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(ABSTRACT)

Concern over construction and demolition (C&D) wastes is becoming a prevalent part of
any construction project. Historically, landfilling waste materials was the standard
solution for most contractors, but as tipping fees have risen dramatically over the past five
to seven years, many contractors are looking for alternative methods, such as recycling or

waste minimization, to reduce wastes.

This thesis investigates C&D wastes and proposes a methodology to address the problem
of assessing waste disposal techniques efficiently and economically. A brief history of
C&D wastes is provided to understand how and why costs associated with waste

materials have risen over the last several years. Current waste management resources are



discussed to demonstrate the availability of alternative disposal methods. An overall
waste management plan is developed to provide a contractor with a step by step flowchart
for analyzing material wastes, quantitatively assessing all costs associated with waste
disposal, and implementing and updating the chosen waste management techniques. A
case study is provided to illustrate how the waste management plan is used in an actual
project. The thesis concludes with a discussion of the potential for further research in the

area of C&D waste management.
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Chapter 1

Introduction

Construction is a vital connection to the infrastructure and growth of industry in the
United States. Buildings, roadways, bridges, airports, dams, and other constructed
facilities play an important role in shaping society’s functions. The construction industry
pushes technological limits by constantly striving to build taller, longer, and deeper
structures every year. One aspect of these projects, which also pushes forward with the
same growing intensity, is the generation of 100 million tons of construction and

demolition wastes annually (Brickner, 1994).

Construction and demolition (C&D) wastes are as much a part of construction as
schedules, estimates, hammers, or nails. However, costs to dispose of C&D wastes have
risen dramatically in recent years, forcing contractors to reevaluate waste disposal
methods in some areas and choose whether to view C&D waste as a resource, or simply
as rubbish. The research in this thesis examines the current plight of C&D wastes and

presents a plan to address managing this aspect of construction.



1.1 Background

The visibility of construction in the United States is readily seen in the skylines of major
cities, the roadways of any state, and the bridges across major waterways. The benefits
from construction are products used by people every day. Society has grown to expect
many standards from products that are sold and purchased. Many of these standards have
gone beyond mere function or performance—they now encompass environmental issues

that are of local, regional, and national concern (Kinlaw, 1993).

One major issue, not always addressed in construction projects is the management of
C&D wastes. C&D wastes have been estimated to make up 15-20% of all municipal
solid wastes (MSW) in the United States (Brickner, 1994). Table 1.1 illustrates the

quantity of C&D wastes with respect to other municipal material waste streams.

Table 1.1: Constituents of material waste stream (source: Johnston and Mincks, 1992)

Constituents Millions of tons Percentage
Refuse 124,000,000 65%
C&D wastes 36,000,000 19%
Sewage sludge 11,000,000 6%
Glass 11,000,000 6%
Incinerator residue 5,000,000 2%
Rubber 5,000,000 2%
Total 192,000,000 100%




The 15-20% estimate is difficult to quantify precisely, as C&D wastes are
nonhomogeneous, and are typically buried in landfills. Previously, low visibility allowed
the construction industry to avoid many of the legislative and societal constraints placed
on waste disposal. However, as landfills across the United States close and tipping fees
rise, the types of wastes which are brought to disposal facilities are being scrutinized

more closely.

In response to environmental pressure, the United States is moving heavily towards the
concept of “greening” products and processes. While the term “green” encompasses a
very wide range of meanings, the main idea is to minimize waste and/or environmental
impact (Miller and Szekely, 1995). Other desired aspects of “greening” involve
maintaining the specified performance throughout a complete product life cycle without
increasing costs. Many industries, throughout the last twenty years, were reluctant to join
this cause simply because “greening” anything meant increased costs. However, as
government mandates and penalties for defying those mandates increased, many
companies began to feel the financial effects of ignoring environmental issues
(Moavenzadeh, 1994). C&D wastes have not been as visible as the leaking drums and
billowing smokestacks of other industries, however, many of these visible industries have

implemented programs to address environmental problems.

The construction industry has lagged behind other industries with respect to programs and

plans to handle the waste generated by its activities. This has prompted some researchers
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and waste management consultants to develop and organize alternatives to landfilling
C&D wastes with little regard to the effort and expense required to extract, transport, and
handle these materials. Assuming that alternative disposal methods can be found and
utilized, is not practical or economical for all construction projects. Therefore, a
thorough waste management plan should incorporate four sections: assessment of the
material wastes on a particular project; development of standard and alternative waste
disposal methods; cal;:ulation of the economic impact of the disposal methods available;
and finally, a section to summarize, implement and update waste management techniques

chosen for a project.

The preceding discussion raises two crucial issues which must be addressed when
analyzing C&D wastes. The first is, there must be an effective methods for a contractor
to compare methods of environmental conservation of C&D wastes. The second is that a
contractor must be able to address the environmental conservation of C&D wastes
without losing any competitive advantages that might, at a minimum, discourage

conservation and at a maximum, impact a company’s overall economic performance.

The research effort in this thesis focuses on the problem of construction waste
management and the alternatives for those directly impacted. Specific waste management
techniques are discussed in chapter 3. The following sections state the objectives, scope,

and limitations of this thesis.



