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ABSTRACT 

The building industry is a continually changing process, and for many years the 

traditional wall-framing approach has been used for residential and small commercial projects.  

In recent years, the introduction of new processes, procedures, and manufactured components 

have made an impact on the construction process and project.  With the advent of these new 

technologies, come problems concerning the accounting for and determination of their 

environmental impact through analysis.  In order to mitigate these problems and substantiate the 

environmental impact of manufactured components, it is necessary to implement a strategy, 

through analysis, that accounts for manufactured components and their impact to the life cycle of 

a built environment alternative.  

The purpose of this study was to investigate the material and component production 

phase using a traditional analysis methodology to determine the environmental impact and assess 

the influence these inputs and phases have on an Environmental value engineering (EVE) 

analysis.  The study utilized the EVE analysis methodology to compare a traditional wood-

framed system and those of a manufactured product, structural insulated panel systems (SIPs), in 

order to elucidate the component production phase, compare input impacts, identify the least 

environmental intrusive alternative wall system, and quantify a gap that existed in the EVE 

methodology.  The statistical techniques used for this study were; comparative analysis, 

descriptive statistics, input source frequencies and impact data analysis of known and assumed 

values.   The research findings indicate that the accounting of the component production phase 
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for structural insulated panels increased the accuracy of the EVE analysis by 4.1% and that the 

separation of the manufacturing phases; material production, design, and component production 

incur a 11.2% more accurate accounting when compared with assumed or combined phases.  The 

impact analysis results indicated that the material production phase imposed the highest 

influence for both alternative wall systems with inputs of 80% for traditional wood-framed 

systems and 84% for structural insulated panels.  Input source results revealed that equipment, 

facilities, and materials have the highest impact for each wall system while the land and services 

(labor) were the lowest based on each wall alternative requirements.  The results revealed that 

the manufactured system, structural insulated panel system, has the least environmental impact 

on the built environment.  The study reinforced the need for developing strategies to incorporate 

the component production phase to more accurately portray the environmental impact in 

analysis.  
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PREFACE 

This dissertation was completed to examine the growing environmental concerns in the 

construction industry and in society as technological systems, such as manufactured products, 

become more prevalent in the built environment.  As material resources continue to decline, it is 

our responsibility as decision makers to develop those processes that will enhance our 

sustainability in the world.  Environmental value engineering (EVE) is a viable methodology that 

enhances the vision of environmental impact and accountability.  The readers of this dissertation 

were shown how an environmental value engineering (EVE) analysis can compare built 

environment alternatives, quantify material and component production and identify alternatives 

which would garner the greatest benefit in application while reducing the ecological and 

environmental impact on society. 
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CHAPTER 1 

 

INTRODUCTION 

The integration of sustainable concepts into the building environment comes on the cusp 

of concerns that the continued growth of the built environment will continue to escalate the 

impact on the environment.  As the built environment continues to grow, so does the dependence 

on our ability to find and select those materials and processes that help to mitigate those impacts 

on the environment.  Research performed by Gangolells et. al. (2009), found that the 

environment has now been considered as the fourth dimension of analysis and the construction 

industry has been strongly urged to improve environmental accountability and impact.  

Continued population growth caused by longer lives, a shrinking global community, 

technological advances, and other factors have raised concerns that natural resources will 

become depleted over time.  A range of environmental issues are impacted by the built 

environment: natural resource use, solid waste generation, wetlands destruction, air/water/noise- 

pollution, hazardous waste generation/disposal, plant/wildlife destruction, ozone depletion, 

coastal zone effects, the greenhouse effect and global warming (Kibert, Roudebush, & Waller, 

1991). 

Sustainable ideology in the building industry has led to higher accountability concerns for 

analyses methodologies concerning the environment.  With this escalation in accountability, 

comes the necessity of methodologies that can measure the environmental impact of these 

sustainable components within a construction project.  Presently, there is a limited understanding 
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of the environmental impact on the built environment in theory and practice.  By design, current 

methodologies such as Value Engineering (VE), Life Cycle Analysis (LCA), Ecological Life 

Cycle Assessment (Eco-LCA), Embodied energy (EE) and others recognize there is an 

environmental aspect, but limit the scope to energy consumption from extraction, through 

construction and use but do not consider energy inputs from environmental production.  

Monahan & Powell (2011) show that many times the energy impacts of environment, extraction, 

processing, manufacture, transportation, and use are regarded as hidden embodied, or burdens 

assumed in the analysis process.   These methodologies, in practice, compare building 

alternatives from an energy consumption standpoint but do not fully characterize the impact of 

an alternative to the environment from harvest to disposal or cradle to grave.  As a result, they 

limit the selection of a choice by energy inputs.   

Research projects using the EVE methodology have summarized inputs in the first three 

EVE phases as transformities and not with regards to specific inputs related to the manufacturing 

of components and materials.  A transformity can be viewed as a measure of energy relative to 

the source energy consumed in its formation (Odum & Odum, 1981; Scienceman, 1987; Sciubba 

& Ulgiati, 2005).  Through the evolution of defining energy consumption, transformity values 

are able to affix a quantitative measure to the energy needed from the environment.  

