part that is the hardest to control or to anticipate energy and water use 

patterns, so for that reason we decided to simplify the project and just 

making it all office building.” 

 

Participant B2 – “If you are looking at photovoltaic systems on the building 

surfaces for net-zero energy, then to achieve net-zero energy site I think 

that you cannot go more than two stories…As you go to three stories, the 

building demand exceeds the footprint of the roof and you need to have an 

off-site that you can put the panels on the site or you can go to a different 

definition of net-zero like net-zero based on purchased renewables as well 

as site-based renewables. Then you can increase the size. So I would say 

there is a key limitation more to the number of floors than the overall floor 

area…So it isn’t size per se, its really the footprint and the number of 

floors.” 

 

Participant A1 – “Well, theoretically size shouldn’t matter at all… If you 

had an office building that was one story and a million square feet, you 

could be just as efficient as this building but if you had a high rise it would 

be quite different… So I think it is more function and configuration than it is 

size per say.” 

 

Participant A2 – “…I don’t think the building size is a real driver…So the 

largest building we have completed is a zero net-energy is probably 

23,000 sq.ft and of course the smallest was this building…I don’t feel there 

was any difference in doing either in terms of size impact of the building. I 

am sure we haven’t done a multi-story high rise. We know that’s going to 

be more difficult but there are other opportunities that arise out of it as 

well.” 
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Participant C2 – “I think the biggest one was to challenge some of them 

because it was a more conventional government office program and 

space requirement; so to challenge them to be more open environment. 

The program I guess we had to challenge some aspects to the program. 

The other thing that was may be a benefit in the program, you know all 

programs don't really have aspects like this but they had lots of different 

departments and it turns out that we were able to organize them in a 

variety of different sizes that the massing and the building floor plan that 

we were coming up with a H shape with the long two wings actually 

provided a lot of flexibility to group all the departments together in wings in 

a pretty sensible and flexible way. So I think it helped kind of 

accommodate the program in a big sense in how you organize a variety of 

large departments in a buildings in a way that keeps them together. It was 

able to create logical kind of department groupings.” 

 

5.1.2.5.2. Recommendations 

While it seems that building size may not be a limiting factor, the ratio of floor 

area to roof area is an important factor for NZEBs. The building footprint has a 

direct impact on the NZE goal when considering photovoltaic panels.  

 

Building use determines the program and how the spaces will be used, having 

direct impact on the demand side energy use of buildings. Depending on whether 

the building is envelope dominated or internal load dominated, the design 

strategies and the building systems might differ. Accordingly the design team’s 

relative level of work will change for different decision phases.   

 

The project scale determines the relative importance of different aspects of 

energy use. Bigger and more complex projects will require early analysis and the 

level of detail of the analysis that can affect the overall project budget, schedule 

and performance. The bigger the building, more likely for it to be internally load 

dominated.  

 

Providing direct control to occupants can be a challenge in large projects. 

Therefore, number of floors, site area, roof area for photovoltaic, building 

footprint, building use and project scale have substantial impact on NZE goal. 

5.1.3. Conclusions of Current Decision-Making Challenges 

Design process mapping and comparative analysis of the decision-making 

processes used on the case studies helped with documentation of the decision 

phases and design goals. The results and discussions presented in the sections 

above led to linking stakeholder specific goals to their corresponding decision-
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making results. In order to facilitate traceability of stakeholder specific goals and 

resultant actions taken in the NZEB design process, the central issues and 

challenges faced by stakeholder groups need to be explicitly defined. Coding and 

categorization of the responses from the interviewees indicated that four key 

challenges should be addressed in the NZEB design process as shown in 

Figures 5–16, 5–17 and Table 5–18.  

 

These challenges include: 

1. Intellectual Challenge 

2. Technical Challenge 

3. Collaboration Challenge 

4. Economic Challenge 

 

 
 

Figure 5-16 – Four categories of challenges that must be addressed to improve 

the current design process 

 

5.1.3.1. Intellectual Challenge 

a. Lack of Leadership 
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As per most of the interviewees, lack of leadership from the owners particularly 

related to setting performance goals was identified as a key challenge in 

achieving the NZE goal. 

 

Participant B2 – “So I would say that that’s the number one issue is to 

have a committed client. In fact much of the decisions early on in projects 

involve what sources of energy are going to be used in terms of leading 

those goals.” 

 

b. Lack of Team Commitment 

Results from the interviews indicated inexperience with the NZE design process 

and lack of clarity of goals as key factors in lack of team commitment. 

 

Participant C3 – “So setting high goals is not really the hard thing, the hard 

thing is in believing that you can do it over a long period of time because 

everybody questions themselves. I did, the whole team did, and often 

there were naysayers there always are, so we had the intellectual 

challenge.” 

 

c. Changing Roles of Design Team 

Both the literature review and results from the interviews emphasized the need 

for architects to redefine their role to include skills and knowledge of basic energy 

models to inform their design proposals for NZEB design. The role of engineers 

also evolves where their energy related decisions help to inform building form.  

 

Participant B2 – “I find that it is amazing that how many architectural firms 

don't for their own knowledge make this simple request off their clients to 

get copies of the energy bills to provide the client with a report of whether 

the building is working more or less as intended in design. I think it's as 

people would say, if you don't measure it you don't really know and the 

architecture profession is not a profession that does a very good job of 

measuring the performance of its product beyond the visual measuring 

that goes on in the journals and how we think buildings look and how they 

conform to the latest kind of design ideas, which I think are important in 

terms of a aesthetics but as a profession that's often considered as the 

only measure of performance in the buildings.” 

 

d. Need for Risk Sharing 
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The design-build team on the NREL RSF project had reservations about 

committing to project objectives such as firm-fixed price, EUI goal and LEED 

platinum rating, without a design proposal. The design-build team proposed a 

two-step process to share the risk with the owners while allowing time to assess 

the goals through preliminary design. While DOE and NREL were trying to 

manage their risks, the D-B team was trying to do the same. Risk management is 

a critical challenge on most NZEB projects and the approach taken in sharing the 

risk is an influencing factor in shaping the design process. 

 

 

 

 

 

5.1.3.2. Technical Challenge 

a. New or Changing Technology 

Prediction of performance of new or improving technologies and systems was a 

key challenge on all four of the case studies. 

 

Participant B4 – “…we were hoping that the PV inverters would have 

enough waste heat that we could use that to provide the reheat that we 

needed. For once we were relying on an inefficiency to accomplish 

something and we failed…” 

 

“I think we spent a significant amount of the project on that earth duct 

system…There was another situation where we were really trying to decide, 

is that something that is it going to work or not and developing some 

confidence that it will work.” 

 

b. Lack of Roadmap or Process Structure 

Through the interviews most participants pointed out that on the projects that 

they were involved with, design teams did not have a clear vision for the design 

process. For most of the design teams, the case study was their first experience 

attempting to design a NZEB and they were exploring solutions and performing 

energy analysis based on their previous experience. Most participants 

acknowledged the need for a better-defined process. 

 

Participant B4 - “…there was a situation where the LEED baseline was so 

arbitrary, so off-base that it didn't provide us with a useful starting point or 

didn't provide any kind of useful roadmap for making design decisions.” 
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c. Uncertainty of Performance Estimation 

Challenges in conducting benchmarking exercises and lack of a format for 

precedent studies were identified as an important challenge.  

 

Participant B2 – “There were things that came up that we couldn't answer 

by simulation models for example, with the earth duct we had a very large 

discussion with the design team and with the client on indoor air quality. 

So those were decisions that were made as a part of due diligence in 

trying to pre-think the mechanical systems that no one on the design team 

had ever worked with and in going through the risks, discussing those 

risks with the client that the client was involved in that… So that was a 

detail that had everything to do with the health of the occupants which is 

an aspect in the indoor air-quality that's a part of LEED but it's also an 

aspect in terms of professional ethics to do due diligence when you are 

proposing something that has not been proposed before in a particular 

project.” 

 

d. Variability of Building Operations 

Many of the interviewees stressed the importance in reducing uncertainty 

concerning the variability of building operations and their impact of energy 

demand. Some of the variables associated with this issue were: occupant 

behavior, changes in specification during construction, use of alternate materials, 

efficiency of equipment, uncontrolled plug loads, future expansion decisions, and 

facility management decisions. 

 

5.1.3.3. Economic Challenges 

a. Additional First Costs 

Economic challenges such as additional first costs due to the need for highly 

efficient building envelope, building systems and building controls and monitoring 

systems were identified as challenges common to most projects. 

 

Participant C3 – “…the envelope was very expensive. The exterior 

envelope of that building is easily 35-40% more per square foot than an 

average building without a doubt. And most of that if not all of that, is in 

the cost of the windows system because that building has exquisitely high 

performing windows. They are triple pane, thermally broken, operable 

windows. That's practically the most expensive window you can buy… So 

we had to find a way to make a cost balance but there was a way to make 
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it happen because we were able to use much smaller mechanical 

systems. The air handlers are fairly small; they are almost laughably small 

for a building of that size. But because the building does most of it’s own 

heating and cooling.” 

 

b. Financial Viability 

The upfront cost of renewable systems, new tools and technologies were some 

of the cost intensive systems that needed assessment of financial viability and 

contributed to the economic challenges on most projects. 

Participant B2 – “…if you are generating your own power on site through 

photovoltaic, you are automatically adding cost above a typical building 

and the cost of photovoltaic typically has a rather long payback if at all the 

payback can be viewed in the typical means of viewing a payback. 

Because of that, the added cost to be a generator of power rather than 

just plugging in the electricity, the client and the future owner of the 

building have to be committed to that as a goal… The more that they 

[owners] can put [funds] into the building up front to reduce its operating 

cost, the better that would be for them when there would be lean times in 

fundraising in terms of continuing to operate.” 

 

5.1.3.4. Collaboration Challenges 

a. Undefined Communication Methods 

Most interviewees brought up this issue of lack of defined communication 

methods and clarity of stage-wise deliverables. 

 

Participant B4 – “…the enormous design challenge was when the 

architect got involved, the sustainability consultant got involved along with 

us and it involved the mechanical engineers and really there was no set 

process at all. The sustainability consultant and I would talk something 

about over the phone and then I would spend a day or two try and model 

and I would send him an Excel sheet or some output file that was some 

chart with numbers and we would talk by phone again, we would look at 

the numbers, we would look at the charts, we would talk about what we 

were seeing and then based on that conversation we would go off and do 

a little bit more modeling. We would then decide some other avenue, what 

if we did this and then we would go off and figure out how to monitor that 

and then we would have another discussion. So it was a really organic 

process…It wasn't a task that was assigned to us, it wasn't at task that 
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was clear to us until we ran smack into it and realized oh my gosh what 

are we going to do here.” 

 

b. Need for Collaboration 

Coordination between multiple disciplines was emphasized as an issue that 

needed to be more defined on most projects.  

 

Participant C5 – “…we definitely did interact with the interior design team 

but it wasn't on a regular basis. Once we had given general input in terms of 

the height and location of these partitions and materials to use, I think they 

were on their own. I don't think there was a large amount of interaction with 

the interior folks…So mainly it was our team [that included] me, the lead 

engineer, the technical project manager and his steam from the architecture 

team, there was the specialty consultant doing the lighting along with one 

person from our group. So our communication was mainly with the technical 

project manager in terms of those changes and the design principal from 

the Phoenix team.” 

 

c. Lack of Trust and Mutual Respect 

Creating trust between design teams was identified as a challenge particularly 

when teams were at distant locations, and were unfamiliar with each other. 

 

Participant C3 – “…the next challenge is creating trust between 

construction and design. The nature of that relationship in general is that 

architects design more than they think they can get built because they 

believe or have experienced contractors will always tell them they are over 

budget and you never get what you want, so you have to ask for more 

than you can get so that eventually you get something that is at least 

decent architecture. So the next challenge is creating collaboration and 

trust between architecture and construction.” 

 

d. Lack of Process Transparency 

Lack of tools for accurate carbon footprint calculations and limitations of data 

transparency of building material sourcing and composition were identified as key 

limiting factors for achieving Net-Zero Carbon or Net-Zero Source Energy. 

 

e. Need for Integrated Tools 
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Although many tools used for representation, energy modeling and analysis such 

as for daylighting or natural ventilation are available but they are not well 

integrated. Most interviewees brought up this issue of integration stating that 

changes made in one of these tools cannot be automatically updated in the other 

making the analysis process very tedious and challenging. Some professionals 

performing the analyses stressed the need for updating or developing future tools 

to be simple, easy to use, accurate and integrated. 

 

Participant C5 – “I think at the end of the day we are all looking for the 

Holy Grail one that can do it all, the architectural drawing and convert it 

into a model and the energy model that can do any systems including 

passive design. We all are looking for that but we haven't been able to 

because of the trade-off that we have to make between speed and 

accuracy… You know the tools that we have out there; we are looking for 

programs that can do a lot more innovative systems and passive systems 

because of the need for active hybrid systems…. I would love to have that 

but the direction the industry is going in is to use more detailed work. 

Energy plus being one of them and IES being another that can do more 

detailed calculations but a slower run time. They have to improve on run 

times, which is the biggest pain in providing fast simulations and providing 

fast feedback to owners.” 
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Figure 5-17: NZEB knowledge domain-specific central challenge types 

Table 5-18: Summary of knowledge domain-specific key challenges  

 
NZEB Knowledge 

Domains 
Challenge Type Challenges 

NZEB 
Process Domain 

TECHNICAL 
CHALLENGES 

Lack of decision process visualization 
Aggressive and unique project goals 
Lack of systems flexibility 
Lack of transparency 
Lack of protocol for performance assurance 
Project goals and mission alignment 
Technical and technological challenge 
Design optimization challenge 
Site and climate constraints 
Minimizing demand-side energy use 
Renewable energy production challenge 
Lack of substantiation requirements 
Learning curve for new tools and technologies 
New systems or strategies performance 

NZEB INTELLECTUAL Lack of a system to define hierarchy of decision-
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Stakeholder Domain CHALLENGES making 

Lack of contractual obligations 

Inadequate risk management 

Lack of a system to evaluate team capabilities 

No policy for continuous performance 

measurement and verification 

Lack of organizational knowledge management 

systems 

Lack of team accountability 

Design team management 

Stakeholder commitment 

Owner commitment 

Design team expertise  

Impact of owner expectations 

NZEB 
Technology Domain 

COLLABORATION 
CHALLENGES 

Communication and collaboration challenge 

Lack of decision traceability 

Lack of protocols for precedent studies/ 

benchmarking exercises 

Lack of a system for information exchange 

Interoperability challenge 

Multidisciplinary coordination challenge 

Assessment tools capabilities limitations 

Lack of a format for design and energy 

deliverables 

NZEB  
Phases of 

Assessments 
Domain 

ECONOMIC 
CHALLENGES 

Additional first cost 
Allocation of resources 
Changing cost of new technology 
Perceived cost of high performance projects 
Upfront additional consultation fees 
Cost of upgrading to new assessment tools  

5.1.4. Primary Design Variables and Key performance Indicators 
The primary design variables and process-based key performance indicators 

derived from the interview analysis are elaborated in this section to explain how 

they informed the development of the proposed new decision-support framework 

for NZEB design. Coding and categorization of the responses from the 

interviewees indicated that four key performance indicators should be addressed 

for the decision-support framework development (refer to Table 5–19 and Figure 

5–18). These key performance indicators relate to the key challenges identified in 

the previous section. These key performance indicators include: 

 

5.1.4.1. Early Integration 

Early integration of the team members and design must be facilitated to address 

the intellectual challenge. Integration between the team members and the design 

process can be established by careful selection of project delivery method and 

contract structure. The level of early team integration will establish the level of 
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design integration through exploration of resources and passive architectural 

design.  

 

This issue can be addressed in the framework by  

a. Competency matrices to define team competencies and assess 

team expertise 

b. Knowledge capture through central design repositories to learn 

from other projects  

5.1.4.2. Team Commitment 

The facilitation of team commitment can address the collaboration challenge. 

Team commitment requires commitment from every team member through 

ownership of goals. Clear communication of the owner’s values and quantitative 

goals can help in collaboration of the team. Early measures to create trust and 

respect between the team members must be addressed through transparency of 

the process and budget as well as clearly defining the roles and responsibilities 

of the teams.  

 

This issue can be addressed in the framework by  

a. Design databases to help quantify goals 

b. Decision-support through central decision models that allow 

decision traceability and create process transparency 

c. Decision-support to assign permissions to create a decision-making 

hierarchy 

5.1.4.3. Design Performance 

Improving design performance will address the technical challenges. Allowing a 

flexible design scope with performance goals will help in improving design 

performance. Teams will be required to implement load minimization strategies 

and perform early energy modeling to predict performance.  

 

This issue can be addressed in the framework by: 

d. Design and Energy databases that can help with organized 

knowledge on assumptions on user patterns, assessment 

strategies and tools 

e. Multi-criteria decision models that can facilitate decision trade-off 

strategies 

f. Knowledge management to reduce uncertainty 

g. Decision matrices to analyze project progress 

5.1.4.4. Performance Assurance 
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Assurance of performance can address the economic challenge. Performance 

assurance will require measurement and verification of performance and 

occupant education to operate the building for the designed intent. This issue can 

be addressed in the framework by: 

a. Monitoring operations and assimilating the data into databases 

b. Evaluating facility management procedures by comparing 

strategies used on other projects 

c. Building performance knowledge sharing to educate teams and 

owners 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5–19: NZEB case studies process-based key performance indicators 

 

Key Performance 

Indicators 
Performance Indicators Design Variables 

Early Integration 

Owner Commitment 

Early Resource Planning 

Passive Architecture 

Team Integration 

Design Integration 

 

Building Program 

Number of Floors 

Project Scale 

Building Footprint 

Resource Availability 

Project Delivery Method 

Contract Structure 

Team Commitment 

Stakeholder Commitment 

Quantitative Goals 

Communication and Collaboration 

Decision Traceability 

Process Transparency 

Decision-Making Hierarchy 

Budget Transparency 

Project Schedule 

Trust and Respect 

Team Dynamics 

Roles and Responsibilities  

Design Performance 

Flexible Design Scope 

Plug Load Minimization 

Accuracy of Modeling 

Performance Goals  

Occupancy and User Patterns 

Early Energy Modeling 
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Reducing Uncertainty 

Assessment Strategies 

Substantiation of Performance 

Load Minimization Strategies 

Decision Trade-off Methods 

Team Expertise 

Performance Assurance 

Occupant Education  

Continuous Measurement and 

Verification 

Calibration of Operations 

Facility Management 

Procedures 

Performance Assurance 

Strategies 

 

 

 

 
 

Figure 5-18 – Key performance indicators and relevant design variables for 

current design process improvement 
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5.1.5. Key Opportunities of Current NZEB Design Process 

Improvement 

The intent of the NZEB decision support framework is to allow the stakeholders 

to define their requirements and provide the ability to trace the design teams key 

decision-making processes along various phases of design. Analysis of domain-

specific challenges led to the identification of four key opportunities for improving 

in the current NZEB decision-making process (refer to Figure 5–19). These 

opportunities were also informed by the primary process-based key performance 

indicators identified in the previous section. 

 

5.1.5.1. Define Owner and Stakeholder Competencies 

a. Team Competency Matrix 

Since the leadership roles of owners to define the NZE goals and the levels of 

commitment for the teams were identified both as drivers for success as well as 

reasons for failure, there is a need to explicitly define the roles and 

responsibilities of the owner and the design team as part of the new framework. 

There currently are not any standard guidelines or procedures to define the 

selection criteria for design teams. Similarly, owners’ must understand their 

importance and responsibilities in the decision-making process. Some of the 

criteria to define design team competency include: 

 
a.1. Relevant Experience 
 

Participant B2 – “The next really critical issue I think is that the design 

team needs to include at least a couple of key members who have 

significant experience producing high-performance buildings. I think that it 

is much harder for the design ten the first time through. If you have the 

entire team without any experience in that area, then I think it's going to be 

very difficult to meet that goal of net zero.” 

 

a.2. Building Performance Knowledge 

 

Participant B2 – “…take the time to go back and look at the actual 

performance of how the modeling compares with that [building 

performance] because the team must recognize that they are 

extrapolating how the simulation model is working… if required change the 

model so it is more accurately representing what is going on and that is 

always going to take a bit more time. So what we are approaching now on 

this project is a potential issue with how to model something that the tools 

aren't really quite there yet to model it and you are talking about a client 
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who has expectations of a building that it's going to perform as a net zero 

building and you have a design team that hasn't really designed or 

installed one of these systems yet.” 

 

 5.1.5.2. Establish Focus of Efforts 

a. Distribution of Key Decision Phases 

The ability to visualize the overall process can help understand the distribution of 

design efforts. 

Participant B2 – “…we knew enough about how high-performance 

buildings performed that we made a decision to use radiant slabs rather 

than an air system and go with a 100 % outdoor air very early in the 

project. That was one of the major energy decisions. The second major 

energy decision was to set the energy utilization intensity goal for the 

building and then use that to determine how much solar would be needed 

in programming. The third major energy decision was the way that we 

used simulation modeling…The solar control was simulated by the 

architect using sketch up so the impact of the overhangs and the shading 

devices were all done by the architect using sketch up. The building 

energy simulation included a very rough notion of how occupants would 

turn on lights based on exterior light levels. We didn't use any fine-tuned 

daylighting modeling at all in the program. We did some very detailed 

modeling on natural ventilation.” 

 

b. Energy Analysis Focus 

The process of designing a NZEB requires a front-loaded effort of iterative design 

that includes energy modeling. Early on, the intent of the energy model is to 

produce quick but reasonably accurate results to inform design decisions. As 

design progresses, the level of modeling gets more detailed with more refined 

analysis.  

 

Participant B2 – “What we were doing in the early stages of modeling was 

a series of parallel process in the sense that the model of the building 

shell was built and the model of the HVAC system was separately built 

and brought together. Now this is something that you could only do as a 

modeler if you are using particular simulation tools, in particular TRNSYS 

and also a new tool that is getting support from both the European Union 

and the Department of Energy is called Modallica that is being developed 

and will be out and those are simulation tools was that allow you to 

simulate pieces, you don't have to sort of build a whole building model. 
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Tools like DOE2, Energy Plus require a whole building system model to be 

built, you can model the shell a bit but you can't really model the HVAC 

system separately. So the kinds of things that we could do were unique to 

the tools was that we were using and because of that uniqueness we were 

able to add detailed questions with simple models like we did with the 

earth tubes. We basically were able to compare earth tubes and enthalpy 

recovery ventilators simply on the basis of making an assumption about 

the outdoor air coming in and in the case of the enthalpy recovery 

ventilator the exhaust air going out and then looking at the performances 

of those two devices. So we could focus in detail in areas as we had 

questions.” 

