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ABSTRACT

As energy prices and demand are projected to increase globally and markets become more
competitive nationally and internationally; the wood products industry must find ways to remain
relevant. By 1) analyzing energygaving recommendations contained in the IAC datak2se
comparing those recommendations by criteria such as cost, savings, and payback3period
identifying recommendations that incorporate lean manufacturing principldd) investigding
the pactices and perceptions of manufacturatsthe facility level this project provides
information for identifying the greatest opportunities émergy management among U.S. wood
product manufacturerfkesultsfrom the analysis of the IAC databasieow that wod product
manufacturers had low implementation rate of energy recommendations ranked purely by cost,
savings, and payback period among wood product manufacturers suggesting they were not focused
on implkementing energy recommendations specifically based ore thoteria. While some
recommendations were found to be statistically different in at least one criteria: cost, savings, or
payback period between wood and wemod manufactures as well as primandasecondary
wood manufacturers, only two recommendations had practical differences, large payback periods,
between primary and secondary wood manufacturdraienty-four of 192 energy
recommendations were classified as lbased energy recommendatiamsng the Kirby and
Green 2003 methodologyhowever, there was no clear evidence to suggest thbésaa energy
recommendations were superior in terms of cost, savings, or payback period when compared to

simple energy recommendatiomsterviews with prinary and secondary manufacturers revealed



a lack of commitment to energy performance improvement and the reported barriers of
implementation among a small sample of wood products manufacturers suggests that the

dissemination of energy management knowledgkkenefits is a problem.
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CHAPTER 17 INTRODUCTION

The wood products industry operates in a market with little growth in sales volumes and
narrow profit margingAhmad 2014 These factors require manufactures to rely on economies of
scale, well established e#lonshipawith suppliers, and low production costsersure profitability
(Ahmad 2014 Methods for lowering production costs incldisheiting raw materiapurchaseand
constricting labor costs, but thesely help so much.imber and lumber prices for softwoods and
hardwoods have increased fra209 to 20l4restraining profit growth for wood products
manufacturergAhmad 2014Neville 2014. Also, some manufactured wood products are labor
intensive or require skilled operaspmwhich limits how much labor costs can be constrained

(Ahmad 2014; Grushecky et al. 2006

In the past, energy used for manufacturing was a small portion of the total cost and was
accepted as a normal part of businésaté 2002; Sciortino et al. 2009Yengert & Meyer 1992
however, more attention is being given to energy management as increasing energy prices are
impacting profit marginsevaru et al. 2013Espinoza et al. 2011a; Lin et al. 2012; Sciortino et
al. 2009. According to ICF InternationgR007), control of energy costs are key for obtaining a
competitive advantage in the global marketplace andtedee wood products industbging the
leader in the use of renewable biomass energy in the U.S., purchased energy treaihing
largestproductioncost, as much as 10 percehtatal operating costs, behind raw materials and

labor cost§AF&AP 2014;Ahmad 2014Gopalakrishnan et al. 20)2



1.1 Problem Statement

Initial investigations show evidence that the wood products industryGSAR1) and the
wood-oriented portions of thieirniture and related products manufacturing industry (NAICS 337)
should be highly motivated to manage energy cdsspiQioza et al. 2011b; ICF International
2007; Ray et al. 2006As energy prices and demaar@ projected to increase globally and markets
become more competitive nationally and internationally; the wood products industry must find
ways to remain relevant. Givel) the difficulty many wood product manufacturers have in
passing omaw materiaprice increase® consumers ari) the quest for lowcost labor has driven
much production overseas, energy management excellenmethod for creating a competitive
advantage for remaining U.S. wood product manufactutdrnéd 2014Espinoza et al2011a;

Gazo & Quesada 2005

Energy management is heavily tied to the implementation of ersanggg practices and
the U.S. Department of Energyndustrial Assessment Centers (IAG conglomerate of
universities performingenergy audits of manufactures nationwide, have compiled krge
database dheenergysavingrecommendationand their effectiveness among U.S. manufactures
While the information regardinghousands ofenergy recommendations for manyffelient
manufacturing sectomsxist, the datds not in aprepared oserviceabldormat forwood product
and wood furrture manufacturers who wish to lowereegy costs and becommore competitive
By sorting and analyzing the daspecific to the wood products industthis project aims to
provide the industry withinformation that can be used to make the most effective decisions

regarding energgaving practices.



1.2 Objectives
The goal of this project was to analyze #mergy recommendations in th&C database
to provide theU.S. wood products industry with information about which practices they should

consider to best reduce their energy costs, thus improving their competitiveness.

The specific objectives are:
1) Identify and ank energy recommendations given to wood productufactures by

implementation cost, savings, payback period, and implementation frequency.

2) Compare implemented energy recommendations by cost, savings, and paykaekoatiiveen

wood and nofwood manufacturers and between primary and secomdzogl manufacturers

3) Identify energy recommendations from the |A@tabase, implemented by wood products

manufacturers, which incorporate lean manufactugragtices or principles.

4) Provide insight on thenergy consumption, energy management practcesperspectives of

wood product manufacturers regarding energy managdmasat ora comparative case study

1.3 Significance

Previous studies have shown that the management of energy consumption and efficiency
is an important component of d&ydaywood product manufacturing operations; an importance
which is projected to increase as concerns about energy demand and prices continuarmnol grow
manufacturersdé ability to affecdtAnalyangenergyt er i al
saving recommendations for U.S. wood product manufacturers, compagogmmendatioh s
yield between manufacturing groypand investigating theractices and perceptions of wood

product manufacturerat the facility levelwill provide information for identifying thegreatest

3



opportunities for energy managent. Opportunities thateduce operating costs, increase
profitability, and reduce vulnerabilityd energy price fluctuations; therefore, increasthg

industryods competitiveness in an internationa



CHAPTER 21 LITERATURE REVIEW

2.1 Introduction

The objectives listed in sectioh.2 bring topcs such as energy management, lean
manufacturingthe Industrial Assessment Centers (IA@)d the U.S. wood products industry
together.In this chaptethese seemgly disparate subject&re broken down and organizeda
simple fashion beginningith an introduction to energy, energy consumption in the U.S., and the
IAC, followed by desidptions of energy management dadn manufacturingand how these two
management philosophies are similar. Next, the wood products industry is introduced and the
chapter concludes with how energy consumption has affebtedhdustryand where energy

management for the industry stands.

2.2 Energy Basics

Energy is the ability or capacity to do worRgmirel 2012; U.S. EIA 201%aThis is a
classic scientific definition of energy but it
if energy is something to hold in your hand like a penciftifermore, how does this relate to
energyo6s availability or cost? To better under

the origins of its meaning.

Scientific understanding of energy comes as a result of the First Law of Thermodynamics
which states: a system in which heat is converted to work, the amount of work done is proportional
to the sum of heat expended; likewise, if done in reverse, the sum of heat created is proportional
to the amount of work expendeddrnot et al. 1890; Clasius & Hirst 1867; Kumar 20)3From
this law, energy, as it is understood today, was discov&gfiopoubs & Beretta 2005; Kumar

2013. Therefore when saying energy is the ability or capacity to do work, what is really being



explained is the mathemadicequation that came as a result of this thermodynamics thought
experimentWhat energy is, is an idealized concept, a conserved property of the universe which

can take on different forms. It pervades all physical phenomena and has been used across many

d sciplines to establish relationships throuct

(Gyftopoulos & Beretta 2005; Kaufman 2002; Robertson 2007

Despite the compressibility of energyoés f o
energy canproduce mechanical power. Through this perspective, energy has been given a
socioeconomic definition. Social theory considers energy a resource essential to provide basic
needs and economic activitgdglvador 2005; Shove & Walker 201 ypical energy resgces
prior to the Industrial Revolution were wood, charcoal, and physical labor exerted by humans or
animals(Smil 1999. With the advent of steam engines, internal combustion engines, and electric
motors energy resources such as coal, petroleum, anglingéas began replacing piredustry
energy resourcesS(nil 1999. For the purpose of this research, the term energy is used in its
socioeconomic context; however, eneggying practices are founded through basic scientific

knowledge of energy.

2.3 Energy Consumption in the U.S.

In the U.S, energy resources are categorized into one of two groups: renewable and
nonrenewable. Renewable resources are tihasare replenished on a human timescale, whereas
nonrenewable resources are limitextause thesre replenished over millions of yeatd.§. EIA
20153. Currently, the majority of U.S. energy consumption, approximately 85 percent, relies
on nonrenewable resourcessas oil, natural gas, and c¢seeFigure 2.1) (Salvador 2005; U.S.

EIA 20153,



Biomass

Waste
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Figure 2.1: U.S. energy consumptioly energy source, 2014. Sour¢e.S. EIA 2015a).

Energy consumption in the U.S. maylreken down into four major ecomic categories:
1) commercial.consisting ofoffices, stores, schools, hotds, and more; 2) residentidlomes
andapartments; 3) transportaticany form of vehicle from mopeds totair balloonsand finally
4) industrial manufacturing, agriculture, and construction. Of those four sectdusstrial energy
use was the highestccouning for approximately on¢hird of the total energy consumed in 2013

(seeFigure 2.2) (U.S. EIA20150.



Transportation
28%

Figure 2.2: U.S. energy consumption by econosgctor. Source(U.S. EIA 2015b).

Energy consumption in the U.S. industry sector has be#easing and is projected to
increase over the nettireedecades; by approximately p&rcent from 2016 to 2048eeFigure

2.3) (Gopalakrishnan et al. 2014; 8. EIA 2016a

Energy Use
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@ Source: U.S. Energy Information Administration
Figure 2.3: Projected energy consumption of U.S. economic se@orgce:(U.S. EIA 2016a).
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Similarto the consumption of energy bye U.S. industrial sector, the prices of energy for

the sector are projected to increase over the mexidiecades as well (segure 2.4 (U.S. EIA

20161).
Energy Prices: Nominal: Industrial
Case: Reference case | Region: United States
nom $/MMBtu
60
40 — - = —=
- - -
N emmzE -==T7_ - - -
W< TN === —
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Figure 2.4: Projected energy prices for the U.S. industrial secgmurce:(U.S. EIA 2016b).

Electricity and natural gas are the predominant sources of energy consumed in the U.S.
manufacturing sector, this al$mwlds true forwood products manufacturefBergman & Bowe
2008; U.S. EIA20159. The price of natural gas for U.S. indlysis projectedto increase290
percent from 2016 to 2040 and the price of eleityris projected to increas¥d percent from 2016
to 2040 U.S. EIA 2015 These ising energy costs and global competition pose continuous
challenges for industrial manufacturers bubgtsesent opportunity for energy management to
play a role in gaining a competitive edgikCK International 200). For wood products

manufacturers, where it is difficult to lower raw material and labor costs, one of the greatest



opportunities to lower marmacturing costs is through reducing energy cqgtsmad 2014;
Espinoza et al. 201)alowering energy costs requires some type of analysis of current energy

use and implementations of improvements.

2.4The Industrial Assessment Centers

Thelndustrial Asessment Centers (IA@dministere@nd fundedy the U.S. Department
of Energy (DOE)areuniversitybasd faculty and student engineer groups that conduatastd
assessments @imall to meium sized US. manufacturers across the natidime scope othe
assessments include evaluations of energy consumption, production procedures, and waste
production Currently there are 24 universitiesttcamprise the IAC (sefigure 2.5 (U.S. DOE

2016).

UMASS.

BOISE STATE
UNIVERSITY

IIIIIIl M. <) 54'“5/7 A

[OWA STATE ul.muxl! UNIVES

UNIVERSITY "
‘a\?__AUP[ T DAION S Eﬁ LEHIGH

BRADLEY

uuuuuuuu ‘L-/ ,,- ‘
AL ‘ﬁ)

NC STME UNIVERSITY
~,

Idaho State

')

Field Managers

HE STATE LUNTVERSITY OF NEW JERSEY
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U.S. DEPARTMENT OF " )

ENERGY

Energy Efficiency &
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Figure 2.5: Universities currently participating in the IAC progra®ource:(U.S. DOE 2018).
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Manufacturers meeting the criteria listed below are eligible for receiving an IAC

assessmerft).S. DOE 2018):

Classify within Standard Industrial Code (SkiYision D, 2039
Located less than 150 miles of a participating university
Gross annual sales below $100 million

Fewer than 500 employees at the plant site

Annual energy bills more than $100,000 and less than $2.5 million

= =4 4 A4 - -2

No professional ifhouse staff tperform the assessment

If the prospective manufacturer is eligible and agrees to participate in an asseélegnardgsent

a preassessment form inquiring about the industry they participate in, the area and layout of their
facility, their production levels and operating hours, a one year history of their utility bills, and a
list of major equipmentNext, dl key personel such as facility managers and maiatece

personnel are asked to ensure tivdlbe involved in the proceqd).S. DOE 2018).

Back at the participating university, a gssessment analysis of the manufacturer is
conducted. Their utility bills are elnted, graphed and analyzed for trends and errors and a unit of
energy is established. Key energy systems are identified while technical and design documents are

reviewed and an assessment day strategy is devgldg@dDOE 2018).

Onthedayoftheaesssmat t he parti ci pat givweganiatrodustienr si t y ¢
to the IAC program then discusses the manufacturing processes and operations such as material
flow, defects, bottle necks, inventory levels, and waste generation with the manufaitigrer.

presenting their prassessment analysis the IAC team is given a plant tour in the direction of the
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material flow which is followed by a debriefing and lunch. After lunch the IAC team reviews and
refines the list of opportunities to be investigateeint conducts diagnostic tests and gathers data
on those opportunity areas. The IAC team wraps up the facility assessment with an exit interview

used to discuss preliminary findings with the facility managerfi¢8. DOE 2018).

The IAC team therronducs engineering and financial analysis of their data develop
a report containing a summary of recommendations, descriptions of the facility, process, resource
charts and tables, major energy consuming equipment, best practices and details of the energy
saving recommendations. The IAC report is sent to the manufacturer and within six to nine months
the IAC team contacts the manufacturer for a follggweport inquiring about the implementation

status and results of the recommendati€hS (DOE 2018).

The IAC gives, on average].6 recommendations, identifying over $130,000 in annual
savings opportunities, per assessm@niS. DOE 2016a; 2016b The average number of
implemented recommendations per assessment is 3.5, returning over $40,000 o$aringal

(U.S. DOE 2018).

2.5Common Energy Saving Opportunities

An index of recommendations given by the IAC has been compiled into a nuafiedl
The ARCby the Center for Advanced Energy Systems (CAES) at Rutgers Univ@isilier &
Kasten 200Y. Currently, the recommendation index contains seventeen pages of energy saving
recommendations divided into nine main focus areas. The nine focus areas are presented below,
each given a general overview along with some common opportunities for energy savings
compiled from Gopalakrishnan et €014); Muller et al.(2001); Muller & Kasten(2007); Muller

& Papadaratsak(003; Worrell et al.(2010; and Wu & Abad 2014).
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2.5.1 Combustion Systems

The recommendations given under combustion systems in tGeindex refer to the
equipment such as furnaces, ovens, and boilers in which the combustion of fuel is turned into
useful heat energy. Common energy savings opportunities come from properly sized equipment
operated close to capacity, the monitoring of ftwestack gas, used to optimize the-tahfuel
ratio, maintaining high flame temperature, recovering waste heat, and proper maintenance of the

equipment including cleaning, properly insulating, and reducing infiltration.

2.5.2 Thermal Systems

Thermal gstems recommendations are aimed at the secondary heat systems that are very
closely associated with the combustion systems. The best example of a thermal system, and the
one with the largest number of recommendations, is steam. Common energy savingnagsort
for steam are largely based on maintenance such as proper insulation, detecting and repairing leaks,

and ensuring steam traps are functioning properly.

2.5.3 Electrical Power

Electrical power recommendations affect the overall cost and to sxtemt the
consumption of electricity for a manufacturing facility. Common energy savings come from
adjusting power factor, rescheduling operations to reduce peak demand electrical consamdptio

in some cases installing a combined heat and power (ClHf#&nsyo produce oesite energy

2.5.4 Motor Systems
Motors represent the largest industrial electricity consumer in most facilities, they account

for approximately 75 percent of electrical use. The two main opportunities for energy savings
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through motos are a result of their selection and operation. When selecting motors, it is important
they are properly sized and if possible are a Jafficiency model. Regarding their operation,
minimalizing idle time, installing adjustable speed drives, and propamtemance work to reduce

the electricity consumed and in some cases prolong the life of the motor.

Air compressors are listed separately under motor systems in the IAC index and merit their
own discussion. Compressed air is a form of stored energgatlypconverted from electrical
energy by a motor, and is among the most expensive sources of energy used in manufacturing.
Approximately 10 percent of the electrical energy consumed by the compressor motor is used to
perform work while the other 90 perdes lost as heat. Compressed air should be avoided where
possible and used as minimally as possible in necessary applications. In cases where compressed
air is necessary, opportunities for energy savings come from using the lowest possible pressure
required, reducing the inlet air temperature, detecting and repairing leaks, and recovering waste

heat.

2.5.5 Industrial Design

The industrial design section is fairly small when comparing it to the length of other focus
areas in the IAC index. The recommetiolas listed here are aimed at redesigning thermal,
mechanical, and miscellaneous processes and/or products with the goal of reducing energy
consumption. It is worth noting that the literature used for this project did not discuss redesigning

processes groducts to save energy.

2.5.6 Operations
The operations focus area acts as the ealtabf any recommendations that had not been

mentioned in other sections in the IAC index. Opportunities for energy savings given in this section
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are varied but focusn general maintenance and control of energy consuming equipment in a

manufacturing facility.

2.5.7 Building & Grounds

Building and grounds include facility lighting, space conditioning, and ventilation. The
opportunities for energgavings in lightingsystems come from the removal of unneeded lamps
and/or the relocation of lamps, reducing lighting usage by turning off lights when not needed,
installation of automatic light controls, and replacing obsolete lamps and ballasts with higher

efficiency models

Heating, Ventilation, and Air Conditioning (HVAC) opportunities for energy savings come
from reduced heating and increasedcainditioning temperatures, maintenance of equipment and
ducting, and ensuring the HVAC system is working properly. Considerahould be given to
the installation of setback controls, adjustable speed drives, and/or an energy monitoring and

control system as they may also contribute to energy savings.

2.5.8 Ancillary Costs

The few recommendations listed under ancillary omte either administrative or
distributive in nature. For example, administrations may find energy cost reductions by checking
the accuracy of utility meters or applying for texemptions for purchased energy. Shipping and
distribution centers may conserfuel by consolidating deliveries and increase fuel efficiency with

proper maintenance of vehicles.
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2.5.9 Alternative Energy Usage
Alternative energy usage is the last, and smallest, section of recommendations in the IAC

index focused primarily oomplementing solar and wind power.

When beginning an energy management program, the best places to focus initial efforts are
areas that consume the largastounts of energgnd work from thereThe aforementionehC
focusareas will apply to a large naaity of manufacturergypically consume the gegdest amount

of energy, and are commonly found in the literature

2.6 Lean-Energy Management

It is believed that some energy management practices may not only result in a reduction of
energy, butalsoseul t i n i ncreased productivity.- These
Energy Practiceso and are of great interest t
the literature about lea@nergy this section will describe basic conceptsaf leanufacturing and

energy management.

2.6.1What is LeanManufacturing?

Lean manufacturing was the term chosen to
techniques in the international bestseta er AT
five-year study conducted by the International Motor Vehicle Program (IMVP) at the
Massachusetts Institute of Technology (MIWdmack et al. 1990John Krafcik, coined the term
Al eano after observing Toyot a -prodocton teahnigesesmi | ar

while using essentially half the resourcégofnack et al. 1990
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The traditional masproduction method of producing profit is to set a price for goods based
on the cost of production, plus whatever profit margin is deemed acleepiale to the fixed
nature of costs, the primary way to increase profit is through increasing price; which the market
may or may not beaMonden 2012; Womack & Jon2803. Under the¢an method of producing
profit, price cannot be adjusted. Thus, tor@ase profit, a company is left to reduce cost and/or
improve productivity londen 2012 To achieve cost reduction and productivity improvement
various wastes must be eliminatéuis is the principal goal oehn manufacturingQuesada and

Buehlmann 2013

2.6.2What isEnergyManagement?
Literature has provided an abundance of definitions for energy management; each written

specifically for a given context. For example, energy management is:

Aéa combination of desi gn dnawstmeaiscplmeswie nt f ur
engineering, mathematics, accounting, operations research, software engineering and

environment alDarkwvaa@0®p e ment . 0 (

Al a] set of interrelated or interacting ele
objectvesand processes and procedls0/BG24220)lachi eve

AThe efficient and effective use of ener gy
enhance compe tCaptharvetal. pO@S i t i ons o (

Energy management, as established irs thiork, will be considered as: the observation,
measurement, and control of energy consumption and/or efficiency in manufacturing processes

with the goal of managing or reducing costs.
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2.6.3Common Elements

Many key apects of energy management agghl manufacturing are similar or compatible
(Gopalakrishnan et al. 2012; Kissock & Seryak 2004; Milward et al. 2Qi8sada and Bond
2013;Ross & Associates 2@1Sciortino et al. 200P Described below areve common elements
of both energy managementdaleanmanufacturing compiled fromi ar ni ena & Vi ena
(2012; I1ISO/PC 242(2011); Liker (2004); Milward et al. (2013; Ross & Associate§2011);
Sciortino et al(2009; U.S. EPA 013, 201% andWomack et al(1990.
Commitment

Commitment is thdirst common element of a successful energy or lean management
program. Senior management must clearly communicate the need for change and commit to
supporting the transformation effort to everyone in the organization. Explicitly creating a policy
that refects objectives, establishes responsibility and authority, and ensures necessary resources
and funding formalizes an organizationso con
shareholders. Appointing informed and active leadership across differentorabvief the
organization reinforces this commitment and supports the involvement of the employees in all
aspects of the project.
Assessment

The second common element of successful energy or lean programs is an assessment of
the current state of operatmnFor energy management this means collecting and evaluating
current and past energy consumption for all major operations creating a baseline for measuring
and identifying opportunities to improve energy performance. In lean management this means
definingv al ue t hrough a customerds perspective, th

each step of production from raw material acquisition to finished product delivery. The
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combination of defining value and mapping production processes allows thazatmgm to
classify operations that: 1) add value; 2) do not add value but are unavoidable; or 3) do not add
value and are avoidable.
Planning

The third common element of success for energy or lean programs is a detailed plan of
action. Defining methodologies for change, identifying target areas, determining necessary
resources and roles all propagate transformation and provide systematic steps for achieving the
organi zationsod goal s.
Cooperation

The fourth common element of success for enerdgam programs is cooperation. The
level of support and cooperation of employees directly impacts the effectiveness and progression
of these management programs. Both management styles require behavioral and cultural
adaptation among employees. Practides|s, and techniques address the behavioral aspect,
however, communication, training, motivation, and reinforcement are the guiding principles for
the cultural change.

Continuous Improvement
The fith common element of successful energy or lean programeontinuous

improvement. Sustained improvements in either management program is a result of constantly
striving for zero waste or 100 percent efficiency. Proper measurements and monitoring of
performance will reveal successes and opportunities foriawalaiimprovements. Practices and

policy must be formally reviewed on a periodic basis to ensure adequacy and updated accordingly.
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2.6.4 IncorporatingEnergy Management and.ean Manufacturing

In addition to thecommon elementpresented aboyepioneeing research has been
conducted during the past decade regarding the iocatipn of lean and energy. It has been
revealedthatdue o | eands focus on identi f yvalmegddédi dden
activities, energy savings are often an aaojligan of lean practices (s@able 21) (Milward et

al. 2013; Ross & Associates 2011; Sciortino et al. 2009

Table2.1: Energy consumption hidden in lean wastes. Source: (Ross & Associates 2011).

WasteType Energy Use

1 More energy consumed in operating equipment to make
unnecessary products

1 More energy used to heat, cool, and light inventory storage and
warehousing space

Overproduction

Inventory

1 More energy used fatransport
Transportation and 1 More space required for work-progress (WIP), movement,
Movement increased lighting, heating and cooling demand, and energy
consumption
1 Energy consumed in making defective products
Defects 1 More space required for rework and repair, increased energy us

for reprocessing, as well as, heating, cooling, and lighting

1 More energy consumed in operating equipment related to
unnecessary processing

1 Use of rightsized equipment often results in significant reduction
in energy use per unit gfroduction

1 Wasted energy from heating, cooling, and lighting during
production downtime

Overprocessing

Waiting

Despite the evidence of links between the elimination of manufacturing waste and the
reduction of energy consumption, energy performance is not curremigidered a lean goal
(Milward et al. 2013; Ross & Associates 2011; Sciortino et al. 2009; Womack et al. 1990; Womack
& Jones 200R This has lead researchers to believe that significant opportunities for improving

energy performance and reducing manufacgucosts are overlooked by lean without specific
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consideration of energy wastdlijward et al. 2013; Ray et. al 2006; Ross & Associates 2011;

Sciortino et al. 2000

From the other end of the spectrum, other studies have been finding strengths medombi
energy management and lean manufacturitay et al.(200§ concluded that improvements
directed at energy reduction may be the most significant contribution to lean production while
devel oping an index to guanSomdyegars taterbyormietad.anne s s
(2014 measured the impact of lean processes on the energy consumption of a cabinet manufacturer
by collecting reatime electrical consumption data while conducting lean practices such as value
stream mapping and kaizen eventtieTresults showed a significant difference in electrical
consumption before and after the implementation for each day of the week. This work corroborates
the work of Ross & Associate®d1ll) who report that companies can enhance their lean

performance bynicorporating energy efficiency opportunities in their lean activities.