In 1993, the formation of the United States Green Building Council (USGBC) and its’ 

Leadership in Energy and Environmental Design (LEED®) began to address the sustainability 

and environmental responsible aspects of the construction industry.  Various agencies, such as 

the Green Building Certification Institute (GBCI) have been formed to better understand the 

considerable impact that the construction industry has on the environment by developing 

certification programs for buildings.  While these agencies address environmental concerns and 

sustainability capabilities in terms of cost, environmental value engineering (EVE), takes these 
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assessments beyond that of mere cost and back to the origination point in nature through the 

matriculation of production or emplacement with the aid of human interaction.  Updates to the 

USGBC, coined LEED 2012, elevate the necessity of analysis to include environmental impact 

of products and resources as a credit bearing award (Schmidt, 2012).  This aspect of 

environmental value engineering allows the user to see, in terms of EMERGY, what impact a 

material, component, or system has incurred on the environment before use.  Odum defines 

EMERGY as, “a scientific-based measure of wealth that puts raw materials, commodities, goods, 

and services on a common basis, the energy of one type required to generate that item” (Brown 

& Herendeen, 1996; Li, 2009; Odum H. , 1973).  As societal needs continue to increase, the 

development of different processes and systems within the construction process has surfaced.  

For decades, the most conventional way of building residential and small commercial structures 

was to use traditional wood-frame methods on site.  

While energy efficiencies and sustainability metrics have been identified for such 

systems, the environmental impact analyses of producing building components like structural 

insulated panel systems through the component production phase have not been performed.  For 

the purposes of this research, the dissertation presents a comparative analysis between two 

building alternatives, (traditional wood-framed system and a manufactured system), using 

environmental value engineering that goes beyond value engineering, which is defined as, “a 

systematic and structured approach, improves projects, products, processes as a function of value 

or cost” (SAVE, 2012).  This definition, in itself, shows that traditional value engineering 

addresses costs or value-added associated with value of the products, materials, and processes 

that are associated with the process within a quantitative matrix.  

The Society of American Value Engineering (SAVE) views value engineering as the 

opportunity to use a value methodology in order to optimize projects in quality and performance 
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while reducing costs and enhancing customer satisfaction.   But, in many instances within a 

project, many of the qualitative or performance variables within the analysis are subjectively 

assigned.  In an EVE analysis, variables are quantified using EMERGY tables which obtain a 

known quantity through scientific discovery.  This research conducted an analysis that 

considered the environmental inputs associated with each alternative wall system from material 

resource formulation through disposal, including the component production phase, which to this 

date has been assumed or combined in previous EVE analyses.    

The construction and operation of buildings account for 40 percent of the materials 

entering the world’s economy and about one-third of the worlds’ energy consumption (Roodman 

& Lenssen, 1995; Johnson, 2007).  As societies around the world expand materially, the need to 

analyze those dependent, independent and interdependent factors associated with the 

environment become more relevant.  Roudebush states, “Faced with shortages of natural 

resources, pollution, overgrowth, and concern for protecting the environment, human beings are 

coming to realize that new concepts are needed to analyze those parts of the built environment as 

a whole” (Roudebush, 1992, 2011).  The environmental value engineering methodology uses the 

input sources of environment (E), fuel energy (F), goods (G), and services (S) through 10 life 

cycle phases: natural resource formation, natural resource exploration and extraction, material 

production, design, component production, construction, use, demolition, natural resource 

recycling, and disposal.   The initial part of this research, using the EVE methodology, developed 

and performed a quantitative analysis to account for inputs to determine the built environment 

alternative that would have the least environmental impact related to building systems.  From the 

initial research, the author conducted an analysis to quantify the environmental impact of 

manufactured materials and components.  In this portion of the research, it was necessary to 

consider the impacts and differences of input-source items, input categories, and phase 
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configuration to arrive at an accurate accounting of material production, design, and component 

production.   

The built environment accounts for the use of over 30% of the extracted resources and 

generated energy to produce construction materials used in most industrial countries (Johnson, 

2007).  Kibert (2008) showed that redesigning entire processes such as adopting green 

procurement for materials and products are emerging that deem the environment, ecological 

systems, and human welfare to be of equal importance to economic performance.  The draw on 

the environment is becoming unsustainable and the effects of a growing built environment are 

placing a strain within the industry.  To curb or reduce infringement on the environment, new 

materials, processes and technology have been introduced to help mitigate the imposition that 

construction has on the environment, but many of these do not take into consideration the 

ultimate environmental impact from their origins.  As manufactured systems like structural 

insulated panels system (SIPs), become more prevalent in the construction industry, it is 

paramount to society that means of quantifying the cost to the environment during the 

component production phase is identified and well-defined for future project considerations. 

The construction industry continues to evolve toward an environmentally conscience 

industry, the implementation of new rating systems, such as the United States Green Building 

Council LEED® program, have tried to develop a model whereas environmental practices help to 

coincide with sustainability.  Green building programs are emerging across public and private 

sectors throughout the world.  While there have been improvements to current practices, only 

true change can occur as a result of continued escalation of environmental accountability (Mah, 

2011).  This escalation can be found in the United States as it is now mandated that all federal 

construction projects exceeding a certain size must meet sustainability standards (Department of 

Energy, 2007).  While these programs address the sustainability of the materials and processes, 
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they do not address the environmental impact that materials and their manufacturing processes 

impose.  As such, environmental value engineering (EVE) provides a methodology that accounts 

for four input categories, designated as environment (E), fuel energy (F), goods (G), and services 

(S) that accounts for an actual measure of environmental impact through a measurable 10 phase 

life cycle analysis.  