 

c. Reducing Uncertainty 

Design team must possess the experience and expertise with simulation tools 

and assessment methods to formulate ways to gain confidence in the simulation 

performance prediction. This will require efforts to reduce uncertainty in areas of 

doubt with respect to performance. Identification of these phases in the design 

process model can help teams with finding ways to reduce uncertainty. 

 

Participant B4 – “We were constantly aware and questioning our own 

assumptions. There were so many unknowns in this project and we had to 

make assumptions, as you do when modeling something. You have to 

make assumptions but it's important to take a look at your assumptions and 

tweak them and make sure that you still get the same result or make sure 

that the models point you in the same design direction… we kept on 

questioning our assumptions and tweaking our assumptions in one direction 

and then in another direction in order to make sure that our design 

decisions didn't change based on where we were in those ranges.” 

Participant D5 – “…the one thing that we did was pre-calibrated our energy 

model for information through the integrated design lab. They conducted 

some studies that were done to estimate how effective the daylight system 

would be in turning the lights down. So I checked his numbers and looked 

at the data as far as what the energy model was saying the lighting is going 

to do and calibrated my model to the data. But I didn't use schedules 

exactly to adjust the energy model to match that… the intent was to try and 

get a little bit more accuracy in the energy model in daylight simulation than 

just putting it in without looking at it.” 

 

d. Design and Energy Databases 



Railesha Tiwari Chapter 5 - Discussions of Comparison Results  313 

Design teams need support on appropriate starting points and assumptions that 

comes with experience and expertise. Design teams can use guidance from 

design databases that can help in choosing assessment tools, defining 

assessment procedures, and help with benchmarking procedures. The need for 

developing such databases and virtual repositories along with efficient and 

precise tools to conduct these studies was discovered through the analysis. 

 

Participant B4 – “We had taken some data on the photovoltaic on that 

building, we did predictions on photovoltaic power generation, we also did 

some observations about how users treated their operable windows and 

redeveloped an algorithm that based on essentially some measurements 

and observations we developed an algorithm that showed how the 

occupants of that space treated their operable windows. So that formed 

the basis of some of our models as to how the occupants were going to 

behave in the space.” 

 

Participant B2 – “In terms of the building shell, we felt that the approach 

we used on a previous project that was a thick building with all of the 

occupied spaces day lit would be highly appropriate for the shell and the 

kind of insulation levels that were done there would be appropriate starting 

points but we would check with the building shell loads simulation to verify 

and fine-tune that…. I would say that the knowledge that we brought to the 

table was such that we were already fairly aware of different approaches 

that were available and we weren't concerned about doing something we 

had never done before. We both have enough experience working with 

simulation and in theory know how to use it effectively as a tool.” 

 

e. Organizational Knowledge Management 

For organizations organized management of information to help develop 

comparative analysis of processes of similar projects emerged as an important 

aspect that can facilitate a completive advantage. This opportunity for knowledge 

management has informed the proposed decision-support framework. 

 

Participant B2 – “The controls consultant who is an independent consultant 

not attached with any one of the controls corporations was responsible for 

writing the sequence of operation, was putting together the sequence of 

operation for the systems while we were working on the simulation and 

constructing a simulation. So there were assumptions made about what the 

system was before we knew fine-tuned what the sizes of the equipment 

were. We had a system diagram early on but before we had an operating 
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simulation model and the actual sizing of the equipment waited until 

simulation was done. We actually looked at some of the peak loads from 

the simulation model as an approach to fine tune sizing in some of the 

equipment. So there was definitely a bit of simultaneity going on overall 

and, there was the ability respond quickly to the needs of different team 

members when they came to a point where they needed a decision made.” 

 

5.1.5.3. Define Communication and Collaboration Methods 

a. Effective Communication Methods 

Haponava and Al-Jibouri (2010) stress the need for effectively translating 

owners’ values to the design teams in order to realize those values through 

design and operations. A structured communication system in the decision-

support framework is needed to promote team integration. 

 

b. Team Dynamics 

Creating process transparency and assigning clear roles and responsibilities 

since the beginning will promote team dynamics. 

 

Participant B2 – “…any time that the architect was unsure about any 

energy quantities, he would ask the energy modeler and I. Any time he 

was unsure about any kind of the tweaking process, he would usually run 

it past me. He is a former student of mine and the principal and I were 

former classmates...We have a long ongoing relationship and I have been 

the general consultant that they call sort of anytime that they have a 

question on energy issues and system issues. So it's kind of a natural 

process with us where if I see something that raises a flag in my mind, I 

would bring it up without being asked to the architect in terms of the 

document that has been passed out for review, whether it be the 

sequence of operations document or set of drawings by the MEP and they 

would do the same. If they see something that raises some questions from 

their point of view and they want second opinion based in energy 

efficiency then they will ask me or ask the energy modeler. So that's just 

sort of part of the working team…It is just part of how we work as a team 

on projects.” 

 

c. Interoperable Collaboration Platforms 

All interviewees emphasized the importance of information management and 

effective data exchange formats early on in the design process. For a 

collaborative effort between the design teams that is seamless, new central 
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models with interoperability between tools are needed. Eckhouse and Kennedy 

(2010) supported this finding and indicated the need for all teams to be able to 

update decisions and models for a seamless collaboration for NZEBs (as cited in 

Haxton & Hucal, 2010). 

 

Participant D5 – “What we did was we took the TAS model that told us 

what hours are we going to be in natural ventilation mode and we do not 

need to provide cooling in the energy model. We retracted out the cooling 

during those hours and so we could say we can save this much cooling 

based on natural ventilation. We really tried to integrate it but it didn't really 

work very well, it was really better to just do it as a post process.” 

 

d. Decision Traceability 

Creating a system to trace key phases of decision-making can facilitate 

assessment of design decisions as a post process. Opportunities of decision 

traceability need to be addressed in the decision-support framework to promote 

tracking of decision-making milestones. 

 

Participant B2 – “In the end the simulation indicated that we would meet 

our goals and it turned out that we didn't but we did have a way to look 

back and see what some of the shortfalls were due to…” 

 

5.1.5.4. Prioritize Budget and Resources 

a. Prioritize Resources 

Teams must prioritize resources in areas that need confidence in performance 

estimation. These resources could include team members, specialty consultants, 

and simulation assessment efforts. 

 

Participant B2 – “…simulation is an expensive tool and you want to use it 

primarily in parts design process where you have questions. In areas 

where you already have good knowledge, it's not as necessary to fine-

tune issues with simulation. For example, the early building designs 

featured well designed shading devices for south facing windows and so 

in the simulation model we simply put those and they did what we were 

hoping for in reducing load but we didn't use the simulation to fine-tune the 

shading devices primarily because we wanted to spend our hours 

answering questions that we didn't know as well.”  

 

b. Multi-Criteria Decision-Making 
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Assistance with defining the approach for multi-criteria problem solving is 

important for the decision-support framework to help teams decide the 

importance of drivers of decision-making.  

 

Participant B4 – “The energy modeler's role … was providing more 

sensitivity type analysis so that the architect and the owners could weigh 

the options with a little bit more certainty. So they were making the 

decisions based on the balance that they decided was correct and in this 

case it was other considerations also such as local materials... So 

providing some sensitivity through analysis to their decisions much more 

than design decisions or design recommendations.” 

 

Participant C3 – “By the end of that process we had a pretty good sense 

of what our best ideas were and we began to work what I came to call 

five-sided problem solving because you had to have mechanical 

engineering, daylighting, structural engineer, architecture and cost 

modeling all present to make complete decisions. Otherwise, you have 

missed a fundamental element of getting the low energy recipe to work 

and what that meant is you would have to go over a couple of more 

iterations to integrate their answering than being integrated in one 

iteration.” 

 

c. Cost Transfer 

Financial challenges such as the potentially high cost of a high performance 

building envelope, intelligent controls, renewable systems and high efficiency 

HVAC systems can be addressed by careful allocation of budget and resources 

and parametric life cycle cost analysis. NREL’s research established that 

“architectural costs are typically higher, while mechanical costs are lower in high-

performance buildings” (EERE, NREL, 2012, p. 34). For example, such analyses 

might reveal that the additional cost of a high performance envelope with high 

quality daylighting and natural ventilation may reduce cooling loads and thus 

reduce the size and first cost of the HVAC systems. Designing with modular 

systems or systems that are highly flexible to program changes is another 

example of an approach that can reduce life cycle costs.  

 

Participant C3 – “At the heart of net zero is the need for the exterior of the 

building to be of a very high quality everywhere walls, doors, windows, 

roofs, floors all of it. Everything that is the perimeter of that enclosure has 

to be of a high quality in its product, windows… and also in terms of 

construction of the building itself, all of it has to be of a high quality in the 
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envelope. So the trick of net zero is to reduce the cost of everything else 

so that you can afford the quality of the envelope.” 

 

d. Central Design Repositories 

By knowing when these decisions should be considered in the overall process, 

design teams increase their opportunities to prioritize and allocate resources and 

budget more effectively. With access to central repositories, design teams can 

expand their knowledge base to learn from successes and failures of other 

projects rather than learning from their own failures.  

 

Participant D5 – “…that was after the design was completed and the 

tenant fit out was happening. Or rather when they were looking for 

tenants, so the design was being implemented and the building was being 

built and they were looking for tenants and finding out that they wanted to 

split it up. So in construction administration realistically that is probably 

something we should have done earlier and designated that the building 

does not want to be divided into pieces but there are things that are more 

apparent in hindsight than in foresight.” 

 

e. Performance Knowledge Sharing 

Building performance information captured in central design repositories from 

multiple projects can be shared in the form of organized knowledge to educate 

teams of methods to improve NZE building performance. For this they suggested 

developing strategies to feedback as-built building performance into new 

projects. This might include post occupancy evaluation and performance 

monitoring as input to a knowledge management system. 

 

Participant C5 – “…so my understanding of the process is that from the 

measurement and verification standpoint the industry is trying to learn 

what to do with measurement and verification. The way it works right now 

is LEED suggests that you take a year worth of data and you match it with 

as built model then you tweak that model and give it to the client and the 

client uses that to do energy efficiency studies in the future. Typically that 

is great because clients are not that savvy of models to do stuff in the 

future, maybe they can give it to a different consultant to help them out. 

But the value add [to this process] is to use the model to tweak the 

building in that one year of operation and not look at the results one year 

after the operations.” 
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Figure 5-19: Key opportunities of improvement corresponding to challenge types 

within each domain
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Chapter 6 

 

6. A New Decision Support Framework for Design 

of NZEBs 

6.1. Need For NZEB Design Process Mapping 
Crawley et al. (2009) acknowledge in their article on “Getting to Net Zero” that it 

is “still early in the collection and analysis of energy performance data” (Crawley 

et al. 2009, p. 19). The introduction and development of definitions for NZEBs 

and NZE communities just in the recent years shows that this classification of 

building types is still fairly new and is in an evolutionary stage as new discoveries 

and developments emerge on NZE performance (Crawley et al. 2009; Srinivasan 

et al. 2012). NZEBs are an attempt to further minimize the energy needs of 

buildings as compared to just high-performance buildings whose design is 

perceived as superior due to a percentage improvement in performance when 

compared to baseline buildings (Pless and Torcellini 2010). This minimized 

energy use is often achieved with on-site energy generated from renewable 

sources resulting in an annual operational NZE status (Torcellini et al. 2006; 

Crawley et al. 2009; Pless and Torcellini 2010). Defining a clear goal to acheive 

NZE for a project and a definitive understanding of the definitions and boundaries 

used are important first steps in attempting to design NZEBs (Deru and Torcellini 

2004; Pless and Torcellini 2010). The design process can vary for each project 

depending on NZEB goal definition, other project goals, project scale, project 

type, location and climate, program and design team expertise. However, when 

trying to improve NZEB design procedures for knowledge gaps and procedural 

challenges must be addressed. 

 

As presented in the previous chapters, NZEBs pose unique challenges due to 

the need for innovative design solutions and early assessments of energy, 

thermal comfort and daylighting. Through the comparative data analysis in 

Chapter 4 and 5 it was shown that the differences between the design of NZEBs 

and other buildings are considerable due to the additional planning and 

quantitative goal setting required in the early phases of design. Therefore, this 
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research attempts to define and elaborate on the key design processes, role of 

stakeholders, technologies and phases of assessment in the form of process and 

knowledge models to help establish a decision structure for the early phases of 

NZEB design (refer to Figure 6–1). This chapter presents how the NZEB 

decision-making process can be understood and mapped for decision support.  

 
Figure 6–1: Need for a process structure to guide the NZEB decision-making 

process 

6.2. NZEB Decision-Support Framework Development 
Net-Zero Energy Building (NZEB) design involves a complex and iterative 

process that utilizes multi-disciplinary knowledge gained through previous 

experience, relevant expertise, lessons learned from other projects and 

experimentation (EERE, NREL, 2012). Without an a priori understanding of this 

process, the design may develop inefficiently in terms of time and resource 

allocation. This may be particularly important for owners, architects and other 

stakeholders that are new to the NZEB process. Process models if available, 

could be used in the design, analysis and implementation phases. Harrington 

(1991) has proposed a hierarchy of macro-processes, sub-processes, activities 

and tasks each of which represents further hierarchical detailing of a process. He 

recommends defining a boundary and purpose that will set the rules, identify 

parameters through information and establish a hierarchy by identifying 

processes and sub-processes (Harrington, 1991). The purpose of “process 

models in the design phase is to put an idea into concrete form: the activities 

needed and their dependencies, the dataflow, the roles and actors involved and 

the goals set” (as cited in Kueng & Kawalek, 1997, p. 676-678; cf. Kueng et al., 

1996). The purpose of “process models in the analysis phase must be to reveal 

the process, the roots of its problems and potential ways of attacking the 

problems” (as cited by Kueng & Kawalek, 1997, p. 676-678; cf. Kueng et al., 

1996). Cachere and Haymaker (2008, p. 2) state “supporting every design 
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decision, there are reasons that collectively form a design rationale and …the 

rationale contains several essential and distinctive parts - components, design 

options, project objectives, and constraints” explaining the design decision-

making process. Documentation of design decisions for building projects vary 

drastically in their formats such as renderings, presentations, narratives, 

sketches, basis of design, and performance modules that are represented in 

different mediums and software tools. There is no standard format to capture and 

present information regarding design decision-making especially in the early 

phases of design. The real documentation of decisions starts later in design 

development or early construction document phases, when most of the decision-

making has already been made.  

 

As explained in the following sections, the most significant outcome of mapping 

the NZEB decision-making process was to develop a method that will allow 

traceability of design decisions along various phases with reference to the three 

knowledge domains – process, stakeholders and technology. The decision-

support framework must address the three NZEB domains that must be specified 

to define the characteristics of projects. These NZEB domains are: 

1. NZEB Process Domain 

2. NZEB Stakeholder Domain 

3. NZEB Technology Domain 

When considering the NZE project objectives the key processes need to 

correspond to performance indicators. Therefore, before developing a NZEB 

design process model, the knowledge domains and their relationships were 

established. Chapters 4 and 5 explained the current NZEB design process 

methods, identified gaps and areas of improvement. As suggested from the case 

studies the framework development must be concerned with addressing the 

challenges and developing the opportunities of improvement in the current 

design process. Coding and categorization of the responses from the 

interviewees indicated that the framework development must address three 

objectives as shown in Figure 6–2. These objectives include: 

 

1. Visualization of Process and Protocol Development 

2. Organization of Knowledge and Behavior Improvement 

3. Innovation in Design and Support of Knowledge Sharing 
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Figure 6–2: Three objectives of the NZEB decision-support framework 

development process 

 

The objectives mentioned above were addressed in the framework development 

by proposing three conceptual constructs. This section explains the three 

conceptual constructs or sub-models that led to the development of an early 

design decision-support framework for NZEBs. The first construct presents the 

development of the NZEB design process models; the second construct 

introduces the knowledge management system, and the third construct defines 

the design decision-support component of the framework. Figure 6–3 below is a 

graphic representation of the overall structure of the proposed new NZEB 

decision-support framework. The proposal of these three sub-models was 

systematically derived from the needs to address previously identified knowledge 
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domain-specific challenges. The following sections in this chapter describe how 

the proposed sub-models correspond to the challenges identified above.  

 

 
 

Figure 6–3: Three conceptual constructs of NZEB decision-support framework 

development 

 

The first sub-model is the NZEB design process model that represents the 

relationships between the knowledge domains. The second sub-model is the 

knowledge management model that helps define relationships between the other 

two sub-models and unifies the two models for an enterprise to capture and build 

its NZEB decision-making knowledge base. The third sub-model is the decision-

support model that defines NZEB project decision stages, progress levels and 

unique perspectives associated with NZEBs. The three sub-models therefore 

combine to form an integrated design decision-support framework.  

 

Within each of the decision domains the following must be considered: 

The sequence and importance of the stages of decision support, the sequence 

and importance of the phases of the process model, and the levels of detail 
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associated with each sub-process and decision node. Therefore the proposed 

framework is presented in parts as a combination of sub-models that allows for 

transferability to specific project contexts. Therefore, the intent was to develop 

the major decision nodes and knowledge domains that are absolutely necessary 

for NZEB project inception and design progress.  

6.3. New NZEB Design Process Model Development 
For the new process model, first the decision phases that best represented 

specific sub-processes and decision issues used on NZEB projects were 

determined. Comparative analysis of all essential decision phases and the 

associated key performance indicators resulted in proposing a new process 

model that can best facilitate NZEB decision-making. This is presented as an 

overall decision process (refer to Figures 6–4 and 6–5). The next phase of NZEB 

process management requires performance measurement. For the evaluation of 

performance, assessment metrics were established that could be quantitative or 

qualitative. This research presents an overview of the NZEB decision-making as 

a framework and defines evaluation metrics. 

 

NZEB design process model was developed to represent three levels of detail for 

the decision-making process: 

 

1. Level 1: NZEB Integrated Design Process Overview 

The first level of presents an overview of the entire design process with the key 

performance indicators (refer to Figures 6–4 and 6–5). 

 

2. Level 2: NZEB Decision Stages and Phases 

For the second level of the NZEB process model stage-wise process maps 

identify the critical phases within each decision stage.  

 

3. Level 3: NZEB Phases and Key Processes 

Thirdly, detailed process maps were developed to explain the key processes 

within the critical decision phases. Some examples of how structural constructs 

can change the sequence of phases within a decision stage are shown in the 

following sections. 

 

6.3.1. Representation of NZEB Decision-Mapping Process  

In order to map and visualize the NZEB design process, Business Process 

Mapping (BPM) techniques and flow chart tools were integrated with activity 
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diagrams used in Unified Modeling Language (UML). The combined approach 

supported representation of multiple swim lanes for the major decision-making 

and decision-facilitating stakeholder groups. The following knowledge 

components were identified to include in the model and to graphically represent 

the NZEB design process in the form of decision nodes and knowledge domains 

as shown in Table 6–1. 

 

Table 6–1: Description of decision knowledge domains and components with 

associated graphical notations used in the NZEB process models 

 

Domain 

Name 
Domain Overview Description 

Graphic 

Notation 

Decision 

Element 

NZEB 

Enterprise 

Domain 

 

 

Stakeholder roles 

and responsibilities – 

the key stakeholders 

to execute the 

processes are 

captured in rows 

showing team 

integration phases 

with dashed lines 

called swimlanes. 

 
 

 

 

Event 

 

 

 

Swimlane 

 

NZEB 

Process 

Domain 

 

 

Key processes, sub-

processes, 

activities/tasks – the 

processes and sub-

processes performed 

in a phase are 

represented in a 

square or rectangular 

box. 

 
 

 

Decision 

Phase – 

Stage and 

phase code 

 

 

 

Key Process 

and Sub-

Process 

 

NZEB 

Technology 

Domain 

 

 

Technology and 

assessment types – 

the information 

exchange and 

communication 

format used by 

stakeholders, tools 

used for 

assessments and 

performing the 

activities/tasks are 

 
 

 

 

 

Design 

Database/ 

Central 

Design 

Repository 

 

Multi-Criteria 

Decision 

Model 
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mentioned in grey 

dotted boxes within 

the phases that the 

processes need to be 

executed. 

NZEB 

Precedence 

Relationships 

 

 

NZEB 

Knowledge 

Flow 

 

 

Decision Flow – the 

activities/tasks are 

executed in a time-

sequential manner 

and the arrows 

connecting one box 

to the other indicate 

the sequence of 

phases and their 

iterative loops. 

 

Information Flow 

(input/output) – to 

perform the 

processes and 

design 

activities/tasks, 

certain information 

input is needed. The 

processes performed 

during a phase also 

produce certain 

information as 

outputs. These inputs 

and outputs that form 

the information flow 

are represented in 

grey boxes. 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

Decision 

Sequence 

Flow 

 

 

Input 

 

 

 

Output 

 

 

Decision 

Node 

 

 

Design 

Variable 

 

Key-

Performance 

Indicator 

 

 

6.3.2. Level 1: New NZEB Integrated Design Process Overview 

The NZEB overview model helps to understand the steps of decision-making 

pertaining to both the project and the organizations to be involved in the design 

process (refer to Figures 6–4 and 6–5). Figure 6–4 provides a graphical overview 

of the critical phases that need to be added to the AIA Integrated Project Delivery 

(IPD) design process phases in order to adapt the process for NZEB design. 

Figure 6–5 provides a high-level glimpse of the proposed new stages of NZEB 

design in context to the key-performance indicators (KPI's). The discussion below 

explains the relationship of the overview mapping with the primary KPI's. 
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1. The first and most important step is for the owner to evaluate their 

competencies and to understand their roles in the design process. The level 

of knowledge for the owner concerning building performance and energy 

efficiency will influence goal setting for energy use and other performance 

metrics for the project. It is important for owners to strategically select their 

project team to help with goal setting and review the deliverables. 

 
2. The second step involves making an attempt to accurately define user 

patterns plug loads and desired levels of comfort. For this, the owner's project 

team should include representatives of the various user groups to encourage 

their input. 

 
3. Early evaluation of user patterns and target comfort levels helps in reducing 

uncertainties after construction and occupancy. Inclusion of protocols for 

continuous measurement and verification of systems and controls operations 

is a step. This step helps ensure that systems are working as planned. 

 
4. The final step that is to set up a feedback mechanism where owners and 

occupants are provided information concerning building performance levels in 

relation to targets. Occupants need to be informed of their influence on 

building performance as well as the assumptions for their usage patterns 

during the design of the building. This requires a commitment from the user 

groups to continuously assess their impact on the loads. This information can 

also be analyzed to feedback to future projects and increase the accuracy of 

assumption for user patterns and plug loads. As shown in figure 6–5, this step 

closes the decision-making loop by bridging the gap between project 

objectives and end goals through owners and occupants’ early involvement 

and continuous commitment. 

 
5. The project delivery method, risk management strategy and contract 

structures will influence the criteria for design team selection. Defining clear 

roles for each stakeholder group and assigning responsibilities with 

contractual obligations will define the level of team commitment. 