The work of Quesada & Bon@@13 and Quesad®ineda et al.2019 was a catalyst for
the investigation of leabased IAC energgaving recommendations conducted in this research.
Quesada & Bond2013 concluded that the top ledrased energy recommendations can lead to
greater savings and relative shorter payback periods than thienplpenergy recommendations.
While bothsimple energy recommendations and ldzased energy recanmendations decreas
energy consumption, ledrased energy recommendations had the added strength of improving

productivity at the same time.

As more literature is added to the topic of energy management and lean manufacturing,
one conclusion has encomped it all; not all the elements of lean manufacturing and energy

management are known and more research to discover and explore those elements is the next
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challenge in maintaining progregsdpolakrishanan et al. 2012; Lyon et al. 2014; Milward et al.

2013; Quesada & Bond 2013; Ray et al. 2006; Womack 2007

2.7The Wood Products Industry

Industries engaged in wood products manufacturing may be classified under one of two
subsectors in the North American Industry Classification System (NAICS),stdredard
classification system used by Federal agendés.(Census Bureau 2015~v00d products
manufacturing or furniture and related product manufacturing. Wood products manufacturing
(NAICS 321) encompass industries primarily involved in manufactuiogd products such as
dimension lumber, veneers and plywood, engineered wood products, flooring, trusses, pallets, and
other miscellaneous wood products from both hardwoods and softwddsisGensus Bureau
2012. Furniture and related product manufactgriiNAICS 337) encompasses any industry
primarily involved in manufacturing furniture regardless of the type of materials being used, such

as fixtures, mattresses, cabinetry, and window blibdS.(Census Bureau 2012

Within the wood products industry aemiformal classification exists dividing
manufacturers lieveen primary and secondary manufacturBrimary manufacturersra those
that process raw timbdtogs) Their core operations amhippingbawing, planing, optionally
drying, and shaping prodigcfrom logs to produce chips, lumber, veneer, engineered wood
producs such as plywood or O$SBnd construction members to list a fédughes &Volsky 2000
Smith et al. 2009 Secondary manufaurers are those that remanufacture or further process the
products of primarynanufacturers contributingdded valueSome examples of secondary wood

products are moldings, cabinetry, crafts, furniture and related articles osendaoed or dried
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lumber from a producer that solely purchases material from aprimanufacturerGesa 1993;

Hughes & Volsky 200 mith et & 2009.

It must be statethatwhile pulp and paper products are considered forest products, that
industry isnot includedin wood products manufacturing. Pulp and pagmgresent their own
industrial classificatiorwhich include pulp mills, paper mills, paperboard mills, stationery
production, paperboard container production, and sanitary paper production to lisLadéy

2015;U.S. nsus Bureau 2012; U.S. DOL 1987

2.7.1 The Wood Poductsindustry Market

Since the early 1990606s, U.S. wood products
foreign competitionBuehlmann et al. 20Q03For example, duringthe ealgomi d 20006s, it
estimated that 35 to 40 percent of all woodesidential furniture sold in the U.S. was imported
(Buehlmann et al. 2003; Bumgardner et al. 2004; Gazo & Quesada).200S. demand for
imported household furniture has been steadily growing and was estimated to reach 56 percent in
2015 Ruiz 201% Rearding the U.S. wood products industry as a whole; the value of imports

strongly outweighs the value of exporégh(mad 2014Daniels 2008; Neville 204).

The majority of goods produced by the wood product industry are used in residential
housingconstruction and residential housing; this results in a positive correlation between the
value of residential construction and industry performaAten@d 2014Neville 204). Towards
the end of 2007 through 2009, the U.S. was met with a collapse ofussngomarket and
subsequently entered a deep economic recession. During the course of the recessitamdingle
housing starts decreased by 74 percent and-fantily housing starts decreased by 69 percent,

leaving wood product industries reelingoward & Westby 2018
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During the economic downturn, the combination of emerging competition and economic
turmoil, among others, resulted in job losses, plant closures, mergers, bankruptcy, and declining
profit margins in wood products industriééeyville 2A4; Quesada & Gazo 20Q06Companies that
weathered the storm are slowly recovering, as consumer spending and the housing market spur
demand fo wood productsHoward & Westby 2013Neville 204). However, the industry may
be missing opportunities to redumasts through energy management practices, thereby increasing

its competitivenesdspinoza et al. 2011bjih et al. 2012; Lyon et al. 2014

2.9 The Wood Products Industry and Energy
2.9.1 Primary Manufacturing

Electrical and thermal energy are thaimtypes of energy consumed by primary wood
products manufacturerén this example, sawmills)however, the total amount of energy
consumption will vary significantly depending on the species and products sawn, the age of
equipment, the region of operatis, and whether the manufacturer chooses to perform all the

typical sawmill operations as seerFigure 2.6 (Bergman & Bowe 2008
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Figure 2.6: Typicalsawmill operations flow chart. Source: (Shmulskydhes 2011).

Drying operations contributeetween 70 and 80 percent of the total eneayysumption
(both electrical and thermal) while motors used in sawing operations consume the greatest amount
of electrical energy in wood products manufacturiBgrman & Bowe 2008This is important

as rot all hardwood sawmills dry lumber, but thejordy of softwood sawmills do.

Most softwood lumberis used as building construction material and sometimes for
decorative or finishing purposes such as panelingy, decking, etc. The largest portion of
softwood construction lumber is produced as dimension lumber, which must be dried and surfaced
as part of its grading requiremeng&hmulsky & Jones 20LIMany softwood sawmill operations

include all the stepsresent in Figure 2.7. In the case of hardwood lumber, the higher grades are
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used to produce furniture, cabinetry, flooring, and millwork while lower grades are used &) pallet
containes, and railroad tiesDue to the nature of uses c@rdwood, their gading criteriaare
based on the percentage of facea that is usable as cleavod or in other words blemish free.
Therefore, hardwood sawmills are not required to dry their producteandfacturesnay choose

to sell only rough (unplaned) green (umdi) lumber §hmulsky & Jones 2011

In general, Brdwood production typically consumes more electrical and thermal energy
than softwood productiorBergman & Bowe 2008; Devaru et al. 2013; Espinoza et al. 2011a
This is likely dueto multiple reasons,ar example, hardwoods are more likely to be converted to
high-gradelumberand subsequently requil@nger drying times to prevent lumber degratlso,
hardwoods typically contain higher amounts of water due to their high density which requires
larger amants of energy to remove. Hardwoods are typically dried to a moisture contest of 6
percent where as softwoods are dried tal@%ercent; as the target moisture content decreases,
the length of drying time and amount of energy consumed inctdastwood are typically sawn
to thinner dimensions incurring more sawing tiemal electricity consumption. Furthermore, as
densities of species increase, so too will the electrical energy consumed to process those species

(Bergman & Bowe 2008; Devaru et al. 2013

2.9.2 Secondary Manufacturing
The majority of literature found regarding energy and the U.S. wood products industry
focuses on primary manufacturers or lumber drying, which can be performed by either primary or

secondary manufacturers, thus limitthg discussion on secondary manufacturing.

Between 1994 and 2003 the Industrial Assessment Center (IAC) at Mississippi State

University (MSU) conducted over 3ssessments of woddrniture manufacturers. The results of
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those assessments revealed thattat and natural gas were the primary forms of energy
purchased by secondary manufacturers, the kieak of where the energy was consumed may
be found inFigures 27 and2.8 (Emplaincourt et al. 2003 Naturalgas consumeth operations
such as paintrging and packagingnade up the 48 percenf usage inprocess equipment

(Emplaincourt et al. 2003

Dust Collection
Air System 4%

Compressors
12%

Figure 2.7: Average electrical engbointusage of secondary manufacturedsurce:
(Emplaincourt et al2003).
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Figure 2.8: Avergge natural gas engointusage of secondary manufacturessurce:
(Emplaincourt et al. 2003).

Work conducted by Espinoza et @013 on energy and the U.S. hardwood industry
surveyed both primary and secondary manufactuasdcompare responses between the two.
Of the 188 respondents, 41 percent were primary manufacturers, the rest were secondary
manufacturers. They found that juster a third of the respondents dried lumber and companies
with drying operations were almost equally divided between primary and secondary
manufacturers. The difference found between primary and secondary manufacturers was in the
average share of energypenses on total costs. Energy expenses for primary manufacturers was
9.7 percent, while expenses for secondary manufacturers was 7.1 percent. This difference of
expense was attributed to the more enénggnsive nature of primary manufacturifspinoza

et al.20113.

2.9.3 Common Energy Saving Opportunities for the Wood Products Industry
According to Wengert and Meyet492, the seven major energy consumption areas for
sawmills are heating, lights, electric motors, compressors, saws, boilers, yakdndr The
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common recommendations given to the 30 plus wooditure manufactures as reported by
Emplaincourt et al.(2003 were directed at lighting, HVAC, dust collection systems, air
compressors, power factor, and recovering waste Wdate the reommendations proposed to

secondary manufacturers echoed the recomatemd provided in section 2.5; saws and dry kilns

were not addressed specifically.

As mentioned previously, not every wood product manufacturer performs drying
operations, but thogbat do should assess their kiln(s) first as they are typically the least energy
efficient and most energy intensive operating process, using six to nine times more energy than an
entire sawmilling operatiorE{ustondo & Oliveira 2006; Kudra 2004; Weng&tMeyer 1992.
Opportunities for energy savings in conventional-kitgs are tied to efficient operation and
proper maintenance. Energy saving opportunities for sawing are heavily tied to the motor used in
the operation. Recommendations, such as, usedhkerf, properly lubricate regularly, and keep
blades and teeth as sharp as possible will only provide minimal savings unless they result in the

ability to utilize a smaller motoiL{n et al. 2012; Wengert & Meyer 1992

2. 9. 4 HEnmmpact ogtiedood Products Industry

The impact of energy costs on the industry can be demonstrated using the results of a study
determining the impact of increasing energy prices on the profitability of hardwood manufacturers
in the eastern U.S. Approximately half thife respondents reported rising energy prices had
negatively impacted their profits between 5 and 15 perdegpifoza et al. 201)a Most
companies indicated they were focused on improving energy efficiency and productivity; however,
only 8.6 percent othe companies had established energy use baselines and only 4.9 percent

established performance indicatdespinoza et al. 201)bThe authors concluded that companies
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were most often implementing energy related projects asliomensional efforts ratheéhan part

of a longterm continuous improvement initiativEgpinoza et al. 201}b

The only insight to reasons why wood product manufacturers chose not to implement
energy saving practices come from Emplaincourt et2803 who cited reasons for faile to
implement energgaving recommendations were: 1) lack of time, primary responsibilities of day
to-day operations left no time to plan and implement recommendations; and 2) lack of funds,

budget constraints did not allow for money to be spent, rezgrdif payback period.

Espinoza et al.2011h, Lin et al. 012, Lyon et al. 2014, and Quesada & Bon@@13
have shown that opportunities for energy conservation and cost savings through energy
management exist for wood product manufacturers, arié Wie current state of energy may not
seem alarming, energy prices are expected to increase as global energy demand increases which
will affect future profit margingEEF 2014; Sciortino et al. 2009; Seow & Rahimifard 2011; U.S.
EPA 2013, 201¢ Giventhere islimited opportunity for wood products manufacturers to lower
raw material or labor costserious energy management habits should be formed now as energy
consumption isto a large extentirectly controllable by wood products manufactur@kmad

2014 Espinoza et al. 2011a; Neville 2014
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CHAPTER 317 METHODOLOGY

3.1 Introduction

In this chaptethe procedtes for fulfilling the four objectiveslisted in section 1.2are
presentedBecause objectives 1, 2, and 3 require to some extent thedsémnsource, the IAC
database, methods that were applieethe IAC database are presented first, followed by objective

specifc methods

3.2 The IAC Database

Dataused for objectives 1, 2, andv@re obtained frorthe Indusrial Assessment Centers
(IAC) database; available online and via downlodutas://iac.university/#databas&heversion
of the chtabase used in this research was downloaded on 02/22/2015 and included a collection of
over 16,000 manufacturer assessments with more than 10@@f@mendations dating back to
1981. It is important to mention théhe database is a living document, therefore, any alternate
version may not be exactly similar. All henceforth reference to the IAC Database is a reference to

the 02/22/2015 version.

The IAC database was downloaded as an Excel file containing 6 wewtshthe names

and contents are shownTiable 3.1

Table3.1: Original IAC database layout.

Worksheet Entries ID Range
ASSESS 16,770
RECC1 30,000 (WV0503¢ TN0428)
RECC2 30,000 (TN0428; NC0518)
RECC3 30,000 (NC0518, KG0022)
RECC4 30,000 (KG0022; AR0195)
RECC5 6,706 (AR0194; AM0001)
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The ASSESS worksheet contained information specific to the assessed manufacturer, such as: the
Standard Industrial Classification (SIC) identification code, number of employees, annual sales,
total square feet, fiscal year, efMuller et al. 2010. The other five worksheets beginning with
RECC and a number contained information regardingpeeific recommendations given to the
assessed manufacturer. Contents included: recommendation number and type, implementation
status, implementation cost, energy saved, dollars saved, payback periddiukc et al. 2010.

The IAC database requiresel ASSESS and RECC# worksheets to be used in tandem, therefore,

a uniqueidentification code, as seen under ID Rang&atble 3.1above, is provided in each

worksheet which links the two.

Version 10.2 of The DOE Industrial Assessment Database Manualsedgaidefine the
data fields and coding schemes necessary to navigate thaatAliaséMuller et al. 2010. Much
of the pertinent information contained in the manual was spread through its multiple appendices,

therefore, a simplified version of key varlas are presented Trables 3.2and3.3below.

Table3.2: Key ASSESS variables.

Variable Definition Units

ID Identifier used for linking ASSESS and RECC#

FY Fiscal year the assessment was performed

SIC Standard Industrial Classification code

SALES Annual sales for the site as reported by mfg. U.S. Dollars
EMPLOYEES Total number of employees on site as reported by mfg.

PLANT_AREA  Total area used for production and office purposes Sq. ft.
PRODUCTS Principle product of the facility (in words)

PRODHOURS  Annual production as reported by mfg. Hours
USAGE_ELEC Annual electrical consumption kwWh
USAGE_DEMD Annual electrical consumption at peak load kW-months/year
USAGE_NAT Annual natural gasonsumption MMBtu
NAICS North American Industrial Classification System code
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Table3.3: Key RECC variables.

Variable Definition Units

ID Identifier used for linking ASSESS and RECC#

ARC2 AssessmenRecommendation Code

IMPSTATUS Implementation as reported by mfg.

IMPCOST Implementation cost as reported by mfg. (may be estimate U.S. Dollars
PSAVED lyydzZl £ LINAYEFNE NB&A2dz2NOSQa U.S. Dollars
SSAVED lyydzZ f aSO2yRINE NB&2 dz2NOS Q U.SDollars
TSAVED lyydzZf GSNIAIFNE NBaz2dzZNOSQa US. Dollars
QSAVED lyydzl £ ljdzt G SNy NBE NBA2dzNOS US. Dollars
IC_CAPITAL Capital (equip. & material) cost of recommendation U.S. Dollars
IC_OTHER Implementation costs which are not capital costs U.S. Dollars
PAYBACK Payback period for recommendation Years

Lastly, version 9.1 of The ARC: Assessment Recommendation Code System, a separate
IAC document, was used for obtaining the descriptions of the recommendation codes contained in

the IAC datalase(Muller & Kasten 200Y.

3.3 Data Preprocessingiethods

The downloaded IAGIatabase Excel file was a- 2003 version of Nb Excel, therefore,
the pr@rocesmg began with saving the IAQatabase as a Excel2013 file. All subsequent
datapreprocessingvas performed irMS Excel 2013. Next, the five RECC# worksheets were
combined into a single worksheet which will be referred to as RECC. After the basic formatting

changes were complete, any irrelevant data was removed starting with maeufzaagsification.

3.3.1 Manufacturer Classification

The IAC database classifies manufacturers by the main product produced by said
manufacturer. There were three potentially useful variables contained in tlilat&liase: 15I1C
T the Standard Indusad Classification codes; 2) PRODUCTISthe principle product of the

facility (in words); and 3) NAIC$S the North American Industry Classification System codes. The

33



subjective nature of the written descriptions found in the PRODUCTS variable led toatgate

from consideration which left the SIC and NAICS codes.

The North American Industrial Classification System (NAICS) is the current standard used
by federal statistical agencies for analyzing data related to the U.S. business economy. The NAICS
wasimplemented in 1997, replacing the Standard Industrial Classification (BIS) Census
Bureau 2015 The IAC database contains records of assessments conducted since 1981, therefore,
some manufacturers are only classified under the SIC system. Explavétioe IAC database
revealed that evergssessed manufacturer had been given an SIC identification code, while
NAICS codes first appear for only a few assessments conducted in 2002 and then become common
in 2003 and beyond. Due to the missing NAICS valaad the high variability of conversion
between NAICS and SIC codes, only the SIC codes could be used to classify manufacturers
objectively. Using the SIC manual maintained by the Occupational Safety and Health
Administration (OSHA), any SIC entry thatddnot fall within Division D: Manufacturing or was

incorrectly recorded were remov@d.S. DOL 198Y.

3.3.2 Energy Recommendations

The second step in purging irrelevant data was the removal ofemengy
recommendations. There were three main categofieecommendations provided in the IAC
database: 1) energy management; 2) waste minimization/pollution prevention; and 3) direct
productivity enhancements. These categories were represented by a 2.xxxx, 3.XXxx, or 4.xxx code,
respectively. Using the ARGssessment Recommendation Code System, any ARC2 entry that

did not have a 2.xxxx code or was incorrectly recorded were removed.
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3.3.3 Variable Calculations and Inflation Adjustment

The next step in pprocessig was the calculation of monetary valueidaved by their
adjustment for inflation. There are three variables which contain data concerning the capital
investment required by the recommendation: 1) IC_CAPIT Ate equipment and materials cost;
2) IC_OTHER'T implementation costs that are not cabitosts; and 3) IMPCOST the
implementation cost as reported by the manufacturer (may be estimated). Investigation of these
variables revealed that IMPCOST is equal to the addifit@ cCAPITAL and IC_OTHERwhere
applicable(seeEquation 3.1). IC_CAPITAL and IC_OTHER are not consistently documented,
therefore, the variable IMPCOST was used to determine implementation cost of the
recommendation.

00 0 6 0 YO ©
Equation 3.1

Up to four variables represent thenualsavings of any one recommendation: 1) PSAVED
I dollar savings of the primary resour@geatest usage before recommendatia2)spSAVEDI
dollar savings of the secondary resousecond greatest usage before recommendati@ns)
TSAVEDT dollar savings of the tertiary resoufsecond lowest usage before recommendations)
and 4) QSAVED i dollar savings of the quaternary resour¢east usage before
recommendations) Each of thesevariables represent one resource stream and not all
recommendations are documented out to the second, third, or fourth resource stream. The
following is a written example of how these variables are related, as interpreted by data present in

the database.

A manufacturer developed a repair/replace policy for their facility motors. The (PSAVED)

savings were $657.00 dollars annually in electrical consumption. However, this
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recommendation also resulted in personnel changes that resulted in (SSAVED) savings of

$-180.00 dollars annually resulting in a net annual savings of $495.00.

To obtain a neannualsavings of the recommendation, a new variable called Saved was created
by adding the variables PSAVEDSSVED, TSAVED, and QSAVED (seéquation 3.2).
YORQO YO @O0WYO @O0FYd ®O®Yd @00
Equation 3.2

The variable PAYBACK represents the amount of time required to obtain the savings
needed to negate the initial investment dasploration of the database revealed that many values
were missing for this variable. To solve this issue, a new variable called Payback was created by
dividing the variable IMPCOST by the nbwcreated Saved variable (sEgquation 3.3). This

method resuéid in the same payback period in the cases where PAYBACK was documented,

validating the methods used to obtain the cost, savings, and payback of the recommendations.

v e . ODDO60YY
D WWWWe-9———/
WL QQ

Equation 3.3
Because the IA@atabase contains records from all years since initiation of program, 1981,
the monetary values were adjusted for inflation, to the value of the 2014 U.S. Dollar, using Table
1.1.4. Price Indexes for Gross Domestic Product, (last revised on May 29, #0v&)ed by the
Bureau of Economic Analys{®).S. DOC 201p(seeEquation 3.4).

i AbQ 0 QA
i QDQ 0t QQ®

C4 Ca

Equation3.4
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3.3.4 Post Calculation Removaisd Worksheet Merger

Once he calculations and inflation adjustment were complete additional irrelevant entries
were removed. All entries found to have zero or less savings were removed, a tofalraf 46
entries found to have negative costs were removed, a total asalieywere assumed to be a
product of clerical errorsNext, the two worksheetfSSESS and RECC were combinda
merge the manufacturer information in the ASSESS worksheet with the respective
recommendation information in the RECC worksheet, a program coslereated and executed

i n Excel 6s \pBghameale is pasentedhgpendix A.

3.3.5Final Preprocessing
Once the two worksheets hadebesuccessfully combined, the data wesified a final
time. All blank entries found in IMPSTATUS were removed. It was found that the entry ID:

SD04246s STATE variable was nao. SD is the ab

and that school has conducted assteAZsSmelarly s i n
entry | D: | AO3136s STATE variable was fANBO.
University and that school has conducted asse

to NE. Once the obvious STATE entries were corrected @angrl case entries for the variable

were capitalized. Finally, it was found that entries ID: OR0446 and AR0095 had blank values for

their PRODHOURS variable. Dr. Michael Muller, Professor of Mechanical and Aerospace
Engineering at Rutgers University and &itor of IACdatabase operations, was contacted about

the meaning of variables with blank entries or
a blank or zero entry in nemonetary variables means the data was not available for some reason.
Because JMP software would be used for statistics testing, all zeros found -mmamatary

variables were made blank.
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3.4 Additional Preparation Methods
3.4.1 Samples of Interest

All objectives, to some extent, requirmanufacturers to be grouped accoglio their
manufacturer classification. The four groups of manufacturers HreNonwood 1 all
manufacturers who do not produce wood products; 2) Woalll manufacturers who produce
wood products; 3) Primary manufacturers who produce primary wood prcid; and 4)
Secondaryi manufacturers who produce secondary wood products. Using DivisioMBjor
Groups 24 and 2%®f the SIC manual maintained by the Occupational Safety and Health
Administrdion (OSHA), the SIC codes foromd, primary, and econcry manufacturers were
defined(seeTable 3.4. All other SIC coés in Division D represent nemood manufacturers

(U.S. DOL 198Y.

Table 3.4: Wood manufacturers with pniary and secondary manufacturesstinquished.

Classification SIC SIC Title
2421 Sawmills and Planing Mills, General
2426 Hardwood Dimension and Flooring Mills
> 2429 Special Product Sawmills, NEC
g 2435 Hardwood Veneer and Plywood
= 2436 Softwood Veneer and Plywood
o 2439 Structural Wood Members, NEC
2493 Reconstituted Wood Products
2499 Wood Products, NEC
2431 Millwork
2434 Wood Kitchen Cabinets
2441 Nailed and Lock Corner Wood Boxes and Shook
- 2448 Wood Pallets and Skids
S 2449 Wood Containers, NEC
2 2451 Mobile Homes
§ 2452 Prefabricated Wood Buildings and Components
%] 2511 Wood Household Furniture, Except Upholstered

2512 Wood Household Furniture, Upholstered

2517 Wood Television, Radio, Phonograph, and Sewing Machine Cabil
2521 Wood OfficeFurniture

2541 Wood Office and Store Fixtures, Partitions, Shelving, and Lockers

38



3.4.2 Implementation Status

With the manufacturers grouped accordingly, focus shifted towards implementation rate of
recommendations. The IA@atabase has four typesiofplementation statud) 17 implemented;
2) P1 pending; 3) N' not implemented; and 4) Kdata excluded or unavailab(sluller et al.
2010. The data was further grouped as implemented, entries labeled | under the variable
IMPSTATUS, and unimplementedl| entries labeled P, N, or K undeethariable IMPSTATUS.
As seen inTable 3.5 just overhalf of the energyecommendations given to wood manufacturers

were implemented.

Table3.5: Number of recommendations for wood manufacturers by implementation status.