These input categories are coupled into an analysis methodology named environmental 

value engineering (EVE), which was developed to analyze the environmental impact of built 

environment alternatives in terms of EMERGY.  EVE evaluates the total life cycle, in terms of 

environmental contribution and impact, of built environment alternatives in units of solar energy 

joules (SEJ) over the life cycle (Roudebush, 1992).  “EMERGY is not only a measure of what 

went into a product, it is a measure of the useful contributions which can be expected from that 

product as an economy self organizes for maximum production” (Odum, 1991).  In this 

application, EVE provides methods for the user to assign quantitative values to all contributions 

of raw input-source items from natural resource formation through disposal for each building 

alternative being compared.   

Lawrence Miles, Jerry Leftow, and Harry Erlicher (1989) developed Value engineering 

(VE) as a systematic approach used to analyze and improve value in a product, facility, or 

service while employed at General Electric during World War II.  The traditional value 

engineering approach finds the function or value in terms of costs or savings.  This type of 

analysis methodology focuses on the functionality of a material or suitable alternative toward the 

best value.  A suitable alternative is one that has the least infringement on the environment while 

contributing the most to the society.  Value engineering does not normally complete a whole life 

cycle analysis, cradle to grave,  for those inputs necessary for that product to become viable or 

usable. 
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In EVE, the main focus is the quantification of inputs of environment (E), fuel energy 

(F), goods (G), and services (S).  It accounts for these inputs to the different components of 

alternatives being compared.  Unlike value engineering, EVE analyzes these phases or inputs 

independently in terms of consumption and production.  This dissertation analyzed raw unit 

inputs in all 10 phases of the EVE methodology for each building alternatives using the 

following input category breakdown: 

 E. Environmental (renewable) 
  E1. Atmosphere 
  E2. Energy (Sun and Earth) 
  E3. Land 
  E4. Water (Area and Resources) 
  E5. Recyclables 
 F. Fuel energy (nonrenewable) 
  F1. Equipment 
  F2. Facilities 
 G. Goods 
  G1. Equipment 
  G2. Facilities 
  G3. Materials 
  G4. Tools 
 S. Services 
  S1. Labor 
 
In this case research, the two alternatives that were compared consisted of a traditional 

wood-framed wall system and manufactured structural insulated panel system (SIPs).  While all 

four of the input categories were analyzed, there were a number of input factors that affected 

sustainability and environmental impact.  Those factors range from the type of material that is 

being used, type of construction processes and equipment being used, service (labor), production 

process, and determined quality and emplacement techniques.  All inputs of environment (E), 

fuel energy (F), goods (G), and services (S) were considered for each alternative wall system in 

the EVE analysis methodology.  The input results assist in generating repeatability in other 

instances for the selected materials, products, or system.   
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Case Study 

For the application of the component production phase in this case study, it made it 

necessary to find a company that uses manufactured components in their wall systems.  The 

company selected for this evaluation is located in Orlando, Florida.  Currently, the company uses 

traditional wood-framed wall system methods for their building projects, but has recently began 

using structural insulated panels, which are a manufactured component created from building 

materials.  The company was selected based on their integration of sustainable and efficient 

practices in their building applications.  The comparison was done using traditional wood-framed 

wall system and manufactured structural insulated panel wall system (SIPs) through an 

environmental value engineering (EVE) analysis.  The company develops, designs, and 

constructs classroom buildings for a number of southern states, but in this application the 

impetus will be directly located in Orange county, Florida.  The comparison was done on a 

combined 1000 linear feet by 8 feet high of wall section that does not have windows, doors, or 

opening of any type. 

The modular classroom floor plan represented in Figure 1 shows a portion of the 1000 

linear feet of wall; the additional wall length is utilized to obtain a more accurate result.  All 

materials associated with each alternative were analyzed through the 10 phases of the EVE 

analysis.  Results for each EVE analysis, comparing the two built environment alternatives, 

impact comparisons of both alternatives concerning the input-source items contained in the input 

categories of environment (E), fuel energy (F), goods (G), and services, and quantification of 

manufactured materials and components are provided in Chapter 4.  
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Figure 1.  Building Floor Plan of Proposed EVE Study,  Mobile Modular (2012) 

Figure 2 shows components of a structural insulated panel system (SIPs) that would be a 

common alternative to the traditional wood-framed wall.  SIPS, as referenced in the International 

Code in section R614, are an acceptable substitute for buildings that are no greater than two 

stories high and of a determined length based on the thickness of the panel (ICC, 2011).  This 

system was developed as a manufactured component process where each panel represents a 

portion of a traditional wood-framed wall that has been constructed to “rough in” condition.  

Normal construction of each panel is done in widths of 4 feet and is 8 to 10 feet in height.  The 



10 

figure shown is a common 4 foot wide by 8 foot high panel configuration.  These panels conform 

to the regulations governed in most state’s building codes and do conform to those governed in 

the State of Florida.   

 

Figure 2.  Structural Insulated Panel System, SIPA (2012) 

Educational buildings in the state of Florida must conform to the codes and regulations of 

the International Code that state in Section 614, supplement 2007:  

A building or portion thereof shall not be required to conform to the details of a type of 

construction higher than that type that meets the minimum requirements based on 

occupancy even though certain features of such a building actually conforms to a higher 

type of construction (ICC I. , 2007).  