The NZEB overview model helps stakeholders to set their expectations and goals 

early on. Figures 6–4 and 6–5 help to visualize the overall process including the 

team structure and key decision makers as well as key project goals.  
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Figure 6–4: Overview map of decision phases added to the current AIA IPD design process phases 
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Figure 6–5: The NZEB integrated design process overview model with KPI's 
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6.3.3. Level 2 and 3: New NZEB Decision Stages and Phases 
Attia et al. (2012, p. 5) divided the NZEB conceptual early design stage into five 

iterative sub-stages including 1) “specifying performance criteria, 2) generating 

ideas, 3) zones-layout design, 4) preliminary conceptual design and 5) detailed 

conceptual design”. Tupper and Fluhrer (2010) defined the concept phase for 

energy modeling in integrated design process as a series of phases including, a) 

goal setting, b) define needs, c) identify appropriate measure, d) reduce loads, e) 

plan system layouts, f) select appropriate and efficient technology, g) optimize 

operation, h) seek synergies, i) explore alternative power and j) outputs and 

communication. Both these descriptions show the fragmented approach of 

addressing NZEB decision-making, while stressing the need to define NZEB 

decision stages and classify them according to some design phase-oriented 

categorization of specific decision points in time. Of course this has been an 

objective for the present research. 

 

For this research, each NZEB decision stage is defined in terms of certain 

deliverables and milestones. For this, this research proposes six new NZEB key 

decision stages added to the AIA IPD design project phases (refer to Figure 6–

6). These six stages represent of a series of NZEB decision phases that are 

represented as iterative or recurrent cycles of processes, sub-processes and 

design activities. The proposed six stages suggest a structure for NZEB 

integrated design decision-making with a definitive starting and end points. The 

NZEB decision phases are defined as a group of processes that need to be 

performed for a decision to be made. By defining the key stages of decision-

making, this research enables owners and stakeholders to better understand the 

NZEB decision process. A detailed representation of the key phases of NZEB 

decision-making enables proper resource allocation and early preparedness 

therefore increasing the likelihood of meeting expected outcomes while sharing 

of risk. 

 

Proposed Six Stages of NZEB Integrated Design Process: 

NZEB Stage A - Planning and Conception 

NZEB Stage B - Initiation and Formulation 

NZEB Stage C - Collaboration and Ideation 

NZEB Stage D - Assessment and Definition 

NZEB Stage E - Integration and Development 

NZEB Stage F - Building and Implementation 
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Figure 6–6: Proposed new stages for NZEB decision-making throughout the life 

span of projects 

 

6.3.3.1. Project-Specific Decision Stage Models 

Mapping the practice-based decision process helped propose a structure 

approach for NZEB design. This chapter presents a series of proposed new 

process models that can help improve the process. 

1. Identifying Key Decision Phases 

 The phases within each stage will be influenced by the project scale, context, 

schedule, project goals, project delivery methods, design team structure and 

other project specific factors. Although the overall stages are common to any 

NZEB project, the phases will be adjusted based on these factors. The intent of 

the models presented in this section is to map the phases that impact the 

decision-making for NZEBs. 

2. Sequencing the Decision Phases 

Results of the interviews and comparative analysis of the case studies suggested 

a generally sequential ordering of the major decision-making phases. This 

sequence establishes the flow of decisions within each stage. Phases that can 
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be performed concurrently are shown as stacked or parallel phases, while others 

have inflow and outflow process. 

3. Identifying Decision-Making Authority for Each Phase 

The interpretation of the interviews indicated that although NZEB design is an 

intgerated process, each decision phase should have an identifiable decision-

making authority. Therefore, it was important to identify or designate the key 

decison-maker for each phase. Each phase in the model is color-coded to 

represent the key decision-maker for that particlar phase. With this teams can 

assess their involvement based on this visually color-coded mapping. 

4. Understanding the Structural Constructs 

Structural constructs are the key nodes derived from analysis that affect the 

structural composition of the decision process models. Relevant structural 

constructs that need consideration for each decision stage are explained in the 

following sections.   

5. Identifying Relevant Decision Nodes 

Decision nodes represent a decision that needs to be made along the decision-

making path. For example, the choice of the type of project delivery method 

would be a decision node. Familiarity with the project delivery method, 

administrative terms of contracts and the level of owner involvement are 

structural consrtucts that can influnece this decision. The critical decision nodes 

within each stage have been identified and defined in the models. 

Each detailed decision stage process model is represented with three knowledge 

components. 

1. Design Variables 

2. Key NZEB Phases 

3. Process-Based Key Performance Indicators 

A detailed list of key processes, central issues of concern and central 

stakeholder group(s) relevant to each decision phase is presented in tabular 

format for each stage of the process model. 

6.3.3.2. NZEB Decision Stage A – Planning and Conception 

As suggested from the case studies stage A is concerned with project planning 

decisions that influence the design process. Coding and categorization of the 

responses from the interviewees indicated that three issues must be addressed 

in this stage as shown in Figure 6–7. These issues include: 

1. Defining context 
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2. Project goals 

3. Design teams selection 

 

 
Figure 6–7: Key issues to address in NZEB decision stage A  

 

These issues are addressed in five phases in this stage as shown in Figures 6–8, 

6–9 and Table 6–6. These phases include: 

 

PHASE A–1: ENVISION A PROJECT 

 
A-1.1: NZEB Definition Process 
1: A clear definition and method of measuring performance is an important first 

step. Owners should define NZEB early in the process so that all of the design 

teams are working with the same definition. 

 

2: Identifying the NZEB definition will define the sources and boundaries of 

energy use and renewable energy production calculations. 

3: The owner and their project team must understand the issues associated with 

various green building rating systems when setting certification goals. NZE 

certification will help in streamlining the design efforts with the certification 

requirements.  
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The commitment to the NZE goal starts with the owner and this influences the 

level of commitment and structure of the teams.  

 

A-1.2: Project Characterization Process 

1: Project context influences the NZE goal. 
 
2: Defining the project context requires establishing program requirements which 
will depend on building type, building size, space types and use(s). 
 
3: The owner and user groups must provide a complete account of functionality 
of spaces, desired adjacencies of program components and goal of occupant 
density. 
 
4: Achieving NZE requires an accurate definition of user desired comfort levels. 
 
5: Establishing user desired comfort levels requires a good understanding of the 
users building operation schedule which will depend on building type, location 
and climate. 
 
6: These issues can be addressed in the framework by: 

a. Conducting plug and process load audits 

b. Monitoring user behavior patterns 

c. Using benchmarking data from design repositories 

The design phase simulations represent the assumed user operational behavior 

schedules. The accurate assumption of the user schedules will result in 

assessing the needs and considering the use of more efficient equipment and 

building systems that can minimize the gap between designed intent and 

operational energy performance.  

 
7: The owner and their project team must identify on-site resources and 
understand the issues associated with project scale when setting project goals. 
 
8: These issues can be addressed in the framework by: 

d. Defining design teams competencies 

e. Defining hierarchy of decision-making 

f. Adding additional substantiation phases 

The bigger and more complex projects need more teams or team members with 

many levels of decision makers and facilitators in effectively delivering a NZE 

project.  

 

A-1.3: Project Delivery Method Selection Process 
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1: Delivering NZEB requires an efficient project delivery method and contract 

structure. 

 

2: Selection of both project delivery method and contract methods requires a 

good understanding of risk management and performance goal specifications 

which will depend on contractor performance, certainty of price and the owner’s 

desire for control of the design direction. 

 

3: The owner and their project team must be familiar with the issues associated 

with risk management and performance goal specifications when defining 

contract terms. 

 

4: Level of team integration is affected by the choice of project delivery method 

and therefore this method must be carefully selected. 

 

5: This issue can be addressed in the framework by: 

a. Contract administration training 

b. Early team integration 

c. Assigning singular responsibility 

d. Early contractor involvement 

e. Promoting innovative/ creative solutions 

 

An integrated project delivery method will result in aligning the interest of the 

entire team towards the project goals early on. Performance-based Design-Build 

delivery will result in time efficiency as well as cost efficiency due to the 

simultaneous design and construction collaboration along with the ability to 

achieve performance based goals (Sanvido and Konchar, 1996; Haxton and 

Hucal, 2010). Having construction managers, and contractors involved from the 

beginning will elevate the importance of the energy goal and ensure ownership of 

the goals.  

 

PHASE A–2: DECIDE PROJECT APPROACH 

The success of achieving NZE is dependent on the clear understanding of the 
project goals. 
 
A-2.1: Performance Goal Definition Process 
1: Achieving NZE requires a clear and realistic EUI target and performance goals 

such as systems performance and passive strategies performance.  
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2: Both setting and achieving the EUI and performance goals requires a good 

understanding of the demand side energy use which will depend on user 

patterns, building type, location and climate. 

 

3: The owner and their project team must understand the issues associated with 

demand side energy use when setting targets and managing risks. 

 

4: This issue can be addressed in the framework by: 

a. Hiring a consultant or specialist with this knowledge 

b. Conducting precedent studies 

c. Early energy modeling 

5: The owner must define user occupancy target for space efficiency. 
 
6: Achieving NZE requires an Energy Intensity of Renewables (EIR) target based 
on the EUI target. 
 

The accurate assessment of demand-side loads will result in proper sizing of the 

renewable systems. The owner in their contract terms must require the design 

teams to address photovoltaic procurement as part of the design proposal to 

heighten the importance of addressing renewable energy production and result in 

proper allocation of budget for renewable systems early on. 

 

 

PHASE A–3: DEVELOP DETAILED REQUEST FOR PROPOSAL  

 
A-3.1: Project Objectives Prioritization Process 
1: Defining project objectives will require defining all project goals including 

project cost, design quality and project schedule in addition to the performance 

goals. 

 

2: Setting and achieving the project budget, schedule and quality requires 

allowing fluid design scope, which will depend on contract unit cost, building type, 

project size and project delivery method.  

 

3: Both defining and measuring the design quality will require qualitative 

measures of owner satisfaction through metrics such as educational quality, 

discovery quality, public awareness quality, “turnover quality and system quality” 

(Sanvido & Konchar, 1996, p. 19). 
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4: The owner and project teams must define the project schedule based on 

“project size, contract unit cost and building type” (Sanvido & Konchar, 1996, p. 

16).  

 

5: The owner must prioritize project objectives by assigning a level of importance 

to each objective. This exercise will help owners in understanding their priorities 

that will result in clear definition of design goals and commitment of the design 

teams. 

 

6: The owner and the project teams must develop a detailed RFP to clearly list 
the target requirements and risk sharing terms.  
 

7: These goals can be facilitated in the framework by: 

h. Hiring a consultant or specialist with criteria specification expertise 

i. Providing design flexibility 

j. Allowing fluid scope 

k. Transparency of project budget or fixed price 

l. Performance-based project objectives 

m. Prioritization of project objectives for best value 

Prioritization of project objectives with budget transparency will result in obtaining 

best project value while mitigating value-engineering phases. Clear definition of 

performance goals with design flexibility while managing risk will promote 

integration between design and construction by collaboration of architecture and 

construction firms working together as one single entity in finding creative 

solutions to meet the objectives.  

 

Owners should play an assertive role. This would require owners to focus most of 

their early efforts on defining the goals and objectives. This suggests that owners 

and their project teams need both management and technical expertise. By 

selecting the appropriate project delivery method, owners may not need to 

closely manage the design teams. Generally the best way for the owner to 

exercise control on the design process is the through RFP and contract 

specifications. Andary (2010) said, by shifting some of the responsibilities to the 

core design teams, owners are recommended to “empower design and 

construction professionals” for NZEB design (as cited in Haxton & Hucal, 2010, 

p. 50).  

 

Table 6–2: Essential project objectives and relevant performance measures with 

influencing factors for NZEB goal setting  
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Key Project 

Objectives 

Performance 

Measures 
Influencing Factors 

Energy 

Performance 
EUI goal 

Project type, Project scale, Location, Program 

Requirements, Contract Requirements, Performance 

Goals, Team Competencies 

Other 

Performances 

Air exchange rate 

Daylighting 

Natural 

ventilation 

Occupant density 

Contract Requirements, Performance Goals, Team 

Competencies 

Cost Savings 
Firm-fixed price 

Fixed budget 

Contract unit cost, facility type, project size and project 

delivery system 

Design Quality 

Client satisfaction 

Aesthetics 

Quality of 

finishes 

Systems 

performance 

Project delivery method, Team competencies 

Time Savings Schedule Cost, project delivery method 

Client Values 

Safety 

Land Ethics 

Carbon footprint 

Team Integration 

Team Competencies: 

Comprehensive knowledge of labor and material costs 

Awareness of cost relationships between various project 

components (Sanvido & Konchar, 1996) 

 

PHASE A–4: INITIATE THE PROJECT 

1: Initiating a NZE project requires assigning a responsible authority for the goal. 

 

2: The owner must assign and share the responsibility of the NZE goal with the 

design team, which will require sharing of risk that will depend on the contract 

terms. 

 

3: The owner can manage the risk by wording the contract structure and terms 

around the performance requirements (refer to Table 6–3). 

 

4: This issue can be addressed in the framework by: 

a. Contractual commitment to meet NZE goal 

b. Incentive/ penalty program 

c. Step-wise project acquisition strategy 

Incentive/ penalty can facilitate positive team attitude while assigning a 

responsible authority through contract terms will help reinforce commitment from 

the very beginning to the NZE goal.  
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Table 6–3:  Key issues to consider for step-wise project procurement process 

 

Contract Development Guidelines 

Performance Delivery 

Information Management 

Cost Commitment 

Renewable Energy Production 

Performance Measurement & Verification 

Commissioning of all Systems 

Continuous Performance Assurance 

Substantiation Methods 

As-Built Energy Models 

Incentive/Penalty Terms 

Responsible Parties 

Communication Methods 

Collaboration Protocols 

Ownership of Models 

Stepped Acquisition 

 

PHASE A–5: SELECT CORE PROJECT TEAMS 

1: Initiating NZEB design process requires expertise of the core design teams. 

 

3: The owner and their project team must understand areas in the NZEB design 

and construction process that need expertise when defining criteria for team 

selection (refer to Table 6–4). 

 

4: The owner and their project team require a good understanding of the 

organizational competency while selecting the core design teams, which will 

depend on joint team skills, expertise and experiences through past project 

performances. Measure of organizational competency is much greater than the 

sum of the individual stakeholders competencies (refer to Table 6–5). 

 

5. The sequence of core design teams’ selection must promote high level of 

integration for the teams to work cohesively towards the NZE goal. 

 

5. The core design team must have a good understanding of building 

performance knowledge which is essential to establish the NZE design approach 

and define the starting points for initial assumptions. 

 

This issue can be addressed in the framework by: 

n. Establishing team selection criteria 

o. Defining organizational/team competencies 
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p. Assessing team competencies 

The selection of core design teams with a good understanding of HPB and NZEB 

design and construction practices, building performance knowledge and energy 

assessment strategies will help in guiding the rest of the design team with setting 

expectations. This team experience will result in identifying design strategies that 

would be successful, establishing assessment methods and making more 

accurate assumptions. 

 

The input from engineers frequently was important for all case studies particularly 

for the NREL and DOE when choosing the design team. Since energy 

performance is a key aspect of decision-making for NZEB design, the importance 

of the role of MEP teams must be recognized. The experience and expertise of 

the MEP team for evaluating energy-efficiency can influence the expectations 

and direction of the project from the beginning. Within the MEP team, 

performance managers play an important role in overseeing the analyses and 

tracking the energy related goals. This role is similar to that played by the 

sustainability directors or energy consultants who act to ensure that team roles in 

meeting the NZE objective comes together. 

 

 

 

 

 

 

 

 

 

 

 

 

Establish Design Team Selection Criteria 
 

Table 6–4: Core areas for developing team selection criteria    

Selection Criteria 
Stakeholder Personal 

Traits 
Team Traits 

Team Dynamics Accountability Trust 

Experience Commitment Respect 

Expertise Involvement Commitment 

Technical Merit Ethics Involvement 

Team Influence Adaptability Transparency 

Design & Construction Team Creativity Design 
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Collaboration Independence 

Design Innovation  Motivation 

Team Commitment  Engagement 

Complete Design Team Structure  Innovative thinking 

 

Assess Team Competencies 
Stakeholder competency can be measured through a combination of skills, 

experience, expertise and personal traits (Sanvido & Konchar, 1996). For 

example, skills can be measured by the knowledge of tools for analysis. 

Experience can be measured through the number of previous HPB and NZEB 

projects and the level of involvement on each project. Although difficult to define, 

NZEB expertise can be measured through a combination of measures such as 

knowledge of design and construction procedures, experience with integrated 

project deliveries, ability to work in dynamic team settings, ability to assess and 

predict building performance, knowledge of applicable procedures and protocols, 

etc. Some of the personal traits used as criteria for selection of design teams and 

individual stakeholders were adaptability, willingness to learn, positive attitude, 

behavior, accountability, ethics, etc.  

 

 

 

 

 

 

 

 

 

 

Table 6–5: A summary of key competency assessment areas to measure 

individual stakeholder and team competencies 

 

Competency 

Areas 

Competency 

Measures 

Stakeholder 

Competencies 
Team Competencies 

Skills 

Knowledge of tools, 

interoperability 

issues, 

workarounds 

Individual skills, ability to 

workaround tool limitations 

Joint skills of the team, 

established assessment 

strategies based on 

interoperability 

Experience 

Number of HPBs 

and NZEBs project 

experience, Roles 

and Level of 

involvement 

Knowledge of first 

Principals, NZEB design 

process knowledge 

Team dynamics, previous 

working relationships 
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Expertise 

Design and 

construction 

knowledge, project 

delivery experience 

Ability to assess and predict 

building performance, 

knowledge of applicable 

procedures and protocols, 

knowledge of assessment 

tools, ability to guide the 

team, 

Proof of previous building 

performance, Custom 

assessment procedures, 

knowledge of proprietary 

tools, basis of design 

guidelines, successful 

strategies 

Personal 

Traits 

People 

characteristics and 

behaviors 

Accountability 

Ethics 

Commitment 

Involvement 

Adaptability 

Creativity 

Behavior 

Willingness to learn 

Positive attitude 

Transparency 

Trust 

Respect 

Commitment 

Involvement 

Design Independence 

Motivation 

 

 

PHASE A–6: SELECT COMPLETE DESIGN TEAM 

Sanvido and Konchar (1996, p. 23) emphasize the importance of design team 

selection process by stating, “the success of the facility is ultimately measured by 

the project team’s ability to meet the project business and program goals”. 

 

1. NZEB design process requires the collaboration of multidisciplinary teams to 

support the expertise of core design teams. 

 

2. Selection of entire design team requires understanding of competencies of 

each team, which will depend on individual and team skills, experience, expertise 

and personal traits. 

 

3. Collaboration between the complete design team will depend on team 
dynamics, trust and respect between team members. 
 
4. The owner and their project team must understand the issues associated with 
team dynamics, trust and respect between teams when selecting the entire 
design team.  
 
5. These issues can be addressed in the framework by: 

a. Assessing previous working relationships 

b. Selecting the complete design team early on 

c. Establishing communication methods 

d. Identifying collaboration platforms 

e. Transparency of decision-making 
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The opportunities of early design and energy analysis with feedback from 

construction point of view are tremendously advantageous for the NZEB design 

process.  Early integration of the entire design team will encourage early 

involvement of all stakeholders and collaboration since the early phases of 

design.  

 

An important point to note is that owners of all the case study projects had a 

clear vision of the objectives and NZE goal from the beginning. It was also 

important to set aggressive goals and set up a process that allowed for creativity 

and innovation from the design team. This resulted in a collaborative effort to find 

creative solutions. Therefore for NZEBs, owner buy-in is essential in meeting 

goals. Before the start of any NZEB project, the owner must have a clear and 

committed goal to achieve NZE and this must be clearly communicated to the 

design team. In the case studies, the owner’s passion drove the buy-in of the 

other team members. 
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Figure 6–8: NZEB Stage A – Planning and Conception v1.0 level 2 
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Figure 6–9: NZEB Stage A – Planning and Conception v1.1 level 3 
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Table 6–6: Stakeholder-specific key processes and central issues corresponding 

to decision stage A and respective decision phases 

Central 
Stakeholders 

Decision Phase Key Processes Central Issues 

Owner’s 
Project Team 

A-1: ENVISION A 
PROJECT 

Identify project context 
and goals 

Unique project context 

Unique goals 

Project scale 

Organization’s mission 

Mission and goals 
alignment 

Owner’s 
Project Team 

 
Selection of project 

delivery method 

Project control 

Collective team 
commitment to goals 

Project scale 

Owner’s 
Project Team 

 
Train to administer the 

contract 

Large project scale 

Unfamiliarity with contract 
administration terms 

Owner’s 
Project Team 

A-2: DECIDE 
PROJECT 

APPROACH 

Establish early design 
approach 

Reduce subjective goals 
into measurable indices 

Methods to justify one 
solution over the other 

Owner’s 
Project Team 

 Define project goals 

Understand energy use 
consumption 

Understand renewable 
energy production 

Setting EUI and EIR 
goals 

Owner’s 
Project Team 

A-3: DEVELOP 
DETAILED 

REQUEST FOR 
PROPOSAL 

Require D-B team 

Performance-based 
conceptual 

requirements 

Aggressive EUI target 

Occupancy target 

Provide design 
flexibility 

Induce change in the 
design process 

integration and decision-
making 

Prioritize performance 
goals 

Influence design by 
performance 
requirements 

Best value 
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Allow fluid scope 

Firm-fixed price 
contract 

Project schedule 

Specify use of on-site 
resources 

Survive value engineering 

Address budget, schedule 
and energy performance 

goals 

Occupants  Plug load audit 
Explain everything that 
goes into the building 

Occupants  
Ensure full occupant 

buy-in 

Owner commitment 

Occupant commitment 

Owner’s 
Project Team 

A-4: INITIATE THE 
PROJECT 

Announce a design 
competition 

Best value 

Owner’s 
Project Team 

 
Contractual 

commitment to meet 
goals 

No one party responsible 
for goals 

Risk management 

Team commitment to 
meeting goals 

Owner’s 
Project Team 

 
Design 

incentive/penalty 
program 

Help in positive team 
attitude 

Owner’s 
Project Team 

A-5: SELECT CORE 
PROJECT TEAMS 

Selection of design 
team 

Requirement for D-B 
team 

Trust between team 
members 

Team expertise to deliver 
innovative and creative 

solutions 

Stakeholder involvement 

Team commitment 

Team integration 

Those building it must 
design it 

Owner’s 
Project Team 

 
Require qualifications 
of the entire design 

team 

Early team commitment to 
facilitate integration 

Enable innovation and 
creative solutions 

Owner’s 
Project Team 

A-6: SELECT 
COMPLETE DESIGN 

Selection of remaining 
design team 

Stakeholder adaptability 

Stakeholder willingness 
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TEAM Design team expertise 

 
6.3.3.3. NZEB Decision Stage B – Initiation and Formulation 

As suggested from the case studies stage B is concerned with pre-design 

decisions that influence the design process. Coding and categorization of the 

responses from the interviewees indicated that four issues should be addressed 

in this stage as shown in Figure 6–10. These issues are: 

1. Initial design ideas 

2. Design approach 

3. Early design strategies 

4. Benchmarking Exercise 

 

Figure 6–10: Key issues to address in NZEB decision stage B 

 

These four issues have been addressed in six phases in this stage as shown in 

Figures 6–11, 6–12 and Table 6–8. These phases include: 

 

PHASE B–1: INITIATE PRELIMINARY DESIGN 
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B-1.1: Quantify/Verify Project Objectives 

1: Achieving NZE requires clear quantifiable project objectives. 