IMPSTATUS Entries
All Implementation Status 5,941
Implemented Only 3,037

Due to this finding a deeper investigation of recommendation and implementaticn rate
were conducted to determine how to proceed with the analysidable 3.6 the 30 most
recommended and implemented recommendations for wood products manufacturers have been set

side by side.
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Table 3.6: Recommaettation and implementation rate of recommendations among wood product
manufacturers. Note: The recommendations above the bold horizontial line represent the top 30
recommendations. The blue tinted recommendations are a top 30 match in both rates, the red
tinted recommendations are present in the top 30 implemented rate, and the green tinted

recommendations are present in the top 30 recommended rate.

Rec. o Imp. o
Rate ARC2 Description Rate ARC2 Description
606  2.7142 Utilize higher efficiency lamps 488 2.4236 Eliminate Ieakg in inert gas and
and/or ballasts compressed air lines/ valves
600 24236 Eliminate Ieak; in inert gas and 308 27142 Utilize higher efficiency lamps
compressed air lines/ valves and/or ballasts
309 24111 Ut|||ze_ energyefficient be_lts and 254 24133 Use most efficient type of electric
other improved mechanisms motors
385 24133 Use most efficient type of electric 204 24111 Ut|||ze_energyeff|0|ent be_lts and
motors other improved mechanisms
219 24921 Install compressor air intakes in 113 24231 Reduce the_ pressure of_compresse«
coolest locations air to the minimum required
216 24231 Reduce the' pressure of COMPressel oo 5 4991 Install compressor air intakes in
air to the minimumrequired coolest locations
185  2.7143 Use more efficient light source 103  2.7143 Use more efficient light source
157  2.7135 Insulate bare equipment 66 2.3212 Optimize plant power factor
155  2.3212 Optimizeplant power factor 56 2.6212 U @l equ_men_t el Bl &
reduce operating time
107  2.2434 Recover heat from air compressor 55 2.1233 gr:?()lyze flue gas for proper air/fuel
98 2.2511 Install occupancy sensors 49 2.7135 Insulate bare equipment
95 2.4141 Use or TERIEER W) ST GHEE 49 2.2511 Install occupancy sensors
substitutes
93 2.6218 Turn off equipment when not in use 48 2.2131 Insulate steam / hot water lines
90 2.1233 gr:iaolyze RS EES U Yl 47 2.6218 Turn offequipment when not in use
90 2 6212 Turn off equ_men_t during breaks, 45 27111 Reduce illumination to minimum
reduce operating time necessary levels
Eliminate or reduce compressed air
88 2.7261 Install timers and/or thermostats 42 2.4232 used forcooling, agitating liquids,
moving product, or drying
84 2.2131 Insulate steam / hot water lines 40 2.7124 LG IS G CuflLEls
when not needed
Eliminate or reduce compressed air
82 2.4232 used for cooling, agitating liquids, 39 2.2434 Recover heat from air compressor
movingproduct, or drying
81 27111 Reduce illumination to minimum a8 28121 Apply for taxfree status for energy
necessary levels purchases
68 2.7124 LELG AT O g (gl 34 2.7261 Install timers and/or thermostats
when not needed
65 2.7134 Use photocell controls 32 2.4224 Upgrade controls on compressors
65 2.4224 Upgrade controls on compressors 32 2.6232 Install setback timers
60 2.4322 Use synthetic lubricant 30 2.7134 Use photocell controls
Reschedule plant operations or U mUlioIo epEel melfers o AR
56 2.3131 P P 27 2.4314 for variable pump, blower and
reduce load to avoid peaks
compressor loads
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Replace electricallgperated
53 2.1311 equipment with fossil fuel 27 2.4322 Usesynthetic lubricant
equipment
51 2.6232 Install setback timers 27 2.4141 Use or SN 7T
substitutes
Use multiple speed motors or AFD
49 2.4314 for variable pump, blower and 26 2.4151 Develop a repair/replace policy
compressor loads
48 2.3211 Use power factor controllers 22 2.3131 RS TellS P qperatlons or
reduce load to avoid peaks
46 2.8121 AETEN elF 1S SIEWIS O Gy 21 2.3211 Use power factor controllers
purchases
42 2.8114 ChENige r.ate- _schedu!es &I G 19 2.4312 Improve lubrication practices
changes inutility service
35 27121 ptll|ze day“ght \_/vhenever possible i 16 28114 Change r_ate s_ghedulte_s or other
lieu of artificial light changes in utility service
35 2.4312 Improve lubrication practices 16 2.7112 R_ed_uceextenor Hllumination to
minimum safe level
34 2.4151 Develop a repair/replace policy 15 2.2133 Repair leaks in lines and valves
34 2 6231 Ut|||;e controls to operate 15 27121 ptll|ze dgyhght yvhenever possible il
equipment only when needed lieu ofartificial light
32 2.2437 Recover waste heat from equipmen 14 2.4226 Use / purchase optimum sized
compressor
Burn waste to produce steam to Replaceelectricallyoperated
31 2.3414 drive a steam turbine generator set| 13 2.1311 equipment with fossil fuel
and use steam exhaust for heat equipment

As seen inrable 3.6 28 recommendations fall into the top 30 range in both lists, while the
recommendations that do rsitll fall closelyto the top 30Because the goal of this research is to
identify the recommendations which have the greatest impact on the wood products industry and
due to the similarity of results between recommendation rate and implementation rhes, furt

statistical analysis waserformed on implemented recommendations.

3.4.3 Final Preparation
The final step of data preparation was formatting for statistical analysis. The top 30 most
implemented recommendatiofisr each manufacturing group: neood, wood, primary, and

secondary were isolated and saved to a wevksheet each named accordingly.
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3.5 Objective 1 Methods

Objective 1 was to identify and rank energy recommendations given to wood products
manufactures by implementation cost, savings, payback period, and implementation frequency.
The purpose of thisbjective was to determine which energy recommendations have the greatest
impact on the wood products industry. Criteria such as cost, savpayfack period, and
implementationfrequencywere chosen due to their usefulness for interested manufacturers to

evaluate potential energgaving practices based on their own needs.

3.5.1ldentification & Ranking
The top 30 recommendations given to Wood manufacturers in theddfdbase were
ranked by: 1) least cost; 2) greatest savings; 3) shortest paybadk; @ero4) most frequently

implemented.

3.6 Objective 2 Methods

Objective 2 was to compare implemented energy recommendations by cost, savings, and
payback criteria between wood and reood manufacturers and between primary and secondary
woodmanufacturersThe purpose of this objective was to determine if any ergaging practices
were inherently better for a particular manufacturing group based on the differences in cost,

savings, and payback periods.

3.6.1Energy Recommendation Comparissitoetween Manufacturing Groups

The 30 most frequently implemented recommendations for wood products manufacturers,
nonwood products manufacturers, primary wood products manufacturers, and secondary wood
products manufacturers were collected and uploadied JMP Pro 11 where all subsequent

analysis took place.
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Next, the Cost, Saved, and Payback variables (response variables) were tested for normality
to determine if an ANOVA test would have been a valid method for comparing the manufacturing
groups. Wing the KolmogorossmirnovLilliefors (KSL) test, the response variables thie
manufacturing grougwere tested for normality, the results of which concluded that the response
variable data was not drawn from a normal distribution {sdde 3.7). Screershots of the KSL

test results are provided Appendix B.

Table3.7: KSL, goodness of fit tests results.

Manufacturing Group Response Variable p-value
Wood vs Norwood Cost <0.0100
Wood vs Norwood Savings <0.0100
Wood vs Norwood Payback Period <0.0100
Primary vs Secondary Cost <0.0100
Primary vs Secondary Savings <0.0100
Primary vs Secondary Payback Period <0.0100

It was determined that an ANOVA test would not be a valid method for comparing the
manufacturing groups due to the lack of normality displayed by the response variables and the
purposive methods used to select the data. Therefore, analysis proceeddtusingarametric

Wilcoxon ranksum test which tests whether tlamk-sumsof data are similar across two groups.

3.6.2Exploring Differences
For energy recommendations that were significantly different between the manufacturing
groups; a secondary analysis was performed to discover which variables influenced the response

variables. The results would be used to explain what contributed totdotedkedifference.

Explanatory variables selected for the secondary analysis were: EMPLOYEES,

PLANT_AREA, PRODHOURS, SALES, USAGE_ELEC, USAGE_DEMD, and USAGE_NAT.
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These variables were chosen from the dgfabase because they were actual data thatloksdcr
the manufacturing plants and would have had some impact on energy consumed by the

manufacturer and could be used to explain the differdiocesl from the Wilcoxon tests.

Backward regression was the method chosen to identify which explanatoaples
influenced the response variables because backward regression begins with all potential
explanatory variables included in the motletn one by one removes the explanatory variables
that contributes least until all remaining contribute signifiljato the response variablR#tner

2010).

3.7 Objective 3Methods

Objective 3 was tadentify energy recommendations from the 14&abase, implemented
by wood products manufacturers, which incorporate lean manufacturing practices or principles.
The purpose of this glective was to impartially identify leaenergy practices and evaluate their

results for wood products manufacturers.
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3.7.1Lean Tool Identification

Lean manufacturings multi-dimensional. It is based in culture, principles, and tores;
all of which contribute to waste reduction and/or increased productivity through human resources,
assets, and time optimizatioBgcker 2001; Sharma et al. 2Q1Tonnecting metrics tdéean
philosophy and principles and measuring their impacts dsffeult endeaor. Due to these
constraints, dan tools are the dominant method of quantifyingious aspects of lean
manufacturingNarasimhan et al. 2006hah& Ward 2007;Womack 200) There are no known
official standardsdr defining whatonstitutes adan tool, therei@, lean tools were identified by
a list constructed by Kirby and Gree2003 (seeTable 38). Ki r by a2008 deBnitiene n 0 s

of a lean ®ol met the following criteria:

DAl mproves the r at estoefexpéctedrate of teeucastomer)hedher i t

of information, products, or materials. 0

(

me

2)AiCreates f | exi bi I-sectional dinfensiors rofethee vadus streamein cr o s s

capacity or order fulfill ment. o

3)iReduces time in ryodwdtuico mgprtdaee d = n(gtt he rod

NAAiFacilitates the continuous i mprovement of
ways. o
55AiBe cited in at | east three sources within

manufacturing, andtimbas ed manufacturing). o

A common figure in | earol bt e Géehigue 8.1).s ebhe

Some may be more familiar with these lean principles, so the Kirby and @@ lean tools

have been associ at eofitheweantbbhse forrsimplificétiongeeTableBB)r i ¢ k s 0
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The Lean Factory

Standardized
Work

5S System

Visual Value

Stream

Figure 3.1: Example oftie lean house. Source: (Sustainable Innovation Management 2012)

Table 3.8: Lean tools as identified by Kirby and Green (2003) and their association in the lean

house as presented kigure 3.1

Lean House Lean Tool Definition
Manufacturing or assembling in a layout in which all (or most) of the
Plant Layout Flow Cells parts andmachines necessary to complete a part or assembly are in
close proximity of one another.
Use of visual signs and signals to communicate the status of an
Visual operation or production line. Visual controls include any graphical

Controls Visual Controls

5s System 5s

[SI- y avl Al
Teams

TeamBased
Problem Solving

marking or other visual signal that serves as a quick and complete
communication to an operator or manager.

Five Japanese words for creating and maintaining a clean, organizel
work environment. Seiri (sifting), Seiton (Sorting), Séseeeping),
Seiketsu (Standardize), Shitsuke (Sustain)

A focused improvement event during which a crfigsctional team of
operators, engineers, etc. spends several days analyzing and
implementing improvements to a specific wakea.

Solutions to problems that arise in the production process are
generated at daily or weekly meetings facilitated by the operators
affected.
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Batch
Reduction

Standardized
Work

Quick
Changeover

POUS

Quality at
Source

TPM

Cellular/Flow

Pull/Kanban

Mixed-Model
Production
Smoothed

Production Schedule

Standard Work
Method Sheets

Setup Reduction

Pointof-Use
Material Storage

Autonomation

Mistake-Proofing

SelfCheck

Inspection
Successive Check

Inspection

Line Stop
Designof-
Experiments
Root Causénalysis
Statistical Process
Control
Total Productive
Maintenance
ReliabilityCentered
Maintenance
Preventive

Maintenance

Predictive
Maintenance

OnePiece Flow

CrossTrained
Workforce

Productionto Takt
time

The ability to make several products on the same line in a random o
sequenced order without a massive amount of changeover time.
Development and use of a consistent and repetitive schedule across
product offerings.

A series of tasks grouped together such that the sum of the individue
task times is less than or equal to the takt time.

Graphical depiction of the work instructions for a group of tasks at a
particularworkstation.

An organized, scientific approach to reducing the amount of time it
takes to change a machine from producing one product to another.
The preparation of work areas fdirect presentation of supplied
materials.

Designing a machine to stop automatically when it detects an error il
the production process.

The use of fixturing and tooling to eliminate or reduce pussibility of
errors being made in the assembly of the product.

Work is inspected before passing it on to the next station.

Work is inspected at the succeeding workstation.

Giving theoperator the ability to stop an assembly line or cell flow wh
an error is detected in the process.

Use of statistical tools to analyze a process to determine the variable
that are affecting specific outcomes.

Problem solving technique in which the team or individual attempts t
drive down to the fundamental cause of the problem in order to keeg
from recurring.

Use of control charts to study processes and determine when
process is out of control.

A maintenance strategy, which incorporates the operators in daily
maintenance activities, such as, checking for vibrations, oil and
lubrication, etc.

A maintenance strategy in which a detailed Failure Modes and Effec
Analysis are done for each critical piece of machinery, and explicit
maintenance strategies are created.

A maintenance strategy in which machines are checkeghds are
replaced at specified time increments or machine (part) usage.

A maintenance strategy in which machines are analyzed with specia
equipment that can predict machine failure based on vibration,
lubrication, temperatureand other analyses, with an emphasis on
planned maintenance.

The ability to produce one part at a station at a time. This is contrast
with batch production, in which more than one part is processed at a
station before movingo the next station.

Workers are trained and scheduled to do multiple jobs, thereby
increasing the flexibility of the workforce to move to different cells an
lines dependent upon the demand fluctuations.

Takt time is the rate of customer demand for the part or product beir
made. Production to takt time refers to the balancing of work activitie
such that the average production rate is equivalent to takt time, no
more no less.
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As materials are consumed at a downstream operation, signals are ¢
PullProduction back to previous steps in the production process to pull forward
Scheduling sufficient materials to replenish only those materials that have been
consumed.
3.7.2Recommendations Implemented by the Wood Products Industry
Using the IAC database, wood products manufacturers were isolated and all
unimplemented recommendations were removed. Next, duplicates of the imgément

recommendations were removed leaving 192ique recommendations that have been

implemented by wood products manufacturers fggeendix C).

3.7.3Lean-Energy Recommendation Identification

To identify theenergyrecommendationgnplemented bywood products manufacturers
thatincorporate lean practices or princip@sinductive reasoning approach was used. According
to Klauer and Phye2008 inductive reasoning is a comparison method where objects, attributes
of objects, or relationships between objects are scanned for catitjy@amd/or diversity aimed
at detecting generalizations, rules, or regularities. Following this inductive reasppircachall
192 uniqueenergyrecommendationsnplemented by wood products manufacturams the27
lean tools, as identified by Kirbynd Green 2003, were searchetbr linguistic commonalities

Energy ecommendations thanatched woredor-word withak an t ool 6s teddasl e

wel

A s p e c iear, ea@mrhepdations ich matched the languageokad n t ool 6 s def i ni

idertified as fdesciptively leard, and those that coulde interpreted aseén given certain
circumstancesver e i dent i f ieasdlLastlysa sécandagynpploacly forlidentifying
leanbased using waste elimination was conducteeéry recommendatns that do not affect the

conservation or efficiency of energy were identified aslean recommendations.
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3.8 Objective 4Methods

Objective 4 was tonvestigate energy consumption, energy management practices, and
perspectives of wood product manutaers regarding energy managemdifite purpose of this
objectivewas tointerview wood products manufactures to obtain information which could be
related back to begtractices described in the literature and to probe the perspectives of the
manufacturesspecifically looking for where they are informed about energy management and

which barriers most impede the implementation of energy management.

3.8.1ComparativeCase Studg Interview Method

A comparative case study was the chosen methodhvestigating energy and energy
management of wood product manufacturers, as opposed to a survey, because according to Dul et
al. (2007; a comparative case study is a studwhich inquiries of real life context are obtained
from a small number of casasd analyzed in a qualitative manner. Case studies are different from
surveys in two ways,; 1) a survey examines a p
and 2) a survey draws conclusions on a quantitative basis, while a case study drawsosnclus
on a qualitative basi®(l et al. 2007.

A modified style of telephonmterview was the chosen method foonducting the case
studiesTypical telephonénterviewslack visual materials and subsequently must be less complex
than other types ointerviews (Rea & Parker 201} To address these disadvantages, each
respondent was emailed a Microsoft Word and PDF file format copy of a recruitment letter
(Appendix D) and the questionnairdpendix E) to read over prior and during the phone

interview.
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3.8.2 Questionnaire Development

The questionnaire was developed to address three main goals: 1) obtain information for
comparison to the IAC database; 2) obtain information about energy saving practices; and 3) obtain
information not readily available ithe literature. Questions-4 were designed for use in
comparing responses to the IAC database, questioh3 W@re developed from common energy
saving practices and principles found in literature and used to evehletgy saving practices,
and questios 1820 were designed to obtain information about the perspective of energy
management among manufacturers; a topic not found in the literdtirequestionnaire was

reviewed by faculty at Virginia Tednd an industry specialist at the USDA Forest $etvi

3.8.3Target Population and Sample

The population of interest for this research were wood product or wood furniture product
manufacturers operating in the Commonwealth of Virginia. Potential interviewees were collected
from The Forest Products Netrko an online forest products manufactgridirectory SGSF
2015. The researchers wantedimberview at leastwo primary and two secondary wood product
manufactures therefore, purposive samplingwas the method used for choosing which
manufacturers were contacted. A totalel#ven wood products manufacturevegere contacted

aboutparticipation, fivewood poductsmanufacturers agreed be interviewed

3.8.4Data Collection

The interviewer wasrtowledgeable of the scope and purpose of the project, had completed
training in human subject protection, and understood telephone interview procedures described in
Rea and Parker2014). Phone calls, emails, or visits were made to each company soliciting

recruitment.When a manufacturer agreed to participate in an interview, the questionnaire was
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emailed to the respondent and a time was scheduled to conduct the phone inRespwdents

were encouraged to read over the questions prior to and duriimgeth@ew process.
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CHAPTER 47 DATABASE ANALYSIS (DESCRIPTIVE STATISTICS)

4.1 Introduction
This chapter fouses orthe identity and rankof energy recommendations given to wood
products manufactures by implementation cost, savings, paybackl,pandimplementation

frequency; objective 1.

4.2 Results and Discussion
The following tables representhe top 30 recommendations given to wood products
manufacturers by least implementation c@stble 4.1), greatest annual saving$able 4.2,

shortespayback periodTable 4.3, and frequency of implementati¢hable 4.4).
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Table4.1: Top 30 least cost recommendations implemented by wood manufacturers.

- Imp. Avg. Saved Avg.
ARC2 Description Freq. Avg. Cost Per \ear Payback
21122 Re3|ze.charg|ng openings or add a movable dc 1 $0.00 $2.527.14 0.00
on equipment
2.2153 Close off unneeded steam lines 3 $0.00 $2,207.09 0.00
2.2163 Use minimum steam operating pressure 1 $0.00 $2,709.13 0.00
2.2627 Usemultiple-effect evaporators 1 $0.00 $1,534.05 0.00
2.3134 Shift from daytime to nighttime operation 1 $0.00 $1,149.98 0.00
23135 Schedgle rouyne maintenance during non 1 $0.00 $874.97 0.00
operating periods
2.3137 Use power during ofpeak periods 1 $0.00 $241,015.82  0.00
24313 Proylde proper maintenance / of motor driven 1 $0.00 $2.818.64 0.00
equipment
2.5194 Redesign process 1 $0.00 $11,572.09 0.00
26213 Turn off steam / hot water lines leading to spac 1 $0.00 $4.878.31 0.00

heating units

Use drying oven (batch type) on alternate days
2.6222 or other optimum schedule to run equipment 1 $0.00 $6,444.93 0.00
with full loads
Close outdoor air dampers during waiump /

2.7225 . 1 $0.00 $11,349.14 0.00
cookldown periods

2.7314 Reduce ventilatiomir 1 $0.00 $7,761.23 0.00
Centralize control of exhaust fans to ensure the

2.7316 shutdown, or establish program to ensure 1 $0.00 $3,606.92 0.00
manual shutdown

2.8123 Pay utility bills on time 8 $0.00 $2,798.53 0.00

2.8223 Add air shields to truck® increase fuel mileage 1 $0.00 $1,941.94 0.00

21923 Lr;sctlil)l smaller boiler (increase high fire duty 1 $11.77 $7.413.52 0.00

2.2625 Chill water to the highest temperature possible 2 $26.46 $5,747.07 0.01

2.6214 Shut off pilots in standbgquipment 8 $78.20 $1,078.09 0.11

2.6124 Establish equipment maintenance schedule 1 $97.47 $963.04 0.10

2 6121 RedL_Jce hot water temperature to the minimum 6 $126.58 $1.528.75 067
required

2 6123 Remoye unneeded service lines to eliminate 1 $171.53 $1.188.38 014
potential leaks

29711 :J:S:ﬁg outside air instead of conditioned air for 1 $200.19 $235.52 0.85

2.7223 Condition smallest space necessary 2 $299.89 $5,442.99 0.05

2.4312 Improve lubrication practices 19 $325.37 $3,330.56 0.33

27991 prer temperature during the winter season ar 8 $359.90 $4.427.21 031
viceversa

2 7444 Close holles and openings in building such as 5 $432.73 $887.35 0.86
broken windows

2 2622 Eizlgce existing chiller with high efficiency 1 $444.59 $102.41 434

2.8111 Check for accuracy of utility meters 3 $452.33 $7,634.90 0.15

w

2.7441 Replace broken windows and/or window sash $464.93 $11,082.94 0.43
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Table4.2: Top 30 greastest savings recommeiates implemented by wood manufacturers.

- Imp. Avg. Saved Avg.

ARC2 Description Freq. Avg. Cost Per Year Payback
Replace electric motors with back pressure

2.3411 steam turbines and use exhaust steam for 2 $3,606,766.90 $1,223,439.47 1.59
process heat

2.2162 Reduce excess steam bleeding 1 $31,158.41  $610,259.79  0.05
Burn waste to produce steam to drive a steam

2.3414 turbine generator set and use steam exhaust fc 5 $1,844,214.61 $351,628.87 3.91
heat

2.3137 Use power during ofpeak periods 1 $0.00 $241,015.82  0.00

25195 Change product design to reduce energy 1 $211,357.21 $192,243.67 1.10
requirements

2.2126 Lower operating pressure of condenser (steam 1 $52,422.20 $186,984.76  0.28

23192 Use fossil fgel powered generator during peak 5 $651.518.65 $136,732.77  4.00
demandperiods

2.8211 Consolidate freight shipments and/or deliveries 1 $143,673.82 $134,694.20 1.07

2.4322 Use or replace with energy efficient substitutes 27 $32,650.31 $91,779.24 1.33

2.1336 Install equipment to utilize wasttuel 3 $212,758.12  $91,554.25 2.30

23415 Use a fossn fuelnengme.tp cogenerate electricit 1 $112.938.76  $82,210.61 137
or motive power; and utilize heat

2.2135 Repair and eliminate steam leaks 13 $5,617.78 $73,847.37 1.89

2.2127 ;':zz]condensate foroduce lower pressure 2 $35492.28  $70,332.30  0.53

2.2445 Recover heat from exhausted steam 2 $9,577.36 $63,068.80 0.19

2.1331 Burn a less expensive grade of fuel 5 $25,443.59 $62,842.87 0.87

2.4325 Upgrade conveyors 2 $11,508.03 $61,402.00 0.63

2.1116 Improve combustion control capability 1 $50,285.84 $58,187.90 0.86

23412 Use Waste_heat to produce steam to drive a 1 $188.515.52  $55,999.30 337
steam turbine generator

2.1232 Keep boiler tubes clean 9 $15,657.11 $55,504.58 0.46

2.3321 Usesteam pressure reduction to generate powt 1 $37,896.65 $50,167.37 0.76

2.2121 Increase amount of condensate returned 7 $151,502.59  $48,929.38 1.48

2 7492 Use proper thickness of insulation on building 4 $20.929.99 $47.289.62 186
envelope

22426 USewasteheatfromflue gasestoheatspace  ;  ¢1355750  $4482271  0.30
conditioning air

2 4922 Install adequate dryers on air lines to eliminate 6 $24.304.29 $43.859.20 263
blowdown

2.2425 Use flue gases to heat process or service wate 1 $83,406.40 $43,734.20 1.91

2.1133 Adjust burners for efficient operation 6 $898.65 $40,764.45 0.34

2 2441 E(r;ft]eat boiler makeup water with waste proce: 5 $8.481.94 $38,049.74 058

2.2512 Increase insulation thickness 2 $56,349.48 $34,834.79 0.92

21921 S:g;ace obsolete burners with more efficient 3 $41.357.94 $34.441.63 147

2 4141 Use multiple speed motors or AFD for variable 27 $53,037.67 $33.859.93 168

pump, blower and compressor loads
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Table4.3: Top 30 shortest payback recommendations implemented by wood manufacturers.