The two exterior wall alternatives, that were compared, fall under the auspices of this code in 

relationship to the requirements.  While each may have their own advantages, the impetus of this 

case study was limited to the environmental impact each alternative generates as analyzed 

through application of the EVE methodology and the quantification of manufactured 

components.  The methodologies used in the EVE analysis are discussed further in Chapter 3 

Methodologies while the analysis results are provided in Chapter 4 Results.  
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Rationale of the Study 

Analysis methodologies commonly used by practitioners are designed to quantify inputs 

and assess environmental impacts in a number of different ways; monetary, embodied energy, 

carbon footprint, or energy emissions.  Several studies conducted using these methodologies 

have a missing component of environmental impact quantification in practice; The Greenest 

Building: Quantifying Environmental Value of Building Reuse (Lab, 2011), Frameworks to 

Support Country-Driven Low Emission Development (Benioff, Cochran, & Cox, 2011), Value 

Engineering Trends in Construction Industry (Seidel, 2012), Recent Developments in Life Cycle 

Assessment (Finnveden, Hauschild, Ekvall, & Guinee, 2009), and An Audit of Life Cycle 

Energy Analyses of Buildings (Yung, Lam, & Yu, 2013).  While these studies are a small 

synopsis of this type of research, they can be viewed as a representation of current 

methodologies listed earlier, and the focus of their findings is limited to specific assessment 

areas.   

A study conducted by Ortiz, Castells and Sonnemann (2010), showed that current 

methodologies that assessed environmental impact or sustainable alternatives can assist in 

reducing costs, emissions, energy, and carbon footprint in the construction industry, but further 

research is needed in developing true environmental impact measurements derived from the 

environment.  However, despite the growing interest, few researchers have continued to better 

define environmental impacts of building alternatives in the construction industry.   

This research project used environmental value engineering (EVE) which has had limited 

research applications to the construction industry, especially in the component production phase.  

The results will assist in developing the inputs associated with the component production phase 

within an analysis methodology.  
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 In the construction industry, analysis is commonly limited to value engineering or life 

cycle costing that looks at the constructs of a material or project within a limited cycle of useful 

life (Kibert, 2007).  Lawrence Miles’s integration of value engineering was designed to find the 

most functional and financial favorable material, product, or system that adds value to the 

process or customer (Miles, 1989).  Scott Cullen (2010) compartmentalized value engineering by 

achieving essential functions of the construction process over the life of the project but noted that 

environmental aspects must be better defined in order to present an accurate model.  

 The Environmental Protection Agency (EPA), (2010) set forth a definition of Life Cycle 

Assessment (LCA) as “a technique for assessing the potential environmental aspects and 

potential impacts associated with a product or service”.  As shown in the definition of both 

methodologies, environmental aspects are part of the analyses but, in application, only from an 

energy consumption or output viewpoint.  In the early 1990s, Dr. Wilfred Roudebush and Les 

Horvath looked further into the development of analysis methodologies that integrated value 

engineering and life cycle costing to include the consideration of the environment within the 

confines of built environment alternatives. 

Roudebush (1992) developed environmental value engineering (EVE) for use in 

determining environmental impacts of built environment alternatives in terms of an EMERGY 

basis.  Previous research conducted on ecological systems using the systems approach of an 

EMERGY analysis helped to form the basis for EVE.  The late Dr. Howard T. Odum was the 

first to recognize the need for determining energy drains on ecological systems and constructs 

(Odum, 1971).  Now, as built environment alternatives continue to compete for the same 

resources, it is imperative for the construction industry to find those construction methods, 

processes, and procedures that will optimize natural resource usage at the least environmental 

impact.  
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According to Roodman and Lenseen (1995), the construction industry is the second 

largest user of energy within the confines of the United States, second only to manufacturing, 

and it is critical to develop a system where materials can be measured based on their 

environmental impact on society.  By its’ very nature, construction involves acquisition and use 

of large quantities of natural and man-made materials that dominate the built environment and 

managed resources (Hendrickson, 2000).  Additionally, a study by Coelho & De Brito (2011), 

showed the comparable environmental impacts that the construction industry places on nature 

and the potential for material shortages unless recycling is raised to 90% with these materials 

being incorporated back into the built environment as viable products.  As our societal needs 

continue to grow and induce more strain on the Earth’s environmental resources, there exists a 

need for a methodology or a combination of methodologies that optimizes the use of these 

resources and minimizes the impact construction processes have on society.   

Life cycle costing, value engineering, and other analysis methodologies look at costs of 

materials, in terms of money or input/output, that is used over the course of a building’s 

projected life where money pays for labor only.  Environmental value engineering (EVE) 

measures the environmental impact, in terms of SEJs, through all the life cycle phases of a built 

environment alternative and provides decision makers with evidence of which alternative have 

the least environmental impact. This significant difference in analysis methodology helps to 

better understand the environmental requirements and contributions needed for the built 

environment and its alternatives (Roudebush, 1992).  As such, the EVE methodology has not 

been applied to compare manufactured building component systems to site fabricated systems. 
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Problem Statement 

The development of sustainable concepts in the building industry has focused on the 

implementation and operation of “green” or sustainable principles.  The premise of these 

principles are centered in the United States Green Building Council’s definition of LEED® that 

states, “LEED® provides building owners and operators with a framework for identifying and 

implementing practical and measurable green building design, construction, operations and 

maintenance solutions” (USGBC, 2011).  One aspect that it does not address is quantifying the 

impact on the environment. Assessment methodologies do not currently account for the 

environmental impacts related to facilities, tools and equipment, people and fuel inputs during 

the manufacturing phases (known in EVE as: material production phase C, design phase D, 

component production phase E).  Srinivasan (2011) pointed out that current methodologies only 

deal with energy quantities required for operations and related emissions, and do not establish a 

threshold that ensures that buildings are optimized for reduced consumption of energy before the 

need for renewable systems are integrated to obtain energy and environmental balance.  Because 

of diminishing natural resources, alternative building materials, used in the construction industry, 

are competing for the same limited resources.  The use of natural resources must be optimized 

within the construction industry in order to continue competitive building practices.  