 

2: The design teams must assess the project objectives set by the owner to verify 

if each goal is quantified. The design team must quantify any subjective goals in 

collaboration with the owner. 

 

3: Attainability of the EUI goal requires assessment early on through energy 

modeling, which will depend on initial assumptions on climate information, on-site 

resources and building performance knowledge.  

 

4: The MEP team must understand the effective design strategies to make 

accurate assumptions when conducting early energy evaluations and formulating 

recommendations on basic massing, building orientation and design strategies. 

 

5: Achieving quantified daylighting and natural ventilation goals also require 

assessment using simulation modeling that will depend on initial assumptions on 

daylighting levels, electric lighting loads, amount of glazing and openings, 

building orientation, and massing. 

 

6: Specialty consultants or design teams must understand the accuracy of 

assumptions and assessment methods when evaluating these goals and 

formulating recommendations. 

 

7: This issue can be addressed in the framework by: 
a. Developing a central database for basis of design and assumptions 

b. Hiring specialty consultants with this expertise and knowledge 

c. Conducting team-specific precedent studies 

d. Performing early assessments 

e. Verifying project objectives 

f. Formulating discipline-specific design strategies recommendations  

 

Conducting research, evaluations and formulating recommendations based on 

early analysis by individual teams to discuss with the rest of the design teams will 

help verify the objectives, allowing the teams to be more effective in defining 

strategies that have major impact on addressing different pieces of the energy 

use components. 

 

PHASE B–2: SELECT INTERNAL TEAMS 
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1: Each design team will require internal teams with expertise to perform the 

processes for NZE design. 

 

2: Selecting the appropriate teams members will require identification of 

distribution of design efforts that will depend on project scale, budget and 

schedule. 

 

3: Each design team must assess individual stakeholder’s abilities relevant to 

these design efforts when selecting their internal teams, which will depend on 

their experience, expertise and personal traits.  

 

4: Each design team must understand their role and timing of involvement in the 

design process when selecting internal team members, formulating the team 

organization structure and defining team roles. 

 

5: This issue can be addressed in the framework by: 

a. Defining design efforts along each design phase 

b. Defining stakeholder competencies 

c. Allocation of team resources 

d. Defining internal team organization structure 

e. Assigning team roles and responsibilities 

The accurate understanding of the magnitude and distribution of design efforts as 

well as timing of team involvement will result in proper allocation of budget and 

team resources. 

 

PHASE B–3: EXPLORE DESIGN IDEAS 

B-3.1: Facilitating Design Team Integration 

 

1: The success of a NZE project requires early design team integration. 

 

2: Facilitation and the level of design team integration requires collaboration and 

open communication that will depend on mutual trust and respect between 

stakeholders. 

 

3: The design teams must understand the risk-sharing terms and team 

responsibilities when defining communication methods and collaboration 

protocols ((refer to Table 6–7). 

  

4: This issue can be addressed in the framework by:  

a. Contract structure 
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b. Defining communications methods 

c. Ownership of knowledge and models 

d. Assigning hierarchy of decision-making 

From the case studies, the role of the architect was found to be evolving into a 

leader for coordinating the multidisciplinary teams and promoting collaboration. 

On most NZEB projects, architects are the central point of contact for all team 

communications and the coordinator for the design charrettes. Creating team 

trust and respect early on will result in team integration facilitating exchange of 

multidisciplinary expertise needed in defining the design approach. 

 

For NZEB projects architects play two central roles, one as a design team leader 

in selecting and managing the architectural team and the other as a project 

manager for all of the teams. Due to the need for continuous and close 

interaction between owners and architects, architects play an important role as 

decision-makers while representing the owner’s. For this since architects interact 

frequently with the MEP team and because design decisions are in large part 

driven by energy performance, architects should have technical expertise in 

energy modeling and other assessment methods to be more effective in this role.  

 

B-3.2: Defining Design Criteria 

1: Defining NZE design approach will requires multidisciplinary design criteria. 

 

2: Identifying and defining the most effective design criteria requires 

understanding central design issues which will depend on discipline-specific 

concerns, constructability, energy performance and budget. 

 

3: The design team and the owner must understand the issues associated with 

context and performance requirements while exploring design ideas and defining 

design criteria. 

 

4: This issue can be addressed in the framework by: 

a. Early collaboration of the entire design team and the owner 

b. Team communication in the form of brainstorming sessions and design 

charrettes 

c. Defining discipline-specific central issues 

d. Assess strategies on similar projects from central design databases 

Essential feedback from other stakeholders will benefit the early decision process 

in minimizing energy consumption, helping to improve the exploration of new 

design ideas. 
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PHASE B–4: INITIATE BENCHMARKING EXERCISE 

1: NZEBs must provide energy performance and comfort to users.  

 

2: Defining energy and comfort goals require a basis of design or detailed RFP 

document to guide the team in making the initial design assumptions. 

 

3: The MEP teams must understand issues associated with user comfort while 

establishing methods to minimize demand side energy use. MEP team’s 

experience and expertise in energy-efficiency, HPBs and NZEBs can help set the 

expectations of the entire design team from the beginning.  

 

4: Apart from meeting the MEP design requirements and energy analysis goals, 

performance managers play a critical role in overseeing the entire analysis of 

design and tracking the energy goals. 

 

The primary goal of this stage is to identify and define the design strategies to 

implement a design that can minimize energy consumption. Experience and 

expertise of the design teams can help in defining the design approach with 

appropriate starting points. 

 

PHASE B–5: SET DESIGN GOALS 

 

B-5.1: Define discipline-specific goals 

1: Resource planning will require identifying on-site renewable energy generation 

systems. 

 

2: Architects must lead collaboration between all teams and be the point of 

contact between the owner and the other teams. 

3: The sustainability director, energy consultant or lead engineer must help the 

team in developing a roadmap of step-wise goals and sub-goals that need to met 

by the entire design team during the design process. 

 

4: The MEP team must function as the interfacing team between the 

multidisciplinary teams to ensure that individual teams are able to meet the sub-

goals. 

 

5: Contractors and construction managers can be instrumental in helping keep 

track of project cost, and providing alternatives points of view for the proposed 
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design solutions. With contractors that are committed to the NZE goal, decisions 

are assessed from both design and construction aspects. 

 

PHASE B–6: ESTABLISH DESIGN APPROACH 

It is important for each discipline and design team to know their specific roles and 

goals at the end of this stage. 

 

B-6.1: Assigning Roles and Responsibilities Process 

Assigning roles and responsibilities can help define the hierarchy of decision-

making by assigning decision-making levels between different teams and within 

organizations (refer to Table 6–7). For example, project managers and 

performance managers should be able to have complete access to the central 

model and all decision information, along with the ability to track the project 

progress. Team members who perform tasks within the teams may not need to 

have complete access, but should be able to view the changes made to the 

model particularly those that may influence their tasks. 

 

This issue can be addressed in the framework by: 

a. Establishing organizational hierarchy  

b. Defining overall team organization structure 

c. Defining core design teams 

d. Defining complete design teams 

e. Identifying key decision makers, facilitators and team members 

f. Assigning relevant permissions 

 

 

 

 

 

Table 6–7: Key stakeholder-specific hierarchy of decision-making 

 

Key Stakeholder 

Disciplines 
Decision Makers Decision Facilitators Team Members 

Owner 
Owner(s), Owner’s 

Project Teams 

Ecologists, representative 

user groups, cultural 

advisory board members 

Community 

members brought in 

by the owner 

Sustainability 
Sustainability 

Director/Consultant 
Simulation consultants  

Architecture 
Design Principals, 

Project Managers 

Structural Engineers, 

Interior Designers, 

Lighting designers 

Rest of the 

architectural team 

including architects, 

landscape 
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architects, etc. 

Construction 

Team 

Construction Managers, 

Contractors 

Sub-contractors, 

Estimators 

Construction 

workers 

MEP Team 

Principal, Performance 

Manager, Technical 

Lead Engineer 

Energy consultants, Lead 

Mechanical engineers 

Mechanical, 

Electrical and 

Plumbing engineers 

Specialty 

Consultants 
 

Daylighting Designer, 

Water and waste water 

consultant, Solar designer, 

Building envelope 

designer, Thermal comfort 

engineers, LEED/LBC 

consultants 

Manufacturers, 

technicians 

Facility 

Management 

Facility Operations 

Manager 
 

Facility 

management staff 

Occupants 
Representative 

Occupants 
  

Building 

Performance 

Performance 

Assurance 

Team/Manager 

IT team, energy-efficiency 

team, building 

performance research 

team 

Researchers, 

scientists, engineers 

Commissioning Commissioning Agent   

Design 

Management 
Decision Manager Design Strategist  
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Figure 6–11: Stage B – Initiation and Formulation v1.0 level 2 
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Figure 6–12: Stage B – Initiation and Formulation v1.1 level 3 
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Table 6–8: Stakeholder-specific key processes and central issues corresponding 

to decision stage B and respective decision phases 

 
Central Stakeholders Decision Phase Key Processes Central Issues 

Architectural/ Design-
Build Team 

B-1: INITIATE 
PERLIMINARY DESIGN 

Research climate 
information 

Identify on-site 
resources 

Review zoning 
requirements 

Resource 
limitations 

Regulatory 
constraints 

Architectural, 
Construction and 

MEP Teams 
 

Refine/ verify project 
objectives 

Attainability of 
goals 

Architectural, 
Construction and 

MEP Teams 
 

Study/ formulate 
program requirements 

Start design goal-
setting 

 

Architectural, 
Construction and 

MEP Teams 
 

Assess basic massing 
and orientation 

Test organization on 
site 

Meet program 
requirements 

Passive 
performance 

Architectural/ Design-
Build Team 

 

Define schedule 

Discuss scope and 
preliminary cost 

Respond to RFP 
requirements 

Project budget, 
and schedule 

Architectural, 
Construction and 

MEP Teams 

B-2: SELECT 
INTERNAL TEAMS 

Decide internal team 
organization 

Team capabilities 

Architectural, 
Construction and 

MEP Teams 
 

Define roles and 
responsibilities 

 

Architectural, 
Construction and 

MEP Teams 

B-3: EXPLORE DESIGN 
IDEAS 

Identify key project 
objectives 

 

Architectural, 
Construction and 

MEP Teams 
 

Adapt program 
requirements 

Passive design 

Architectural, 
Construction and 

 Define project context 
Unique project 
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MEP Teams Identify project 
constraints 

Explore early design 
options 

Explore design criteria 

context needs 

Architectural, 
Construction and 

MEP Teams 
 

Understand energy 
usage breakdown 

Identify design 
strategies 

Minimize energy 
consumption 

Architectural, 
Construction and 

MEP Teams 
 

Make initial 
assumptions 

Perform early energy 
simulations 

Accuracy of 
assumptions 

Architectural, 
Construction and 

MEP Teams 
 

Define optimum 
design criteria 

Establish passive 
strategies to 
implement 

 

Sustainability/ Energy 
Consultants + MEP 

Team 

B-4: INITIATE 
BENCHMARKING 

EXERCISE 

Conduct precedence 
studies 

Research building 
operation schedules 

Define occupant 
building use patterns 

Accuracy of 
energy use 
benchmarks 

Sustainability/ Energy 
Consultants + MEP 

Team 
 

Assess building 
performance of 

previous projects 

Define team 
capabilities 

Team expertise 

Sustainability/ Energy 
Consultants + MEP 

Team 
 

Define energy goals 

Define renewable 
energy production 

Site limitations 

Sustainability/ Energy 
Consultants + MEP 

Team 
 

Reassess objectives 
based on resources 

Identify systems and 
technologies 

Budget and 
performance 

Core Design Teams 
B-5: SET DESIGN 

GOALS 
Define space types 

Resolve program as 
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spaces 

Define thermal zones 

Core Design Teams  

Identify construction 
strategies 

Develop rough 
massing 

 

Core Design Teams  

Define energy and 
water use goals 

Set EUI goal 

Set renewable energy 
production goal 

Define end use sub-
goals 

Team commitment 

Clarity of goals 
and sub-goals 

Complete Design 
Teams 

B-6: ESTABLISH 
DESIGN APPROACH 

Assess discipline-
specific implications 

Define discipline-
specific goals 

Process roadmap 

 

6.3.3.4. NZEB Decision Stage C – Collaboration and Ideation 

As suggested from the case studies stage C is concerned with concept design 

decisions that influence the design process. Coding and categorization of the 

responses from the interviewees indicated that five issues must be addressed in 

this stage as shown in Figure 6–13. These issues include: 

1. Design scope 

2. Assessment tools 

3. Budget 

4. Performance assessment 

5. Preliminary proposal 
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Figure 6–13: Key issues to address in NZEB decision stage C 

 

These issues have been addressed in eight phases in this stage as shown in 

Figures 6–14, 6–15 and Table 6–9. These phases include: 

 

PHASE C–1: DEVELOP EARLY DESIGN SCOPE 

 

1: NZE early design approach will require developing design scope. 

 

2: Depending on the contract terms and project delivery methods, contractors 

often in collaboration with architects are responsible for defining the design 

scope and schedule.  

 

3: In order to be in a position where contractors can guarantee a fixed price, they 

will typically need to hire sub-contractors on the basis of their qualifications and 

commitment to controlling costs during preconstruction. 

 

4: This issue can be addressed in the framework by: 

a. Contract structure with fixed price 

b. Pre-selection of subcontractors 
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c. Assigning responsibility to each sub-contractor for delivering the agreed 

upon quality within budget 

Controlling costs during preconstruction with commitment to deliver on the quality 

will result in controlled project costs that will not impact design in the later 

phases. Formulating a strategy to define the time needed to commit to a design 

scope for a price is a key strategy during this phase. This can help with allocation 

of budget and resources early on. 

 

PHASE C–2: DEVELOP DESIGN STRATEGIES 

1: Achieving NZE requires reduction of demand side energy use of the building. 

 

2:  Minimizing the demand side energy use requires a good understanding of the 

primary passive design strategies that will depend on the building type, scale, 

location and climate. 

 

3: Design teams must understand the effectiveness of passive strategies that can 

have the most impact on minimization of energy use when making decisions on 

initial design strategies. 

 

4: This issue can be addressed in the framework by: 

a. Developing a basis of design guide with on-site resources 

b. Requiring maximizing daylighting and using natural ventilation as project 

objectives 

c. Requiring efficient building design and renewable power generation as two 

separate pieces of proposal 

The design team must be open to explore new strategies and willing to test new 

ideas to minimize energy use through architectural design. Team’s ability to think 

and approach design and construction differently will result in exploring effective 

design strategies. 

 

PHASE C–3: SELECT ASSESSMENT TOOLS 

 

C-3.1: Performance Assessment Tools Interoperability 
1: Analysis of NZE performance will require assessment tools. 

 

2: Selection of the tools for design, energy and other analysis requires 

formulating the assessment approach, which will depend on the project needs, 

interoperability among the tools, format of data exchange, team experience and 

expertise.  
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3: Design teams must have in-depth knowledge and experience with these tools 

to have a good understanding of adapting the tools for specific analyses when 

deciding the assessment approach. 

 

4: This issue can be addressed in the framework by: 

a. Hiring sustainability consultant or energy modeler with this knowledge 

b. Formulating data exchange formats 

c. Selection of flexible interoperable assessment tools 

d. Using a collaboration platform for model exchange 

Sharing information and inputs/outputs as seamlessly as possible must be 

understood in selection of the tools. Addressing issues of interoperability among 

these tools is important to facilitate team collaboration. Generally simple 

performance assessment tools have many inbuilt assumptions and algorithms 

with default values that are difficult to change and therefore provide less control 

over the accuracy of the results. Flexibility allows for overriding default values 

and changing the parameters for modeling systems or groups of sub-systems. 

 

PHASE C–4: DEVELOP INITIAL PROPOSAL 

1: NZE building design process begins with the architectural form. 

 

2: Both informing and developing the architectural form requires early energy 

modeling which will depend on architectural assumptions such as orientation, 

height of the building, building area, building type, location and climate. 

 

3: The design team must understand issues associated with initial architectural 

assumptions when developing the architectural form. Orientation of the massing 

and the overall width and height of the building must be based on effectively 

implementing the passive strategies identified earlier.  

 

4: With the initial massing, orientation and other high-level design decisions 

being established, design teams need to consider laying out the program to 

inform the building form and adapt the form if needed to exploit the benefits of 

the passive strategies. 

 

5: The program requirements must be assessed carefully in collaboration with 

the entire design team and the owner to define the building form that can meet 

the performance objectives. 

 

6: These issues can be addressed in the framework by: 
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a. Implementing a combination of energy, daylighting and natural ventilation 

modeling software tools to assess design ideas 

b. Evaluate performance through energy modeling 

Design teams must establish design features such as the optimum floor-to-floor 

heights, ventilation patterns, arrangement of the floor plate, maximum width of 

the floor plate, daylight penetration and optimum distance between buildings 

through validation of performance using simulation modeling. 

 

PHASE C–5: PERFORM EARLY COST ASSESSMENT 

1: Proposing initial NZE design requires being within budget. 

 

2: Meeting the budget requires assessment of cost which will depend on the 

proposed design solutions, structural system, mechanical system, construction 

type, building materials and location. 

 

3: The construction team must understand the cost associated with each of the 

building systems when estimating the total cost and setting budget requirements. 

 

4: This issue can be addressed in the framework by: 

a. Hiring and integrating construction manager or contractor early in the 

design process. 

b. Getting estimates from sub-contractors 

c. Conducting cost assessments as a parallel process to design 

d. Assigning budgets for various design components 

e. Creating a roadmap to track project cost 

PHASE C–6: PERFORM EARLY DESIGN ASSESSMENT 

1: Assessing design decisions for NZE requires detailed and continuous energy 

modeling. 

 

2: Performing detailed energy and other assessment requires a good 

understanding of the impact of design decisions in relation to energy implications.  

 

3: The MEP team must help the design team understand the issues associated 

with the choice of one system over the other or one design decision over the 

other when defining multiple choices problem-solving approaches. 

 

4: This issue can be addressed in the framework by: 

a. Pre-defined decision trade-off criteria using multi-criteria decision models 

b. Hiring a decision manager with this knowledge 
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Analysis of the case studies and interviews identified the need for a decision 

manager or design strategist as a new decision maker that should be part of the 

NZEB design process to help align design decisions with the budget and energy 

assessments to review feasibility of design solutions. The most important role of 

engineers is to help architects in evaluating an environmentally responsive 

architectural form. 

 

PHASE C–7: BUDGET DESIGN ALIGNMENT 

1: Proposing NZE design must require fixed price commitment. 

 

2: Achieving the fixed price commitment requires aligning the design solutions 

with the budget requirements. 

 

3: The design team must assess each proposed system with a systems thinking 

in relation to the allotted budget when selecting the final solutions. Replacement 

systems or strategies must be explored when the budget requirement cannot be 

met. 

 

4: This issue can be addressed in the framework by: 

a. Requiring alignment of budget with design in contract terms 

b. Signing of contract on the basis of substantiation of cost and performance 

By requiring the ‘Budget design alignment’ phase in contract terms, owners can 

influence the design process by requiring the design teams to assess the 

financial feasibility along with performance of the proposed solutions. This phase 

eliminates value engineering of solutions later in the design development or 

construction phases.  

 

PHASE C–8: REVIEW FEASIBILITY OF DESIGN SOLUTIONS 

 

C-8.1: Design Feasibility Review Process 

1: Feasibility of NZE design proposal requires a systems thinking. 

 

2: By the end of the initial proposal design and feasibility studies, the design 

teams must assess their risks by establishing the estimate project cost, time, and 

design scope.  

 

3: Reviewing the feasibility of the proposed design solutions requires a good 

understanding of systems thinking which will depend on the reviewer’s 

experience and technical expertise.  
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4: The owner must understand the risks associated with the proposed solutions 

when assessing their cost and energy performance. The owner must assess the 

synergy and level of influence of the MEP team over the architectural team to 

inform the design when reviewing the design proposal. 

 

5: This issue can be addressed in the framework by: 

a. Hiring a consultant to represent the owner’s team with this ability 

b. Substantiation of cost and energy performance 

c. Assessing risks associated with proposed solutions 

This is an iterative cycle of decision phases that need revisiting strategies until a 

satisfactory integrated design is arrived at as an outcome. 

 
C-8.2: Stage Two of Contract Signing 

An incremental phase wise contract signing between the responsible parties can 

ensure complete accountability of each responsible party in delivering the 

commitments made. Contractual commitment through signing of the contract at 

the end of the initial proposal design after feasibility studies is highly 

recommended. 