- Imp. Avg. Saved Avg.

ARC2 Description Freq. Avg. Cost Per Year Payback

21122 Resize.charging openings or add a movable do 1 $0.00 $2.527.14 0.00
on equipment

2.2153 Closeoff unneeded steam lines 3 $0.00 $2,207.09 0.00

2.2163 Use minimum steam operating pressure 1 $0.00 $2,709.13 0.00

2.2627 Use multipleeffect evaporators 1 $0.00 $1,534.05 0.00

2.3134 Shift from daytime to nighttime operation 1 $0.00 $1,149.98 0.00

23135 Schedgle rouFine maintenance during non 1 $0.00 $874.97 0.00
operating periods

2.3137 Use power during ofpeak periods 1 $0.00 $241,015.82  0.00

24313 Proyide proper maintenance / of motor driven 1 $0.00 $2.818.64 0.00
equipment

2.5194 Redesigmprocess 1 $0.00 $11,572.09 0.00

26213 Turn. off stgam / hot water lines leading to space 1 $0.00 $4.878.31 0.00
heating units
Use drying oven (batch type) on alternate days

2.6222 other optimum schedule to run equipment with 1 $0.00 $6,444.93 0.00
full loads

2 7995 Close out'door air dampers during wadump / cook 1 $0.00 $11.349.14 0.00
down periods

2.7314 Reduce ventilation air 1 $0.00 $7,761.23 0.00
Centralize control of exhaust fans to ensure thei

2.7316 shutdown, or establish program nsure manual 1 $0.00 $3,606.92 0.00
shutdown

2.8123 Pay utility bills on time 8 $0.00 $2,798.53 0.00

2.8223 Add air shields to trucks to increase fuel mileage 1 $0.00 $1,941.94 0.00

2.1223 Install smaller boiler (increase high fire duty cyc 1 $11.77 $7,413.52 0.00

2.2625 Chill water to the highest temperature possible 2 $26.46 $5,747.07 0.01

2.2162 Reduce excess steam bleeding 1 $31,158.41 $610,259.79  0.05

2.8113 Purchase gas directly from a contract gas suppl 3 $576.74 $12,188.54 0.05

2.7223 Condition smallest space necessary 2 $299.89 $5,442.99 0.05

21321 Replace fossil fuel equipment with electrical 5 $514.96 $16.353.41 0.07
equipment

2.6124 Establish equipment maintenance schedule 1 $97.47 $963.04 0.10

2.7141 Lower light fixtures imigh ceiling areas 2 $870.05 $8,627.91 0.11

2.6214 Shut off pilots in standby equipment 8 $78.20 $1,078.09 0.11

2.2522 lIsolate hot or cold equipment 1 $1,251.01 $9,612.75 0.13

2 6123 Remoye unneeded service lines to eliminate 1 $171.53 $1.188.38 014
potential leaks

2.8111 Check for accuracy of utility meters 3 $452.33 $7,634.90 0.15

2.1222 Install turbulators 1 $2,246.84 $13,031.65 0.17

2.1132 Repair faulty louvers and dampers 1 $548.91 $2,870.79 0.19
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Table4.4: Top 30 most fregently implemented recommendations by wood manufacturers.

- Imp. Avg. Saved Avg.
ARC2 Description Freq. Avg. Cost Per Year Payback
2 4236 Eliminate leaks in inert gas and compressed air 488 $2.975.22 $7.911.86 046
lines/ valves
2.7142 Utilize higher efficiency lamps and/or ballasts 308 $9,900.59 $5,121.25 2.79
2.4133 Use most efficient type of electric motors 254  $17,717.78 $5,961.40 3.56
2 4111 Utilize energyafficient belts and other improved 204 $3,024.00 $5.016.05 0.70
mechanisms
24231 Reduce the pressure of compressed airtothe 1,53 o1 35530 $351072  0.29
minimum required
2.4221 Install compressor air intakes in coolest location 107 $698.36 $1,724.93 0.75
2.7143 Use more efficienlight source 103  $11,926.14 $6,731.55 2.08
2.3212 Optimize plant power factor 66 $17,810.85  $13,686.12 1.69
pGpn LM i CEUEIIERS CUTE) [STEE!S, (Eelee 56 $886.26 $4,819.18  0.28
operating time
2.1233 Analyze flue gas for proper air/fuel ratio 55 $5,415.09 $18,178.42 0.75
2.2511 Insulate bare equipment 49 $3,644.21 $6,811.90 1.89
2.7135 Install occupancy sensors 49 $7,388.21 $3,994.08 1.73
2.2131 |Insulate steam / hot water lines 48 $5,569.23 $4,417.00 1.34
2.6218 Turn off equipment when not inse 47 $2,299.31 $5,635.00 0.46
2.7111 Reduce illumination to minimum necessary leve 45 $2,110.56 $6,060.02 0.43
Eliminate or reduce compressed air used for
2.4232 cooling, agitating liquids, moving product, or 42 $1,838.34 $7,551.45 0.75
drying
27124 Ir\]/lee:akdeez practice of turning off lights when not 40 $1.650.31 $6.286.86 0.20
2.2434 Recover heat from air compressor 39 $2,104.20 $3,040.32 1.15
2.8121 Apply for taxfree status for energy purchases 38 $1,666.24 $7,150.98 0.31
2.7261 Installtimers and/or thermostats 34 $1,225.66 $6,965.82 0.47
2.4224 Upgrade controls on compressors 32 $18,278.73  $17,430.57 1.07
2.6232 Install setback timers 32 $1,621.34 $8,198.67 0.30
2.7134 Use photocell controls 30 $1,614.76 $2,281.47 0.84
2 4141 Usemultiple speed motors or AFIDr variable 27 $53.037.67  $33,859.93 168
pump, blower and compressor loads
2.4314 Use synthetic lubricant 27 $586.64 $1,927.93 0.49
2.4322 Use or replace with energy efficient substitutes 27 $32,650.31  $91,779.24 1.33
2.4151 Develop a repair/replace policy 26 $4,502.08 $4,995.05 1.40
23131 Res_chedule plant operations or reduce load to 22 $1.356.63 $14.897.05 0.36
avoid peaks
2.3211 Use power factor controllers 21 $21,241.64  $15,278.32 1.51
2.4312 Improve lubricatiorpractices 19 $325.37 $3,330.56 0.33
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Upon visualinspection, the first noticeable findisgvere the low implementation rates
among the least cost, greatest savings, and shortest payback rankings. Thenavaragetimes
a recommendation was implemented lyood products manufacturers wasfidin a total 3,037
Of the 30 recommendations presenfable 4.1(least cost rankingR9 were implemented less
than the average, 19 of which were implemented only ddtthe 30recanmendabns present
in Table 4.2(greatest savings ranking), ##re implementedeks than the average, 11 of which
were implemented only onc®f the 30 recommendations present Trable 4.3(shortest payback
ranking), each recommendation was implemented less tha average, 21 of which were

implemented only once.

Second, ti appeared thaho specific recommendation wasesent in each of thiour
rankingswhich suggsts that wood manufacturers may not have implemented recommendations
specifically based on lowge cost, greatest savings, or shortest payback pdfimdexample,
recommendation 2.4236 (Eliminate leaks in inert gas and compressed air lines/valves) is the most
frequently implenented recommendation among wood produoahufacturers, howevgt is not
present among the rankings based on least cost, greatest savings, or shortest payback period.
confirm this visuahssumptiontecommendation(syhich were present in multiple rankings were

identified and compiled intdables 4.54.9 according to theankings they were present in.

Table4.5: Present in least cost, greatest savings, and shortest payback rankings.

- Imp. Avg. Saved  Avg.
ARC2 Description Freq. Avg. Cost Per Year  Payback
2.3137 Use powerduring offpeak periods 1 $0.00 $241,015.82  0.00
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Table4.6: Present in least cost and shortest payback rankings.

- Imp. Avg. Saved  Avg.

ARC2 Description Freq. Avg. Cost Per Year  Payback

21122 Resjzecharging openings or add a movable door ¢ 1 $0.00 $2.527.14 0.00
equipment

2.1223 Install smaller boiler (increase high fire duty cycle) 1 $11.77 $7,413.52 0.00

2.2153 Close off unneeded steam lines 3 $0.00 $2,207.09 0.00

2.2163 Use minimum stearoperating pressure 1 $0.00 $2,709.13 0.00

2.2625 Chill water to the highest temperature possible 2 $26.46 $5,747.07 0.01

2.2627 Use multipleeffect evaporators 1 $0.00 $1,534.05 0.00

2.3134 Shift from daytime to nighttime operation 1 $0.00 $1,149.98 0.00

23135 Schedule routine maintenance during roperating 1 $0.00 $874.97 0.00
periods

2 4313 Proyide proper maintenance / of motor driven 1 $0.00 $2.818.64 0.00
equipment

2.5194 Redesign process 1 $0.00 $11,572.09 0.00

2 6123 Remoye unneededervice lines to eliminate 1 $171.53 $1,188.38 014
potential leaks

2.6124 Establish equipment maintenance schedule 1 $97.47 $963.04 0.10

2 6213 Turn_ off stgam / hot water lines leading to space 1 $0.00 $4.878.31 0.00
heating units

2.6214 Shut offpilots in standby equipment 8 $78.20 $1,078.09 0.11
Use drying oven (batch type) on alternate days or

2.6222 other optimum schedule to run equipment with full 1 $0.00 $6,444.93 0.00
loads

2.7223 Condition smallest space necessary 2 $299.89 $5,442.99 0.05

2 7995 Close out_door air dampers during wadump / cool 1 $0.00 $11.349.14  0.00
down periods

2.7314 Reduce ventilation air 1 $0.00 $7,761.23 0.00
Centralize control of exhaust fans to ensure their

2.7316 shutdown, or establish program to ensure manual 1 $0.00 $3,606.92 0.00
shutdown

2.8111 Check for accuracy of utility meters 3 $452.33 $7,634.90 0.15

2.8123 Pay utility bills on time 8 $0.00 $2,798.53 0.00

2.8223 Add air shields to trucks to increase fuel mileage 1 $0.00 $1,941.94 0.00

Table4.7: Present in greatest savings and shortest payback rankings.

Imp. Avg. Saved  Avg.

ARC2 Description Freq. Avg. Cost oo vear Payback

2.2162 Reduce excess steam bleeding 1 $31,158.41 $610,259.79 0.05

Table4.8: Present in most frequently implemented and least cost rankings.

Imp. Avg. Saved  Avg.

ARC2 Description Freq. Per Year  Payback

Avg. Cost

2.4312 Improve lubrication practices 19 $325.37 $3,330.56 0.33
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Table4.9: Present in most frequently implemented and greatest savings rankings.

Imp.
Freq.

Avg. Saved  Avg.

Per Year Payback
Use multiple speed motors or AF@r variable 27 $53.037.67 $33.859.93 168
pump, blower and compressor loads
2.4322 Use or replace with energy efficient substitutes 27  $32,650.31 $91,779.24  1.33

ARC2 Description Avg. Cost

24141

As seen inTable 4.5 recommendation 2.3137 (Use power durofftpeak periods)
appearednostoften, as it wagresent in three rankings: least cost, greatest sgvamgl shortest
payback period. This recommendation is unique among the majority of recommendations present
in the IAC database as it does not reduce energy consumption, but aims to reduce the price of the
energy consumedtven though this recommendatioasvimplenented once, the expected results
of its implementation by other wood products manufactusexauldyield similar results as the
practice of using power during efieak periods can provide significant gains as little to no cost

(Muller et al. 2001)

FromTable 4.6we find that22 recommendations were present in both the least cost and
shortest payback period ranking$iid is unsurprising as payback period is a fiomciof cost
divided by savingd.ookingback afTable 4.1(least cost ranking) anthable 4.3(shortest pyback

ranking we see that the first 18 recommendations are the same for both.

What is interesting based on the findings presented Tinbles 4.54.9, is how no
recommendation was present in eawththe four rankings, suggestingthat wood products
manufacturers were not focused on implementing recommendations specifically based on least
cost, greatest savings, or shortest payback pefibi ideais further supported by thiew
frequency of implementation of recommendations basedly on co§ savings, and payback

period. Furthermore, when inspecting trecammendationsn Table 4.4 (most frequently
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implementedanking we find that theywere notthe cheapest to implement, did not produce the

largest returns, andid not have thehortest payback peried

If the wood products manufacturers were not choosing to implement recommendations
based on costs, savings, or payback periods they must have had other reasons why they chose to
implement what they did.To discover those reasons, it was decided to examine the
recommendation®y groupsratherthan individuallyas no clear trends were iddietd at the
individual level. Recommendation groups were already classified into focus layeas second
digit in thefive digit assessment recommendation code {sdxe 4.10. The recommendations
present in each ranking: least coBalfle 4.1), greatest savingsTéble 4.2, shortest payback
period [Table 4.3, and implementation frequencyable 4.4 were tallied accoidg to the pre

classified focus areand presented iRigures 4.14.4, respectively.

Table4.10: Assessment recommendation code classifications.

ARC2 Focus Area
2.1xxX Combustion Systems
2.2XXX ThermalSystems
2.3xxx Electrical Power
2.4xxX Motor Systems
2.5Xxx Industrial Design
2.6Xxx Operations

2. TXXX Building & Grounds
2.8XxX Ancillary Costs
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Ancillary Industrial Combustion
Costs, 10% Design, 3% Systems, 7%

Electrical
Power, 10%
Operations,
20%
Motor
Systems, 7%

Figure 4.1: Least cost focus area grouping.

Ancillary Industrial
Buildingand Costs, 3% Design, 3%

Grounds, 3%

Motor
Systems, 14%

Electrical
Power, 23%

Figure 4.2: Greatest savings focus area grouping.
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Industrial
Design, 3%

Operations,
17%

Electrical
Power, 10%

Motor
Systems, 3%

Figure 4.3: Shortest payback focus area grouping.

Ancillary Combustion
Costs, 3% Systems, 4%

Thermal
Systems, 10%

Electrical
Power, 10%

Operations,
10%

Motor
Systems, 40%

Figure 4.4: Most frequently implemented focus area grouping.

From Figure 4.1 (least cost groupingand Figure 4.3 (shortest payback groupipgve

observe a similadistribution of he focus areas patternwhich is consistent with the results in
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Table 4.6 With little exception, the focus areasgth the lowest costs have the stast payback
periods. Thdargest variancebetweenFigure 4.1and4.3is in comlustion systemswvhich had a

difference of 10 percent.

In Figure 4.2 (greatest savings groupinggtombustion and thermal systems
recommendations make up Ppércent of the chart while electric power and magstems
recommendations make @7 percent. This finding is consistent with the work of Ku@@0g),
Reeb 1997, Tschernitz {991, Wengert &Meyer (1992, and Wengert X980 who consider
boiler and kiln operationto be highly energy intensive and one of the least energy efficient
processes in wood products manufacturing. Therskenost energy intensive arsasawing,
which is heavily tiedd the motor systems driving the sawn(et al. 2012; Wengert & Meyer
1992. It makes sense tha&nergy recommendations focused @ymbustion systems (boiler
operations), thermal systems (kdinying operations), electrical power, and motor systems
(sawirg operationsyeturn the greatest savings; these systeomsume the greatest portions of

energy and in the case of boilers and kiisdally have low efficiencies.

In Figure 4.4(most frequentlymplemented groupinglectrical power and motor systems
recommendationsnake up exactly half of thehart while combustiorand thermal systems
recommendations make up fidrcent. This finding corlmrates the initial observatidhat wood
products manufacturers were not focused on implementing recommendati@hg by cost
savings, opayback criteria. If the manufacturers were focused on implementing recommendations
by cost, savings, or payback critetiavould beexpeced that the focus areaskigure 4.4would

share a similar distribution to the distrituins of focus areapresent irFigures 4.1, 4.2, or4.3
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Based on thdindings from Figures 4.%4.4, it is hypothesized thatvood products
manufacturers chose to implement recommendations that would have a diract anptheir
variable costsin otherwords, these manufacturers implemented recommendations that would
make an observable impact on their utilitysilAgain, referring tdrigure 4.4 (most frequently
implementedyrouping, only 14percent of the recommendatgmere directed at combustionc
thermal systems. According to Bergman and Bo2398 more than 90 percenf lumber dried
in the U.S. use-housewood residues from the milling processes as fuel. Unless the manufacturer
was in a circumstance where thegre purchasing fuel for thdmoiler or kiln operatioaor were
calculating the opportunity costs of selling their biom#ssy most likely did not monitor the costs

of fueling their combustion and thermal systems.

If using biomass as fuel, the energy consumption to monetaryconsgersion requires
thermalynamic mathematical equationsiriables of which would require constant monitoring of
the fuel moisture content, the species of the biomass fuel, the combustion efficiency of the boiler,
heat losses from blow down, venting, loag] leaks, and conduction, the species of wood being
dried, the moisture content of the wood being dried, the latent heat required to evaporate water,
and the heat capacity required to heat the lumber aihdirig to drying temperaturédfianias et
al. 2012; Anderson & Westerlund 201Bgenig et al 2000; Elustondo & Oliveira 2006; Tschernitz
200]). Given the complexity of these equations, it is my opinion thatttouble of accurately
measuring and maintaining all of these data points for waste residckedysbt worth the hassle
for management to bother with. Howevar,dasesvhere fuel is purchasedr the combustion
system any improvements which reduerergy consumption or increaseergy efficiecy should
reduce fuel consumption. The reduced consiion would translate to reduced costs as the fuel

would not be purchased as oftentawould be purchased smaller quantities.
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The other 8ercent othe recommendations Figure 4.4(most frequeny implemented
grouping are recommendations thaould impact the cost of electricity fananufacturers
Whether i wasthrough the use of higher efficiency motors, improved maintenance, the use of
energy efficient light bulbs and ballasts, or iakentives on purchased energgcle d the
practices makig up the 8ercent of the most frequently implemented recommendationld

impact the total cost of electricity

Based on the findings frofables 4.1 4.8, it is my opinion thatecommendations in the
| AC database that f mdstifrequentdleyr it nhpehaeendet mpegeedtoy o f
potentialfof i t ti ng well into any wood products manu
produce effective results foine overall industry on a dag-day basisThis opinion is based on
the observatioof how rarelyrecommendations the least cost, greatest says, and shortest
payback rankingsvere implemented. A low rate of implementation suggests that only a few
manufacturers found those recommendations worthwhile. On the other hand, high rates of
implementation suggests that those recommendatiothsapply to a larger demographic of

manufacturers.

Secondlypbased on the findings froFigures 4.1i 4.4and Iterature regarding the subject
it is my opinion that recommendations which focus oreband kiln operations will save the
greatest amount of energy for manufmers with those operations. FHtgur percent of the
recommendations in the greatest savings focus area grouping are directed toward thermal and
combustion systems. It should beted however that the energy savings from thermal and

combustion systems may not be as obvious in terms of monetary savings as electric and motor
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systems focused recommendationgthout calculating fuelconsumptionand combustion

efficiencyat the time othis writing.
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CHAPTER 57 DATABASE ANALYSIS (INFERENTIAL STATISTICS)

5.1 Introduction
This chaptefocuses on theomparisons oimplemented energy recommendations by cost,
savings, and payback aiia between wood and nevood manufacturers arlietween prnary

and secondary woadanufacturersobjective 2.

5.2Results and Discussion

5.21 ComparisorResults ofWood andNon-woodProductsManufacturers

The energy recommendations which were significantly different at aa &phkl of 0.05
basedon the Wilcoxon sunrmank tess between wood and nemood products manufaarers are
provided inTable 5.1 Screen shots of the significant Wilcoxon suank test results for wood

and noawood manufacturers are providedAppendix G.

Table5.1: Sgnificantly different recommendations and/alues between wood and raood

manufactuers.
ARC2 Description Cost Saved Payback
2.2434 Recover heat from air compressor 0.0226
2.4111 Utilizeenergyefficient belts and other improved mechanisms 0.0020
2.4133 Use most efficient type of electric motors <.0001
2.4141 Use multiple speed motors or AF@r variable pump, blower and 0.0020
compressor loads
2.4221 Install compressor aintakes in coolest locations 0.0037
2.4231 Reduce the pressure of compressed air to the minimum required 0.0214 0.0253

2.4232 Eliminate or reduce compressed air used for cooling, agitating 0.0458 0.0149
liquids, moving product, or drying

2.4236 Eliminate leaks in inert gas and compressed air lines/ valves <.0001 <.0001
2.6232 Install setback timers 0.0356 0.0133
2.7135 Install occupancy sensors 0.0139 0.0008
2.7142 Utilize higher efficiency lamps and/or ballasts 0.0051 <.0001

2.8121 Apply for taxfree status for energy purchases 0.0025 <.0001 0.0073

As seen inTable 5.1, there are 12 recommendationattheceived a significantyaluein at least

one criteria: cost, saings, or payback period between wood and -wood products
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manufacturersOnly recommendation 2.8121 (Apply for thee status for energy purchases)
received a significant-palue in each crité, sixrecommendations received a significantghue
in at least two of th criteria, and the remaining fivecommendtions only received a significant

p-value in one criteria.

To gain a better undetanding of the differences between wood and-woad
manufacturers, the absolute differemeeaverage®f the 12 recommendations presenilable
5.1 were plotted by eachriteria, regardless if one or two of the criteria were not danfly
different (seerigures 5.15.3) The values used to obtain the absolute differebeéseen wood

and noawood manufacturemnay be found ilAppendix F.
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Figure 5.1: Absolute difference in average cost per recommendation between wood and non
wood manufacturers. Note: The bars are color coded to show which manufacturing group had
the lower average cost. Data points that are bold and italicized represent significance.

Recommendations 2.4221Ingtall compressor air intakes in coolest locatjpr&s4232
(Eliminate or reduce compressed air used for cooling, agitating liquids, moving product, or

drying), 2.6232 Install setback timer¥, and 2.7142 tilize higher efficiemy lamps and/or
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ballast3 had significantly different costs that favored wood products manufacturers.
Recommendations 2.423Rd¢duce the pressure of compressed air to the minimum required
2.4236 Eliminate leaks in inérgas and compressed air lingalves, 2.7135 [nstall occupancy
sensory and 2.8121Apply for taxfree status for energy purchaséad significantly different

costs that favoredamwood products manufacturers.
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Figure 5.2: Absolute difererce in average savingser recanmendation between wood and non
wood manufacturers. Note: The bars are color coded to show whictfatauring group had
the higher average savingSata points that are bold and italicized represent significance.

Recanmendations 2.4111J(ilize energyefficient belts and other improved mechanisms
and 2.4141se multiple speed motors or AFD for variable pump, blower and compressor loads
had significantly different savings favoring wood products manufacturers. Reculations
2.2434 Recover heat from air compresgd.4232 Eliminate or reduce compressed air used for
cooling, agitating liquids, moving product, or dry)n@.7142 Utilize higher efficiency lamps
and/or ballasls and 2.8121 Apply for taxfree statudor energy purchasghad significantly

different savings favoring newood products manufacturers
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Figure 5.3: Absolute differencen average payback periqeer recommendation between wood
and norwood manufacturers. Note: The bars are color coded to show which manufacturing
group had the shorteaverage payback perio®ata points that are bold and italicized represent
significance.

Recommendations 2.4183se most efficient type of electric motpra.4231 Reduce the
pressure of compressed air to the minimum reqyiraed 2.623ZInstall setback timer¥ had
significantly different payback periods favoring wood products manufacturers. Recommendations
2.4236 Eliminate leaks in inérgas and compressed air lingalveg, 2.7135(Install occupancy
sensory and 2.8124pply for taxfree status for energy purchasésd significantly different

payback periods favoring nemood products manufacturers.

Despte the findings inTable 5.1, in whichat least one criteria of the 12 recommendations
was found tdbe statisticallydifferent between wood and nevood manufacturers there is little
practical differencga difference that could have meaningful effectsbusiness operatiohs

between the manufacturing group&egardless of initial costs or expected savitggure 5.3
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shows that the largest difference in expected payback period is slightly less tharydeifand

the average difference is 0.20 years?2 drmonths.

one to three years. In a survey conductedBspinozaet al. (2015, when wood product
manufacturers werasked how long an acceptable payback period would make cogeneration an

attractive investment, 13.3 percent of the respondents said 5 years d5légsercent said 20

years or | ess, and 66.7 percent

these source#,seems unlikelghat a time period of a few month®uld have much of an impact

on manufacturé&rs deci si ons.

5.22 ComparisorResults ofPrimary and SecondaryWood ProductsManufacturers

based on the Wilcoxon sumank testsbetween primary and secondary wood products

manufacturers are provided Trable 5.2 Screen shots of the significant Wilcoxon suank test

s a i Based tne y

results for primary and secongtavood manufacturers are providedAppendix H.