Manufactured systems, such as structural insulated panel systems (SIPs) are starting to 

become infused into the residential and light-commercial industry.  Systems such as SIPs have 

been tested for energy efficiency and sustainability but have yet to be assessed for the 

environmental impact of their production on society.  As sustainability becomes a growing 

concern for society, the need to select methodologies that identify and minimize the 

environmental impact of materials grows.  The initial portion of this dissertation conducted a 
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comparative analysis from a case study using the environmental value engineering (EVE) 

methodology to assess and quantify the environmental impact of a traditional wood-framed wall 

system versus structural insulated panel wall system.   

According to Roudebush (2012), environmental value engineering research projects thus 

far have accounted for the inputs of environment (E), fuel energy (F), goods (G), and services (S) 

through a 10 phase life cycle of each built environment alternative being compared.  Due to the 

complexity of accounting for the component production phase, inputs of E, F, G, and S have 

been assumed to be included in material transformities combined in phases A through C.  This 

research project has determined that the material transformities do not account for all inputs of E, 

F, G and S during the component production phase which has, to date, been combined in phases 

A through C (Brown M. , 2012).  From the initial analysis, additional analyses were conducted to 

quantify the material production phase C, design phase D, and component production phase E of 

the EVE analysis.  For this research project. these three phases were referred to as the 

manufacturing stage of an EVE analysis.  Furthermore, this study provided a needed 

improvement to analysis methodologies at the component production phase, while improving the 

EVE methodology selected.   

Based on current methodologies introduced and clarified in the review of literature, a 

problem exists in the fact that there is no accurate accounting for environmental impact on 

building alternatives, most notably in the component production phase.  It is not known how or 

to what extent the component production phase analysis affects the accuracy of these 

methodologies.  Therefore, the problem of this study was to investigate the impact of material 

and component production with a traditional analysis methodology for determining 

environmental impact. 
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Research Questions 

This dissertation answered the following research questions: 

Research Questions: 

1. What analysis methodology best quantifies the environmental impact of built 

environment alternative, in terms of EMERGY? 

2. What alternative wall system has the least environmental impact? 

3. What inputs cause the greatest environmental impact of two exterior wall systems; 

traditional wood framed and structural insulated panels (SIPS)? 

4. How is the component production phase quantified and utilized in the selected 

analysis methodology? 

5. Is there a difference in the quantification of environmental impact between combined 

phases A-C using the traditional EVE approach versus separate component 

production phase quantification? 

Study Scope 

As the built environment continues to grow and the availability of natural resources 

become limited, the need to develop analyses that associate environmental impacts to products, 

materials, and processes is needed.  Buildings have a negative impact on the natural environment 

through their entire life cycle: from the design to demolition (Johnson, 2007). 

Environmental value engineering (EVE) was developed to compare alternatives in order 

to find the least environmental intrusive alternative.  This dissertation compared two built 

environment exterior wall systems: traditional wood-framed system and manufactured structural 

insulated panel system (SIPs) for the development of the component phase of an EVE analysis.  
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Thus, a major outcome of this research project was the quantification of the component 

production phase using EVE to address once assumed or combined inputs.   

Prior EVE analyses show the component production phase being combined with life 

cycle phases A through C and included in the material transformities.  This generalization can 

cause input numbers to be low. This research further improved the component production phase 

of environmental value engineering by including inputs that occur during material production 

phase C, design phase D and component production phase E which covers the manufacturing 

stage of the EVE analysis.  The results of this dissertation showed the total input EMERGY 

needed for each alternative wall system selected in this case research.  Figure 3 shows the basic 

energy systems model that outlines the inputs into the alternative wall systems, from 

environment (E), fuel energy (F), goods (G), and services (S).

 

Figure 3.  EVE Energy Systems Model of a Wall System Alternative, adapted from Roudebush 

(1992) 
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Limitations of the Study 

The following items are limitations to the study: 

1. The study does not include any ecological uplift consideration in the EVE analysis.   

2. The study utilized one manufacturer of SIPs component and all inputs for analysis 

can’t assume to be the same for all SIPs manufacturers nationally. 

3. The data collected by the researcher was from historical data, company visitations 

and records and reflects that of only the two exterior wall systems used in the study. 

4. This study did not take into account recycling and reuse for each alternative on the 

construction site. 

5. Raw unit inputs for building materials are limited to one location, manufacturer or 

company and are not assumed to be the same for different parts of the country. 

6. The component production phase for traditional wood-framed wall systems is limited 

to the construction site. 

Study Assumptions 

The following items are assumptions for this case study: 

1. The material for traditional wood-framing are 2x6 studs, 5/8” OSB sheathing, R-13 

insulation and ½” drywall. 

2. The study analysis is limited to 1000 linear feet of 8 foot high walls. 

3. The life cycle for each alternative is considered to be the total life of the building. 

4. Insulation: Batt insulation for 2”x6” wood-framing alternative and Extended 

Polyurethane foam (EPS) for SIPs. 