1.2 Objectives

This thesis concentrates on the ability of the construction industry to economically assess
waste disposal techniques in order to voluntarily decrease C&D wastes. Specifically, the
objective of this thesis is to develop a method to investigate waste disposal resources
which provides both environmental and economic benefits. The thesis presents a waste
management plan as a guide to choosing alternatives based on various economic factors,
such as transportation, labor, and disposal costs. The waste management plan differs
from regulations or guidelines which many municipalities or districts require to address
construction issues such as erosion control, spill containment, and hazardous waste
(asbestos) movement on site. The waste management plan specifically addresses waste
with respect to how the contractor plans to recycle (if possible) excess materials and
minimize or dispose of materials which can not be recycled. The objective of the waste
management plan is to guide a contractor through the steps required to assess, quantify,

implement, and monitor waste management techniques.

1.3 Scope and Limitations
The scope of this research is limited by two main parameters. One parameter, pertains to
the ability of the contractor to have a positive environmental impact on the constructed
facility. The life cycle is composed of five parts: designing, constructing, operating,
retrofitting, and decommissioning. Although all of these phases are important to the

overall function of a facility, emphasis is placed on the phases which the



contractor/builder can provide the most environmental impact. The three which are
emphasized the most are constructing, retrofitting, and decommissioning (demolition).
The life cycle analysis is limited, but focuses on the immediate resources of the contractor
(i.e., the immediate life cycle). The main objective is to only focus on resources, such as

equipment and materials, that the contractor can control.

The second parameter for this research is the analysis of waste management strategies
with respect to a broad range of recycling markets—from limited recycling, as in a rural
setting, to very active recycling, as in a large city. This is an area which will provide a
practical basis for developing an overall waste management plan. When analyzing
recycling markets, it would be relatively straightforward to develop a plan only for a
locality which had very strong markets for C&D wastes. In contrast, a waste management
plan for a range of recycling markets raises many questions and challenges for
contractors. The research will focus on these questions and challenges by analyzing the
minimization and material management techniques to make the plan applicable and

successful for any type of construction project.

1.4 Outline

The presentation of this thesis is divided into six sections. The approach is to: first,
introduce the problem and some terminology for the research; second, assess the current
status of C&D wastes in the construction industry; third, identify some resources which

are available to manage various types of wastes; fourth, present a waste management plan
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which establishes a procedure for assessing and comparing C&D waste management
techniques; fifth, introduce a case study demonstrating how to use the waste management
plan; and finally, conclude with a discussion on the future direction of waste management

in the construction industry.

The preceding portions of chapter 1 have provided background for this thesis, stated the
objectives of the research, and outlined the scope and limitations. The following sections
in chapter 1 identify terms and meanings for this thesis and the applicability of each in

construction.

Chapter 2 of this thesis presents the current status of C&D wastes in the construction
industry. A brief history is given to demonstrate how the philosophy of material usage
has changed in construction. The generation of C&D wastes is discussed and data is
provided showing the quantification of specific wastes. A brief section describing
regulations for construction wastes is included. Finally, the chapter concludes with a
discussion on the recyclability of C&D materials and how material recycling markets are
impacted. The main purpose of chapter 2 is to provide an understanding of the quantities
of C&D wastes generated and how these wastes are currently addressed by the

construction industry.

The third chapter of this thesis discusses how the wastes are classified and various

management resources that are applied to each classification. Waste management



techniques and the advantages/disadvantages of each are described. The techniques are

chosen based on costs and ease of implementation from a contractor’s perspective.

Chapter 4 outlines the waste management plan (WMP) and begins to demonstrate the
steps required for analyzing the economic impact of utilizing specific waste management
techniques. A flowchart is presented to describe the entire waste management process.
Also, equations are given to provide the background for the quantitative analysis of
various waste disposal alternatives. Finally, a presentation method and template are
given to provide not only waste management data, but to show which areas of waste

management require more emphasis.

Chapter 5 presents a case study to demonstrate how the waste management plan
developed in chapter 4 is implemented on an actual project. The data provided is for the
demolition phase of a renovation project performed between June 1993 and July 1994.
Materials are analyzed based on the waste management plan and alternative disposal
resources are investigated to assess options which may have been available to the

contractor during the project.

Chapter 6 gives a conclusion and provides insight into possible future research

opportunities for C&D waste management.



1.5 Terms for the Thesis

One of the many dilemmas facing the current environmental movement with respect to
C&D wastes, is terminology. Different industries use terms or phrases to imply various
meanings. The meanings are not extremely different, but the variations are enough to
cause confusion when the words or phrases are used. This section clarifies these

environmental terms for the purposes of this thesis.