Table5.2: Significantly different recommendations angglues between primary and secondary

According to theJ.S. DOE(2015, manufacturers frequently require payback periods of

The energy recommendations which wegn#gicantly different at an alpha level of 0.05

manufacturers
ARC2  Description Cost Saved Payback
2.1233 Analyze flue gas for proper air/fuel ratio 0.0136
2.2131 Insulate steam / hot water lines 0.0201
2.3131 Reschedule plant operations or reduce load to avoid peaks 0.0479
2.3212 Optimize plant power factor 0.0308 0.0146
2.4111 Utilizeenergyefficient belts and other improved mechanisms 0.0227 <.0001
2.4133 Use most efficient type of electric motors <.0001 0.0003
2.4151 Develop a repair/replace policy 0.0032
2.4221 Install compressor air intakes in coolest locations 0.0173 0.0239
2.4236 Eliminate leaks in inert gas and compressed air lines/ valves <.0001 <.0001 0.0463
2.4314 Use synthetic lubricant 0.0267
2.6212 Turn off equipment during breaks, reduce operating time 0.0075 0.0044
2.6218 Turn off equipment when not inse 0.0253
2.6232 Install setback timers 0.0397 0.0250

71

di

C



2.7135 Install occupancy sensors 0.0455 0.0203
2.8121 Apply for taxfree status for energy purchases 0.0009 0.0014 0.0009

From Table 5.2 we see there were YBcommendationthat received a significantyalue in at

least one criteria: cost, savings, or payback period between primary and secondary wood
manufacturers. R@mmendations 2.423€Eliminate leaks in inert gas and compressed air
lines/valvesyand 2.812XApply for tax-free status for energy purchase=jeived a signifiant p

value in each criteria, seveecommendations received a significarntghue in at least two ohe

criteria, and the remaining sigcommendations only received a significavigfue in one créria.

To get a better understanding of the differences between primary and secondary wood
manufacturers, the absolute differemeeaverage®f the 15 recommendations presenilable
5.2 were plotted by each criteria, regardless if one or two of therieriwere not signi¢antly
different (seeFigures 5.45.6). The values used to obtain the absolute differebeéseen the

primary and secondary manufactureray be found irAppendix F.
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Figure 5.4. Ablute difference in average cost per recommendation between primary and
secondary wood manufacturers. Note: The bars are color coded to show which manufacturing
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group had the lower average cost. Data points that are bold and italicized represent
significarce.

Only recommendation 2.431%¢e synthetic lubricapthad asignificantly different cost
favoring primary manufactures. Recommendations 2.3@h#irhize plant power factpr2.4111
(Utilize energyefficient belts and other improved mechaniyn2s4133(Use most efficient type
of electric motory 2.4236 Eliminate leaks in inert gas and compressed air lines/ JaR&R232
(Install setback timer}, 2.7135 [nstall occupancy sensQrand 2.8121Apply for taxfree status

for energy purchasgbad siguificantly different costs favoring secondary manufacturers.
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Figure 5.5: Absolute difference in average savings per neceendation between primary and
secondarywood manufacturers. Note: The bars are caloded to show which manufacturing
group had the higher average savings. Data points that are bold and italicized represent
significance.

Recommendations 2.1238r{alyze flue gas for proper air/fuel ratj@®.3131 Reschedule
plant operations or reducedd to avoid peaks2.3212 QOptimize plant power factpr2.4111

(Utilize energyefficient belts and other improved mechaniyn2s4133 Use most efficient type
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of electric motory 2.4221 [nstall compressor air intakes in coolest locatjp8s1236 Eliminate
leaks in inert gas and compressed air lines/ va2e8218 Turn off equipment when not in yse
and 2.7135 lfstall occupancy sensgrdiad significantly different savings favoring primary
manufacturers. Only recommendation 2.818aqly for taxfree status for energy purchaskad

a significantly differensavingfavoring secondary manufacturers.
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Figure 5.6: Absolute differencin average payback periguer recommendation between
primary and secondary woadanufacturers. Note: The bars are color coded to show which
manufacturinggroup had the shorter average payback periddta points that are bold and

italicized represent significance.

Recommendation2.2131 (nsulate steam / hot water lines2.4151 Develop a
repair/replace poligy 2.4221 [nstall compressor air intakes in coolest locafjp8s%6212 Turn
off equipment during breaks, reduce operating Yinaed 2.6232 I¢stall setback timer¥ had
significantly different payback periods favoring primary manufacturers. Recommendations 2.4236
(Eliminate leaks in inert gas and compressed air lines/ yanels2.81214pply for tax-free status
for energy purchaseshad significantly different payback mpeds favoring secondary

manufacturers.
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Basedon the findings irFigures 5.47 5.6, it is my opinion that whilat least one criteria
for each of thes&5recommendations was found to be statally different between primary and
secondarywood manufactrers only two recommendations appear to have practical differences
(a difference that could have meaningful effects in business operdtengen the manufacturing
groups. Frontigure 5.6, we see that recommendations 2.218%(ate steam / hot watknes)
and 2.4151 Develop a repair/replace polichavelarge significantly differentpayback periods
favoring primary wood products manufacturers. Recommendation 2.213$1eh800less on
average for primary manufacturesgved an average $5,800 méoe secondary manufacturers,
and had an average 2.71 yeasborter payback periodfor primary manufacturers
Recommendation 2.4151 c&8,900less on average f@rimary manufacturersavedan average
$2,800 more for primary manufacturessd had a awerage 1.70 yeasdorter payback periofbr
primary manufacturerswWhile these recommendations are a part of the 30 most frequently
implemented rankings and are important to wood products manufacturers it appears that both
recommendations 2.2131 (Insulaeam/hot water lines) and 2.4151 (Develop a repplate
policy) have significantly shorter payback periods by magnitudes of yearsimary wood

products manufacturers.

The differences between primary and seconelargd manufacturers are largeraththat
of wood and noawood manufacturerdzrom Tables 5.1and 5.2, we see wood vs. nemood
manufacturers havl?2 total recommendations tlehibited a significant difference in at least one
criteria while primary vs. secondary wood manufacturers hadl$b, the average difference in
cost, savings, and payback for wood msnwood manufacturers were $3,100, $2,880d 0.20

years, respectivelyyhile the average difference in cost, savings, and payback for primary vs
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secondary manufacturers were $0486,400, and 0.43 years, respectively. This suggests that

there are larger differences between primary and secondary manufacturers than those of wood and
non-wood manufacturers. Based on these findings, it is my opthatwood manufactures and

nonwood manufacturers encompass such a | arge sa
exposed. Gmparing manufacturers by similar key factors such as industry maturity, reliance on
agricultural materials, or small profit margins may reveal more telling teegulany future

research.

5.23 Exploring Differences

For energy recommendations that were significantly different between tinganturing
groups; a backward regressianalysis wagjoing to be performetb discover which variables
influenced the response variables. The resifltBis secondary analysigould be used to explain

what contributed to the detected difference.

Several problems arose while attempting to apply this analysisirShisgue vasmissing
data. There were 25,367 entries for the significantly different recommendations between wood and
nonwood products manufacturers. Among those 25,367 entries 11,535 data points for
USAGE_DEMD, 5,926 data points for PLANT_AREA, and 4,140 datatpdor USAGE_NAT
were missing as seen ifable 5.3 There were 1,519 entries for the significantly different
recommendations between primary and secondary wood products manufacturers. Among those
1,519 entries 709 data points for USAGE_DEMD, 674 data pdort USAGE_NAT, and 476
data points for PLANT_AREA wemmissing as seen ihable 5.4

Table5.3: Number of missing data points by variable for wood andwoad manufacturers
(25,367 total records)

Variable MissingData Points
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USAGE_DEMD 11,535

PLANT_AREA 5,926
USAGE_NAT 4,140
SALES 129
PRODHOURS 109
USAGE_ELEC 33
EMPLOYEES 24

Table5.4: Number of missing data points by variable for primary and secondary manufacturers
(1,519 total records)

Variable MissingData Points
USAGE_DEMD 709
USAGE_NAT 674
PLANT_AREA 476
PRODHOURS 20
SALES 6
EMPLOYEES 3
USAGE_ELEC 3

Due to the largamountof missing data for variables PLANT_AREA, USAGE_DEMD,
and USAGE_NAT|t was decided that they woutmt be useth the backwardegression because
their presence would eliminate a large portion of otherwise viable data. This left explanatory

variabes EMPLOYEES, PRODHOURS, SALES, USAGE_ELEC available for analysis.

The linear relationship of the four remaining explanatory variables and the response
variables were measured for eanhnufacturing group as linearity between the explanatory and
response variables is a requirement of regression anaystsrelation coefficienof either 1 or
-1 representa perfectinear relationship while a correlation caefént of O representso linear
relationship between to variables. The results of the correlations fomeachacturing group are

presented belowthe area of interest is encloseih ared box(seeFigures 5.75.10.
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Correlations

Cost Saved  Payback SALES EMPLOYEES PRODHOURS USAGE_ELEC
Cost 1.0000 0.6023 0.0375 0.0688 0.1051 0.0672 0.1210
Saved 0.6023 1.0000  -0.0066 0.1312 0.1819 0.1257 0.2299
Payback 0.0375  -0.0066 1.0000 0.0008 0.0063 -0.0096 0.0001
SALES 0.06838 0.1312 0.0008 1.0000 0.2660 0.0672 0.2830
EMPLOYEES 0.1051 0.0063 0.2660 0.1228
PRODHOURS 0.0672 -0.0096 0.0672 1.0000
USAGE_ELEC 0.1210 0.0001 0.2830 0.1710

There are 263 missing values, The correlations are estimated by Pairwise methed.

Figure 5.7: Correlation matrix of variables specific to nevood manufacturers.

Correlations

Cost Saved  Payback SALES EMPLOYEES PRODHOURS USAGE_ELEC
Cost 1.0000 0.3477 0.0913 0.1390 0.0410 0.1069 0.1326
Saved 05477 10000 -0.0228 0.2388 0.1376 0.2111 0.3250
Payback 00913 -0.0226 1.0000 -0.0170 -0.0365 -0.0204 -0.0236
SALES 0.1390 0.2388  -0.0176|  1.0000 0.4656 0.2412 0.3317
EMPLOYEES 0.0410 01376 -0.0365 0.4656 1.0000 0.1691 0.2487
PRODHOURS 0.1069 02111  -0.0204 0.2412 0.1691 1.0000 0.4620
USAGE_ELEC 0.1326 03250  -0.0236 0.3317 0.2487 0.4620 1.0000

There are 29 missing values. The correlations are estimated by REML methed.

Figure 5.8: Correlation matrix of variables specific to wood manufacturers.

Correlations

Cost Saved  Payhack SALES EMPLOVEES PRODHOURS USAGE_ELEC
Cost 1.0000 0.4245 0.2217 0.1097 0.0544 0.1076 0.0759
Saved 04245 1.0000 -00419  0.1989 0.2023 0.1752 1
Payback 0.2217 -0.0419 1.0000 -0.0229 -0.0610 -0.0159
SALES 01097 01989 -0.0229  1.0000 0.4486 0.2618
EMPLOYEES 0.0544 0.2023 -0.0610 0.4486 1.0000 0.3377
PRODHOURS 0.1076 -0.0158|  0.2818 0.3377 1.0000
USAGE_ELEC 0.0759 -0.0356 0.3284 04139 0.4291

There are 11 missing values. The correlations are estimated by REML methed.

Figure 5.9: Correlation matrix of variables specific to primary manufacturers.

Correlations

Cost Saved  Payhack SALES EMPLOVEES PRODHOURS USAGE_ELEC
Cost 1.0000 04458 02788  0.0490 0.0646 0.1106 0.0975
Saved 0.4458 1.0000 -0.0771 0.1524 0.1455 0.1004 0.1645
Payback 02768  -0.0771 1.0000 -0.03%6  -0.0376 0.0370 -0.0297
SALES 0.0490 0.1524 -0.0356 1.0000 07413 0.2157 0.4584
EMPLOYEES 00846 01455 -0.0376 0.7413 1.0000 0.2141 0.5641
PRODHOURS 0.1106 0.1094 0.0370 0.2157 0.214 1.0000 0.4344
USAGE_ELEC 00975 01645  -0.0297| 0.4584 0.5641 0.4344 1.0000

There are 19 missing values, The correlations are estimated by REML method,

Figure 5.10: Correlation matrix of variables specific to secondary manufacturers.
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The results of theultivariate correlations revealed that the proposed explanatory variables
and esponse variables hagkaklinear relationship, Rvalues less than Q.2s there wasveak
linearity between the variablesgression woul not produce viable result$herebre, it was
determined that furtheanalysis of the data using backnl regression was not possible. Because
this secondary analysis was not specifically part of the expected deliverables, no further
investigations were mad#.this analysis were to be mued further in the futuré suggest that
perhaps a ncehinear type of regression may be more uséulthis set of dataHowever, after
having workedntimately with the IAC databaskhelieve that such fine analysis of these variables
would not gredy increase our understanding of why geecomparisons results are as they are.

Missing data is the main reason for this belief, followed by potentially confounding variables.
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CHAPTER 67 LEAN-ENERGY RECOMMENDATIONS

6.1 Introduction

This chapter fouses on thedentity ofenergy recommendations from the lA&tabase,
implemented by wood products mé&acturers, which incorporatedn maagement practices or
principles; objective 3This was accomplished by matching lean tools to energy recommendations

and determining the effect of the recommendation on energy performance (see section 3.7).

6.2 Results and Discussion

6.21 Specifically Lean

Using the criteria outlined in secti@7, only o recommendationmet thefispecifically
learo criteriaandare presented below beginning with the energy recommendation code and its
definition in CAPS followed by the correspondingdn tool and its dimition. Both would be
associated with FM according to the lean house model presented in section 3.7.
2.4156i ESTABLISH A PREVENTATIVE MAINTENANCE PROGRAM
Preventive MaintenandeA maintenance strategy in which machines are checked or parts are
replaced at specified time increments or maelpart) usage.
2.41571 ESTABLISH A PREDICTIVE MAINTENANCE PROGRAM
Predictive Maintenance A maintenance strategy in which machines are analyzed with special
equipment that can predict machine failure based on vibration, lubrication, temperature, and
other analyses, with amphasis on planned maintenance.

Neither of these specificalllean energy recommendations were present in the top 30
rankings of wood products manufacturers based on least cost, greatest savings, shortest payback
period, or most fquently implemented from chaptrThese results obviolysconcludethat the

specifically lean energy recommendations were nothieapest to implement, did not save the

largest amounts of money, were not the fastest in terms of payback period, andotvere
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implemented oftenThe dataof these two recommendatioftes wood manufactureis provided in

Table 6.1

Table6.1: Specifically lean energy recommendations

Imp. Avg.Saved Avg.
Freq. Per Year  Payback
2.4156 Establish a preventative maintenance program 2 $7,333.71 $33,104.68 0.32
2.4157 Establish a predictive maintenance program 10 $2,482.55 $6,718.87 0.41

ARC2 Description Avg. Cost

It is important to understarttie results iMrable 6.1do not ircludethe productivitygains
that could be attributed to their implementation, such as reducedidwyspeed, and quality
losses. Theedataare reflections of saving througimergy only Any productivitygains could be
attributed to greater avings whifh would also decreas¢he payback period of these
recommendationsFurthermore, when comparing these recommendations to the 30 most
frequently implemergid recommendations by wood manufactureSable 4.4 we see that while
they are infrequently implemestt, their average o s t s thehighestéheir average savings
arenodot the | owest, and their #preducaviyganpvaerg b ac k
calculated and added tbe energyrelated gainstheserecommendationsnay demonstrate #

superior performance describedQuesada & Bond2013.

6.22 Descriptively Lean

Four recommendationsnet the descriptively dan criteriaand are presented below
beginning with the energy recommendation code and its definition in Cisk&ved by the
correspondingdan tool and its dmition. Recommendations 2.1231, 2.3135, and 2.6124 would
be associated with TPM and 2.51&9sociatedvith plant layout according the lean house model

presented in section 3.7.
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2.1231i ESTABLISH BURNERMAINTENANCE SCHEDULE FOR BOILERS
Preventive MaintenandeA maintenance strategy in which machines are checked or parts are
replaced at specified time increments or machine (part) usage.

2.31351 SCHEDULE ROUTINE MAINTENANCE DURING NONOPERATING PERIODS
Preventive MaintenandeA maintenance strategy in which machines are checked or parts are
replaced at specified time increments or machine (part) usage.

2.51217 REDESIGN FLOW TO MINIMIZE MASS TRANSFER LENGTH

Flow Cellsi Manufacturing or assembling inayout in which all (or most) of the parts and
machines necessary to complete a part or assembly are in close proximity of one another.
2.61247 ESTABLISH EQUIPMENT MAINTENANCE SCHEDULE

Preventive MaintenandeA maintenance strategy in which machines @recked or parts are
replaced at specified time irgnents or machine (part) usage.

Two of the descriptively learrecommendationwere present in both the least cost and shortest

payback rankings for wood pradts manufacturers from chapte(seeTable 6.2).

Table6.2: Present in the least cost and shortest payback rankings.

Imp. Avg. Saved Avg.

ARC2 Description Freq. Avg. Cost Per Year Payback
23135 s;:ngg:le routine maintenance during roperating 1 $0.00 $874.97 0.00
2.6124 Establish equipment maintenance schedule 1 $97.47 $963.04 0.10

We seefrom Table 6.2that recommendations 2.3135 and 2.6h2se a very low cost
which lends them a verlpw payback period. The low payback period matches the work of
Quesada and Bond2@13, however the savings of these recommendations are low and
recommendations 2.1231 and 2.5121 are not present in anytoptB@ rankings given ichapter
4. Again, itis important to point out that these data representations of savings through energy
alone and if productivity gains were incorporated the savings and payback period would increase
and decrease, respectively. Howevercduse these recommendations warly implemented

once each it is difficult to comment @rnether they would have gsuperior affecsuch as greater
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savings or relative shorter payback periadise to their éan manufacturingand energy

management nature.

6.23 Arguably Lean

Eighteen ecommendationsnet the arguablyelan criteriaand are presented below
beginning with the energygecommendation code and its definition in CARSlowed by the
correspondingdan tool and its dmition. Some energyecommedations may have more than
one kan tool associated with it. The argument of lib& energy recommendation amai tool
are associated are added for each recommendation and tool Aflaiarguably lean
recommendations but 2.5194, 2.5195, and 2.6231 would be associated with TPM at¢odh#ing
lean house model presented in section BeéEommendations 2.1232, 2.6125, and 2.6127 would
be associated with 5s, recommendations 2.5194 and 2.5195 would be associated with plant layout,
while recommendations 2.1233 and 2.6231 would be assogigteduality at source according
to the lean house model presented in section 3.7.
2.1131i REPAIR FAULTY INSULATION IN FURNACES, BOILERS, ETC
Preventive MaintenandeA maintenance strategy in which machines are checked or parts are
replaced at specifietime increments or machine (part) usage.

If repairs of faulty insulation in furnaces, boilers, etc. are checked and repaired on a regular
schedule it would fit under preventative maintenance.

2.1132i REPAIR FAULTY LOUVERS AND DAMPERS
Preventive Maintesincei A maintenance strategy in which machines are checked or parts are
replaced at specified time increments or machine (part) usage.

If repairs of faulty louvers and dampers are checked and repaired on a regular schedule it
would fit under preventativenaintenance.

2.12321 KEEP BOILER TUBES CLEAN

5s1 Five Japanese words for creating and maintaining a clean, organized work environment:
Seiri (sifting), Seiton (Sorting), Seiso (Sweeping), Seiketsu (Standardize), Shitsuke (Sustain).
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PreventiveMaintenancé A maintenance strategy in which machines are checked or parts are
replaced at specified time increments or machine (part) usage.

If the cleaning of boiler tubes is part of a methodical cleanliness and organizational strategy
it would fit uncer 5s. If the cleaning of boiler tubes is conducted on a regular schedule it
would fit under preventative maintenance.

2.1233i ANALYZE FLUE GAS FOR PROPER AIR/FUEL RATIO
Statistical Process ContrblUse of control charts to study processes and detemntina the
process is out of control.

Total Productive MaintenandeA maintenance strategy, which incorporates the operators in
daily maintenance activities, such as, checking for vibrations, oil and lubrication, etc.

If the analysis data of flue gas fproper air/fuel ratio is collected and used to control the
process it would fit under statistical process control. If the analysis of data of flue gas for
proper air/fuel ration was collected daily to determine if the ratio was optimal it would fit
undertotal productive maintenance.

2.2113i REPAIR OR REPLACE STEAM TRAPS
Preventive MaintenandeA maintenance strategy in which machines are checked or parts are
replaced at specified time increments or machine (part) usage.

If repairs or replacements deam traps are checked and repaired or replaced on a regular
schedule it would fit under preventative maintenance.

2.21227 INSTALL / REPAIR INSULATION ON CONDENSATE LINES
Preventive MaintenandeA maintenance strategy in which machines are checkedtsrgre
replaced at specified time increments or machine (part) usage.

If repairs of insulation on condensate lines are checked and repaired on a regular schedule
it would fit under preventative maintenance.

2.21321 REPAIR FAULTY INSULATION ON STEAM LINES
Preventive MaintenandeA maintenance strategy in which machines are checked or parts are
replaced at specified time increments or machine (part) usage.

If repairs of faulty insulation on steam lines are checked and repaired on a regular schedule
it would fit under preventative maintenance.

2.2133i REPAIR LEAKS IN LINES AND VALVES
Preventive MaintenandeA maintenance strategy in which machines are checked or parts are
replaced at specified time increments or machine (part) usage.

If repairs of l@ks in lines and valves are checked and repaired on a regular schedule it
would fit under preventative maintenance.
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2.2135/ REPAIR AND ELIMINATE STEAM LEAKS
Preventive MaintenandeA maintenance strategy in which machines are checked or parts are
replaed at specified time increments or machine (part) usage.

If repairs and elimination of steam leaks are checked and repaired on a regular schedule it
would fit under preventative maintenance.

2.4151i DEVELOP A REPAIR/REPLACE POLICY
Preventive MaintenandeA maintenance strategy in which machines are checked or parts are
replaced at specified time increments or machine (part) usage.

If a repair/replace police is developed to include regularly scheduled inspections and
repairs it would fit under prevenie¢ maintenance.

2.42361 ELIMINATE LEAKS IN INERT GAS AND COMPRESSED AIR LINES/ VALVES
Preventive MaintenandeA maintenance strategy in which machines are checked or parts are
replaced at specified time increments or machine (part) usage.

If leak eliminations in inert gas and compressed air lines/valves are checked and repaired
on a regular schedule it would fit under preventative maintenance.

2.43127 IMPROVE LUBRICATION PRACTICES
Total Productive MaintenandeA maintenance strategy, which incorpiasthe operators in
daily maintenance activities, such as, checking for vibrations, oil and lubrication, etc.

Preventive MaintenandeA maintenance strategy in which machines are checked or parts are
replaced at specified time increments or machind)(paage.

If lubrication practices are performed daily it would fit under total productive maintenance.
If lubrication practices are performed on a regular schedule it would fit under preventative
maintenance.

2.4313i PROVIDE PROPER MAINTENANCE OF MOTORRIVEN EQUIPMENT
Preventive MaintenandeA maintenance strategy in which machines are checked or parts are
replaced at specified time increments or machine (part) usage.

Total Productive MaintenandeA maintenance strategy, which incorporates the operan
daily maintenance activities, such as, checking for vibrations, oil and lubrication, etc.

If proper maintenance of motor driven equipment is conducted on a regular schedule it

would fit under preventative maintenance. If proper maintenance ofr nabeen
equipment is conducted daily it would fit under total productive maintenance.
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2.51947 REDESIGN PROCESS
Flow Cellsi Manufacturing or assembling in a layout in which all (or most) of the parts and
machines necessary to complete a part or adgersin close proximity of one another.

If a redesigned process incorporates flow by having machines properly ordered in close
proximity it would fit under flow cells.

2.51951 CHANGE PRODUCT DESIGN TO REDUCE ENERGY REQUIREMENTS
Flow Cellsi Manufactumg or assembling in a layout in which all (or most) of the parts and
machines necessary to complete a part or assembly are in close proximity of one another.

If a change of product design which reduces energy requirements incorporates flow by
having maches properly ordered in close proximity it would fit under flow cells.

2.61251 KEEP EQUIPMENT CLEAN
5si Five Japanese words for creating and maintaining a clean, organized work environment:
Seiri (sifting), Seiton (Sorting), Seiso (Sweeping), SeikEsandardize), Shitsuke (Sustain).

Total Productive MaintenandeA maintenance strategy, which incorporates the operators in
daily maintenance activities, such as, checking for vibrations, oil and lubrication, etc.

If the cleaning of equipment is parta methodical cleanliness and organizational strategy
it would fit under 5s. If the cleaning of equipment is conducted daily it would fit under
total productive maintenance.

2.61271 MAINTAIN AIR FILTERS BY CLEANING OR REPLACEMENT
5si Five Japanese wds for creating and maintaining a clean, organized work environment:
Seiri (sifting), Seiton (Sorting), Seiso (Sweeping), Seiketsu (Standardize), Shitsuke (Sustain).