5. Each SIPS panel is of normal construction that is 4 foot in length and 8 foot high with 

½” exterior sheathing, polyurethane insulation, ½” interior sheathing and ½” drywall. 
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6. The Use phase G is assumed to be the same for both alternatives. 

7. Labor for each alternative is based on the 2011 RS Means Building Construction Cost 

Data book. 

Significance of the Study 

The development of complete life cycle analyses that contain sound procedures and 

processes are imperative to the sustainability of the construction industry, especially in those 

analyses which are associated with environmental impact (Cobas, 1996; Grant, 2010).  The 

ability to measure traditional and alternative processes and materials that will identify the most 

sustainable method and materials can assist companies in further developing assessment 

techniques that will enhance success in building.  A recent study prepared for the Consortium for 

Research on Renewable Industrial Materials (CORRIM), using a LCA, found that current 

environmental opportunities are present in focusing analyses toward product development, 

design, and environmental footprint reduction in order to account for the continued growth and 

globalization (Lippke, Johnson, Wilson, & Puettmann, 2010). The CORRIM study was part of 

the Department of Energy Agenda 2020, which is directed toward assessing environmental 

impact of the industry and its components.  Horvath (2004), in his recommendations, urges 

future practitioners and researchers to devote time to other life cycle stages of the infrastructure 

and increased quantitative studies on materials and manufactured component systems.  Other 

recent studies have reported that the carbon footprint left will continue to escalate while valuable 

resources will continue to be less available for future use (Wiedmann & Minx, 2008).   

Roudebush (1992) developed environmental value engineering (EVE) as an 

environmental life cycle assessment methodology to compare built environment alternatives 

through a 10 phase life cycle. As selection of materials and processes toward sustainable 
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development become more prevalent within those analyses like life cycle analysis (LCA) and 

value engineering (VE), it is evident that further research is needed to better clarify the 

environmental impact of construction materials and components produced by manufacturing 

processes.  The benefits of having the ability to select the least energy and environmental 

intrusive materials or processes for an expanding built environment are important.  Zhang 

(2008), conducted research on the ability of developing a life cycle analysis that would capture 

the metrics associated with sustainability, resource consumption, renewability and efficiency.  

This research developed a matrix for the life cycle of materials but did not include the 

environmental impact as defined by environmental value engineering (EVE). 

This research project was the first to conduct an EVE analysis on a manufactured product 

and developed a more thorough understanding of the component production phase that includes 

manufacturing processes.  The end result of this research project provided an improvement in 

analysis of the component production phase and discerned which exterior wall system had the 

least environmental impact when used on for a construction project.  A supplementary outcome 

of this research was more accurate transformities for built environment materials utilized in 

manufactured components.  

Definition of Terms 

Built Environment - the term as used in this study includes all human made objects (alternatives) 

on earth that consume environment (E), fuel energy (F), goods (G), and services (S) inputs.  This 

term is widely used in design and construction to better understand the relationship between 

man-made surroundings and to the environment in which they are located (Roudebush, 1992). 
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Carbon Footprint - a measure of the total amount of carbon dioxide and methane emissions of a 

defined population, system, or activity by considering all relevant sources and storage within the 

spatial and temporal boundary of the population, system or activity of interest (Wright, Kemp, & 

Williams, 2011). 

 

Ecological Uplift - is the work that the Earth does to maintain continents.  The energy consumed 

to create that natural landscape from formation.  The emergy of the geobiospheric engines 

converge materials to build rocks and sustain continents against the flows of dispersal and 

recycle (Odum & Brown, 2000 p. 17). 

  

EMERGY - is the amount of available energy of one form directly or indirectly required to 

provide a given flow or storage of energy or matter.  Solar emergy is the sum of all inputs of 

solar energy required in a process (Scienceman, 1987).   H.T. Odum and Scienceman, in 1991, 

further defined emergy as a measure of the convergence of solar emergy through a hierarchy of 

processes or level and it can be considered a “quality” factor, intended as a measure of the 

intensity and is expressed as: solar emergy = amount of item x its solar convergence factor  

(Brown, Brandt-Williams, Tilley, & Ulgiati, 2000). 

 

Embodied energy - The quantity of energy required by all activities associated with the 

production process, including the relative proportions consumed in all activities upstream to 

acquisition of natural resources and the share of energy used in making equipment and in other 

supporting functions of direct energy plus indirect energy (Treloar G. J., 1994). 
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Emjoule -the developed unit of EMERGY referring to the available energy methodology of one 

kind consumed in transformation.  It is the theoretical and conceptual basis for emergy which has 

a scale which is not indicated by normal measures.  The scale goes from dilute sunlight up to 

plant matter, to coal, from coal to oil, to electricity and up to the high quality efforts of human 

information processing (Odum H. , 1973). 

 

Environmental value engineering (EVE) - A methodology for analyzing and comparing the 

environmental impact of built environment alternatives. The EVE analysis consists of 10 phases: 

natural resource formation, natural resource exploration and extraction, material production, 

design, component production, construction, use, demolition, natural resource recycling, and 

disposal (Roudebush,  1992 and 1996). 

 

Life cycle assessment - is a technique to assess the environmental aspects and potential impacts 

associated with a product, process, or service, by: compiling an inventory of relevant energy and 

material inputs and environmental releases, evaluating the potential environmental impacts 

associated with identified releases, and interpreting the results to help make a more informed 

decision (U.S. EPA, 2006). 