 

The role of architectural teams should be to lead collaboration in the early design 

processes. An important role for the design team is to propose design solutions 

that can meet the project objectives. The core design team needs to be 

responsible and accountable to this role. It is the design team’s responsibility to 

keep track of energy targets and other project goals such as cost, schedule and 

quality. This team is typically accountable for meeting of these goals as per the 

contract terms. Contracts must be in place between the design team and the rest 

of the teams to hold each accountable for their contributions to design. 
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Figure 6–14: Stage C – Collaboration and Ideation v1.0 
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Figure 6–15: Stage C – Collaboration and Ideation v1.1 
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Table 6–9: Stakeholder-specific key processes and central issues corresponding 

to decision stage C and respective decision phases 

 
Central 

Stakeholders 
Decision Phase Key Processes Central Issues 

Architectural, 
Construction and 

MEP Teams 

C-2: DEVELOP 
DESIGN STRATEGIES 

Integrate daylighting, 
natural ventilation, and 
interiors with building 

form 

Develop floor plans, 
building sections to 
optimize program 

Develop roadmap of 
energy targets 

Identify renewable 
energy partnership 

potential 

Understand installation 
procedures 

Early integration of 
interiors 

Substantiate 
performance goals 

Realistic energy 
model 

Finance for 
renewable energy 

production 

Construction Team 
C-1: DEVELOP EARLY 

DESIGN SCOPE 

Define scope 

Calculate pricing for 
different tracks of design 

Develop roadmap for 
budget targets 

Sub-contractor 
pricing 

Construction quality 

Material quality 

Project schedule 
and budget 

Complete Design 
Team 

C-3: SELECT 
ASSESSMENT 

TOOLS 

Establish tools selection 
criteria 

Assess interoperability 
issues 

Define data exchange 
formats 

Select assessment tools 

Team capabilities 

Project budget 

Project schedule 

Selection of one 
tool versus multiple 

Interoperability 
issues 

Tool flexibility 

Assessment 
accuracy 

Complete Design 
Team 

C-4: DEVELOP 
INITIAL PROPOSAL 

Develop building form for 
daylighting 

Define wall sections and 

Performance goals 

Plug load 
minimization 
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window performance 

Develop building form for 
natural ventilation 

Define thermal zones 

Refine building envelope 

Analyze PV tilt angles 
and efficiency 

Define occupant energy 
use patterns 

Construction Team 
C-5: PERFORM 
EARLY COST 
ASSESSMENT 

Request proposals from 
sub-contractors 

Review qualifications and 
skills 

Review cost 
commitments 

Ensure delivery of cost 
and quality 

Project budget 

Performance goals 

MEP Team 
C-6: PERFORM 
EARLY DESIGN 
ASSESSMENT 

Assess passive building 
performance 

Assess effective passive 
strategies 

Define building envelope 
elements 

Architectural 
performance 

  

Minimize demand-side 
energy use  

Assess plug loads 

Energy use 

  

Integrate different models 
into the energy model 

Identify potential thermal 
bridging issues 

Heat loss 

Architectural, 
Construction and 

MEP Teams 

C-7: ALIGN DESIGN 
WITH BUDGET 

Assess multi-criteria 
problem-solving 

approach 

Set criteria for decision-
making 

Review design solutions 

Decision trade-off 
approach 

Architectural, 
Construction and 

C-8: REVIEW DESIGN 
SOLUTIONS 

Analyze energy 
Energy savings 
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MEP Teams FEASIBILITY performance of solutions 

Calculate energy savings 

Construction Team  

Assess cost trade-offs 

Find replacement 
solutions 

Cost implications 

MEP Team  
Verify Energy 

performance of 
replacements 

Energy 
performance 

Owner and 
Complete Design 

Teams 

C-8: SIGN 
CONTRACTUAL 
COMMITMENT 

Assign contract based on 
delivery of performance 

objectives 

Contractual 
commitment 

 

6.3.3.5. NZEB Decision Stage D – Assessment and Definition 

As suggested from the case studies stage D is concerned with design 

development decisions that influence the design process. Coding and 

categorization of the responses from the interviewees indicated that three issues 

must be addressed in this stage as shown in Figure 6–16. These issues include: 

1. Design integration 

2. Performance assessment 

3. Design refinement 
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Figure 6–16: Key issues to address in NZEB decision stage D  

 

These issues have been addressed in seven phases in this stage as shown in 

Figures 6–17 and 6–18. These phases include: 

 

PHASE D–1: COLLABORATE WITH OWNER 

1: Minimizing energy use requires control of plug and process loads. 

 

2: Controlling and minimizing plug and process loads requires collaboration 

between the owner’s project team, users and the design teams, which will 

depend on the owner and user’s commitment to NZE. 

 

3: The owner’s project team must be closely involved as the design progresses 

beyond the conceptual stage to provide as much detail on the plug load 

assumptions, space types, use types and detailed user schedules. This will help 

the design team in making more detailed and accurate assumptions in the 

energy modeling simulations. 

 

4: The owner must educate the occupants to help them understand the issues 

associated with energy use when creating awareness amongst the entire 

organization. 

 

5: The design team must collaborate with the owner to get feedback on the 

proposed solutions through review of design  

 

These issues can be addressed in the framework by: 

a. Conducting plug and process load audits 

b. Using central design and energy databases for plug load assumptions 

It is important for the design team to get confirmation of the design approach and 

overall design direction from the owner to minimize scope for change orders.  

 

PHASE D–2:  REFINE DESIGN ELEMENTS 

 

D-2.1: Performance-Driven Design Process 

1: Designing for NZE requires a process that supports multidisciplinary design 

refinement. 

 

2: Refining design elements require interactions between disciplines and the 

sharing of complex design and engineering data. 
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3: The design team must understand the issues associated with each discipline 

and the implication of discipline-specific decisions on performance of design 

when refining design elements. The teams should research replacement 

solutions for design elements that the energy model shows as not performing to 

the energy efficiency required. 

 

4: This issue can be addressed in the framework by: 

a. Using central decision models with access to multiple disciplines 

b. Ability to track changes made by each discipline 

 

Refinement of design elements needs to be driven by decisions that are 

performance rather than cost driven. Innovative design solutions and creative 

design ideas should be assessed for performance assurance. Since nearly every 

design decision impacts energy use, cost, and use of passive strategies, it is 

recommended to concentrate on the decisions that affect the architecture of the 

building. This approach helps in shifting the traditionally high costs associated 

with active mechanical systems towards passive architecture and load reduction 

strategies. Design refinement might also include efficient space allocation and 

layout in response to new use or occupancy patterns.  

 

PHASE D–3:  DEVELOP ASSESSMENT STRATEGIES 

1: NZE performance requires a combination of hybrid and passive strategies. 

 

2: Evaluating performance of hybrid and passive strategies requires defining an 

assessment approach to incorporate the performance data into the energy 

model. 

  

3: The design team must understand the methods to analyze and evaluate 

performance of natural ventilation and daylighting with different software tools 

when integrating the results with the energy model to reflect the energy savings 

due to these strategies. 

 

PHASE D–4:  REASSESS DESIGN APPROACH 

1: NZEB design requires the integration of all building systems. 

 

2: Integration of building systems requires a good understanding of the 

interactions between building form, orientation, building core, envelope, systems, 

interiors, equipment and finishes to effectively lower heating and cooling, lighting, 

ventilation as well as plug and process loads which will depend on maximizing 
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daylighting and natural ventilation, minimizing thermal bridging, water 

conservation and minimizing plug loads. 

 

3: The design team must understand the issues associated with building systems 

integration when redefining the design approach and integrating multi-disciplinary 

solutions. 

 

PHASE D–5:  REASSESS MECHANICAL DESIGN APPROACH 

 

1: Predicting design performance requires accurate simulation modeling. 

 

2: Accuracy of simulations requires gaining confidence in the simulation models 

and calculations, which will depend on assumptions made in earlier phases. 

 

3: The design team must conduct precedent studies, field experiments, and 

benchmarking exercise to gain confidence in areas of doubt in simulation 

models. 

 

4: This issue can be addressed in the framework by: 

a. Creating central design repositories that organize this knowledge 

b. Using multiple sources of information to check accuracy of predictions 

c. Developing standard protocols for precedent studies and benchmarking 

Most design teams faced the challenge of making assumptions that either 

overestimate or underestimate energy use. This challenge was associated with 

the method these teams implement for precedent studies and benchmarking 

exercises. Initial assumptions made earlier in the previous stages must be 

refined with the information collected to make more accurate assumptions. Some 

of these early assumptions are plug loads for equipment, partition heights, 

lighting targets, pump and fan efficiencies, efficiencies of mechanical systems, 

heat recovery systems, evaporative systems, window U-values, wall R-values, 

etc. 

 

PHASE D–6:  PERFORM DETAILED ASSESSMENT 

This phase is intended to refine the design further to improve areas of design to 

address thermal bridging issues, window sizes, shading options, sizing the HVAC 

system, adjusting pumping efficiencies, balancing daylight and vision portion of 

windows. Selection of mechanical systems, major pieces of equipment, building 

interior finishes, piping and pump sizes, pumping efficiencies requires detailed 

assessment of performance. 
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PHASE D–7:  REFINE DESIGN CONCEPT 

1: Developing the design concept requires consideration of controls early on. 

 

 2: Designing and developing controls and monitoring systems require exploring 

sub-metering potential. 

 

The design teams must iterate the processes within the phases “Reassess 

Design Approach”, “Reassess Mechanical Design Approach” and “Perform 

Detailed Assessments” until a final concept is refined that can substantiate 

performance during this stage.  
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Figure 6–17: Stage D – Assessment and Definition v1.0 
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Figure 6–18:  Stage D – Assessment and Definition v1.1 
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6.3.3.6. NZEB Decision Stage E – Integration and Development 

As suggested from the case studies stage E is concerned with design 

development decisions that influence the design process. Coding and 

categorization of the responses from the interviewees indicated that four issues 

should be addressed in this stage as shown in Figure 6–19. These issues 

include: 

1. Develop building controls and performance module 

2. Refine assumptions 

3. Integrate models and controls 

4. Validate performance and cost 

 
Figure 6–19: Key issues to address in NZEB decision stage E  

These issues have been addressed in eight phases in this stage as shown in 

Figure 6–20. These phases include: 

PHASE E–1: DEVELOP PERFORMANCE MODULE 

1: NZE decision-making requires documentation of key decisions by gathering 

the key information used in making decisions into a performance module. 

 

2: By comparing the modeled and perceived performance of the building, 

discrepancies in performance can be traced back to design decisions. This 

requires identifying the rationale for multi-criteria decision-making during the 

entire design process. 
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3: The MEP team, commissioning team and the architect must understand the 

issues related to making trade-offs during multi-criteria decision-making when 

defining rules for trade-offs.  

 

4: This issue can be addressed in the framework by: 

a. Defining multi-criteria decision-making rules 

b. Using central models for multi-criteria decision-making 

c. Defining energy savings in tangible form 

PHASE E–2: PERFORM INTEGRATED ASSESSMENT 

1: NZE performance substantiation requires integrated assessment of all building 

system performances. 

 

2: Accurate assessment of energy performance requires integrating data from all 

different analysis models and calculations into the final energy model, which will 

depend on altering the energy model to reflect the energy savings. 

 

3: The design team and especially the MEP team must have a good 

understanding of the assessment tools and workarounds in order to produce 

results that can be introduced into the energy model and alter the default energy 

model algorithms. 

 

4: This issue can be addressed in the framework by: 

a. Early consideration of integrated assessment approach 

b. Access to design and energy databases 

c. Selection of flexible and interoperable assessment tools 

Assessing energy performance using the integrated energy model will help 

identify energy uses that were either unaccounted or unanticipated. 

 

PHASE E–3: DEVELOP CONTROLS 

 

E-3.1: Designing Automation and Control Process 
1: Integration of NZE design requires integration of controls into the final energy 

model. 

 

2: NZEB projects use varying degrees of automation to control building systems 

such as electric lighting, thermostat settings for temperature control and opening 

windows for natural ventilation. Although allowing occupants to have some 

control of building systems was recommended by some of the interviewees as 
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the best approach, this could be challenging since occupancy and patterns of 

use may vary significantly.  

 

3: These issues can be addressed in the framework by: 

a. Defining sequence of operations based on accurate user patterns  

b. Providing some manual operational control to users 

c. Sub-metering of building systems with alarm systems to alert users of 

excessive use 

d. Guiding user operations closely using building monitoring systems 

Most interviewees recommended that these controls be simple and easy to fix. 

Building monitoring systems and custom dashboards should be easy to use and 

easily interpreted by occupants. The need for some automation of systems such 

as opening and closing windows for night purging, incorporating vacancy sensors 

and dimmers for lighting control was also highly recommended. 

 

PHASE E–4: REFINE SIMULATION ASSUMPTIONS 

 
E-4.1: Process of Reducing Uncertainty 
NZEB design requires the constant reduction of uncertainties using informed 

assumptions that are often based on previous experiences and expertise. One of 

the key components of design performance evaluation is to make informed 

decisions that are based on evaluations or interpretations of multiple information 

sources. Although the methods and tools of analysis can vary for each project 

quality of the outcomes depends on the level of certainty of the assumptions 

made. For example, detailed accounts of the building operations design 

decisions. Assumptions made for the energy simulations and performance 

analyses need to be adjusted as design develops and systems are selected. 

Detailed plug and process load assessment are needed for performance 

predictions during this stage. 

 

PHASE E–5: PERFORM DETAILED COST ASSESSMENTS 

1: Final NZE design requires being within budget. 

 

2: Meeting the budget requires detailed assessment of cost which will depend on 

the final design solutions, structural system, mechanical system, construction 

type, building materials and location. 

 

3: The construction team must pre-select and hire sub-contractors based on 

commitments to cost and agreed design quality. 
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4: This issue can be addressed in the framework by: 

a. Signing contracts with sub-contractors 

b. Getting cost commitments from sub-contractors 

c. Conducting detailed cost assessments as a parallel process to design 

d. Reviewing budgets for various design components 

e. Keeping track of project cost 

PHASE E–6: DEVELOP DESIGN DETAILS 

This phase requires developing the technical details of design marking the end of 

the design process. 

 

PHASE E–7: PEER REVIEW OF DESIGN 

1: NZE design proposal must be reviewed for performance assurance. 

 

2: Reviewing and verifying the proposed design requires a good understanding of 

design solutions and energy systems which will depend on technical expertise. 

 

3: The owner’s technical expertise is important in order to review the proposed 

solutions from the design team to verify if the proposed design will meet the 

project objectives. 

 

4: This issue can be addressed in the framework by: 

a. A third party peer review process 

b. Hiring a consultant or specialist to oversee the design process 

Peer review of design and energy analysis helps get a fresh perspective on the 

proposed design solutions and analysis approach. Owners should incorporate 

this phase once the design team has performed integrated assessments to get 

feedback on the design proposal and energy analysis. While this phase helps 

owners in ensuring the appropriate level of rigor has been implemented in the 

analysis, the more important result of this phase is to identify any potential issues 

that might surface during the peer review. 

 

PHASE E–8: REFINE DETAILED DESIGN 

1: Detailed design requires finalizing the proposed design and energy solutions. 

 

2: Refining the design proposal requires refining the simulation assumptions, 

incorporating any changes which will depend on the feedback from the peer 

review, detailed cost assessments and performance substantiation. 
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3: The design team must review the energy performance and cost associated 

with the final solutions when developing detailed design. 

 

4: This issue can be addressed in the framework by: 

a. Accessing design and energy databases to refine simulation assumptions 

b. Tracing the rationale for multi-criteria decision-making for key decisions
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Figure 6–20: Stage E – Integration and Development v1.0 
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6.3.3.7. NZEB Decision Stage F – Building and Implementation 

As suggested from the case studies stage F is concerned with pre-construction 

and post-construction decisions that influence the design process. Coding and 

categorization of the responses from the interviewees indicated that four issues 

should be addressed in this stage as shown in Figure 6–21. These issues 

include: 

1. Substantiate goals 

2. Update models 

3. Verify performance 

4. Calibrate operations 

 
Figure 6–21:  Key issues to address in NZEB decision stage F 

 

These issues have been addressed in five phases in this stage as shown in 

Figure 6–22. These phases include: 

 

PHASE F–1: DEVELOP SUBSTANTIATION PACKAGES 

1: NZE requires substantiation of energy performance and other project 

objectives using simulation models. 

 

2: The owner must clearly define the design and energy substantiation phases 

during each design stage in the contract terms.  

 

3: This issue can be addressed in the framework by: 
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a. Requiring substantiation of project objectives along every stage of the 

design process. 

b. Including substantiation of goals in contract terms 

The MEP team on NREL RSF project recommended to have staggered 

deliverables for these phases of design and energy documentation packages 

allowing the teams to focus on design and energy analyses first until the deadline 

and then perform the documentation of energy analysis. 

 

PHASE F–2: DEVELOP AS-BUILT MODELS 

1: Achieving NZE requires energy models that reflect accurate energy use. 

 

2: Creating an accurate energy model requires updating the model with precise 

building materials used in construction and efficiency of equipment. 

 

3: The MEP team must coordinate with the construction managers and specialty 

consultants to measure performance of equipment and update any equipment 

and material replacements. 

 

4: This issue can be addressed in the framework by: 

a. Requiring an updated energy model as the building is constructed 

Hootman (2010) stated, “it is important to get the operational side of the building 

integrated with the design and construction side” (as cited in Haxton & Hucal, 

2010, p. 56). Owners should include this requirement in the contract terms so 

that design teams are held accountable for the energy analysis methods they use 

and for the accuracy of these models. 

 

PHASE F–3: ASSESS SYSTEM PERFORMANCES 

1: NZEBs require assessment of building systems performance to evaluate 

efficiency of operations. 

 

2: Commissioning agents need to expand their role to check the efficiency of all 

installed systems for a period of one year.  

 

3: The need for this expanded role is suggested by the failures of many buildings 

to attain the NZE goal. The only way to know the reasons for these failures is by 

assessing the building performance and comparing it to the designed goal. 

 

4: This issue can be addressed in the framework by: 

a. Developing basis of design to guide commissioning 
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b. Defining protocols for measurement and verification of all systems 

c. Including one-year active warranty period in contract terms 

The role of commissioning in LEED rated buildings and HPBs is already well 

known, but the short-term assessment of systems is not sufficient for NZEBs to 

ensure the building is operating as per the designed intent. 

 

PHASE F–4: PERFORM MEASUREMENT & VERIFICATION 

 
F-4.1: Continuous Measurement and Verification Process 
1: Maintaining the NZE status requires a continuous commissioning process that 

should be executed for performance assurance.  

 

2: The traditional commissioning phase needs to be supplemented with one or 

more years of continuous measurement and verification of performance that can 

help assess all systems, efficiency sequence of implemented systems and focus 

on all issues of operations. 

 

4: This issue can be addressed in the framework by: 

a. Performing continuous measurement and verification 

b. Fixing controls and issues during the first year of operation 

c. Voluntary or incentive based schemes can be implemented for additional 

support after the first year of operations.  

The verification phase not only benefits the owners in ensuring the NZE 

performance but is also an opportunity for the architectural, construction and 

mechanical teams to assess the performance of their design proposals. 

Knowledge of how their constructed buildings perform when compared to the 

design intent can be of benefit when soliciting future clients by demonstrating 

targeted energy performance. This knowledge is most valuable by providing the 

teams a means to look back at the decisions that contributed to successes and 

failures. 

 

PHASE F–5: CALIBRATE BUILDING OPERATIONS 

1: Maintaining NZE requires continuous calibration of operations which will 

depend on the building size, occupant density and owner commitment.  

 

2: For efficient operations plug and process loads require continuous monitoring 

for energy use, which will depend on equipment efficiency, user patterns and 

sequence of controls. 
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3: The owner and users must understand issues associated with energy use and 

energy implications when making operational decisions. 

 

4: This issue can be addressed in the framework by: 

a. Including performance assurance commitment in contract terms 

b. Hiring a performance assurance manager 

c. Education and training of users 

d. Providing custom dashboards to guide operations 

e. Continuous assessment of operation procedures and equipment efficiency 

The design team must require the owners to operate the building as per the 

designed intent and make that a contract requirement. These measures can help 

bridge the gap between design, construction and operational side of energy use 

disparities in NZEBs. 

 

Analysis of the case studies and interviews identified a performance assurance 

manager as a new decision maker that is part of the NZEB design process. As a 

member of the owner’s team, NREL and DOE assigned the performance 

assurance role to their energy efficiency representatives who ensure that the 

operations of the building are carried out as per the design intent and as 

assumed in the energy model. For large-scale high occupant density projects, 

owners need to either identify a team member, usually from the facility 

management team, to be responsible for performance assurance or appoint a 

dedicated performance assurance manager. In either case, it is the responsibility 

of the performance assurance manager to develop information and feedback 

strategies, educate occupants, and develop learning modules to guide 

operations. 

 

 
 

Figure 6–22: Stage F – Building and Implementation v1.0 
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6.4. The NZEB Decision Support Framework Elements 
The comparative analysis explained in Chapter 5 helped in establishing the 

critical decision phases and structural constructs that can potentially change the 

sequence of the decision phases based on the roles played by central 

stakeholders and unique project context. The following sections elaborate on 

knowledge domain-specific structural constructs and domain-specific definitions 

for key characteristics. The performance measures defined for each sub-model 

combine within the framework to reduce uncertainty, enable collaboration, 

potentially reduce cost and time, improve NZE outcome, increase design 

integration, reduce process waste and enable decision traceability. 

6.4.1. New NZEB Knowledge Management System Development 

This proposed framework could be useful in creating an industry standard for 

capturing as-designed and as-built information for NZEBs. The Creation of a 

structured database of case studies could help the AEC industry learn from past 

decisions through a system for capturing the design decision-making process 

and conducting precedent studies and benchmarking exercises. This data could 

then be compiled and used with a knowledge management system. For example, 

DOE and NREL trained their team for “best management practices” using “…an 

organizational management system… designed for use by owners and owner 

representatives” (EERE, NREL, 2012, p. 21). Data can be collected and 

classified into design elements, assessment tools, team characteristics, design 

strategies, measured performance, etc. The focus here should be to capture 

“what” the design teams did on each project and the reasons identifying “why”. 

Creating a central repository of design related decisions from multiple projects 

could support a generalizable decision support system for NZEBs. 

 

This research proposes a decision-support framework that can be developed into 

a decision support tool. Similar to the application of maturity models or Building 

Information Modeling (BIM) models, this research proposes the use of a 

decision-facilitating framework for knowledge capture by tracking decisions, and 

sharing this knowledge within each organization to create an enterprise level 

knowledge management system. Such a system is especially valuable when 

organizations work on multiple projects with similar building type or project 

objectives (refer to Figure 6–23). 

 

Organizations can develop their ability to deliver NZEBs more effectively by 

creating a knowledge management system related to team dynamics, 

assessment capabilities, strategies, training protocols, internal systems for data 

exchange, organizational standards for quality assurance, pre-established 

collaboration procedures, modeling protocols, intellectual property such as 
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libraries of materials, manufacturers, proprietary software, and proof of 

performance through post occupancy evaluations, etc. While this research 

identified the need for organizational knowledge management systems for 

NZEBs, the development of such a system is beyond the scope of this research. 
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Figure 6–23: Framework for enterprise-level or organizational knowledge management systems (adapted from Charles P. 

White’s knowledge management – A high level mind map, April 2010).  

 

Figure 6–23 is a concept map explaining the NZEB knowledge management system components and advantages.  
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6.4.2 Developing NZEB Performance Evaluation Metrics 
Analysis of the case studies and interviews suggest that there are four key 

elements for performance assessment: 

1. NZEB project progress levels 

2. NZEB organization capability levels 

3. NZEB perspectives 

4. NZEB decision-support objective levels 

6.4.2.1 NZEB Project Progress Levels 

The terms ‘progress levels’ in this context represents the levels of advancement 

of a project and are indications for achieving certain milestones towards NZE. 

Tracking this progress levels can refer to both the project for attaining NZE status 

and the organization or specific stakeholders ability to deliver a NZEB. 