1.5.1 Sustainable Development

Sustainable development is a term which has a long term impact on environmental
practices. A social definition, given by Margaret Thatcher to the U.N. General
Assembly in November 1989, stated that “it must be growth which does not plunder the
planet today and leave our children with the consequences tomorrow”. A more technical
meaning is provided by Dr. Karl-Henrik Robert, a Swedish oncologist, who states that,”
substances from the Earth’s crust must not be allowed to systematically increase in the
ecosphere” (Harris, 1996). In essence, sustainable development is growth with direction.
Within this concept, there are many methods to grow and a variety of directions, but for
the purposes of this thesis, growth refers to economic diversity and direction refers to
reducing C&D wastes. Economic diversity is a term which implies economic growth, but
more importantly, also demonstrates new, economic waste disposal options for a

construction company—which is discussed later in more detail.



1.5.2 “Green”

“Green” is a more elusive term than sustainability, because it encompasses many other
issues which go beyond technical and economical solutions to environmental problems.
Companies are forced to look beyond economics, to issues such as moral and ethical
impacts on the environment. The ASCE Construction Congress writes that “the idea of
“green building” centers around constructing facilities in such a manner that less burden
is placed on the natural environment than if not constructed “green” (Bashford and
Robson, 1995). For the purposes of this thesis this definition will provide the overall
concept of the term “green”. Within the concept of “greening”, there are some
fundamental ideas which come from environmental organizations such as the
Environmental Protection Agency (EPA) and Greenpeace. Green initiatives for these
groups, although not exactly the same, are composed of three ideals (Miller and Szekely,

1995):

1. Integrating environmental considerations into management and business
practices
2. Establishing environmental goals to be met or surpassed

3. Evaluating environmental performance or impact of actions

These ideals do not establish the outcome of becoming “green”, but rather they provide a

framework to implement, analyze, and improve environmental programs-programs which
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are constantly changing based on ethical, technological, and financial demands. The term
“green” becomes difficult to quantify because it does not start from the same baseline for
every organization nor does it follow the same path of implementation or improvement.

Put simply, “greening” is not an end product, but rather, it is an evolving process.

1.5.3 Life Cycle Analysis

When applied in the environmental arena, “Life Cycle Analysis (LCA) is a holistic
environmental accounting procedure which quantifies and evaluates all wastes discharged
to the environment and energy and raw materials consumed throughout the entire life-
cycle, beginning with sourcing raw materials from the earth thrdugh manufacturing and
distribution to consumer use and disposal” (Jackson, 1993). LCA is a common tool
which is used to evaluate the environmental impact of a specific product or material. It
does not provide a yes or no answer as to whether one product should be chosen over
another, rather, it provides a baseline to compare the environmental impact of different
alternatives. The environmental impact can be assessed with respect to air emissions,
water effluents, solid waste generation, other environmental releases, or a combination of

the preceding.

When utilizing the LCA, one portion which must always be defined is the ‘life’ aspect.
The ‘life’ of a product is composed of several major stages (Jackson, 1993):
Raw material acquisition—energies and processes utilized to extract the principle

materials from the earth
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Manufacturing, processing, distribution, and transporting—the systems of processes
required to transform the raw material into a final product and transport it to a customer
Use and maintenance—energy utilized or released by the final product and the processes
required to maintain it at an operational state

Waste management—the processes needed to achieve the final disposal method, recycle,

reuse, incineration, or landfilling

With respect to this thesis, the emphasis focuses on the waste management portion of
the LCA. Costs and environmental impacts related to waste management are analyzed to
provide solutions to C&D waste problems. The justification for focusing the analysis is
that a contractor typically orders a material based on cost when all other contract
specifications are the same. To date, there is little standardized information which allows
a contractor to easily compare the energy required to produce one cubic yard of concrete
from various concrete plants. This eliminates the emphasis on raw material acquisition
and the manufacturing of the product. Although these two stages of the product life cycle
analysis are important, they are inputs which are not easily quantified or standardized
throughout the construction industry and are not the focus for this thesis—the focus for
this thesis centers around the management of C&D wastes on the construction site.

One of the major inputs into a LCA are the limits or the boundaries of the analysis.
Drawing boundaries for a LCA is important because this defines or limits the number of

external factors which are used to determine the environmental impact of a material.
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Figure 1.1 summarizes the life cycle for steel framing and fastenings (AIA, 1993).
Defining boundaries for steel framing and fastenings, in this example, is necessary
because the life cycle is extensive and complicated. This thesis utilizes the boundary
conditions that allow a contractor to have information and control over the C&D wastes
which are generated. A contractor has little control over how construction materials are
manufactured because there is limited standardized information pertaining to the energy
required to manufacture and process raw materials. A contractor does have the
information to identify the raw materials which are in products, and can use that data to
insure that hazardous materials are not being introduced into the constructed facility.
Because of the lack of manufacturing information, the emphasis for this thesis pertains
mostly to the economics of recycling C&D wastes, while also limiting the amount of
waste generated during these processes. Figure 1.2 illustrates the boundary conditions

pertaining to this thesis with respect to steel framing and fastenings.

Life cycles for constructed facilities are similar to each other, but do have some
variations, due to the overall integration of material systems. A life cycle for a

constructed facility consists of the following stages:

Design—decisions for types of materials, facility dimensions, and environmental climate
controls are made with respect to cost and overall environmental impact
Construction—materials are transported and incorporated into a design plan with most

emphasis placed on minimizing cost, providing quality, and finishing in a timely manner
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