 

Sustainable Development - is development that meets the needs of the present without 

compromising the ability of future generations to meet their own needs.  It contains two key 

concepts: the concept of “needs,” in particular the essential needs of the world’s poor, to which 

overriding priority should be given; and the idea of limitations imposed by the state of 

technology and the social organization on the environment’s ability to meet present and future 

needs (WCED, 1987). 
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Transformities - originally expressed by David Sciencemann (1987) as a quantitative variable 

describing the measurable property of a form of energy relative to the source energy consumed 

in its formation.  The given product is calculated by summing all the emergy flows to the process 

creating the product and dividing by the energy, mass, or monetary value (labor) of the created 

product.  Later work by Sciubba & Ulgiati observed that a transformity is specified as the ratio of 

input emergy dissipated (availability) to the unit output exergy in relationship to the efficiency of 

a system (Sciubba & Ulgiati, 2005, p. 1957).  

 

USGBC LEED®- “Leadership in Energy and Environmental Design” is a building certification 

system designed by the U.S. Green Building Council.  Its’ purpose is to provide building owners 

and operators with a framework for identifying and implementing practical and measurable green 

building design, construction, operations and maintenance solutions.  It presents key 

environmental strategies within the framework of a building project and the opportunity to select 

those strategies, processes and materials that are less invasive on the environment from 

manufacture to emplacement.  It allows the project to be worked through the entire building life 

cycle (USGBC, 2011). 

 

Value engineering - Synonymous with the terms value management and value analysis, value 

engineering is a professionally applied, function oriented, systematic team approach used to 

analyze and improve value in a product, facility design, system or service – a powerful 

methodology for solving problems and/or reducing costs while improving performance/quality 

requirements.  Value engineering increases customer satisfaction and adds value to your 

investment (SAVE International, 2013).  
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Summary of Chapter 

This chapter introduced the background of those key concepts that cover the general areas of 

investigation and introductory information needed for the case study.  The chapter outlined the 

area of concern by identifying the statement of the problem, research questions and the scope of 

study concerning the case study.  The chapter then showed what limitations were employed for 

the study and those assumptions that were made to alleviate any ambiguity or confusion that 

could be generated from making those assumptions.  Lastly, the chapter identified and defined 

those terms that were used throughout the dissertation to make common those terms and their 

concepts that were integral to the study. 
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CHAPTER 2 

 

         REVIEW OF LITERATURE 

Introduction 

The review of literature included previous discussions on research as it is related to 

Environmental Value Engineering (EVE) and their interpretation within the building industry.  In 

order to develop a basis for the EVE analysis, an exhaustive literature review was conducted to 

encapsulate the different theories surrounding EVE and its adaptation to the building industry.  

This chapter is divided into four different sections: conventional industry analyses, EMERGY 

analysis, environmental value engineering, and construction materials. 

The first section is a discussion on the identification of conventional analyses and the 

different issues surrounding these types of analyses in respect to life cycle analysis and value 

engineering in relation to the environment.  Within this section, the author addressed how current 

methodologies account for environment and sustainability.  The second portion of the review 

was dedicated to EMERGY analysis, its’ benefits and shortcomings concerning environmental 

accountability.   The third section reviewed environmental value engineering (EVE) through 

EMERGY by explaining the history, its concepts, and benefits of using an EVE analysis basis 

when developing alternatives in the built environment.  Additionally, in this section, the author 

discussed those benefits attributed to EVE integration within traditional analysis models such as 

value engineering and extended benefits through the life of the building.   The fourth section 
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provided background research concerning typical building materials in common wall 

construction.  The last section is a summation of the review of literature by developing a 

proposed conceptual analysis that is shown in detail in Chapter 3, Methodology. 

Conventional Industry Analyses 

In the construction industry, life cycle cost analysis (LCCA) has become an important 

aspect to the input/output of a project and the proposed costs associated with a project.  Other 

terms commonly used for life cycle cost analysis are: life cycle analysis (LCA), life cycle 

assessment, cradle-to-grave analysis, cradle-to-gate analysis, and eco-life cycle analysis (Eco-

LCA).  Life cycle cost analysis can be defined as an economic assessment of competing 

alternatives, considering all costs associated over the economic life of each alternative expressed 

in dollars (I.O.S., 2006).  The accepted life term for a LCA ranges from 25 to 40 years and is 

calculated in present, future, or forecasted values for the equivalent dollar amount for each 

alternative within the analysis.  In construction, this life term or analysis can be only a small 

percentage of the total life of a project.  In retrospect, the LCCA encapsulates a small percentage 

of the life of a product or material only looking at the economic impact of the selected 

alternative.  It does not account for external factors that could affect the overall life of the 

product (Junnila, 2003).   

Life Cycle Analysis 

For this dissertation, the author used the LCA analysis methodology in review and 

comparison to other methodologies.  There are a number of different methods associated with a 

LCA, but each life cycle analysis includes flow inputs and outputs during the life term using 

different selected values for quantification.  ASTM standard E917 (2010) covers the basic 

practice of performing and measuring life cycle costs of buildings and building systems.  The 
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introduction of hybrid systems has been developed to include additional phases of a life cycle 

analysis (EPA, AP-42, Volume 1, 2003).  Some of these hybrid models have been expanded to 

include different factors that impact the life of the selected product or material.  While recent 

studies have shown different adaptations of LCA analyses to include external factors such as the 

environment, they still only calculate these factors in terms of costs associated with their energy 

consumption in terms of the environment.  In Figure 4, you can see the basic set up of a life cycle 

regardless of the system or LCA that is being used.  