Preventive MaintenandeA maintenance strategy in which machines are checked or parts ar
replaced at specified time increments or machine (part) usage.

If the maintenance and cleaning of air filters is part of a methodical cleanliness and
organizational strategy it would fit under 5s. If the maintenance and cleaning of air filters
is conduted on a regular schedule it would fit under preventative maintenance.

2.62311 UTILIZE CONTROLS TO OPERATE EQUIPMENT ONLY WHEN NEEDED
Autonomationi Designing a machine to stop automatically when it detects an error in the
production process.

If the opeation of equipment while it is not needed is considered an error then automatic
controls to stop the equipment while it is not needeuld fit under autonomation.
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Arguably lean ecommendation(syhich were present irankingsfrom chapter 4vere

identified and compiled ito Tables 6.36.7 according to the rankings they were present in.

Table6.3: Present in the least cost and shortest payback rankings from chapter 4.

- Imp.  Avg. Avg.
ARC2 Description Freq. Cost Avg. Saved Payback
2.3135 Schedule routine maintenance during roperating 1 $0.00 $874.97 0.00
periods
2.4313 Provide proper maintenance / of motor driven equipmen 1 $0.00 $2,818.64 0.00
2.5194 Redesign process 1 $0.00 $11,572.09 0.00
2.6124 Establish equipment maintenance schedule 1 $97.47 $963.04 0.10
Table6.4: Present in the greatest savings ranking from chapter 4.
- Imp. Avg.
ARC2 Description Freq. Avg. Cost  Avg. Saved Payback
2.1232 Keep boiler tubes clean 9 $15,657.11 $55,504.58 0.46
2.2135 Repair and eliminate steam leaks 13 $5,617.78  $73,847.37 1.89
2.5195 Change product design to reduce energy 1 $211,357.21 $192,243.67 1.10
requirements
Table6.5: Present in the most frequently implemented ranking from chapter 4.
i Imp. Avg.
ARC2 Description Freq. Avg. Cost Avg. Saved Payback
2.1233 Analyze flue gas for proper air/fuel ratio 55 $5,415.09 $18,178.42 0.75
2.4151 Develop a repair/replace policy 26 $4,502.08 $4,995.05 1.40
2.4236 Eliminate leaks in inert gas and compressed air lines, 488  $2,975.22 $7,911.86 0.46
valves

Table6.6: Present in the least cost and most frequently implemented rankings from chapter 4.

. Imp. Avg. Avg. Avg.
ARC2 Description Freq. Cost Saved Payback
2.4312 Improve lubrication practices 19 $325.37 $3,330.56 0.33

Table6.7: Present in the shortest payback ranking from chapter 4.

- Imp. Avg. Avg. Avg.
ARC2 Description Freq. Cost Saved Payback
2.1132 Repair faulty louvers and dampers 1 $548.91 $2,870.79 0.19
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As seen inrables 6.36.7abovethere are 12 recommeations classified as arguabgah
that appeared in at least one ranking from chapt€hd average costs of these recommendations
range from $0.00 to $211,357.21, the average savings range from $874.97 to $192,243.67, and the
avera@ payback period ranges from 0.00 years to 1.89 y€arapared to the least cost ranking
range of $0.00 to 464.93, the greatest savings ranking range of $1,223,439.17 to 33,859.93, and
the shortest payback ranking range of 0.00 years to 0.19 years, |daedsased energy
recommendations are not inherently superi@ased on the data collected for these
recommendations theren® clearevidenceto suggest thesarguably leamecommendations are
ary different fromsimpleenergy recommendations in termscost, savings, or payback period
However, it is important to consider the two major limitaticofsthese arguably lean energy
recommendations. Firstinlike thespecifically or descriptivelyelan energy recommendats,
these arguablyebn energy recommeations would need to meet sgeccriteria to be considered
lean. Without knowing the specific practices for each manufacturer no viable conclusion could be
made about whether the recommendationgere implementednly once omwerein factpracticed
continuously as they should be accordingetan principlesSecond, just like the specifically and
descriptively lean energy recommendations, these arguably lean recommendations represent the
savings of energy. Productivity gains would need @arizorporated to truly determinethey

resultin larger savings and shorter paghgeriods relative t@impleerergy recommendations

6.24 Waste Elimination and NoAean Recommendations

Of the 192 energyecommendations given tawood productsmanufacturesonly 24
recommendations were chosen to be class#geltan by the methods of matching them to Kirby
and Gr26e08 redngoolg as described in section. & ¥ important to rstate that the primary

goal of kanis maximizing value whé minimizingwaste [ean Enterprise Institut2016. From
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this context alone, it couldebargued that any practice tmatiuceghe energy consumptiaof a
process while still providing the same service has reducedaloe addd energyconsumption
and mwst therefore beelan.Presented ifTable 6.8are 22 energy recommendations, of the 192
implemented by the wood products manufacturers, which coolde learas theydo not result

in energy conservation or efficiencyneaning they do not minimize nealue added energy

waste instead, they are methods for lowering energy costs.

Table6.8: Nonlean energy recommendations.

ARC2 Description

2.1311 Replace electricallgperated equipment with fossil fuequipment

2.1321 Replace fossil fuel equipment with electrical equipment

2.1331 Burn a less expensive grade of fuel

2.1335 Replace gasoline with diesel, LPG, or natural gas

2.1392 Replace purchased steam with other energy source

2.2628 Utilize a lesgxpensive cooling method

2.3131 Reschedule plant operations or reduce load to avoid peaks

2.3132 Recharge batteries on during gf€ak demand periods

2.3133 Consider three or four days aroustlde-clock operation rather than one or two shifts per day

23134 Shift from daytime to nighttime operation
2.3137 Use power during ofpeak periods

2.3191 Use demand controller or load shedder

2.3192 Use fossil fuel powered generator during peak demand periods
2.3211 Use power factor controllers

2.3212 Optimize plant power factor

24112 Install softstart to eliminate nuisance trips

2.8111 Check for accuracy of utility meters

2.8112 Combine utility meters

2.8113 Purchase gas directly from a contract gas supplier

2.8114 Change rate schedules or othgranges in utility service

2.8121 Apply for taxfree status for energy purchases
2.8123 Pay utility bills on time

Based on the ark presented in this sectiaie 24 energy mmmmendations identified as
either specifically, descriptively, or argualdanusing the lean tools provided by Kirby and Green
(2003 all have the potentiab increase productivity while improving energy performaideo
of note is how 20 of the 24 recommendations could fall under TPM according to the lean house

model preseted in section 3.7. This suggests thaiper maintenance practices, according to lean
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principles, with energy consuming equipment are most likely to reduce energy consumption while
increasing productivity. However, th&C database alone does not contmough information to
determine whether those 24 leamergy recommendations have superior savings obga&y
periodsbecause productivity gains are not included in the savings or payback pEonodbsis

reason| suggest thduture resarchersvork with manufacturers and measure the eftéthe 24
leanenergy recommendations to definitively determine stngngtls resultant of theiincreased
productivity and energy performance rasted inQuesada anddhd 013 . Considering
core principle ofmaximizing value and mimizing waste, 170 recommendations tiie 192
implemented by wood products manufacturers will contribute to mimiguinonvalue added

energy wastélLean Enterprise Institute 20L60nly the 22 recommendatioidentified inTable

6.8 will not reduce energy wastes.
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CHAPTER 717 COMPARATIVE CASE STUDY OF MANUFACTURER S
7.1 Introduction
This chapter focuses dhe investigation of the energy consumption, energy management
practices, and perspectives of wood product manufacturgaisdieg energy management based

on acomparative case studgbjective 4.

7.2 Results and Discussion

7.2.1General Information

Questions 19 (Appendix E) were asked with the intent of drawing inferences from the
respondent s 6 vanablesithatanfluenoed the cost, sakiregs, and payback period of
the significantly different recommendations as discussed in section 5. Since the analysis was not
able to determine what these variables were, no inferences could be Deadegraphic
information for the respondents are presentediahle 7.1and he results ofquestions2-9 are

presented iTable 7.2below.

Table7.1: Demographic information.

ManufacturerQ a

Study Code LYdSNIBASHSS Primary Business Classification
A Director of Mfg. Technology Wood Household Furniture Secondary
B President Sawmills and Planing Mills (no kilr Primary
C Manager Other (DryKiln Facility) Secondary
D Manager Other (Drykiln Facility) Secondary
E Manager Sawmills and Planing Mills (no kilr Primary

Table7.2: General respondent information.

Electric Peak Nat. gas
Mfg. Area Employees Hours Sales Purchased Energy Cons. Demand Cons.
A - 500 + - - Electric & Nat. gas  $1.8M 2/3 of bill ?
B 46,000 sf 40 2,800 $9M Electric $144,000 ? n/a
C 40,000 sf 32 2,040 $25M  Electric & Biomass $216,000 ? n/a
D 50,000 sf 22 2,000 $15M  Electric & Biomass $160,000 ? n/a
E 30,000 sf 55 2,000 $16M Electric $198,000 ? n/a
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In addition to electricitywhich was purchased by each respondeminubcturers C and
D purchasediomass as fudbr their boiler operations and manufacturer A purchased natural gas
but was unaware of how much was consuriiélden asked abotiteir peak demand ceamption

only manufacturer A gavan estimation which they presumed was about 2/3rds of their utility bill.

7.2.2Consumption Monitoring Practices

Table7.3: Energy consumption monitogrby respondents.

Level of Electric  Electric Tracking  Electric Review Level of Nat. gas Nat. 9as
Mfg. Metering Method Frequency Nat. gas Tracking Review
Metering Method Frequency
A Whole Site Utility Bills Annually ? ? ?
B Building Utility Bills Monthly n/a n/a n/a
C 2, Site Utility Bills Quarterly n/a n/a n/a
D Whole Site Utility Bills Monthly n/a n/a n/a
E 2, Site Utility Bills Monthly n/a n/a n/a

As seen imable 7.3 no respondent tracked electric consumption by individual equipment.
Manufacturers A and D were metered tloeir whole site, manufacture@and Ehad tvo meters

coveringtheir sitesand manufacturer B had a meter per building at their site.

The only methodiused fortracking electric consumption for each respondearetheir
utility bills andelectrc energy consumption was most frequenglyiewed on a monthly badiy
manufacturers B, D, and. Manufacturer C reviewed their electric consumption quarterly and
manufacturer A revieadtheirs annually. As mentioned prevaby manufacturer A was the only
responént that purchased natural gaswever how the natural gas was metered, tracked, and

how frequently consumption was reviewed was unknown to the interviewee.
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Without tracking and maintaining accurate energy consumption data for all major functions
in the facility, no baseline can be established. Gathering and analyzing this data is necessary for
identifying the performance level of operations and prioritizingatv needs immediate
improvemen{(ISO/PC 242 2011; Ross & Associates 2011; Seow & Rahimifard 2011; Worrell et
al. 2010. The data needs to be collected over time to develop a historical perspective and creat
context for future decisions. While utility slido play a role in monitoring facility level energy
consumption, theydo not provide the necessary information for making critical energy
management decisiors the process levePreferably, operations at the process level should be
submetered so indidual activities can be measured for opportunities of improvelhgay/PC

242 2011; Ross & Associates 2011; Seow & Rahimifard 2011; Worrell et al).2010

7.2.3Energy Impact

When asked if rising energy expenses had a negative impactt he f acllduti t yo6 s
manufacturek said yesManufacturer E claimed to have no negative impact as a result of rising
electricity prices at the facility. For the respondents that said yes, rising energy expenses had a
negative impactonthafc i | i t yafdlowppquestionivas asked about what had been done

as a response to rising energy expensesradts are presentedTiable 7.4below.

Table7.4: Response to rising energy expenses.

Response Choice Mfg. A  Mfg.B Mfg.C Mfg.D

Increased productivity

Improved process efficiency X

Increased prices to customer

WSOASHESR LINPGARSNDRAE O2y (NI O

Absorbed cost and accepted lower profitability X X X X
Investigatedenergysaving programs X

Implemented energysaving practices and technology
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From Table 7.4 we see that each manufactuvéno observed a negative pact due to
rising energy expensémd aberbed the costand accepted lower profitability as a consequence.
Only manufacturers A and B claimed to have done more to combat the costs. Manufacturer A said
they had begun investigating enetgpving practices, specifically mentioning looking at their
lighting systers and investigating variable speed drives for their motors. Manufacturer B simply

stated that they had been working to improve their process efficiency.

It should be noted that manufacturers A, B, C, and D did not d¢aimave implemented
energy saving practices and technology in response to rising energy prices, howewcér, e
respondent had implementatileast thee energy saving practices accordinghe responses in

aseparate questiatiscussed below

7.2.4Energy Saving Practices
Respondents &re then askedtoselectny ener gy r el ated practic
from a list ofcommon energgaving practicesonpiled from the literature review heresults are

presented iTable 7.5

Table7.5: Implemented energgaving practices.

Response Choice Mfg. A Mfg.B Mfg.C Mfg.D Mfg. E
Participated in an energy audit X X X X
Developed an explicit energy policy
Reduced equipment settings (decreasing temperatures,
pressures, or motor speeds)

Made a practice of turning lights off when not in use X X X
Utilize higher efficiency lamps and/or ballasts X
Insulated thermal systems such as steam and water lines X
Participate in special utility rates

Conduct leak detection anepair X X

Made a practice of turning off equipment when not in use X X

Utilize energyefficient belts and other improved motor

mechanisms X X
Developed a repair/replace policy for equipment X X
Other (please specify) X
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As seen imable 7.5 manufacturers A, B, C, and D, had implemented at least three energy
savings practices in some capacity. Those manufacturers all saw a negative impact on their profits
as a result of rising energy expensesnMacturer E, who claimed to obsemve negative impact
on their profits as a results of rising energy expenses, did have capacitors installed for soft starting

key equipment but had not implemented any additional energy saving practices.

The most common @ngy saving practice among the respondents was participating in an
energy auditlt should be nad that manufacturers B, B, and Ehad previous or current business
relations with a company called EnerNO@anufacturers B, C, and entioned this company
whenasked if they had participated in an audihfamiliar with what tle company provided, |
contacted Ener NOC6s customer service to gain
EnerNOC is a demand response manager that assists utility providegsethergy demand peaks
by notifying industrial and commercial energy users to shut down parts of their operations in return
for monetary compensation. The customer service representative at EnerNOC said that while they
had the capability to conduct a detdil energy audit, they did so very infrequently. The
representative said that the initial process of meeting a potential customer, installing their
hardware, and surveying them was referred to as an audit, however, the process is only to
determine if the pential customer would be able to curtail the amount of energy consumption

EnerNOC required.

It is also importat to point out that while four of the fivespondent hadcknowledged
that rising energy expenses have a negative impaitteimprofits, norespondent hadeveloped
an explicit energy policy for energy management. Without an explicit energy policy in place, it is

likely that there are no goals or objectivestablished responsibility and authority, or resources
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allocated to the iprovementf energy performance. This suggests that the respondents had not
made a commitment to energy management, whialrtisdr supported by the lack @spondents

claiming they had implemented energgving practices in response to rising energy prices.

Ead interviewee waghen asked if the facility observed savings as a r#saf the

practiceghey had implemented an open answer question. Their responses are presented below.

Manufacturer A: ABi Il is too high to noticebo
Manufacturer Boofk@almdét say | O6ve

Manufacturer C: fAYes, in the steam and boil er
Manufacturer D: fiYes, we get a significant pa

1]

Manufacturer E: lts spread over such a | ong

When asked if the manufacturers observed savagya result of their energyactices,
manufacturers AB, and E had not noticeahile manufacturers C and D said yes to a specific
practice. Manufacturer C said they saw savings in their boiler and steam operations. As mentioned
previously manufacture€ purchased biomass to fuel their boiler operations and insulated their
thermal systems. This likely led to more heat retention which would lead to a lower cost of biomass
fuel as they would not have needed to consume as much prior to the installatiemnsitation.
Manufacturer D said they received a significant amount of money from EnerNOC. Again this is
part of Ener NOCO6s business agreement that a c
of energy during peaks in energy demand, if the custaoeplies they receive monetary
compensation. Manufacturer D was the only respondent that currently kept this agreement with
EnerNOC. Manufacturers B and C claimed that the monetary compensation from EnerNOC had

been cost effective in the past but curngentild i dndét cover the cost of t1}
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It is unsurpising that manufacturers &, and Edid not observe any savings as a result of
their implemented engy practices while manufacturers C andh@ticed gainnly in speific
practicesThe comlnation of only using utility bills as a measurement tool and the lack of explicit
energy management policies, would make it difficult for any manufacturer tcersergy

performancemprovement.

7.2.5Lean
Respondents werasked if thefacility practical elements ofdan manufacturingr the

Toyota Production System in an open answer question. Their responses are presented below.

Manufad¢ ur er A: il 6 voe, rweea dd ot hbea tbcoho kpsr,odnuct i ono
Manufacturer B: fAYes, we practice el ementso
ManufacturerCii Tal ked about it, but nobo
Manufacturer D: W@ANoO

Manufacturer E: fAl1 &dd probably say noo

As mentiored in section 2.60f the literature review, energy management and lean
manufacturing are mulilimensional and share common key elements for success. Battereq
transformations in physical behaviors and company culture to achieve their greatest benefits.
According to Womack (2007) it is far easier to implemeneanltool such as, vakstream
mapping, setupime reduction, 5S, standardization, and Kanban thekling the full magnitude

of the management program.

It is my opinion that lean manufacturing practices may be used to draw inferences about
energy management practices due to the many similarities between the managegranispr

Manufacturers A, CD, and Edo not practice lean elements whfdntherleads me to believe that
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their energysaving practices were implemented gilmy as -fa xfbg wiacckher t han
committed effort to manage their energy performance. Similarly, Espinoza €204l1b)
concluded, based on the results from their survey of wood product manufacturers, that companies
were most often implementing energy practices asdimensional efforts rather than lotgrm

continuous improvement programs.

7.2.6Information source and influence
Respondents were asked to indicate, from a list of sources, where they had received energy
saving information thus far and then to rank their chosen sources bet¥ednrépresenting the
source that most influenced their enesgying pactices while X would represent the source that
least influenced their energpaving practices. The nd¢s are presented ifiable 7.6 below. Be
aware that manufacturer A is not present as thidynot providean answerManufacturer E
explained thatthey on 6t have one particular source that
they use information from all of the provided sources to some degree when making decisions; thus,

their response are given as fAxo0.

Table7.6: Information sources and influence.

Response Choice Mfg. B Mfg. C Mfg.D  Mfg. E
Colleagues within the company 1 X
Colleagues within the manufacturing sector 1 2 X
General media, such as radio, television, or internet a[ 26 SNJ X
Sector organizations 2 G[ 26 SNJ X
Scientific sources, such as journals X
Conferences and seminars 1 5 X
Information from energy providers X
Product labels and efficiency ratings X
Product information from dealer X
Consultantgperforming energy audits 1 1 X
Government resources X
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From visual inspection dfable 7.6, we see that consultants performing energy audits and
colleagues both within the company and the manufacturing sector are the sources esanegy
information that mo st i ndaving @ractcesd Thossow@cesare s p o n d «

followed by conferences and seminars, sector organizations, and general media.

It should be noted that manufacturers C andldmed to receive energpanagemein
information from theconsultants performing energy audits were EnerNOC customers and
Ener NOC6s ficurtail auditso do not function as
education and consultatido the customer. Unfortunately, the interviewesfionnaire was not
designed to ask for the identity of the party responsible for conducting the energy audd. Due
this lapse of foresight, it can neither be confirmed nor denied whether EnerNOC was the sole

auditor.

7.2.7Barriers which Inhibit Implementation

Respondents were asked to consider a list of nine factors that are common barriers which
impede the adoption of energy management practices, then rank them be8yéemgdresenting
the factor that most inhibits the adoption of enesgying echnologies and practices while 9
would represent the factor that least inhibits the adoption of essenggg technologies and
practices at their facility. e results are presentedTiable 7.7 below. Again manufacturer A is
not present in this tdd be@use they did not providen answer to this question. Furthermore,
manufactures B and Egave no ranking for the barriers stating that each was important, therefore,

~

those responses are given as fAxo.

Table7.7: Common barriers and their influence.

Response Choices Mfg. B Mfg.C Mfg.D Mfg. E
Technology is inappropriate at this site
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Technical risks, such as production disruption/hassle 4.5

Capital is directed towards other priorities X 2 4
Cost ofidentifying opportunities and analyzing cost effectiveness X 4.5

Lack of available capital

Long decision chains 1
Time is directed towards other priorities 1 4 X
Poor information quality regarding energaving opportunities X 1 3 X
Lack oin-house technical expertise X 7 2

From visual inspection ofable 7.7, we see that poor inforation quality regarding energy
saving opportunitiehad been chosen by each responding manufacturer and given a high
importanceTime is directed towards other priorities, capital is directed towards other priorities,
and lack of irhouse techical expertise were the second mostnmon barriers inhibiting the
adoption of energy savings technolags and practices chosen by three tloé responding
manufacturers. Afose were followed byost of identifying opportunities and dy&ng cost
effectivenesschosen twicelong decision chainsand technical risksvhich were chosen only

once.

Based on the responses giverTables 7.6and7.7, it seems that knowledge regarding
energy saving has not been effectively disseminated among the respondents or their colleagues.
Each of the responding manufactureBs C, D, and Eclaimed poor information quality is an
importantbarrier to implemeting energy saving practices. At the same time manufacturers C, D,
and E claimed consultants performing energy audits and colleague within the manufacturing sector
were among the most influential sources for energy saving information. This further letmls me
assume that manufacturers C and D did not receive an energy audit outside of the service provided
by EnerNOC because a professional auditing service should be providing high information quality

to its customers. Also of notmanufacturer E did not dla to have participated in an energy audit.
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What 6s | eft after consultants are coll eagues

between themselves which may or may not be sound practices.

7.2.8GeneralComments
Once theinterviewswere completed, interviewees were asked if they had anything else
they wished to @d. Manufacturers A and D gave the statements presented below.

Mfg. A
AAs a manager you try and make the most | ogi

enough time and money tlo everything. However, we are still in business so we must
be doing something right. | believe that is a testament to our decisions and management
thus far. o

Mfg. D
AOQur industry is full of old timers that do

anything with too much tech or too much cost. | think that as younger folks enter, the

industry will adopt new things faster. o

The results of these interviews suggest that wfile of the fiveresponderst have
experiencedhegative impact®n their proits due torising energy prices, no commitment to
improving their energy performance has been miadielence of the lack of commitment includes
no explicit energy policy, infrequent energy consumption reviews, no process level energy
consumption monitoringand the inability to recognize savings from implemented energy

practices

According to the respondents, poor information quality about energy savaisghie most
common barrier to implementing energy savings practices and technologies, followee Iy tim

directed towards other priorities and capital is directed towards other priorities. In 2003
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Emplaircourt et alreported that the most common reasons for failure to implement energy saving
recommendations among wood furniture manufacturers was afléioke to plan and implement
recommendati ons a ntdalloa mdnaydokbe spént. One ranson dentimerd
shared by each of the five manufacturers in the current study was that money was not and would

not be an issue if the manufacturers dedito invest itn energy performance.

The combination of the lack of commitment to energy performance antceploeted
barriers to impmentation of energy practiciesad me to believe that the dissemioatof energy
performance knowledge ahénefitsis a problem. It makes sense that little time, funds, or efforts
are directed towards energy management, when the information quality regarding energy savings

is perceived as poor.

While these few respondents do not represent the U.S. wood produstsyiradua whole,
these results indicatinat efforts should be made to better inform and educate wood products
manufaturers about energy management, its benefits, and the projectedofuaumergy prices
and demand. Industrial energy prices are projetdadcrease from now through the year 2040
(U.S. EIA 2016p Energy demand is likely to increase globally @hi nads and
infrastructure groWfOECD/IEA 201%. The U.S. wood products industry must find ways to remain
competitive and given the lacK ability to pass on the price of raw materials to conssraed
low-cost labor is driving production overseas, energy management has bacoimg@ortant
method for obtaining a competitive advantdgeremaining U.S. wood product manufacturers

(Ahmad 204; Espinoza et al 2011a; Gazo & Quesada 2005

102



CHAPTER 8T SUMMARY & CONCLUSIONS

8.1 Summary

Historically, energy used for manufacturing was a small portion of the total cost and was
accepted as a normal part of busin®é4até 2002; Sciortino et al.dD9; Wengert & Meyer 1992
however, more attention is being given to energy management as increasing energy prices are
impacting profit marginsevaru et al. 2013, Espinoza et al. 2011a; Lin et al. 2012; Sciortino et
al. 2009. Energy prices and demantkgrojected to increase globally and markets become more
competitive nationally and internationally; theS. wood products industry must find ways to
remain relevant. Given the lack of ability to pass on the price of raw materials to consumers and
the quest for lowtcost labor has driven much production overseas, energy manageneswcellent
method for creating a competitive advantage for remaining U.S. wood product manufacturers

(Ahmad 2014Espinoza et al 2011a; Gazo & Quesada 2005

The author hagsompiled andanalyzel energy recommendatioria the IAC database,
identified leanbased energy recommendations, and provided ingigbt the practices and
perspectives of a small sample of U.S. wood product manufacturers to present the industry with
information about which energy management practices should be considered to best reduce energy

costs, thus improving its competitiveness.