 

6.4.2.2. NZEB Organization/ Stakeholder Capability Levels 

The required skills and capabilities for team members could be described as they 

relate to six project levels: Inception, management, collaboration, definition, 

integration and optimization. For example these skills might be described as they 

relate to technological issues such as energy modeling expertise, or ability to 

evaluate multiple performance metrics. The capability associated with the six 

levels are shown in Figure 6–24 and described in Table 6–10 as they relate to 

organizational or project management, technical, administrative, functional, 

leadership and supportive. 
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Figure 6–24: Visual hierarchy of progress levels to depict organizational 

capabilities and progression levels 

 

Table 6–10: Definitions of the six progress levels in relation to project ability, 

organizational capability and decision phase evaluations 

Progress 

Levels 

Project Ability 

Progress Levels 

Organizational Capability 

Levels  

Decision Phases 

Progress Levels 

Inception 

Project objectives 

definitions methods, 

project procurement 

methods 

Basic knowledge of 

fundamentals, basic knowledge 

of tools and assessment 

methods 

Defining inputs, 

exploring starting 

points 

Definition 

Design teams 

qualifications, team 

selection criteria 

Intermediate performance 

management expertise, 

intermediate knowledge of skills 

and concepts 

Assessing inputs, 

understanding and 

identifying 

processes to 

implement 

Collaboration 

Communication 

methods, collaboration 

platforms, role 

definition, hierarchy of 

decision-making 

Technical expertise in defining 

deliverables, implementing data 

exchange protocols,  

Defining the 

processes to 

implement 

collaboratively 

Management Discipline specific goal Advanced expertise in defining Some essential 
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definition, design 

approach, design 

strategies, 

assessment methods, 

tools 

model specifications, 

assessment protocols, 

understand performance 

measurement 

processes being 

implemented 

Integration 

Tools interoperability, 

implementation 

methods, model 

management, material 

specifications 

Expert knowledge in systems 

integration, use of proprietary 

tools, ability to workaround tool 

limitations, advanced ability to 

assess building performance  

All key processes 

and sub-processes 

integrated, outputs 

generated 

Optimization 

Design assumptions, 

rigor of energy 

modeling, decision-

trade-offs, data and 

model integration  

Technical expert in managing 

central models, extensive 

experience with design 

optimization methods, advanced 

knowledge of building controls, 

ability to integrate 

multidisciplinary teams and 

manage all team members 

All key processes 

optimized, 

deliverables on 

target 

 

6.4.2.3. NZEB Perspectives 

Perspectives are specific filtered views in the framework and the decision-

support tool that could help assess certain aspects of NZEB decision-making 

(refer to Figure 6–25. Some of these perspectives are: 

a. NZEB assessments perspective 

b. NZEB team integration perspective 

c. NZEB decision-maker specific perspective 

d. NZEB decision-type perspective 
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Figure 6–25:  Visual hierarchy of progress levels to depict project performance 

and decision phase’s progression levels 

 
6.4.2.3.1. NZEB Assessments Perspective 

This perspective aims to trace the path of decision-making along the design 

process as it relates to the development of design strategies and assessment 

methods. 

 

6.4.2.3.2. NZEB Team Integration Perspective 

Showing issues related to team integration were important for assessing the 

effectiveness of two key factors, communication and collaboration. 

 
6.4.2.3.3. NZEB Decision-Maker–Specific Perspective 

The NZEB design process needs team integration and early collaboration and 

assigning a responsible party to trace decisions. Brown and Elms (2013) define 

the owner as the responsible party since he/she is the primary decision-maker in 

the design process. Irrespective of the project delivery method and contract 

terms, the final decision-making rests with the owners. In addition to the owner, 

the architectural team, sustainability director or the Design-Build team may 

assume a role of decision-making authority. Furthermore the role of MEP teams 
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is often very important as energy modeling and other performance measures 

mainly drive some decisions for NZEBs. 

 

This suggests a need to identify the key decision-makers for each phase of the 

process. In order to show this in the framework, each phase in the proposed new 

NZEB level 2 and 3 process models are color-coded representing the 

responsible decision-maker group to get a clear view of specific decision phases 

(refer to Figure 6–26). With this the framework shows how the roles and 

responsibilities of the decision-makers interrelate. Within each decision level, the 

decision-facilitating teams and those being impacted by the decisions are shown. 

This will result in a more complex view representing the hierarchy of decision-

making. This approach is more helpful for large scale and complex projects that 

require a high level of integration between a large number of organizations or 

decision-makers. A decision-maker-specific view helps the user of the framework 

understand and define the process steps and flow of knowledge from their 

perspective. 

 

 
 

Figure 6–26: Graphical representation of decision-making hierarchy for 

stakeholder-specific views  

 

6.4.2.3.4. NZEB Decision-Type Perspective 

Decision-types can be classified based on the criteria used for decision-making 

such as financial for cost related decisions, technical for performance related 

decisions, managerial for policy relate decisions, etc. (refer to Figure 6–27).  

 



Railesha Tiwari Chapter 6 - New NZEB Decision-Support Framework  395 

 
 

Figure 6–27: Graphical representation of decision-types view with subdued 

decision-makers view 

 

6.4.2.4. NZEB Decision-Support Objective Levels 

Complexity of decision-making for a given project will depend on factors such as 

size of the project, building use, number of floors, project schedule, budget, and 

setting. The bigger the project, generally the more decision-makers will be 

involved; the more aggressive the schedule, the more the overlap of sequencing 

of design and construction. A decision support framework should have the 

flexibility to address the varying needs of different users. For example, “ensuring 

adequate efficiency through design without including renewables is a critical 

design approach” (Pless et al., 2011, p. 6). Passive strategies and load reduction 

strategies are dependent on location and project type. By defining the scale, 

functionality, project location and occupant density, decision models can help 

classify the project as either envelope-dominated or internal-load dominated. 

This classification can help users of the framework in identifying the appropriate 

systems to use as well as design strategies and areas of focus of efforts. Another 

example would be the use of benchmark decision models to assess the potential 

EUI goal for a project and determine if the goal is aggressive or not. Comparison 

of project scale, building use, project location and building program from the 

central design data repository can help decision-makers with goal setting. 

Therefore, the framework proposes a relationship between the three main 

decision-support objectives and three levels of complexity, as shown in Table 6-

11. The purpose of presenting these relationships is to enable use of the 

framework without overwhelming users with complex mapping while providing 

the option to view more complex decision relationships for more experienced 

decision-makers. 

Table 6–11: Decision-support objective level classification and description 
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Decision-Support 

Objectives 

Decision-

Support Levels 
Description 

Understanding 

Process 
Simple 

This view introduces the user to the basics of NZEB 

design decision-making process, explains fundamental 

theories and a simplistic view of the high-level process 

Project Execution Intermediate 

This view helps with project planning and management, 

decision phases progression stages, understanding 

information management protocols, decision 

management and design documentation 

Complex Decision 

Traceability 
Advanced 

This view allows defining decision types, decision 

traceability, updating central models, assess team 

integration, view permissions and actions performed  

 

6.5. Applying the Framework Assessment Elements 
A workflow of the key assessment elements for the proposed NZEB decision 

support framework is presented in this section (refer to Figure 6–28). The first 

step in the workflow is to define the project context by defining the project-

specific characteristics such as building use, project scale, location, objectives 

and program. The next step is to establish the organizational hierarchy by 

choosing the project delivery method, team constituents and organizational 

structure, key decision makers, and their expertise. The third step is to define the 

technology components such as contract terms, communication and 

collaboration methods, tools for assessment and information management 

format. The three steps described here allow the users of the framework to 

define the context and requirements for the project.  

 

This next phase of the workflow intends to establish the level of decision-support 

needed.  This includes identifying the relevant stages of decision-making. Based 

on the choices made in the previous steps, the framework can help with 

evaluating the progress or organizational competency levels as previously 

introduced. By applying the framework one can visualize the sequencing and 

importance of decisions throughout the process. Developing and implementing 

the proposed new NZEB decision-support framework into a decision support tool 

will require integration with early design and energy assessment tools. By 

effectively capturing and rationalizing the key design decisions into this tool will 

better facilitate NZEB decision-making. This research proposes a central 

decision-facilitating tool to be developed based on the proposed NZEB decision-

support framework to capture and share design knowledge through a knowledge 

management system. 
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Figure 6–28: Workflow of key assessment elements for the proposed NZEB decision support framework.  

 

Figure 6–28 shows the three decision domains that will establish the project context and unique project characteristics, 

the decision-maker roles and organizational structure and technology components related to decision stages, and levels.  
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6.6. New Integrated NZEB Decision-Support Framework 
The intent for the proposed new framework is to present a thorough 

representation of NZEB decision-making protocols (refer to Figure 6–29). In 

order to achieve this goal, this research integrated design decisions of NZE 

buildings with performance goals through structural constructs and primary 

process-based key performance indicators to explain decision relationships. The 

framework presented here helps in making a connection between NZE design 

data and decision concepts through complex relationships. For these 

relationships to be understood and represented, the following contributions of this 

research were established (refer to Figure 6–29). 

a. Key processes and decision phases within each decision stage were 

established. 

b. Primary process-based key performance indicators affecting design 

performance were established. 

c. Structural constructs influencing the decision-making process were 

defined. 

d. Conceptual assessment elements for evaluation of process performance 

were developed. 

e. Key characteristics of project, stakeholders and technology domains were 

defined. 

f. Procedures for defining and classifying decision types were developed. 

g. Levels of decision-support based on end-user needs were identified. 

 

Augenbroe (1992, p. 150) explains “integration in the building industry as 

affecting multiple relations” through “many to many” relationships such as 

between “enterprise and project, project and process/stage, process and actor, 

actor and task and task and tool.” The applications of “integration spaces” for 

various views such as process view; organizational view, product and 

communication view, etc. are adapted from the concepts defined by Augenbroe 

(1992) to define various NZEB perspectives. The ability to choose specific views 

allows multidisciplinary teams to assess the decision-making at multiple levels of 

complexity. As more knowledge sets get added to databases and knowledge 

management systems, these integration space models can help with project 

quality assurance and team competency improvements (Augenbroe, 1992). 



Railesha Tiwari Chapter 6 - New NZEB Decision-Support Framework  399 

 
 

Figure 6–29: Design framework for NZEB decision-support  

 

This research has defined the NZEB decision-support framework as two quad-

axial integration spaces adapted from Augenbroe’s (1992, p. 150) 

recommendation of “considering the ‘integration space’ as consisting of four 

orthogonal integration axes”. The first quad-axial integration framework shown 

below represents the design process sub-model (refer to Figure 6–30). The 

horizontal axis – 1 in this sub-model displays the design processes and sub-

processes, decision flow and precedence information grouped in a series of 

sequential, cyclical and/or iterative decision phases. The key decision-making 

groups, teams or organizations are displayed along the other horizontal axis – 2 

showing the information flow, inputs and outputs, knowledge flow and level of 

integration between the teams. The vertical axis – 3 shows the project design 

progress as levels upward for each decision phase. The downward vertical axis – 

4 shows the technology integration and communication protocol along with tools 

used along the design life cycle of the project. This level can also help represent 
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the individual decision-maker or team capabilities of expertise and experience 

with tools. 

 

 
 

Figure 6–30: Framework of NZEB design process sub-model integration space 

 

The second quad-axial figure shown below represents the design decision 

support sub-model (refer to Figure 6–31). Here the horizontal axis – 1 of the sub-

model displays progression of the proposed six key decision stages identified 

previously. Specific viewpoints called NZEB perspectives such as decision-

maker-specific view, decision-type, integration, and communication are displayed 

along the other horizontal axis – 2 enabling filtering of specific information flow, 

decision flow or knowledge flow between the teams. The upward vertical axis – 3 

shows the decision stages progress levels and the downward vertical axis – 4 

allows application of decision support level filters. The primary difference 

between these two quad-axial models is that the design process sub-model is 

meant for design of a single project with multiple decision-makers whereas the 

decision-support sub-model can be used for both, assessments of processes 

with a single project or across multiple projects and multiple organizations. 
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Figure 6–31: Framework of NZEB design decision-support sub-model integration 

space 

 

This new NZEB decision-support framework helps define the knowledge domains 

and their inter-relationships to address gaps in the current design process and 

decision methods. The emphasis of this research is on knowledge sets and not 

information. Information captured through this research was analyzed, compared 

and transformed into knowledge through the conceptual performance metrics 

that can be developed further to help users with decision-making (refer to Figure 

6–32). Through development of the NZEB evaluation metrics tacit knowledge can 

be converted into explicit knowledge by analyzing information and presenting it 

as meaningful knowledge. Tacit knowledge can only be captured through 

personal interaction of experts’ experiences and values, making it intangible. The 

process-based KPI’s also represent these intangible measures for performance 

that have been given some meaning. 
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Figure 6–32: NZEB decision-support visual framework structure that helps define, visualize and improve the current 

design process
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6.7. NZEB Decision-Support Framework Applications 
The traditional building design process and project delivery methods need to 

meet the challenges of the changing trends in the Architecture, Engineering and 

Construction (AEC) industry including NZEBs. Roles of decision-makers are 

changing in response to these evolving trends. Baird and Henderson (2001, p. 

preface viii) in their efforts to “create and leverage knowledge assets”, 

emphasized the need to “understand the link between knowledge and 

performance”. As explained by Baird and Henderson (2001), the framework 

elements were developed to first establish the knowledge base through KPI’s 

and constructs and then this knowledge was used to define the performance 

measures for domain characteristics. The requirements derived and defined in 

the project domain help assess the team competencies needed to execute the 

design. The knowledge sets extracted from the interviewee’s tacit knowledge 

used for decision-making were used to derive measures for performance. By 

assessing the process or project performance, this cycle can contribute to the 

knowledge sets. This cyclic process shows that knowledge creation and 

performance assessment are key components in the framework and are used as 

a “knowledge engine” to help build knowledge assets (Baird & Henderson, 2001, 

p. 9). The three sub-models described above combine to form a knowledge 

framework engine for NZEB design support that can be used in the following 

ways (refer to Figures 6–32, 6–33 and Table 6–12). 

 

1. Define/ Assess – ‘Define’ competencies and ‘Assess’ involvement 

2. Acquire/ Assign – ‘Acquire’ resources and ‘Assign’ focus of efforts 

3. Apply/ View – ‘Apply’ decision models to ‘View’ performance 
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Figure 6–33: NZEB decision-support framework application as a knowledge engine 

(adapted from Succar, Sher & Williams, 2013, p. 185)
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Table 6–12: Applications of sub-models of NZEB decision-support framework  

 

Framework Sub-
Models 

Process Purpose Application 

Knowledge 
Management 

System 
Define/Assess 

Define capabilities to 
define NZEB expertise 

and assess 
involvement in design 

decision-making 

Stakeholder Competencies 
Team Competencies 
Owner Competencies 
Precedent Studies and 
Benchmarking Exercises 
Standards and Protocols 
Information Management 
Skills and Trainings 

Design Process 
Models 

Acquire/ 
Assign 

Acquire resources and 
assign focus of efforts 

to develop NZEB 
design 

Project goal definition 
Contract terms definition 
Design Strategies 
Assessment methods and tools 
Allocation of resources 
Collaboration platforms 
Design integration 

Design Decision-
Support 

Apply/ View 

Apply decision models 
to view project and 

organizational 
performance 

Process implementation 
Filtered perspectives 
Decision traceability 
Stakeholder roles 
Team integration 
Quality assurance 
Project performance 
Team expertise 

 

6.7.1. ‘Define’ Competencies and ‘Assess’ Involvement 

Owners can benchmark their current operations and design teams can 

benchmark performance of their previously built projects to assess actual energy 

performance through plug and process load audits. This can help the decision-

makers with understanding the areas of high-energy use that need to be 

addressed. This effort can help organizations create knowledge databases and 

benchmark models that can jumpstart their future NZEB design process 

decisions by identifying “efficient operation opportunities” (Pless et al., 2011, p.  

8). 

6.7.2. ‘Acquire’ Resources and ‘Assign’ Focus of Efforts 

The expected outcome of the NZEB process overview is to form the basis of new 

guidelines, learning modules, organizational policies and assessment matrices 

for the building industry allowing NZEB design process adaptation and 

improvement. 
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6.7.3. ‘Apply’ Decision Models to ‘View’ Performance 

In an attempt to deliver more successful NZEBs, this research identified the 

assessment of competencies related to project performance and organizational 

performance as the two primary components for effective decision-making. The 

proposed new decision-support framework allows for the assessment of 

competencies of key decision-making groups and helps in the evaluation of 

progress levels.  

 

This research provides the building industry with the foundation for process-

based performance indicators and relevant assessment parameters that can be 

customized to a specific project. 

6.8. Concluding Remarks on Validation of Research 
Findings 
The research findings from each phase of analysis were presented at relevant 

professional conferences and have been submitted for consideration in journal 

publication. The manuscripts or abstracts that have been accepted include the 

following:  

 

1. Conference Papers/ Proceedings and Journal Articles  
 
Railesha Tiwari and James Jones, Mapping Design Decisions for Early Phases 
of Net-Zero Energy Building. Published in proceedings in the iiSBE Net Zero Built 
Environment 2014 Symposium, Gainesville, Florida, March 6-7 (2014) 
  
Railesha Tiwari and James R. Jones. (2014) “Identifying Key Decisions for Net-
Zero Energy Building Early Design Process Through Process Mapping 
Techniques” Paper presented and abstract published in proceedings in The 
International Conference on Water, Informatics, Sustainability & Environment 
(IWISE 2014), Gatineau-Ottawa, Canada, August 26-28. 
 
Tiwari, Railesha, and James R. Jones. 2014. “A Decision Support Process Model 
for Mapping the Integrated Early Design Process of Net-Zero Energy Buildings”. 
Paper presented and under peer-review for journal publication (The International 
Journal of the Constructed Environment) in the Fifth International Conference on 
Constructed Environment at University of Philadelphia, Philadelphia, October 16-
17. 
Tiwari, Railesha and James R. Jones. (2015). “A Comparative Study to 
Investigate Net-Zero Energy Building Early Design Decision Process to Identify 
Key Performance Indicators through Visual Models”. Abstract accepted and full 
paper in writing in The Ninth International Conference on Design Principals and 
Practices, Chicago and The Design Collection Journals. 
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R. Tiwari and J. R. Jones. (2015). “Mapping the Integrated Early Design Process 
of the Largest Net-Zero Energy Office Building.” Revised full paper accepted 
after peer-review process for publication in Proc., Architectural Engineering 
Institute Conference (AEI 2015), Milwaukee, Wisconsin. 
 

2. Manuscripts Submitted/ in Preparation 
  
Railesha Tiwari, James R. Jones. (2015) “Mapping the integrated early design 
process of an urban building pursuing living building status”. Abstract accepted 
and full paper in writing for ARCC 2015 Conference, Chicago.  
 
Railesha Tiwari and James R. Jones. (2015) “Proposing metrics for net-zero 
energy building design performance assessment”. Abstract accepted and paper 
in writing for The International Conference on Sustainable Design, Engineering, 
and Construction (ICSDEC 2015), Chicago. 
 
3. Accepted Abstracts 
 
Railesha Tiwari and James Jones. (2014). “Mapping Net-Zero Energy Building 
Design Approaches – Using Lessons from Practice to Model Early Design 
Decisions”. Abstract accepted in World Sustainable Building Conference 2014 
(WSB14), Barcelona. 
  
Railesha Tiwari and James R. Jones. (2014) “A Proposed Framework to 
Investigate Net-Zero Energy Building Energy Design Process through Decision 
and Knowledge Mapping” Abstract accepted in Lusofona Journal of Architecture 
and Education, Lisbon, Portugal. 
  
Railesha Tiwari and James R. Jones. (2014). “Net-zero Energy Building Early 
Design Process – Mapping Critical Decisions and Challenges in Current 
Practice”. Abstract accepted for oral presentation in International Conference on 
Solar Energy and Buildings (EuroSun 2014), France. 
 
Railesha Tiwari and James R. Jones. (2015). “An Integrated Design Decision 
Support Framework for NZEB Project Performance and Organizational 
Competency Assessment”. Abstract in consideration for The 14th International 
Conference of the International Building Performance Simulation Association, 
Hyderabad, India. 
 
4. Research Posters & Presentations 
 
Tiwari, R. and Jones J. R., (2014) “Mapping Roles and Knowledge Exchange in 
Net-Zero Energy Decision-Making Context”, Poster presented at 4th IDR Day by 
Interdisciplinary Research Honor Society at Virginia Tech, Blacksburg, Virginia, 
February 27th. 
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Tiwari, R. and Jones J. R., (2014) “A New Decision Support Process for Net-Zero 
Energy Building Design: Mapping Drivers for Decision-Making”, Poster presented 
at 50th CAUS Research Symposium at Virginia Tech, Blacksburg, VA, April 2nd. 

6.8.1. Critique, Feedback and Suggestions 

These publications and presentations were intended to solicit comment and 

feedback from the target audience, namely practicing architects. All but one of 

these conferences were international with a diverse group of presenters and 

participants from all around the world. Due to the relevant themes of these 

conferences, a good mix of professionals from both the AEC industry and 

academia were in attendance. As partial evidence of the contribution to the body 

of knowledge, the feedback and comments gathered are presented here briefly. 

 

1. Mapping Design Decisions for Early Phases of Net-Zero Energy Building 

 

This conference afforded the opportunity to discuss and present the research to 

a large group of industry experts in the area of high-performance buildings and 

NZEBs. Among the attendees was an engineer from NREL who worked on the 

NREL RSF project and has been instrumental in contributing to the body of 

knowledge related to NZEBs. Other attendees were a sustainability leader was 

from DPR construction that has been actively involved in NZEBs design and 

construction, the manager of the iiSBE conference series that introduced me to 

the recently formed first north American working group for NZEBs and the 

scientific director of Smart Net-Zero Energy Buildings Strategic Research group 

in Canada. The overall response on the presentation of my research proposing 

the mapping of NZEB early design process was very positive and confirming of 

the need for such a research. Other students working under the guidance of the 

Scientific Director from Canada are working on similar aspects of NZEB design 

and decision-making.  

 

2. Identifying Key Decisions for Net-Zero Energy Building Early Design 

Process Through Process Mapping Techniques 

 

The director of operations of Science Target, Canada sent this message to 

confirm the acceptance of my paper to be published in one of their journals. 

 

3. A Comparative Study to Investigate Net-Zero Energy Building Early 

Design Decision Process to Identify Key Performance Indicators through 

Visual Models 
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A professor from a major university who also is a designer made 

recommendations to use a set of graphic conventions to represent the detailed 

process maps in simple and clear graphics. Use of information design was 

suggested as graphic conventions and to help make the case study mapping 

graphics more readable. 

 

“…It would be helpful to develop a set of graphic conventions so your readers 

can follow you with ease… this improvement might work for you if you want to 

publish your manuscript as a book in the future and probably won't affect the 

validity of your research anyway.” 