Specifically, this research addressed four research objectives:

1) Identify and rank energy recommendations given to wpoatducts manufactures by

implementation cost, savings, payback period, and implementation frequency.
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2) Compare implemented energy recommendations by cost, savings, and payback criteria between

wood and nofwood manufacturers and between primary andrssny wood manufacturers.

3) Identify energy recommendations from the |A@tabase, implemented by wood products

manufacturers, which incorporate lean manufacturing practices or principles.

4) Provide insight on the energy consumption, energy manag@mnaetices, and perspectives of

wood product manufacturers regarding energy management basedmoparative case study

8.2 Conclusions

1) Energy recommendatiomsesent in the leasbst,greatessavings, anghortespayback
period rankings had very low implementation rates and subsequently were infrequently present in
the most frequently implementednking amongvood product manufacturer$hese findings
suggestvood products manufacturesgre not focused on implementingeggy recommendations

specifically based on cost, savings, and payback criteria.

Combustion and thermal systemezommendations shoukhve tle greatest amount o
energy for wood product manufacturers with those operatmgever, those savings may et
obvious.Electrical power, motor sysms, operations, and building agr@unds recommendations
have the greatesofential for fitting welland producing effective visible results for thss. wood

productsindustry on a dayo-day basis.

2) Twelve energy recommendations were found to be statistically significantly different at
U= 0.05 in at least one criteria: cost, savings, or payback period between wood amoodon
manufacturers. However, there waddittractical difference, in terms of paybamiod,between

wood and noswood manufacturers.
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Fifteen energy recommendations were found to be statistically significantly diffetent at
= 0.05 in at least one criteria: cost, savings, or payback period between primary and secondary
wood manufactursr However, only two recommendatio2s2131 (Insulate steam / hot water
lines) and 2.4151 (Develop a repair/replace paolitygl practical differences, large payback

periods of 2.17 and 1.70 years, respectivadyyeen primary and secondary wood manufacs.

3) Twentyfour energy recommendations were classified as -besed energy
recommendationasing the lean tools methodologyrom the IAC database alone, there was no
clear superiority in terms of lower costs, greater savings, or shorter paydramtsgoetween the
24 leanbased energy recommendations and simple energy recommendations as productivity gains
are not included in the IAC databageach of the 24 recommendations have the potential to
increase productivity while simultaneously saving rggeif implemented according to lean

principles.

4) Four of the fiveresponderstacknowledged that rising energy expenses havegatine
impact on their profits, howevao responderdlaimed to haveeveloped an explicit energy policy
for energymanagementEach manufacturer had implemented at least one energy management
practice, however only two manufacturers noticed any gains as a result. This is unsurprising as no
respondent monitored energy consumption at an equipment or process level,intéffiogjt for

any person to see energy performance improvement.

A combination ofthe lack of commitment to energy performariogprovement and the
reported barriers oimplementationamong the respondents suggtwsit the dissmination of

energy managmentknowledge and benefits is a problenffdgs to better inform and educate the
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wood products industrgbout energy is likely necessanycombat the lack of commitment and

poor information quality common among the small sample of participants.

8.3 Significance

Studies have shown that the management of energy consumption and efficiency is an
important component of dap-day wood product manufacturing operations; an importance which
is projected to increase as concerns about energy demand arsl qmidgwue to grow and
manufacturerso ability to aff ecHAnalyssofthenldA€ er i al
database for energy recommendatienggest that the largest energy savinfig the wood
products industryvould come from energy nmagement practices aimed at combustion (boiler)
and thermal (dry kiln) systems for manufactuseith those operations. However, thealysis and
case study resulssiggesthatwood products manufacturers were not implementing ersagiyng
recommendatiogs based on least cost, greatest savings, or shortest payback peridollibrae
theyare most likely implementing recommendations based on the simplicityaamsbbservable
in utility billing. For example, fimake a poacheededd (proaea
the most frequently implemented rankigan easy practice thesaineven be automated, whase
Ause powedpedkripergi ofdso (present in | east <cost
ranking; but implemented oncesquires schedulingnd potential personnel changes dramuch
more difficult to implementFor the average U.S. wood product manufacturer that is looking for
quick and painless energy management, the recommendations present in the most frequently
implementedanking are excellent practices that are fairly simple to implement, likely to positively
impact utility bills, and should work for the average manufacturer as they have been implemented

across the natiodowever it is clear that those looking to sigecefintly reduce energy costs and
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hopefully increase competitiveness should focus on recommendations related to combustion and

thermal systems.

8.4 Limitations
The IAC database is an excellent resource containing large amounts of information on
energy saving practices for manufacturers across the nationdbitwithout its limitations. The
most influential limitation was missing datespecially from earlredated entriesyhich limited
which variables could be used in statistical analysis esldgated the classification of

manufacturers to the Standard Industrial Classifioat&iC), an antiquated system.

Identifying leanbased energgecommendations &g based on the definitions and wording
of the lean tools describedkirby and Green (@03). If other sources or wording of lean tools are

used the results may differ.

The sample sizéor the investigating energy consumption, energy management psactice
and perspectives of wood product manufacturers regarding energy management, is a significant
limiting factor for this analysis; therefore the results should be considered preliminary and a larger

sample sized used before extrapolating the results fioutng industry as a whole.

8.5 Future Work

The IAC database alone, does not contairughdnformation to statisticallgetermine
which variables may influence differences between manufacturing groupefmitively
determineif any leanbased energyecommendations have superior savings or payback periods

due to missing data and unaccounted productivity geaspectively.
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If future workis conductedn the interest of identifying influencing factors contributing to
the differences oénergy recommndations btween manufacturing groujps identifying lean
based energy recommendations that have both productivity and energy performancé gains
suggest collecting your own data of manufacturers to assure all potentiallyntetdeemation is
availabk. Furthermorejt is my opinion that wood manufactures and +woood manufacturers
encompased such a large sampl&f manufacturers with varying degrees of operations, energy
consumption, market maturities, and so thiat subtle differencebetween the te could notbe
exposedCreating more focuseshanufactuing groupsby similar key factors such as industry
maturity, reliance on agricultural materials, or small profit margins may reveal more telling results

in anyfuturecomparisorresearch
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APPENDIX A
VBA code for merging the ASSESS and RE®@orksheets.

SubCombo()

Omust have empty sheet openod
X=2

y=2

Do While Sheets("RECC").Cells(x, 1) <> ™
If Sheets("RECC").Cells(x, 1) = Sheets("ASSESS").Cells(y, 1) Then
Sheets("ASSESS").Rows(y).Copy
Sheets("Sheetl1").Cells(x, 1).Activate
ActiveSheet.Paste

Else

y=y+1
Sheets("ASSESS").Rows(y).Copy
Sheets("Sheetl").Cells(x, 1).Activate
ActiveSheet.Paste
End If
X=x+1
Loop
End Sub
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APPENDIX B

Wood vs nonwood goodness of fit tests.

Cost

.m . .

500000 3500000 6500000 9506000 12500000
— Normal(7235.54,850184)

Saved

n Lo . .

0 400000 10000001600000 2400000

— Normal(7866.69,28312)
Payback
’ - - . .

T B B B LML A A L
-200 200 600 1000 1600 2200 2800 3400

— Normal(1.32515,24.2838)

Quantiles
100.0% maximum
99.5%

97.5%

90.0%

75.0%  quartile
50.0% median
25.0%  quartile
10.0%

2.5%

0.5%

0.0%  minimum

Quantiles
100.0% maximum
99.5%
97.5%
90.0%
75.0%
50.0%
25.0%
10.0%
2.5%
0.5%
0.0%  minimum

quartile
median
quartile

Quantiles
100.0% maximum
99.5%
97.5%
90.0%
75.0%
50.0%
25.0%
10.0%
2.5%
0.5%
0.0%  minimum

quartile
median
quartile

143e+7
146394
527118
138974
355374
903.646
205982

o oo

3017425
118629
458693
171374
712036
262203
980.308
416693
166.458
68.9979
0.04059

3520
12.3487
4.96522
2.59686
1.36788
0.46464
0.09238

o oo

Summary Statistics

Mean 7235536
Std Dev 85018373
Std Err Mean 433.41197
Upper95% Mea  8085.0346
Lower 95% Mean 6386.0375
N 38479
Summary Statistics

Mean 7866.6899
Std Dev 28311988
Std Err Mean 144.33062

Upper95% Mea  8149.5816
Lower 95% Mean 7583.7982

N 38479
Summary Statistics

Mean 13251535
Std Dev 24.28382
Std Err Mean 0.1237956
Upper95% Mea  1.567796
Lower 95% Mean  1.082511
N 38479

Fitted Normal

Parameter Estimates

Estimate Lower 95% Upper 95%
Location 7235536 6386.0375 80850346
Dispersion o 85018373 84421943 85623349
-2log(Likelihood) = 982718.890745945
Goodness-of-Fit Test

KSL Test

D Prob>D
0466089 < 00100

Type Parameter

Note: Ho = The data is from the Normal distribution. Small p-values
reject Ho.

Fitted Normal

Parameter Estimates

Estimate Lower 95% Upper 95%
Location p 78666899 7583.7982 8149.5816
Dispersion o 28311988 28113371 28513452
-2log(Likelihood) = 898097.255063495
Goodness-of-Fit Test

KSL Test

D Prob>D
0.390562 < 00100

Type Parameter

Note: Ho = The data is from the Normal distribution. Small p-values
reject Ho.

Fitted Normal
Parameter Estimates
Type Parameter  Estimate Lower95% Upper95%
Location p 1.3251535  1.082511 1.567796
Dispersion o 24.28382 24.113462  24.45662

-2log(Likelihood) = 354679.092660718
Goodness-of-Fit Test
KSL Test
D Prob>D
0478241 < 0.0100"

Note: Ho = The data is from the Normal distribution. Small p-values
reject Ho.
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Primary vssecondary goodness of fasts
Cost
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Quantiles
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97.5%

90.0%

75.0%  quartile
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10.0%

2.5%

0.5%

0.0%  minimum

Quantiles
100.0% maximum
99.5%

97.5%

90.0%

75.0%  quartile
50.0% median
25.0%  quartile
10.0%

2.5%

0.5%

0.0%  minimum

1008512
141649
551728
15807
448112
1075.08
202942
0

0
0
0

1567927
105948
439536
163191
695534
252973
977.196
44305
166.067
71.6238
26.8094

24375
16.4505
54172
2.8603
1.55914
0.52026
0.09805

o oo

Summary Statistics

Mean 7171783
Std Dev 28717714
Std Err Mean 580.4224
Upper 95% Mea 83099529
Lower 95% Mean 6033613
N 2448
Summary Statistics

Mean 77912029
Std Dev 36463415
Std Err Mean 736.97309
Upper95% Mea  9236.3585
Lower 95% Mean 6346.0474
N 2448
Summary Statistics

Mean 1.3335042
Std Dev 5.6755954
Std Err Mean 0.1147112
Upper95% Mea  1.5584452
Lower 95% Mean 1.1085632
N 2448

Fitted Normal
Parameter Estimates

Estimate Lower 95% Upper 95%
Location 7171783 6033613 8309.9529
Dispersion o 28717714 27935264 29545586
-2log(Likelihood) = 57204.882 1863773
Goodness-of-Fit Test
KSL Test
D Prob>D
0401397 < 0.0100"

Type Parameter

Note: Ho = The data is from the Normal distribution. Small p-values
reject Ho.

Fitted Normal
Parameter Estimates

Estimate Lower 95% Upper 95%
Location 77912029 63460474 92363585
Dispersion o 36463415 35469923 37514579
-2log(Likelihood) = 58374.0238612058
Goodness-of-Fit Test
KSL Test
D Prob>D
0415688 < 0.0100°

Type Parameter

Note: Ho = The data is from the Normal distribution. Small p-values
reject Ho.

Fitted Normal
Parameter Estimates

Estimate Lower 95% Upper 95%
Location 1.3335042 1.1085632 1.5584452
Dispersion o 5.6755954 5.5209567  5.839211
-2log(Likelihood) = 15446.4382211098
Goodness-of-Fit Test
KSL Test
D Prob>D
0407122 < 0.0100"

Type Parameter

Note: Ho = The data is from the Normal distribution. Small p-values
reject Ho.
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APPENDIX C
The 192 unique IAC recommendations that have been implemented by wood products

manufacturers, divided into focus areas.

Combustion Systems

ARC2 Description

21111 Control pressure osteamer operations

2.1113 Reduce combustion air flow to optimum

2.1114 Limit and control secondary combustion air in furnace
2.1116 Improve combustion control capability

2.1121 Use insulation in furnaces to facilitate heating / cooling
2.1122 Resizecharging openings or add a movable door on equipment
2.1123 Install automatic stack damper

21131 Repair faulty insulation in furnaces, boilers, etc.

2.1132 Repair faulty louvers and dampers

2.1133 Adjust burners for efficient operation

2.1213 Directwarmest air to combustion intake

2.1221 Replace obsolete burners with more efficient ones

2.1222 Install turbulators

2.1223 Install smaller boiler (increase high fire duty cycle)

2.1224 Replace boiler

2.1231 Establish burner maintenance schedule lboilers

2.1232 Keep boiler tubes clean

2.1233 Analyze flue gas for proper air/fuel ratio

2.1241 Reduce excessive boiler blowdown

2.1243 Use heat from boiler blowdown to preheat boiler feed water
2.1311 Replace electricallgperated equipment witHossil fuel equipment
2.1321 Replace fossil fuel equipment with electrical equipment
2.1331 Burn a less expensive grade of fuel

2.1335 Replace gasoline with diesel, LPG, or natural gas

2.1336 Install equipment to utilize waste fuel

2.1392 Replacegurchased steam with other energy source

Thermal Systems

ARC2 Description
2.2113 Repair or replace steam traps

22121 Increase amount of condensate returned

2.2122 Install / repair insulation on condensate lines
2.2123 Insulate feedwater tank

2.2126 Lower operating pressure of condenser (steam)
2.2127 Flash condensate to produce lower pressure steam
2.2128 Use steam condensate for hot water supply (ruotable)
2.2131 Insulate steam / hot water lines

2.2132 Repair faulty insulation on steam lines

2.2133 Repair leaks in lines and valves

2.2135 Repair and eliminate steam leaks

2.2153 Close off unneeded steam lines

2.2162 Reduce excess steam bleeding
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2.2163
2.2211
2.2314
2.2411
2.2412
2.2424
2.2425
2.2426
2.2432
2.2434
2.2437
2.2441
2.2443
2.2444
2.2445
2.2446
2.2511
2.2512
2.2513
2.2514
2.2522
2.2531
2.2532
2.2622
2.2625
2.2627
2.2628
2.2711

Electric Power

Use minimum steam operating pressure

Use optimum temperature

Replace heatreating oven with more efficient unit

Use waste heat from hot flue gases to preheat combustion air
Use flue gas heat to preheat boiler feedwater

Use heat in flue gases to preheat products or materials

Use flue gases to hearocess or service water

Use waste heat from flue gases to heat space conditioning air
Recover heat from oven exhaust / kilns

Recover heat from air compressor

Recover waste heat from equipment

Preheat boiler makeupvater with waste process heat

Reuse or recycle hot or cold process exhaust air

Use hot process fluids to preheat incoming process fluids
Recover heat from exhausted steam

Recover heat from hot waste water

Insulatebare equipment

Increase insulation thickness

Cover open tanks with floating insulation

Cover open tanks

Isolate hot or cold equipment

Resize charging openings or add movable cover or door
Use only amount odir necessary to prevent explosion hazard
Replace existing chiller with high efficiency model

Chill water to the highest temperature possible

Use multipleeffect evaporators

Utilize a less expensive cooling method

Utilize outside air instead of conditioned air for drying

ARC2 Description
2.3131 Reschedule plant operations or reduce load to avoid peaks
2.3132 Recharge batteries on during gfeak demand periods
2.3133 Consider three or four day@oundthe-clock operation rather than one or two shifts per day
2.3134 Shift from daytime to nighttime operation
2.3135 Schedule routine maintenance during noperating periods
2.3137 Use power during ofpeak periods
2.3191 Use demand controller doad shedder
2.3192 Use fossil fuel powered generator during peak demand periods
2.3211 Use power factor controllers
2.3212 Optimize plant power factor
2.3321 Use steam pressure reduction to generate power
2.3322 Use existing dam to generagdectricity
23411 rF:eplace electric motors with back pressure steam turbines and use exhaust steam for pr
eat
2.3412 Use waste heat to produce steam to drive a steam turbine generator
23414 Burn waste to produce steam to drive a steam turbineegator set and use steam exhaust
' for heat
2.3415 Use a fossil fuel engine to cogenerate electricity or motive power; and utilize heat
Motor Systems
ARC2 Description
24111 Utilize energyefficient belts and other improved mechanisms
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2.4112 Installsoft-start to eliminate nuisance trips

2.4113 Install motor voltage controller on lightly loaded motors

24131 Replace ovesize motors and pumps with optimum size

2.4132 Size electric motors for peak operating efficiency

2.4133 Use most efficient typef electric motors

2.4141 Use multiple speed motors or AFD for variable pump, blower and compressor loads

2.4142 Use adjustable frequency drive to replace metmmerator set

2.4143 Use adjustable frequency drive to replace throttling system

2.4144 Use adjustable frequency drive to replace mechanical drive

2.4151 Develop a repair/replace policy

2.4156 Establish a preventative maintenance program

2.4157 Establish a predictive maintenance program

24221 Install compressor air intakes in cooléstations

2.4222 Install adequate dryers on air lines to eliminate blowdown

2.4223 Install direct acting units in place of compressed air pressure system in safety system

2.4224 Upgrade controls on compressors

2.4225 Install common header on compressor

2.4226 Use / purchase optimum sized compressor

2.4227 Use compressor air filters

2.4231 Reduce the pressure of compressed air to the minimum required

2 4932 Eliminate or reduce compressed air used for cooling, agitating liquids, moving product, ol
' drying

2.4233 Eliminate permanently the use of compressed air

2.4235 Remove or close off unneeded compressed air lines

2.4236 Eliminate leaks in inert gas and compressed air lines/ valves

2.4238 Do not use compressed air for personal cooling

24311 Recover mechanical energy

2.4312 Improve lubrication practices

2.4313 Provide proper maintenance / of motor driven equipment

2.4314 Use synthetic lubricant
2.4321 Upgrade obsolete equipment

2.4322 Use or replace with energy efficient substitutes
2.4323 Use optimum size and capacity equipment
2.4324 Replace hydraulic / pneumatic equipment with electric equipment

2.4325 Upgrade conveyors

Industrial Design

ARC2 Description

2.5115 Reposition oven walls to reduce heated space

2.5121 Redesign flovto minimize mass transfer length

2.5122 Replace high resistance ducts, pipes, and fittings

2.5123 Reduce fluid flow rates

2.5125 Size air handling grills/ duct/s coils to minimize air resistance

2.5194 Redesign process
2.5195 Change product design teduce energy requirements

Operations
ARC2 Description
2.6121 Reduce hot water temperature to the minimum required
2.6122 Adjust vents to minimize energy use
2.6123 Remove unneeded service lines to eliminate potential leaks
2.6124 Establisrequipment maintenance schedule
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2.6125
2.6126
2.6127
2.6211
2.6212
2.6213
2.6214
2.6218

2.6221

2.6222

2.6225
2.6231
2.6232
2.6242

Keep equipment clean

Keep solid fuels / raw materials dry

Maintain air filters by cleaning or replacement

Conserve energy by efficient use of vending machines

Turn off equipment durindpreaks, reduce operating time

Turn off steam / hot water lines leading to space heating units

Shut off pilots in standby equipment

Turn off equipment when not in use

Use most efficient equipment at its maximum capacity ass lefficient equipment only wher
necessary

Use drying oven (batch type) on alternate days or other optimum schedule to run equipm
with full loads

Eliminate third shift

Utilize controls to operate equipment only when needed

Install setback timers

Minimize operation of equipment maintained in standby condition

Building & Grounds

ARC2 Description

2.7111 Reduce illumination to minimum necessary levels

2.7112 Reduce exterior illumination to minimum safe level

2.7121 Utilize daylight whenever possible in lieu of artificial light

2.7122 Disconnect ballasts

2.7124 Make a practice of turning off lights when not needed

2.7131 Add area lighting switches

2.7132 Install timers on light switches in little used asea

27133 Use separate switches on perimeter lighting which may be turned off when natural light is
' available

2.7134 Use photocell controls

2.7135 Install occupancy sensors

2.7141 Lower light fixtures in high ceiling areas

2.7142 Utilize higherefficiency lamps and/or ballasts

2.7143 Use more efficient light source

2.7144 Install spectral reflectors / delamp

2.7145 Install skylights

2.7221 Lower temperature during the winter season and viezsa

2.7222 Air condition only space in use

2.7223 Condition smallest space necessary

2.7224 Reduce space conditioning during Raorking hours

2.7225 Close outdoor air dampers during waiump / cookdown periods

2.7226 Use computer programs to optimize hvac performance

2.7228 Avoid introducinghot, humid, or dirty air into hvac system

2.7231 Use radiant heater for spot heating

2.7232 Replace existing hvac unit with high efficiency model

2.7241 Install outside air damper / economizer on hvac unit

2.7243 Improve air circulation witlestratification fans / other methods

2.7244 Revise smoke cleanup from operations

2.7261 Install timers and/or thermostats

2.7312 Minimize use of outside makep air for ventilation except when used for economizer cycle

2.7313 Recycle air for heatinggentilation and air conditioning

2.7314 Reduce ventilation air
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2.7316

2.7441
2.7442
2.7443
2.7444
2.7445
2.7447
2.7491
2.7492
2.7494

Centralize control of exhaust fans to ensure their shutdown, or establish program to enst
manual shutdown

Replace broken windows and/or window sash

Keep doors anwvindows shut when not on use

Air seals around truck loading dock doors

Close holes and openings in building such as broken windows
Install weather stripping on windows and doors

Install vinyl strip / high speed / air curtafloors

Insulate glazing, walls, ceilings, and roofs

Use proper thickness of insulation on building envelope

Install storm windows and doors

Ancillary Costs

ARC2 Description
2.8111 Check for accuracy of utility meters

2.8112 Combine utility meters

2.8113 Purchase gas directly from a contract gas supplier
2.8114 Change rate schedules or other changes in utility service
2.8121 Apply for taxfree status for energy purchases

2.8123 Pay utility bills on time

2.8211 Consolidatdreight shipments and/or deliveries

2.8223 Add air shields to trucks to increase fuel mileage
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APPENDIX D

Recruitment letter.

» » » 4 5 &
[ VirginiaTech| Ty A
College of Natural Resources Blacksburg. Virgiia 24061
and Environment Phone: 540-557-7805
Waw.SDIo. vt edy
Date

Name
Company
Street

City, State ZIP Code

Dear Name,

During the last decade the wood products industry has faced economic recession,
increasing energy costs, and global competition. This combination of factors, among
others, have put a measurable burden on the industry. Companies continue to improve
products and processes, however, they may be missing opportunities to reduce costs
through energy management practices.

Virginia Tech is conducting research to identify, rank, and compare energy-saving
practices, implemented by the wood products industry, which have the greatest impact
on factors such as implementation costs, savings, and payback period. Included in this
research are questions about wood products manufacturers’ current practices and
views regarding energy management.

We are asking for your help on this project by agreeing to participate in a brief
interview, 20-30 minutes, regarding your company’s energy use, energy practices, and
perceptions toward energy management. Results from this interview will provide
valuable information regarding energy management practices, implementation, and
potential for improvement. Please be assured that any sensitive information will be
treated with complete confidentiality. Your name and your company name will never
be identified in the study results. Only study codes, i.e., Company X, will be reported in
the results.

Thank you very much for your time and assistance. Should you have any questions or
wish to schedule a time for the interview, please contact me by email:

baumanmj@vt edu (preferred), or by phone: 540-557-7805.

Sincerely,

Michael Bauman
Graduate Research Assistant

Invent the Future

VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY
An equal opportunity, affirmative action Institution




APPENDIX E

Interviewquestionnaire.

Study Code:

1) Please choose a category that best represents the main product produced by this facility:
(check one)

Sawmills and Planing Mills

Millwork and Cabinetry

Veneer, Plywood, and Structural Wood

Wood Containers and Pallets

Wood Buildings and Mobile Homes

Miscellaneous Wood Products

Wood Household Furniture

Wood Office Furniture, Store Fixtures, and Lockers

Other (please specify)

0Oo0DO0ODO0DODODORQD OO D

2) Total area used for production and office purposes at this facility:

3) Number of employees at this facility:

4) Annual production hours of this facility:

5) Annual sales from this facility:

6) Annual electric consumption:

7) Annual natural gas consumption:

8) Annual peak demand electric consumption:

9) Please indicate which type(s) of energy is purchased by this facility:

(choose all that apply)
o  Electricity only
©  Natural gas only
o Both electricity and natural gas
o Other (please specify)
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10) At what level is energy consumption generally metered?