 

“…The results of your research are processes, they are conceptual based on 

the 4 case studies. One thing that's difficult to defend is that how these 4 case 

studies can be generalized to come up with an overall process that's useful to 

the majority of circumstances. I'm sure you've thought about this and have 

written about it in your dissertation.” 

4. A Decision Support Process Model for Mapping the Integrated Early 
Design Process of Net-Zero Energy Buildings 
 

A current director of a school of design and design practitioner said that this 

research helps in bridging the gap between the two separate decision worlds that 

designers and management professionals live in. The contribution of this 

research is in providing a structure and framework to the different layers of 

decision-making that happen in NZEB building design while not prescribing how 

to design. The attempt to propose a roadmap for NZEB decision-making is 

commendable given the challenges and the need to constantly define or redefine 

the design process. This proposed gathering and management of design data 

calls for a new design management role to promote NZEB design thinking.  

 

A design thinking expert and private firm practitioner said that since the issue at 

hand is enormous in scope and crosses across multiple disciplines, this initial 

attempt to propose a framework for decision-support is worth applauding. 

Generalizing this framework will require testing this protocol on multiple projects 

and incorporating the feedback.  

 

A group of instructors and professors from Colorado University presented a 

paper on the need to adapt the current architecture school curriculum to reflect 

practice-based design processes of high-performance and NZEB buildings. My 

presentation on the proposed new NZEB stages was right before their 
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presentation and the entire group expressed their appreciation for this research 

study. One of the professors was a practicing architect for over 20 years. This 

professor said that having such a graphical tool that can explain the process of 

decision-making especially in early phases of design is something they wished 

they had while in practice.  

 

5. Mapping the Integrated Early Design Process of the Largest Net-Zero 
Energy Office Building 
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Chapter 7 

 

7. Summary and Conclusions 
This chapter presents the summary of the research findings, revisits the problem 

statements and research objectives by tying the discussions to the key lessons 

learned. 

7.1. Research Summary 
This section presents a summary of the key considerations of NZEB design 

process. 

 
1. The goal of achieving NZE needs to be in alignment with the program and the 

organization’s overall vision. Owners need to be assertive in their desire to 

build NZEBs and lead the design teams as the champion for the cause. The 

commitment of the owner early on helps in aligning expectations, and 

integrating the design process from the beginning. 

 

2. Project architects in collaboration with the owners are required to play a 

leadership role in initiating ideas, while facilitating and managing the overall 

design direction. Engineers and contractors assist the design team with the 

analysis and tracking of cost and energy performance. Together these three 

teams form the core for design development while considering input from 

other teams such as specialty consultants, sub-contractors, manufacturers, 

etc.  

 

3. The need for performance goal definition was identified as important for 

meeting NZE performance, other performance goals and continuous 

measurement and verification to be included in the contract terms.  

 

4. A certification system more relevant to the NZE goal such as the Living 

Building Challenge or any other rating system that is specifically designed for 

NZE goals is more favorable for NZEBs.  
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5. Team communication and collaboration, design flexibility and budget 

transparency are primary performance indicators that affect process 

performance throughout all design phases. Enabling better process 

performance hence requires a top-down approach that needs educating 

owner’s of methods of communication and information transfer, ways of 

providing design freedom with performance assurance and changing the 

current design practice to incorporate project budget transparency. 

Developing a systematic method of communication will help establish a 

common protocol for the entire design team; allowing design flexibility will 

facilitate innovation and creative solutions from the design team that comes 

from a sense of trust and assurance created due to transparency. These 

three primary performance indicators need to be addressed early on to 

maximize team integration.  

 
6. Other project objectives can take priority or drive design decisions, stressing 

the need to prioritize the level of importance of objectives. Owners need to 

make this decision really early on in the goal setting phase since priority of 

the goals decide the course of design decisions. For example, specifying 

Living Building Challenge as a project goal makes NZE, NZW as well as 

material sourcing and procurement abiding by the red list materials as equally 

important project objectives. Most design team members thought that material 

sourcing and procurement as per the red list was an objective that took most 

of their time and effort and attaining NZW was more challenging than the NZE 

goal.  

 
7. In order to meet the challenges of NZE building design, the need for the team 

to share the risk with the owner is evident. Risk management through contract 

terms and other control strategies can help owners to share risk with the 

design teams. This need for risk sharing can be addressed through clearly 

defined contractual instruments.  

 
8. For the teams to come up with innovative and creative solutions for NZEBs, 

the need to have an open mind in trying new approaches and technologies is 

clear. Typically, owners assume the greatest burden for risk in the use of new 

technologies in design and construction. Providing latitude in the exploration 

and development of design ideas facilitates innovation. All participants gave 

credit to the owners for allowing freedom and flexibility in the design process. 
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9. Architects, engineers, contractors and sustainability consultants should have 

clear understanding of performance goals. This understanding is important in 

setting achievable energy targets, while influencing the design approach and 

process strategies. Adding a phase for developing a detailed project proposal 

that clearly defines the project objectives is recommended. This should be 

developed before the design teams are selected. Although preparing request 

for proposals and request for qualifications is a standard procedure on most 

projects, formulating performance requirements and including energy 

performance goals in the RFP requires a high level of expertise and ability on 

the part of the owner and his/her team. 

 

10. The need for owner’s review and feedback in the form of meetings or frequent 

design charrettes with the owner and user groups is an important phase that 

could be recurring in multiple stages of decision-making. This interaction is 

highly desired by design teams to assess if the approach taken by the teams 

is agreeable to the owner and the occupants. This stresses the need for a 

high level of owner involvement and feedback during the process that can 

help in the following ways: 

 
a. This collaboration between the owners, occupants and the design teams 

is an opportunity for getting a better understanding of user patterns and 

occupant densities such as how the building spaces are going to be used, 

what are the different types of expected plug and process loads in the 

building etc.  

 
b. While plug load collaboration with the owner is a key phase on all projects, 

the initiative to perform plug load audit by the owner on their existing 

equipment is critical for more accurate assessment of plug loads. This 

phase can precede the goal setting phase allowing the owner to 

understand what targets to set for energy use. If not preceding the goal 

setting phase, it is recommended to start monitoring plug loads as early as 

possible in the design process. Owner and occupants’ willingness to 

assess their current ways of performing business and adopting new and 

efficient equipment if needed is highly desirable for plug load minimization. 

Therefore, owner and occupant involvement in the design process since 

the beginning of goal setting phase is a critical process for NZEBs.  

c. Education of occupants is a bottom’s-up feedback mechanism that 

compliments design integration by not only designing for owners and 

occupants objectives, but also educating them on how the operations 
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need to be calibrated for design assumptions without compromising 

occupant comfort. 

 
11. Discussions on the design approach and assessment strategies need to be 

made before selection of assessment tools. These decision phases require 

collaborative decision-making in order to stay within budget and on schedule 

while taking full advantage of decision-maker expertise for meeting the 

performance goals. The interviewees often suggested that design teams have 

previous working relationships. When this is not the case, individual and team 

expertise, experience with assessment tools should be carefully assessed.  

 

12. Use of passive design strategies to set the initial massing of the building was 

a common approach for NZEBs. Performing energy modeling to inform 

architectural decisions regarding the massing and building form, width of floor 

plates, floor-to-floor heights is recommended as a decision phase that should 

be performed early in the process, before the design charettes. This was 

identified as an important phase that accelerates the decision-making process 

by forcing the teams to spend more time performing analyses and 

documenting their assumptions. Passive strategies such as daylighting and 

natural ventilation should be included early on. This step allows the design 

teams to assess the need to bring in specialists and assess energy and cost 

budgets. 

 
13. The results from this research suggest that the building program must 

compliment the passive strategies. For example the program for case study D 

indicated that the entire floor would be used as open modular offices with low 

partitions and occupied by a single tenant. To allow for multiple tenants on 

one floor, walls or partitions between the offices would be needed which may 

challenge daylight and natural ventilation. This example shows the 

importance of understanding how occupants intend to use their spaces very 

early on in the design process. 

 
14. The analysis showed that most design teams focused their efforts on 

designing a tight but environmentally responsive building envelope. Design of 

the building envelope should be an important focus early on in the design 

process. 
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15. The analysis showed that specifying a fixed price in the contract with a fluid 

scope could help with avoiding value-engineering phases later in the design 

process. Owners are recommended to include fixed price in the contract and 

yet allow for exploring ideas. 

 
16. The results from this research suggest that the next phase after passive 

strategies was to explore hybrid and most efficient active systems. From ease 

of occupant use and facility management perspective, building systems are 

recommended to be simple, off-the shelf and efficient with easy use and 

maintenance. This is desirable not only in smooth building operations but 

more so in facility management and continuous performance assurance. It is 

important to assess in detail net-metering potential, photovoltaic integration 

and exploration of building controls during this phase, although an 

assessment of these aspects is recommended in early stages of decision-

making as well.  

 
17. It is important for owners to include continuous measurement and verification 

in the contract terms, likewise for the design teams to make sure owners also 

operate their buildings for the designed intent. The measurement and 

verification building performance data can help with feedback to occupancy 

patterns and future designs. 

 
 
 
 
 
 
 
 
 
 
 

7.2. Contribution to the Body of Knowledge 
Summaries of important contributions of this research to the body of knowledge 

are addressed in three areas as shown in Figure 7–1.  
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Figure 7–1: Contribution of this research in three key areas to the body of 

knowledge 

 
These contribution areas include: 

7.2.1. Knowledge Capture 

This research has made two key contributions by capturing knowledge with an 

inclusive focus. These contributions are: 

 

1. This research is the first attempt to model NZEB design decisions in the 

form of process models. This decision-mapping process required 

identifying decision-maker-specific central issues of concern and gaps or 

challenges within the current design process. By defining the knowledge 

domains-specific challenges and important decision-maker-specific 

considerations for NZEB design, this research’s contribution is in helping 

with better understanding of how NZE goal requirement changes the 

current design process. 

 
2. This research acknowledges that no one generic model can fit all or any 

type of project. The power of decision-making rests entirely with the users 

of the framework who could be designers, owners, sustainability 

consultants, or decision-makers who intend to understand the process 

before initiating the NZE project planning. The contribution of this research 

is in empowering the users of the framework with relevant knowledge 

captured from multiple sources such as explicit, implicit and tacit 

knowledge of industry professionals and relevant literature to establishing 

descriptive and proscriptive methods related to NZE early design process. 

This application of knowledge acquisition is new to NZEB design process 

and this research contribution helps bridge the existing gap between 
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designed or modeled and actual NZE performance by identifying both 

apparent and latent rationale for decision-making. 

7.2.2. Knowledge Sharing 
This research has made two key contributions to promote knowledge sharing to 

facilitate integrated solutions. These contributions are: 

 
1. An important contribution of this research is in the proposition of a new 

NZEB design process model that helps the building industry with 

suggestions on ways to structure the NZE early design phase planning 

and decision-making using a combination of Business Process Mapping 

and Unified Modeling Language. This proposition is an attempt to present 

the process and knowledge maps in graphical representation methods 

that are easy to understand and promote usability in practice during the 

early design phase. The proposed new process model is intended as a 

decision-support model for NZEB design rather than directly leading to 

decision-making. The model guides the users with the key phases of 

decision-making for NZEB design and it is up to the users to adapt the 

model to the specific needs of the project.  

 

2. Structural constructs that influence the NZEB decision phases and stages 

are identified and explained to inform decision-makers about the important 

considerations of the process and show the influence of process-based 

key-performance indicators on decision sequence and performance. This 

is an important contribution of this research in helping maximize energy-

efficiency in buildings through understanding of the structural constructs 

thereby contributing to the overall goal of building industry sustainability. 

7.2.3. Knowledge Management 

This research has made two key contributions to promote knowledge 

management that could be implemented to propose behavioral solutions. These 

contributions are: 

 

1. This research lays a roadmap and creates the foundation for development 

of more formal guidelines that can be adopted by both academic and 

industry professionals to evaluate and improve the quality of decision-

making of NZEB projects. It is important to develop guidelines to maximize 

awareness of factors affecting NZE decisions and as a result maximizing 

the potential to create more successful NZEBs. The ultimate goal of this 

research is to be adopted by the AEC industry to guide their design 

process to inform their decision-making and eventually lead to a paradigm 
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shift in the current design methods and standards. The contribution of this 

research is in helping the AEC industry to promote this paradigm shift 

towards an integrated process for NZEB design collaboration. 

 

2. The knowledge capturing process used for this research led to defining 

knowledge domains to map design decisions. By identifying domain-

specific opportunities of improvement, three conceptual constructs were 

proposed that formed the basis of the proposed new NZEB decision-

support framework. An important contribution of this research is in 

recommending guidelines to create a knowledge management system and 

proposing a NZEB decision-support framework. This research defines a 

visual workflow of the key assessment elements of the framework and 

application of the framework as a knowledge engine. Adoption of this new 

decision-support framework can therefore lead to the development of a 

new tool that can promote NZEB design. 

7.3. Conclusion 
As a result of this research the author argues that NZEBs cannot be designed 

with energy-efficiency as the only performance goal; and that the overall goal is 

to design buildings for occupant comfort and safety.  Since comfort is a 

subjective matter, owners and occupants need to be willing to evaluate the 

energy side of the design equation while designers need to capture occupant’s 

comfort side of the design equation to create a balance resulting in a design that 

is fit for both scenarios. The purpose of NZEB design is to accentuate the art of 

building design through performance-driven design; performance has no 

meaning if people cannot use the building for its designed function. The literature 

review and interview analysis suggests that traditionally most architects highly 

emphasize the importance of designing for people and their context, while most 

engineers highly stress the need for considering energy performance before 

beginning design. The art of NZEB design is in creating the integration between 

architecture and engineering of design without compromising the integrity of the 

project.  

 

The results from this research indicated that four issues should be addressed in 

the NZEB design process. These issues include: 

1. Allocating control and accountability 

2. Owner education 

3. Suitable certification 

4. Assigning roles and responsibilities 
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7.3.1. Allocating Control and Accountability 

a. The literature review indicated, owners exercising control by making 

design teams “responsible” and design teams sharing risk by holding 

owners “accountable” for performance goals is a new way of “allocating 

control and accountability” through risk management (Pless et. al, 2011, p. 

3).  

b. Owners should limit their involvement in the design process to goal 

setting, performance assurance and design support without prescribing 

solutions, allowing design teams the flexibility to design and construct the 

building to specified performance standards. Andary (2010) introduced the 

concept of what he called “pre-concept energy consulting” that has 

emerged from the need to define, assess or verify energy performance 

goals even before the beginning of design (as cited in Haxton & Hucal, 

2010, p. 47).  

c. Like this new concept that engineers are starting to use that has emerged 

from the current needs of the NZEB and HPB sector-specific needs, 

decision managers can be brought in by owners and/or design teams to 

consult on the decision-making process. Decisions managers should be 

considered as an important part of the design team to help guide the 

teams with NZEB decision-making, help organizations understand the 

design process. Decision managers for organizations can help assess 

their current design methods and processes to identify process waste and 

define areas of improvement to potentially add value. 

7.3.2. Owner Education 

a. Owners need to educate themselves about different project delivery 

systems and procurement methods before they decide to hire the design 

teams.  

b. Design teams need to play a critical role in educating the owners and their 

project teams about the expectations of the process and the challenges. 

Design teams also need to take ownership by challenging owners’ 

requirements if needed for the greater good of the project.  

7.3.3. Suitable Certification 

a. The proposal of a more suitable rating system for NZE such as Living 

Building Challenge (LBC) should be recommended to owners that are 

inclined in getting a green building certification for the project. 

7.3.4. Roles and Responsibilities 

This research attempts to define these changing roles and responsibilities of key 

stakeholders in the NZEB design process.  
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a. New guidelines, protocols and trainings need to be developed to elaborate 

on these roles, define clear responsibilities and contract terms to include 

in different project delivery methods. 

b. The methods and processes used by design organizations along with 

teams’ expertise are the unique selling point in delivering the projects as 

per the client needs. These processes and methods need to be adapted to 

the changing needs of clients’ expectations and project objectives.  

c. Decision managers can play an important role in growing organizations 

knowledge base and define the best methods suited for each 

organization’s needs to set and improve standards for quality of decision-

making for the entire organization. The author of this research met with 

representatives of AEC firms such as Skidmore, Owings and Meriill 

(SOM), DPR Construction, Hellmuth, Obata and Kassabaum (HOK), 

AECOM and Gensler through career fairs, conferences and visited some 

offices in person. These organizations have acknowledged the need for 

such a position to work towards adding value to their competitive 

advantage to bring more clientele or business and improve delivery of 

high-performance buildings. 

7.4. Discussion of Future Research 
The following sections describe potential areas for future expansion of this 

research. The future research directions explained below address some of the 

implementation possibilities for the findings of this research.  

7.4.1. Future Direction of Architecture 

The author of this research intends to expand on this work by continuing to 

explore the following areas to propose NZEB industry guidelines and decision-

support tools.  

 

1. Performance Goal Setting 

The success or failure of a project depends on the performance goal setting. 

Owners must understand the value of the time and effort that is required in this 

phase to set clear goals. Owners should train their teams or hire experts to help 

with procedures for performance goal setting and assessment of design 

performance. Owners should also educate users to operate the building for the 

designed intent. 

 

Providing users with simple controls to control their space will promote ownership 

of the owner’s values. Finding new ways to provide options for users to provide 

feedback during design and operations is recommended. 
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2. Building Performance Measurement 

Design teams use their knowledge to set an expectation of building performance 

to set up performance goals. Analysis of performance of existing buildings, 

evaluating EUIs and demand side energy use distribution must be included in 

practice to build this knowledge. This knowledge can help with projecting EUI 

goals and verifying EUI goals defined by the owner.  

 

Design teams are recommended to assess building performance through 

metered energy uses of projects, comparing insulation levels, building loss 

coefficients, assess user patterns to inform their design approach on future 

projects. 

 

3. Accuracy of Performance Estimation 

Design teams use simulations to gain confidence in performance estimation of 

design.  Testing of different scenarios through simulation must be supported with 

methods to reduce uncertainty of performance. These methods could include 

observations, field experimentation and precedent studies that can better inform 

the model of the design scenario. Accuracy of simulation modeling depends on 

the accuracy of assumptions. Therefore, performing additional steps to make 

accurate assumptions will result in accuracy of performance estimation. 

The use of simulation tools as a design tool to test different ideas and systems 

during the early phases of design is recommended. Engineers should educate 

themselves with new modeling tools, writing simulation models and keep up to 

date with current research in simulation modeling. Architects must learn the 

basics of simulation modeling to understand the concepts and improve 

integration with engineering team. 

7.4.2. Knowledge Engine for NZEBs 
 

This research presented the opportunities of improvement in the current as-is 

design process and established the to-be design process for NZEBs.  In order to 

expand this research to provide decision-support for NZEBs, the core 

components of the knowledge engine as shown in the inner circle of Figure 7–2 

must be developed to address the above-mentioned key areas. These 

components include: 

 

1. Protocol Development 



Railesha Tiwari Chapter 7 – Summary and Conclusions 422 

This research provides a means to visualize the NZEB design process as a first 

step of knowledge capturing. Formulating descriptive guidelines and design 

databases to capture and organize information in the form of protocols will be the 

next step to facilitate the use of the design process model.  

 

2. Behavior Management 

This research lays a foundation for creating of a knowledge management system 

and team competency matrix as a first step to organize knowledge. The next 

would be to define team competency metrics, develop competency matrices, and 

create a system for assessment of individual and team expertise. The 

development of knowledge management systems will require an industry-wide 

effort to make a system and come to consensus on capturing and sharing of 

NZEB performance knowledge and decision-making approaches. 

 

3. Support Tool 

Although the findings and contributions of this research is a massive step 

towards defining NZEB decision-making, further research into expanding these 

concepts, defining the level of importance of the critical influencing factors and 

developing a decision support tool with access to central design data repositories 

and decision matrices are the next steps towards resolving the issues addressed 

here. Assimilating the information into central knowledge bases that can feed 

relevant information into projects will promote design innovation. 
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Figure 7–2: Developing the core of the NZE design knowledge engine  

 

This research lays the foundation for the creation of such a decision-support tool, 

but further efforts need to be made to refine the content of the proposed process 

models, assessment elements and framework elements through collaboration 

between AEC industry experts, business management professionals and 

software architects. While this initiative can help organizations in creation of 

knowledge management systems for their individual interests, the entire AEC 

industry can benefit from the incorporation of an industry-wide decision-support 

tool that can help with enterprise-level collaborations and process transparency. 

7.4.3. Integration with Architectural Education 

The dissemination of this research into architectural education will mainly be I the 

form of design studio and seminars that are integrated over the period of a year 

to understand the key decision phases design teams undertake in real projects. 



Railesha Tiwari Chapter 7 – Summary and Conclusions 424 

Insights on the teamwork, communications, analysis tools and their integration 

with design will enable students to explore and develop a vision for their future 

design direction (refer to Figure 7–3). Understanding the design and 

constructability issues related to high performance buildings will provide the 

students with the knowledge and skill set they will need, as they get ready to take 

on real projects. Mapping of the iterative design process will be key for students 

in self-assessment of their design thinking and problem-solving approach. 

 

 
 
 
Figure 7–3: Dissemination of research into architectural education  

 

7.4.4. Integration with AEC Design Practice 

AIA continuing education sessions and programs like the Better Buildings 

Initiative are examples of professionals from the AEC industry continually 

educating and keeping themselves informed of new tools and methods of 

practice. With an industry-wide acknowledgement of the need for new design 

process methods to understand and define NZEB decision-making, the author of 

this research intends to develop and present such continuing education seminars 

and workshops. Research facilities like NREL and AEC firms like SOM, DPR and 

many others are creating opportunities for integration with their research 
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laboratories or practice-based design studios to explore new avenues of 

integrating such research with studio practice and vice versa. The author intends 

to develop learning modules, practice guides and assessment matrices to 

measure team competencies to deliver NZEBs as the next initiative to expand on 

this research (refer to Figure 7–4). 

 

 
 
 
Figure 7–4: Dissemination of research into design practice  

7.5. Discussion of Future Research Extensions 

7.5.1. Carbon-Neutral Building Design Research 

Making buildings energy efficient can have a significant impact on CO2 emissions 

but this is just a starting point and does not completely address all issues 

associated with reducing carbon emissions. Construction and use of buildings 

includes the extraction of raw materials, their manufacturing process, 

transportation of materials, water and energy use, transportation to the site, 

construction, operation, maintenance, and demolition of the building. All these 

processes together consume substantial amount of embodied and operational 

energy and impact the environment through carbon emissions. Shifting the focus 

from energy-driven to people-centered design performance can expand the 
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possibilities of NZEB design to include awareness of operational and life cycle 

embodied energy.  

7.5.2. Net-Positive Building Design Research 

Macy (2010) explained that stakeholders who have had experience with 

designing and constructing NZEBs acknowledge these buildings to be classified 

under an emerging new sector within high-performance design. He further stated 

that emerging developments in the AEC industry show increasing efficiency of 

new systems and technologies with the increased accuracy of modeling tools 

that jointly might help in addressing the major challenge of cost of energy in 

designing NZEBs (as cited in Haxton & Hucal, 2010). As per President Obama’s 

executive order on federal buildings, “…after 2020 and by 2030…” the goal is 

that “…all new federal buildings that enter the planning process are designed to 

achieve zero-net-energy…” (Obama, 2009; Pless et al., 2011, p. 1). This 

indicates that concrete steps are being taken by the U.S. government to drive the 

existing design practices towards NZEB design that in turn may result in Net-

Positive Energy buildings being the next step that the building industry tries to 

attempt. The shift from LEED certified buildings to Living Building status projects 

shows a much-needed difference in design thinking that addresses the question 

of energy and water conservation through design.  

 

NREL conducted a study of potential buildings in the commercial sector that are 

capable of achieving NZE status and New Building Institute (NBI) has taken the 

initiative in identifying Zero Net Energy (ZNE) emerging buildings and districts 

and ultra-low energy buildings to show the potential of buildings in attaining the 

NZE status. These initiatives indicate that NZE projects are becoming more 

achievable, more so for some building types and locations than others, but the 

AEC industry is at a crossroad of seeing this paradigm shift from highly energy-

efficient buildings to NZEBs and possible Net-Positive Energy Buildings in the 

future. Since the challenges of NZEB design are not yet fully addressed, the next 

steps towards Net-Positive Energy Buildings might need time for new 

technologies to become more efficient, energy modeling methods and tools to 

get more accurate, current challenges of NZEBs to be resolved to the point that 

NZEBs can become more achievable given location and cost constraints. This 

research is a step towards driving this change. 

7.6. Conclusion Statement 
Current published research findings and lessons learned from NZEB projects 

mostly focus on listing the project characteristics and design and system level 

solutions proposed by design teams in response to owner requirements. These 

studies lack in defining the process particularly as it relates to why these 
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strategies and systems were proposed and how they were decided upon from 

owner-driven or design-team driven requirements. The case studies presented in 

this research attempt to address this issue and are an attempt at explaining this 

process. Furthermore current literature on NZEB design does not define 

measures for owner and team competencies and nor their roles and 

responsibilities during the early phases of design.  

 

 
 

Figure 7–5: Contribution of research in proposing a proactive design process to 

improve the current reactive design process  

 

The author of this research presents the extension of normative design theory 

through the synthesis of design decision-making, process mapping and 

qualitative tactics in the form of a decision-support framework for NZEBs. The 

contribution of this research to the body of knowledge is firstly, by defining a 

systematic process for NZEBs through decision-support protocols and secondly 

by proposing a new decision support framework to help assess design 

performance and organizational competencies. The value of this framework is in 

creating a system that can help unite what the author defines as reactive design, 

which is a mostly fragmented effort that is being made in the industry to define 

guidelines and make standards for NZEB design (refer to Figure 7–5). This 

research presents what the author defines as proactive design, which is a 

method to assimilate the knowledge of experts and project experiences into a 
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common central knowledge base and to redistribute this knowledge to guide 

decision-makers (refer to Figure 7–5). The contribution of this research is 

instrumental in taking the steps towards solving the problem of reducing building 

energy consumption while going further to minimizing the carbon footprint of 

buildings. 
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Informed'Consent'for'Participants'

in'Research'Projects'Involving'Human'Subjects'

Title' of' Project:!An! Integrated!Conceptual!Design!Process!Map! for!Net8Zero! Energy!and!Net!Zero8

Emissions!Facility!Planning!and!Design!

Investigator:!Railesha!Tiwari!

Advisor:!Prof.!James!R.!Jones!

I.'Purpose'of'this'Research'

Net8!Zero!Energy!and!Zero8Emissions!buildings!demand!“increased!level!of!design!integration!between!

structural,!envelope,!mechanical,!electrical!and!architectural!systems”!since!the!early!design!phases!in!

order!to!successfully!achieve!their!performance!objective!(Reed!and!Gordon,!2000;!Kratzenbach!and!

Smith,!2003;!Lewis,!2004).!There!is!a!need!for!understanding!the!design!process!of!Net8Zero!Energy!and!

Zero8Emissions!buildings!and!document!the!argumentation!used!to!make!the!decisions.!This!research!

will!enable!identification!and!evaluation!of!critical!design!process!decisions!and!the!identification!of!

required!design!information!for!Net8!Zero!Energy!and!Zero8Emissions!building!design.!A!decision!support!

system!is!needed!to!assist!designers!in!understanding!the!carbon8neutral!and!net8zero!energy!design!of!

buildings!and!help!them!in!adapting!the!process!map!to!the!context!of!specific!project!needs!during!

early!design!stages.!

Lapinski!et!al.!(2005)!suggest!that!“the!intermediate!deliverables,!activities,!and!outcomes!of!current!

delivery!processes!are!best!suited!for!conventional!building!types!and!are!often!unresponsive!to!the!

needs!of!sustainable!building!projects”,!which!is!relevant!for!Net8Zero!Energy!building!projects!as!well.!

Through!a!series!of!case!studies,!surveys!and!interviews!with!experienced!professionals,!the!anticipated!

findings! of! this! study! is! to! capture! and! structure! knowledge! related! to! how! decisions! are! made!

concerning!Net8Zero!Energy!and!Zero8Emissions!building!design.!The!contribution!of!this!research!will!be!

to!develop!a!process!model!for!representing!and!integrating!the!key!decisions!and!roles!of!the!decision!

stakeholders!in!the!key!design!processes,!and!identify!the!need!for!new!methods!and!tools!that!might!

be!needed!to!understand!and!improve!the!decision8making!process.!

Groups!of!between!five!(5)!and!twenty!(20)!experts!involved!with!net8zero!energy!building!projects!

including!but!not!limited!to!designers,!engineers,!managers,!contractors!and!owners!will!be!interviewed!

to!determine!the! important!activities!and!decision!nodes! in! the!design!of!net8zero!energy!building!

design!to!describe!the!important!steps!taken!in!the!design!process.!The!decision!information!associated!

with!each!decision!node,!the!key!role!players!involved!at!each!stage!of!design!and!decision!making!and!

the!types!of!analysis!to!be!performed!will!also!be!identified.!
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ll.'Procedures'

The!study!will!require!you!to!participate!in!two!or!three!survey!questionnaires!followed!by!two!or!three!

interviews.!The!survey!questions!will!be!partially!structured!through!the!survey!tool!Qualtrics!for!the!

first!round.!The!following!rounds!of!the!survey(s)!questions!will!be!open8ended!and!based!on!the!results!

of!the!first!survey!questionnaire!and!the!following!questionnaires.!!!

Unstructured!(open8ended)!interviews!will!be!conducted!by!the!investigator!in!person,!over!the!phone!

or!through!the!web,!either!at!Virginia!Tech’s!College!of!Architecture!and!Urban!Studies!or!in!the!office!of!

the!interviewee!at!a!mutually!agreeable!time.!These!interviews!will!be!prefaced!by!web—based!survey!

tools!accessed!by!you!through!Qualtrics,!which!will!give!you!the!opportunity!to!review!the!questions!and!

prepare!responses.!The!interviews!will!be!recorded!using!a!digital!voice!recorder.!The!study!will!require!

audio!recordings!of! the! interviews!which!will!be!done!using!a!digital!voice!recorder!and/!or!video!

recording!of!all!discussions!on!design!drawings,!analysis!material!review!and!presentations!made!to!

supplement!the!interviews.!

Interviews!will! last!between!one—half!and!one!hour.!A!follow—up!interview!or! interviews!may!be!

requested!of!you.!You!have!the!complete!power!to!grant!or!deny!this!request.!No!more!than!three!(3)!

one—hour!interview!sessions!will!be!requested!from!you.!

III.'Risks'

There!is!a!minimal!risk!that!in!the!process!of!relating!their!design!experiences,!you!!may!be!reminded!of!

unpleasant! or! adversarial! project! conditions! that!may! lead! to! difficult! emotions! or! reactions.! The!

investigator! agrees! to! refrain! from!asking! any! leading! questions! that! seek! to! deliberately! evoke! a!

potentially! damaging! negative! reaction.! You! have! the! complete! freedom! to! stop! the! interview! or!

withdraw!from!the!study!at!any!point.!You!will!have!full!access!to!the!transcript!o!the!interview!as!well!

as!the!opportunity!to!provide!feedback!to!the!investigator.!

IV.'Benefits'

No!promise!or!guarantees!of!benefits!are!offered!from!the!research!group!to!you.!However,!the!design!

process!map!generated!in!part!from!the!outcome!of!these!interviews!is!expected!to!be!of!benefit!to!the!

larger!design!community,!and!to!be!of!particular!and!significant! interest! to!architects!and!decision!

makers!involved!in!Net!–!Zero!Energy!Building!design.!

V.'Extent'of'Anonymity'and'Confidentiality'

All!information!collected!from!you!will!be!confidential.!All!interviews!will!be!recorded!with!a!digital!voice!

recorder.! Transcriptions! of! voice! data! will! be! performed! by! the! investigator.! Voice! data! and!

transcriptions!of!interviews,!and!responses!to!web8based!survey!tools,!will!be!stored!in!a!secure!location!

by!the!investigator.!A!coding!system!will!be!used!to!label!web8based!surveys!and!interviews.!These!

materials!will!only!be!accessible!to!the!investigator!and!her!advisor.!
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Voice!data,!transcriptions!and!web—based!survey!responses!will!be!destroyed!when!research!involving!

these! items! is! deemed! complete! by! the! research! group.! The! investigator!will! be! forced! to! break!

confidentiality!if!any!abuse!incidents!are!known!or!strongly!suspected!or!if!you!are!believed!to!be!a!

threat!to!yourself!or!others.!

In! certain! cases,!due! to! the! relatively! small! size!of! the!net8zero!energy!and! carbon8neutral!design!

community,!it!may!be!possible!for!the!reader!of!the!final!dissertation!or!papers!generated!from!there!to!

deduce!your!identity!based!on!the!responses!to!questions.!This!is!an!unavoidable!outcome!of!research!

in!the!design!field,!where!the!identity!of!the!designers!of!buildings!is!generally!considered!to!be!public!

knowledge.!By!agreeing!to!participate!in!this!study,!you!consent!to!accept!the!risk!of!this!possibility.!The!

investigator!agrees!to!not!deliberately!divulge!your!identity!without!your!prior!written!consent.!

VI.'Compensation'

You!will!receive!no!compensation!for!your!participation!in!this!study.!If!members!of!the!research!group!

determine!that!you!should!seek!counseling!or!medical!treatment,!a!list!of!local!services!will!be!provided.!

VII.'Freedom'to'Withdraw'

You!will!have!full!freedom!to!stop!the!interview!or!withdraw!from!the!study!at!any!point.!You!are!free!

not!to!answer!any!interview!questions!that!you!choose.!

There!may!be!situations!where!the!investigator!may!determine!that!you!should!not!continue!to!be!

involved!in!the!study.!

VIII.'Approval'of'Research'

This!research!project!has'been!approved,!as!required,!by!the!Institutional!Review!Board!for!Research!

Involving!Human!Subjects!at!Virginia!Polytechnic!Institute!and!State!University.!!

IRB!Approval!Date:!(to!be!mentioned!after!the!approval!later).!

IRB!Approval!Expiration!Date;!(to!be!mentioned!after!the!approval!later)!

IX.'Subject’s'Responsibilities'

I!voluntarily!agree!to!participate!in!this!study.!I!have!the!following!responsibilities:!

l.!To!access!web8based!survey!tools!and!participates!in!a!one—half!to!one!hour!audio!and/or!video!

recorded!interview,!either!in!person,!over!the!web!or!over!the!telephone.!

2.!To!provide!feedback!to!the!research!group!as!needed.!

'

X.'Subject’s'Permission'

Virginia Tech Institutional Review Board Project No. 12-819 

Approved October 4, 2012 to October 3, 2013  
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Appendix B 

Dissemination into Architectural Education 
 

A. Undergraduate Level Lectures/Seminars (Foundation Courses) 

1. Course Title – Introduction to Sustainable Design/Environments (I and II) 

 

Course Description 

This course is the first introduction of the concept of sustainability to students that 

complements with their quest of understanding of design theory and tools. The 

idea of environmental and social responsibilities is explored along with 

understanding the sources of energy, building materials and their impact on 

design decisions. The early concepts of integrated design and integrated team 

are introduced. Different mediums of communication will be implemented such as 

oral presentations, written descriptions, hand drawn and computer graphic 

visuals to manifest a deeper understanding of the sustainable design vocabulary. 

 

Syllabus Outline (Course Topics) 

Origin and impact of design 

Core components of design theory 

Evolution of design as a process 

Design tools and design process representation methods 

Sustainable design terms and definitions 

Sustainable design vocabulary 

Integrated design and team 

Context based design 

Relationship to scale 

 

2. Course Title – Sustainability and the Built Environment (I and II) 

 

Course Description 

By exploring multiple sustainable projects of varying scale, location, building type 

and context through case studies, field trips and literature reviews, this course 

will present the students with an opportunity to understand every facet of 

sustainability. Assessment of the design strategies used on these projects in 

relation to the owner’s needs and project objectives will help the students 

interpret the step-by-step design process from a problem-solving perspective. 

Lessons learnt from current practice can lay the basis for guiding the critical 

decision nodes and the knowledge domains associated with each decision phase 

in relationship to the project objectives and project context. The introduction to 

different forms of energy and their impacts on the environment measured through 
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cradle-to-cradle life cycle assessments will create awareness in students about 

renewable materials and their sourcing information. The course will also enable 

the understanding of first costs, payback periods, and life cycle costs to get a 

holistic view of sustainable developments and their economics. 

 

Syllabus Outline (Course Topics) 

Definitions of sustainability 

Sustainable design Principals 

Building program, building type and occupant use 

Green building rating systems 

Analysis and documentation tools 

Building material sourcing 

Operational and embodied energy 

Constructability issues 

Life cycle assessment Principals 

Life cycle assessment tools 

Ecological and carbon footprint 

Relationship to scale and human settlement 

 

Course Objectives 

The goal of these courses is to lay the foundation of sustainable design 

Principals and fundamentals for future advanced courses. Emphasis will be given 

on both team and individual work to facilitate the identification and articulation of 

issues and deign solutions. The underlying objective of both courses is to 

empower the students with a medium to measure their design performance 

without being limited to aesthetical and functional measures. With an early 

understanding of sustainability from the economic, social and environmental 

aspects, students can develop their design direction as they progress to 

advanced courses and eventually the design studio. Class lectures will be 

complimented with field trips and presentation of material samples from industry 

vendors and contractors to add breadth and depth to the understanding of 

sustainability concepts. 

 

B. Graduate Level Lectures/Seminars (Core Courses to supplement design 

studio) 

 

1. Course Title – Environmental Building Systems (Basic and Advanced) 

Course Description 

Sustainable building projects often require integrated design approaches to 

perform complex design analyses, energy modeling and systems optimization. 
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High-performance buildings demand further increased level of design integration 

between structural, envelope, mechanical, electrical and architectural systems 

since the early design phases in order to successfully achieve their performance 

objective. The project conceptualization and early design phase demands high 

level of integration and collaboration between all the interdisciplinary teams 

involving decisions to be made around architectural design decisions, energy 

systems selection, envelope design, building materials selection and assessment 

tools selection. This course will build on the knowledge offered through 

foundation courses in sustainability. Individual building components/assemblies, 

environmental systems and building technology topics will be explained through 

basic and advanced levels of this course. 

 

Syllabus Outline (Course Topics) 

Climate, location 

Building type and use 

Site resources – sun, wind, light, water, soil and landscape 

Building program 

Passive architecture 

Mechanical systems 

Thermal zoning 

Hybrid systems 

Infiltration 

Insulation 

Thermal mass 

Wall design 

Window design 

Geothermal, radiant floors/ceilings, chilled beams 

Daylighting and lighting 

Natural ventilation 

Shading 

Photovoltaic 

Building controls and monitoring systems 

 

 

 

 

2. Course Title – High Performance Building Design (Basic and Advanced) 

 

Couse Description 
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There is no pre-defined design process for high-performance building design and 

it varies on a project-by-project basis.  This course explores high-performance 

and net-zero energy case studies to identify the key design processes and 

design decision nodes that were undertaken by design teams in their decision 

process. Identification of the roles played and the type of knowledge used to 

make the decisions by the key team members can create value by empowering 

the students with a structured approach for informed decision support. This 

approach will be an attempt for the students in playing the roles of various 

stakeholders involved in high-performance building design process and 

supporting an environment for interdisciplinary collaboration. 

 

Syllabus Outline (Course Topics) 

Project delivery methods 

Interdisciplinary role-playing 

Building type, size and plug loads 

Understanding project goals and performance measure 

Design team integration around performance goals 

Design and analysis tools, formats of information exchange 

Passive architecture 

Microclimate analysis 

Early assumptions and modeling 

Active and hybrid systems 

Innovative and creative solutions 

Sustainable materials 

Integration of interdisciplinary teams and analysis 

Design optimization 

Substantiation/performance measurement 

Design decision making and trade offs 

Continuous monitoring and improvement 

Performance assurance 

 

Course Objectives 

Precedent studies and benchmarking exercises as performed in practice as part 

of the brainstorming process to develop strategies will be carried out in teams for 

these courses. Performing goal setting exercises and working in teams 

representing interdisciplinary teams members will help students understand 

benchmarking, roles and responsibilities. Justification of the chosen design 

strategies will enable students to explore the rationale behind decision-making 

and reason their design approach. Collaboration with team members performing 

different roles and integration exercises of design and assessment tools will shed 
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light on modes of information exchange and interoperability issues. The primary 

objective of these courses is to compliment the design studio providing the 

students with a clear vision to develop their design projects.  

 

C. Design Studio 

1. Undergraduate Level Design Studio 

 

Abstract 

Building design is a process that consists of many phases usually beginning with 

a pre-project planning phase followed by conceptual design, design 

development, construction documentation and construction in traditional design 

practice. These phases can be broadly classified into three stages - building 

planning, design and construction. The decisions made throughout these stages 

have impacts on the function of the building, its performance, aesthetics, 

sustainability, life cycle cost and building occupants. Multiple and varied 

decisions are associated with each of these project phases. The pre-project 

planning phase calls for major investment decisions to be made, the schematic 

design phase attributes to decisions on building performance, cost and 

aesthetics through comparison of various design proposals and the construction 

planning phase is all about decisions on streamlining the construction process in 

the most efficient way. The traditional building design process and project 

delivery methods need to adopt to cater the needs of the changing trend of the 

Architecture, Engineering and Construction industry from traditional design goals 

to goals of sustainable design. Roles of stakeholders are changing in response to 

this adoption of the evolving trend of the building industry. 

 

Focus - Sustainable Design 

Current green building assessment systems lack in elaborating on the decision-

making aspect of design processes suggesting the need to capture and evaluate 

the argumentation of the design decision process to improve the achievement of 

the sustainability objective. Designing sustainable and high-performance 

buildings is a complex, collaborative and iterative process involving knowledge 

sharing of interdisciplinary team members leading to a common goal of meeting 

the project objectives. The decisions made in the early stages of design 

drastically affect the final outcome of design and energy goals. To enable the 

building industry to improve the current design process, it is important for 

students to understand the design process and find ways to improve design 

performance through a clear understanding of the design decision process. As 

upcoming designers, students should be accustomed to working in 

interdisciplinary team settings.  
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Pedagogical Objectives 

The outcome of the design studio over the period of a year is to understand the 

key decision phases integrated design teams undertake in real projects. Insights 

on the teamwork, communications, analysis tools and their integration will enable 

students to explore and develop a vision for their future design direction. This 

design studio along with the complimenting core courses in sustainability and the 

built environment provides the students with the foundation of key performance 

indicators and relevant assessment parameters that can be customized as per 

each individual project context. For buildings to attain low energy, high-

performance or net-zero energy goal within budget, changes would need to be 

made to the current building design and construction process along with the need 

for new tools and strategies. This also indicates a need for a paradigm shift to 

project goals that are more targeted and measurable in performance. 

Understanding the design and constructability issues related to sustainability or 

high performance will provide the students with the knowledge and skill set they 

will need, as they get ready to take on real projects. Mapping of the iterative 

design process will be key for students in self-assessment of their design thinking 

and problem-solving approach. 

 

2. Graduate Level Design Studio 

 

Abstract 

The failure of many buildings designed for high-performance or net-zero energy 

but not achieving their design goal in operation is attributed to the gap between 

the modeled energy use predictions in design versus the actual energy use in 

operation after construction. One of the primary reasons for this gap is the 

assumptions made in the early design phase to account for the unknowns. 

Though these assumptions play a vital role in the design decision-making 

process early on, there is lack of explicit documentation and established method 

of traceability of the rationale relevant to design decisions as a way to back trace 

the path to identify the pitfalls.  The building design process substantiates the 

early design decisions that eventually dictate the development of detailed design, 

construction and evolution of the building architecture. The early design phase is 

the point of intervention that presents the maximum opportunity for improvement 

and control of the process. The importance of setting specific and clear 

performance goals in the form of energy utilization intensity goal and other 

performance parameters has been established for high-performance and net-

zero energy buildings. 
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Focus - High-Performance/ Net-Zero Energy Building Design 

The emerging trend of research, development and current new building 

technologies being used in the Architecture, Engineering and Construction 

industry indicate a shift of focus from high-performance to net-zero energy 

buildings due to the ability to measure building performance in finite terms. Net-

zero energy buildings pose a unique challenge due to the need for innovative 

design and early assessments of energy, thermal and daylighting needs in the 

design phase. The difference between the design of net-zero energy buildings 

and other buildings are considerable due to the additional extensive planning, 

quantitative goal setting and consideration of how the occupants use their space 

required in the earlier phases of design. This design studio attempts to address 

these challenges by proposing project-driven metrics with focus on design 

process integration and design team integration to help students with the 

evaluation and improvement of their current design methods. 

 

Pedagogical Objectives 

The intention of this design studio is to identify the key design goals and map the 

design process along the phases of assessment for the entire stages of project 

development. The objective of the studio will be to develop a clear understanding 

of a total detailed practice-based design process perspective. This will provide an 

understandable breakdown of which processes add value and help define what 

process improvements in current design process methods can help in achieving 

high-performance design goals in buildings. Such a design process approach 

can help students reduce or eliminate design process waste, which can improve 

the performance of their design decision-making for high-performance design. 

Mapping of the iterative design process will be key for students in self-

assessment of their design thinking and problem-solving approach. 
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