Electriaity Natural gas
©  Whole site o Whole site
c  Building o Building

o Individual equipment

8}

Individual equipment

11) By what method is energy consumption tracked?

Electricity Natural gas
o Utility bills o Utility bills
o Meters o Meters

o Other (please specify) Other (please specify)

12) How frequently is energy consumption generally reviewed?

Electricity Natural gas
o Annually o Annually
o Monthly c  Monthly
o Weekly o  Weekly
o Daily o Daily

13) Have rising energy expenses had a negative impact on this facility’s profits?

14) If yes, what has been done in response? If no, continue to question 15.
(choose all that apply)

Increased productivity

Investigating energy-saving programs

Improved process efficiency

Increased prices to customers

Absorbed costs and accepted lower profitability

Reviewed providers’ contract

Implemented energy-saving practices and technology

0Oo0Do0Doooao
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15) Has this facility implemented any of the following energy-saving practices?
(choose all that apply)

Participated in an energy audit

Developed an explicit energy policy

Reduced equipment settings (decreasing temperatures, pressures, or motor speeds)
Made a practice of turning lights off when not in use

Utilize higher efficiency lamps and or ballasts

Insulated thermal systems such as steam and water lines

Participate in special utility rates

Conduct leak detection and repairs

Made a practice of turning off equipment when not in use

Utilize energy-efficient belts and other improved motor mechanisms
Developed a repair/replace policy for equipment

Other (please specify)

0D0DDODODDODOTGDGDDODO

16) Has this facility observed savings resulting from any of these practices?
(open answer)

17) Does this facility practice elements of Lean Manufacturing or the Toyota Production System?
(open answer)
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18) Please indicate, from among the following sources, where you have received energy-saving
information thus far.
(choose all that apply)

Colleagues within the company

Colleagues within the manufacturing sector
General media, such as radio, television, or internet
Sector organizations

Scientific sources, such as journals

Conferences and seminars

Information from energy providers

Product labels and efficiency ratings

Product information from dealer

Consultants performing energy audits

Government resources

0D0DDODODODODODODODOTDO

19) Please rank the sources chosen above 1-X, 1 representing the source that most influences your
energy-saving practices while X would represent the source that least influences your energy-saving
practices at this facility.

20) Please consider each of the following factors then rank them 1-9, 1 representing the factor that most
inhibits the adoption of energy-saving technologies and practices while 9 would represent the factor
that least inhibits the adoption of energy-saving technologies and practices at this facility.

Technology is inappropriate at this site

Technical risks, such as production disruption/hassle

Capital is directed towards other priorities

Cost of identifying opportunities and analyzing cost effectiveness
Lack of available capital

Long decision chains

Time is directed towards other priorities

Poor information quality regarding energy saving opportunities
Lack of in-house technical expertise
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APPENDIX F

Average values for wood vs. nevood manufacturers/alues in bold represent the significantly

different values.

ARC2 Cost Cost Saved Saved Payback Payback
Non-Wood Wood Non-Wood Wood Non-wood Wood
2.2434 $3,684.20 $2,104.20 $6,079.10 $3,040.32 0.98 1.15
24111 $2,298.17 $3,024.00 $4,206.34 $5,016.05 0.63 0.70
2.4133 $13,634.97  $17,717.78 $6,465.91 $5,961.40 3.82 3.56
2.4141 $34,628.35  $53,037.67  $23,015.11  $33,859.93 1.94 1.68
2.4221 $1,075.81 $698.36 $2,597.81 $1,724.93 0.80 0.75
2.4231 $1,243.84 $1,388.34 $4,618.03 $3,510.72 0.77 0.29
2.4232 $4,448.30 $1,838.34 $9,966.12 $7,551.45 0.70 0.75
2.4236 $1,525.07 $2,975.22 $7,095.83 $7,911.86 0.37 0.46
2.6232 $1,571.36 $1,621.34 $4,130.53 $8,198.67 0.61 0.30
2.7135 $3,056.25 $7,388.21 $3,122.79 $3,994.08 1.43 1.73
2.7142 $13,869.81 $9,900.59 $7,504.51 $5,121.25 2.58 2.79
2.8121 $1,140.34 $1,666.24 $13,428.16 $7,150.98 0.20 0.31

Average values primary vesondarymanufacturers. Values in bold represent the significantly

different values.

ARC2 Cost Cost Saved Saved Payback Payback
Primary Secondary Primary Secondary Primary Secondary
2.1233 $7,319.18 $2,082.95 $25,106.98 $6,053.44 0.51 1.16
2.2131 $3,110.67 $17,862.04 $3,445.20 $9,276.01 0.98 3.15
2.3131 $1,484.20 $1,203.55 $23,864.03 $4,136.66 0.30 0.44
2.3212 $20,076.11  $12,207.29  $15,765.62 $8,542.11 1.69 1.68
2.4111 $3,930.26 $1,431.91 $6,375.72 $2,627.46 0.75 0.61
2.4133 $25,042.21 $6,622.36 $7,622.97 $3,444.37 3.44 3.73
2.4151 $2,530.12 $6,474.03 $6,402.46 $3,587.64 0.55 2.25
2.4221 $640.15 $735.98 $2,240.59 $1,391.73 0.69 0.79
2.4236 $4,695.02 $1,416.65 $11,460.11 $4,696.26 0.49 0.43
2.4314 $196.41 $816.19 $2,778.87 $1,427.38 0.37 0.57
2.6212 $455.88 $1,382.84 $4,494.08 $5,194.29 0.11 0.47
2.6218 $4,539.68 $1,249.13 $9,285.38 $3,923.89 0.67 0.36
2.6232 $1,755.95 $1,277.35 $9,746.93 $4,241.99 0.20 0.53
2.7135 $9,181.34 $5,520.36 $5,720.88 $2,195.34 1.75 1.72
2.8121 $1,979.33 $1,318.36 $2,591.28 $12,217.33 0.32 0.29
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APPENDIX G
Wood vs NoAwood Cost, Wilcoxon Results

Oneway Analysis of Cost By 0=1 W=2 ARC2=2.4221 Oneway Analysis of Cost By 0=1W=2 ARC2=2.4231
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12000 ! 150000 .
10000 | .
8000 . 100000 .
00 i 50000 i .
2000 '
0 ) L] 0 ' !
1 2 1 2
O=1W=2 0=1W=2
Wilcoxon / Kruskal-Wallis Tests (Rank Sums) Wilcoxon / Kruskal-Wallis Tests (Rank Sums)
Expected Expected
Level Count Score Sum Score Score Mean (Mean-Mean0)/Std0 Level Count Score Sum Score Score Mean (Mean-Mean0)/5td0
1 21M 2493120 2473855 114837 2.900 1 1843 1790240 1803376 97137 -2.301
2 107 102661 121927 95945 -2.900 2 113 123706 110571 1094.74 2,301
2-Sample Test, Normal Approximation 2-Sample Test, Normal Approximation
S Z Prob>|Z| S Z Prob>|Z|
102661 -2.90046 0.0037" 123706 2.30142 0.0214°
1-way Test, ChiSquare Approximation 1-way Test, ChiSquare Approximation
ChiSquare DF Prob>Chisq ChiSquare DF Prob>ChiSq
84131 1 0.0037* 5.2969 1 0.0214*
Oneway Analysis of Cost By O=1W=2 ARC2=2.4232 Oneway Analysis of Cost By O=1W=2 ARC2=2.4236
. 500009- .
1400007 . 1900001 .
180000
120000 170000
] 160000 ]
100000 1399083
; e '
g 80000 % 110000
S S 100000
60000 90000
- ot : :
40000 t 60000 - -
0% '
20000 I : 300001 .
] 1 20000
0 L) L) 1000'8 ] l
1 2 1 2
0=1W=2 0=1W=2
Wilcoxon / Kruskal-Wallis Tests (Rank Sums) Wilcoxon / Kruskal-Wallis Tests (Rank Sums)
Expected Expected
Level Count Score Sum Score Score Mean (Mean-Mean0)/Std0 Level Count Score Sum Score Score Mean (Mean-Mean0)/Std0
1 516 146228 144222 283.388 1.997 1 5443 1.59e+7 1.61e+7 292842 -5.646
2 42 973300 117390 231738 -1.997 2 488 1651950 1447408 338514 5.646
2-Sample Test, Normal Approximation 2-Sample Test, Normal Approximation
s Z Prob>|Z| s Z Prob>|Z|
9733 -1.99689  0.0458" 16519495 5.64564 0001
1-way Test, ChiSquare Approximation 1-way Test, ChiSquare Approximation
ChiSquare DF Prob>ChiSq ChiSquare DF Prob>ChiSq
3.989 1 0.0458* 31.8734 1 <,0001*
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Oneway Analysis of Cost By O=1 W=2 ARC2=2.6232 Oneway Analysis of Cost By 0O=1 W=2 ARC2=2.7135

160000 *
50000 * 140000
-
40000 120000
. 100000
30000 . 1
§ E 80000 .
20000 ' 60000 H
I . 1 I -
40000 .
10000 .
. 20000 l
0 ' 1 0 ] L J
1 2 1 2
0=1W=2 0=1wW=2
Wilcoxon / Kruskal-Wallis Tests (Rank Sums) Wilcoxon / Kruskal-Wallis Tests (Rank Sums)
Expected Expected
Level Count Score Sum Score Score Mean (Mean-Mean0)/Std0 Level Count Score Sum Score Score Mean (Mean-Mean0)/Std0
1 468 118867 117234 253989 2.0 1 1244 798560 804868 641929 -2.460
2 32 638300 801600 199.469 -2.101 2 49 380115 317030 775745 2.460
2-Sample Test, Normal Approximation 2-Sample Test, Normal Approximation
s Z Prob>|Z| s Z Prob>|Z|
6383 -2.10128 0.0356" 380115  2.46041 0.013¢9"
1-way Test, ChiSquare Approximation 1-way Test, ChiSquare Approximation
ChiSquare DF Prob>ChiSq ChiSquare DF Prob>ChiSq
4.4181 1 0.0356 6.0546 1 0.0139*
Oneway Analysis of Cost By O=1W=2 ARC2=2.7142 Oneway Analysis of Cost By O=1W=2 ARC2=2.8121
900000 0 35000
850000 | .
800000 30000
750000 |
700000 |
650000 25000
600000 ' :
550000 20000
& 500000 " _ H
2 450000 . g _
400000~ S 15000 .
350000 - . .
300000 10000 l
08 : | :
150000 { 50007 :
"50000- | i
1 L) L]
b l-_ ° |
1 2 1 2
0=1W=2 0=1wW=2
Wilcoxon / Kruskal-Wallis Tests (Rank Sums) Wilcoxon / Kruskal-Wallis Tests (Rank Sums)
Expected Expected
Level Count Score Sum Score Score Mean (Mean-Mean0)/Std0 Level Count Score Sum Score Score Mean (Mean-Mean0)/Std0
1 5885 1.83e+7 1.82e+7 31157 2.803 1 304 874755 853010 222019 3.021
2 308 868131 953876 281861 -2.803 2 38 605250 822700 159.276 -3.021
2-Sample Test, Normal Approximation 2-Sample Test, Normal Approximation
s Z Prob>|Z| s Z Prob>|Z|
868131 -2.80342 0.00571° 60525 -3.02072  0.0025
1-way Test, ChiSquare Approximation 1-way Test, ChiSquare Approximation
ChiSquare DF Prob>ChiSq ChiSquare DF Prob>ChiSq
7.8593 1 D.0051* 9.1289 1 0.0025*
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Wood vs NoAwood Savedyilcoxon Results

Oneway Analysis of Saved By O=1W=2 ARC2=2.2434 Oneway Analysis of Saved By O=1W=2 ARC2=2.4111
100000 . 120000 .
90000 110000 | *
£0000- 100000
. 90000
70000 80000
60000 70000 .
= =
g 50000 ] $ 60000 i
A | A 1 . .
40000 : 50000+
300001 l 40000 l :
20000 30000 .
| . 20000 :
10000 l , 10000 l
0 0] | '
1 2 1 2
0=1W=2 0=1W=2
Wilcoxon / Kruskal-Wallis Tests (Rank Sums) Wilcoxon / Kruskal-Wallis Tests (Rank Sums)
Expected Expected
Level Count Score Sum Score Score Mean (Mean-Mean0)/5td0 Level Count Score Sum Score Score Mean (Mean-Mean0)/5td0
1 431 103352 101501 239.796 2.279 1 1984 2144929 2171488 1081.11 -3.0
2 39 733300 918450 188.026 -2.279 2 204 240838 223278 122469 3.09
2-Sample Test, Normal Approximation 2-Sample Test, Normal Approximation
s Z Prob>|Z| s Z Prob>|Z
7333 -2.27885 0.022T 2498375 3.09096 0.00207
1-way Test, ChiSquare Approximation 1-way Test, ChiSquare Approximation
ChiSquare DF Prob>ChiSq ChiSquare DF Prob>ChiSq
5.1960 1 0.0226* 9.5544 1 D.0020"
Oneway Analysis of Saved By O=1W=2 ARC2=2.4141 Oneway Analysis of Saved By O=1 W=2 ARC2=2.4232
. } .
500000 .
200000
400000
. 150000
3 300000 3 [}
= . >
A . . @ 100000 o
200000 H : .
' B .
100000 50000 .
| '
1 2 ' 1 2
0=1W=2 0=1W=2
Wilcoxon / Kruskal-Wallis Tests (Rank Sums) Wilcoxon / Kruskal-Wallis Tests (Rank Sums)
Expected Expected
Level Count Score Sum Score Score Mean (Mean-Mean0)/Std0 Level Count Score Sum Score Score Mean (Mean-Mean0)/Std0
1 454 107242 109414 236216 -3.095 1 516 146669 144222 284242 2435
2 27 867900 650700 321444 3.095 2 42 929200 117390 221238 -2.435
2-Sample Test, Normal Approximation 2-Sample Test, Normal Approximation
s Z Prob>|Z| s Z Prob>|Z|
8679 3.09469  0.0020 9292 -2.43490 0.0149"
1-way Test, ChiSquare Approximation 1-way Test, ChiSquare Approximation
ChiSquare DF Prob>ChiSq ChiSquare DF Prob>ChiSq
9.5815 1 0.0020" 59311 1 0.0149*

133



Oneway Analysis of Saved By 0=1 W=2 ARC2=2.7142 Oneway Analysis of Saved By 0=1 W=2 ARC2=2.8121

360000 * .
340000 . 200000 .
320000 . .
300000 1
280000
260000 s 150000
240000 *
220000
F 200000 . 3 .
Z 180000 . = 100000 ]
“' 160000 H v .
140000 ] H
120000
100000 50000
80000 H X
o ,
20000 I 0 | '
0 L v] |
1 2 1 2
0=1W=2 0=1W=2
Wilcoxon / Kruskal-Wallis Tests (Rank Sums) Wilcoxon / Kruskal-Wallis Tests (Rank Sums)
Expected Expected
Level Count Score Sum Score Score Mean (Mean-Mean0)/Std0 Level Count Score Sum Score Score Mean (Mean-Mean0)/Std0
1 5885 1.84e+7 1.82e+7 311944 4.317 1 3 882405 853010 223961 3.999
2 308 821844 953876 266832 -4.317 2 38 528750 822700 139.145 -3.999
2-Sample Test, Normal Approximation 2-Sample Test, Normal Approximation
s Z Prob>|Z| s Z Prob>|Z|
821844 -431652 <0007 52875 -3.99839 01*
1-way Test, ChiSquare Approximation 1-way Test, ChiSquare Approximation
ChiSquare DF Prob>ChiSq ChiSquare DF Prob>ChiSq
18.6325 1 <.0001* 15.9941 1 <.0001*
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Wood vs Norwood Payback, Wilcoxon Results

Oneway Analysis of Payback By O=1 W=2 ARC2=2.4133 Oneway Analysis of Payback By O=1W=2 ARC2=2.4231
2800 . 900 .
2600
2400 800 1
2200 700-
2000
1800 600-]
B 1600 % 500
< 1400 £
£ 1200 £ 400
1000 300-
§00
500 200
400 100
200 .
0 [} . 0 . .
1 2 1 2
0=1W=2 0=1W=2
Wilcoxon / Kruskal-Wallis Tests (Rank Sums) Wilcoxon / Kruskal-Wallis Tests (Rank Sums)
Expected Expected
Level Count Score Sum Score Score Mean (Mean-Mean0)/Std0 Level Count Score Sum Score Score Mean (Mean-Mean0)/Std0
1 2833 4321105 4374152 152528 -3.898 1 1843 1790606 1803376 97157 -2.237
2 254 445223 392176 175285 3.898 2 113 123340  1105M 1091.50 2.237
2-Sample Test, Normal Approximation 2-Sample Test, Normal Approximation
s Z Prob>|Z| s Z Prob>|Z|
445223 3.89825 <0007 123340 223729 0.0253"
1-way Test, ChiSquare Approximation 1-way Test, ChiSquare Approximation
ChiSquare DF Prob>ChiSq ChiSquare DF Prob>ChiSq
15,1966 1 <,0001* 5.0058 1 0.0253
Oneway Analysis of Payback By O=1W=2 ARC2=2.4236 Oneway Analysis of Payback By O=1W=2 ARC2=2.6232
160 =
150 .
140 20
130
120
110 15 .
100
- 901 - .
2 80 =
F 70 e
60
50
40 5 .
30+ .
20 . i
10 0- 1
0 i '
1 1 2
0=1w=2 0=1W=2
Wilcoxon / Kruskal-Wallis Tests (Rank Sums) Wilcoxon / Kruskal-Wallis Tests (Rank Sums)
Expected Expected
Level Count Score Sum Score Score Mean (Mean-Mean0)/Std0 Level Count Score Sum Score Score Mean (Mean-Mean0)/Std0
1 5443 1.59e+7 1.67e+7 292459 -6.221 1 468 119157 117234 254,609 2475
2 488 1672805 1447408 342788 6.221 2 32 609300 801600 190.406 -2.475
2-Sample Test, Normal Approximation 2-Sample Test, Normal Approximation
s Z Prob>|Z| s Z Prob>|Z|
1672805 6.22128 <.00071" 6093 -2.47455 0013
1-way Test, ChiSquare Approximation 1-way Test, ChiSquare Approximation
ChiSquare DF Prob>ChiSq ChiSquare DF Prob>ChiSq
38.7044 1 <,0001* 6.1266 1 0.0133*
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Oneway Analysis of Payback By O=1 W=2 ARC2=2.7135
180

160

140+

120

100

80

60 .

40

20 . '
0 i

1 2
0=1W=2

Payback

Wilcoxon / Kruskal-Wallis Tests (Rank Sums)

Expected
Level Count Score Sum Score Score Mean (Mean-Mean0)/Std0
1 1244 796259 804868 640.079 -3.358
2 49 403125 317030 §22.704 3.358
2-Sample Test, Normal Approximation
s Z Prob>|Z|

403125 3.35790  0.0008"
1-way Test, ChiSquare Approximation

ChiSquare DF Prob>ChiSq
11.2768 1

Oneway Analysis of Payback By O=1 W=2 ARC2=2.8121
45

Wilcoxon / Kruskal-Wallis Tests (Rank Sums)

Expected

Level Count Score Sum Score Score Mean (Mean-Mean0)/Std0

1

0=1W=2

221400
165.697

1 3 872315 853010
2 38 629650 822700
2-Sample Test, Normal Approximation
s Z Probs>|Z|
62965 -2.68141 073"
1-way Test, ChiSquare Approximation
ChiSquare DF Prob>ChiSq
7.1937 1 0.0073*

2.681
-2.681
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APPENDIX H
Primary vs Secondary Cost, Wilcoxon Results

Oneway Analysis of Cost By P=15=2 ARC2=2.3212

Cost

Wilcoxon / Kruskal-Wallis Tests (Rank Sums)

Expected

Level Count Score Sum Score Score Mean (Mean-Mean0)/Std0

1
2

Oneway Analysis of Cost By P=15=2 ARC2=2.4133

Cost

Wilcoxon / Kruskal-Wallis Tests (Rank Sums)

Expected

Level Count Score Sum Score Score Mean (Mean-Mean0)/Std0

1
2

80000
70000
60000
50000
40000
30000
20000
10000

-10000

WSS ¢ ® W e

P=15=2

36,7447
25.4737

47 172700 157450
19 484000 636500
2-Sample Test, Normal Approximation
S Z Prob>|Z|
484 -2.15266 0.0313"
1-way Test, ChiSquare Approximation
ChiSquare DF Prob>ChiSq
4.6645 1 0.0308"

1000000

800000

600000

400000

200000

2.153
-2.153

P=15=2

142.085
105.406

153 217390 195075
101 106460 128775
2-Sample Test, Normal Approximation
s Z Prob>|Z)
10646 -3.89327
1-way Test, ChiSquare Approximation
ChiSquare DF Prob>ChiSq
15.1643 1 <.0001"

3.893
-3.893

Oneway Analysis of Cost By P=15=2 ARC2=2.4111

Cost

Wilcoxon / Kruskal-Wallis Tests (Rank Sums)

Level Count Score Sum

1
2

Oneway Analysis of Cost By P=15=2 ARC2=2.4236

Cost

Wilcoxon / Kruskal-Wallis Tests (Rank Sums)

Level Count Score Sum

1
2

60000

50000

40000

30000

20000

10000

L1

-

Expected

P=15=2

109.262
90.622

130 142040 133250
74 670600 758500
2-Sample Test, Normal Approximation
S Z Prob>|Z|
6706 -2.27762 0.0227
1-way Test, ChiSquare Approximation
ChiSquare DF Prob>ChiSq
5.1935 1 0.0227

70000

60000

50000

40000

30000

20000

10000

ra

Score Score Mean (Mean-Mean0)/5td0

2.278
-2.278

Expected

P=15=2

271950
219623

232 630925 567240
256 562235 625920
2-Sample Test, Normal Approximation
S Z Prob>|Z|
630925 4.09351
1-way Test, ChiSquare Approximation
ChiSquare DF Prob>ChiSq
16.7595 1 <,0001*

N oeses @

Score Score Mean (Mean-Mean0)/5td0

4.094
-4.094
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Oneway Analysis of Cost By P=15=2 ARC2=2.4314 Oneway Analysis of Cost By P=15=2 ARC2=2.6212

3500
.
3000 . 8000
2500-| .
. 6000 .
2000
] H ] .
& 1500 . & 4000-| N .
. * *
1000 .
. 2000
500 ; H R ]
. ] L)
0 * : 0 H :
=% 1 2 1 2
P=158=2 P=158=2
Wilcoxon / Kruskal-Wallis Tests (Rank Sums) Wilcoxon / Kruskal-Wallis Tests (Rank Sums)
Expected Expected
Level Count Score Sum Score Score Mean (Mean-Mean0)/Std0 Level Count Score Sum Score Score Mean (Mean-Mean0)/Std0
1 10 97.000 140.000 9.7000 -2.190 1 30 704000 855.000 23.4667 -2.664
2 17 281000 238.000 16.52%4 2.190 2 26 892000 741.000 34.3077 2.664
2-Sample Test, Normal Approximation 2-Sample Test, Normal Approximation
s Z Prob>|Z| s Z Prob>|Z|
97 -2.18977  0.0285" 892 2.66438 0.0077
1-way Test, ChiSquare Approximation 1-way Test, ChiSquare Approximation
ChiSquare DF Prob>ChiSq ChiSquare DF Prob>ChiSq
4.9086 1 0.0267* 7.1462 1 0.0075*
Oneway Analysis of Cost By P=15=2 ARC2=2.6232 Oneway Analysis of Cost By P=15=2 ARC2=2.7135
35000 70000
30000 60000 . *
25000 50000 *
20000 40000 .
& 15000 & 30000 *
10000 20000
-
5000 . 10000 3 b
. :
0 | ] . 0 I i
-5000 ] > : -10000 1 2
P=15=2 P=15=2
Wilcoxon / Kruskal-Wallis Tests (Rank Sums) Wilcoxon / Kruskal-Wallis Tests (Rank Sums)
Expected Expected
Level Count Score Sum Score Score Mean (Mean-Mean0)/Std0 Level Count Score Sum Score Score Mean (Mean-Mean0)/Std0
1 23 335000 379500 14,5652 -2.034 1 25 725000 625.000 29.0000 1.990
2 9 193.000 148.500 214444 2.034 2 24 500.000 600.000 20.8333 -1.990
2-Sample Test, Normal Approximation 2-Sample Test, Normal Approximation
s Z Prob>|Z| s Z Prob>|Z|
193 2.03358  0.0420° 500 -1.99000 0.0466
1-way Test, ChiSquare Approximation 1-way Test, ChiSquare Approximation
ChiSquare DF Prob>ChiSq ChiSquare DF Prob>ChiSq
4.2300 1 0.0397 4.0000 1 0.0455"
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