 

Figure 4.  Graphic representing a Life Cycle Assessment (ISO 14040: 2006)  

(http://awmc.uq.au/images/projects/lca.gif) 

According to ISO 14044, a LCA is carried out in these four distinct phases but often 

these can be independent of each other until the analysis is compiled (14044:2006, 2013).  Each 

component or alternative in a LCA consists of: initial investment, operating cost, maintenance, 

utilities, repair/replacement, taxes/insurance, financing, and salvage disposal value. 

The cost or benefit associated with each of the inputs identified in an LCA are factored 

and discounted based on application, location, life, and present and future value.  Regardless of 

the type of measurement that is being utilized; relevant energy, material inputs or environmental 

http://upload.wikimedia.org/wikipedia/en/e/ea/PhasesOfLifeCycleAnalysis.png
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releases, the results of a life cycle analysis are to identify the lowest cost product or alternative 

by comparison of measurement type.  Similarly to the LCA, environmental value engineering 

can help in broadening the scope of a material or component through to the environment.  A 

significant difference between a LCA analysis and that of environmental value engineering 

analysis is that of the measurement of money.  The quantification of the LCA addresses the 

dollar amount of money associated with the item, material, product or process in an economic 

sense, while EVE addresses all inputs, in terms of EMERGY, for the cost to the environment.   

Research studies over the years, using life cycle analyses (LCA), have become hybrid in 

nature by infusing other aspects and components of other analysis methodologies into the model 

shown in Figure 4.  While many of the hybrids implement external factors such as the 

environment, the majority of these studies are developed to find the impact associated with those 

external factors.  One area of hybrid LCA studies is concentrated in various aspects of 

environmental impact for buildings and other alternatives.   

Guevara-Santiago (2010) developed a methodology called the Environmental Decision 

Making System where a hybrid LCA was developed to account for the social, economic and 

environmental impact aspects of the life cycle.  The methodology developed by Guevara-

Santiago used a case study on two alternatives, (swimming pools), and streamlined life cycle 

assessment to address the environmental impacts.   While the research showed a basis for the 

social and economic ramifications concerning decision making through life cycle analysis, it 

only showed environmental impacts from an economic standpoint through the service life of the 

alternative.  Sharrard, Matthews & Ries (2009) used a different hybrid LCA methodology to 

conduct research concerning case studies directed toward the management of construction 

activities and non-activities located on-site during construction projects.  The impetus of this 

Economic Input-Output (EIO) hybrid LCA was directed toward a comparison of case studies 
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concerning the economy of effects in supply including sustainability and environment.  One of 

the main findings of this research was the need for increased accuracy concerning the 

environmental effects of construction. 

Other hybrid LCA studies have concentrated on the on-site construction processes 

associated with the building instead of the different phases, materials, or processes.  Sharrard et. 

al (2009) compared case studies from Junnila and Horvath (2003), Guggemos and Horvath 

(2006), and Ochoa et.al (2002), and concluded that these hybrid LCA studies included on-site 

construction processes to find economic and environmental impact but with a varied degree of 

terminology concerning construction.  Their interpretations of construction led Bilec, Riles and 

Matthews (2010) to conduct a study based on the life-cycle assessment modeling for 

construction processes for buildings and building systems.  Their research found that when fully 

investigated, on-site construction activities are found to have a range of economic and 

environmental impacts derived from material, transportation, and service but are often ignored or 

combined in other areas of analysis.  From these studies, commonalities within all 

recommendations were the development of standardization concerning environmental impacts 

from material extraction through the construction process.   

As sustainability becomes prevalent in the construction industry and society, life cycle 

analysis has evolved to incorporate aspects of the environment.  Dell’Isola and Kirk (2003) 

developed a cost database for RS Means in which relevant sustainable elements are identified in 

the life cycle analysis.  Their study showed the correlation of reducing environmental impact 

through the use of analysis, but only through the issue of cost performance and sustainability.  

Unlike environmental value engineering, Dell’Isola and Kirk’s database was only concerned 

with the ultimate monetary costs associated with material and fell short of calculating the 

environmental impact of component production and materials.   Atkas (2011), asserted that LCA 
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can be used to quantify environmental impacts of products and processes, but only if LCAs 

adequately address the actual lifetime of the measured component.  For this to happen, accurate 

data is needed to allow for a better understanding of the environmental impact and not just the 

economic ramifications (Atkas, 2011).   

The typical life cycle analysis assigns sustainability or environmental impacts as 

monetary costs for particular resources.  But in a growing built environment, when competition 

for those same resources become so stringent that alternatives become paramount to building 

based on environmental impact, more than just the monetary signature that is measured in life 

cycle cost analysis will be needed. 

Value Engineering 

 As stated earlier, value engineering is defined as a systematic method to improve the 

value of goods, products, and services in order to find a balance between the associated costs in 

relation to the performance and functionality (Miles, 1972).  Using Miles’s model, the 

functionality of value comes by identifying the alternative which has the highest degree of 

reliability, value added, and performance.  In most instances when value engineering is used, the 

end result or decision is monetarily motivated.  In this research study, the analysis of alternatives 

such as wall systems are developed to find the reliability and performance of a product not 

necessarily based on the monetary end result but the cost to the environment. In the Miles model, 

value engineering is broken into four different stages, research and development, growth, 

maturity, and use where a product or material is analyzed in relationship to the total inputs for 

production and use to the outputs of monetary costs associated with each input.  The assignment 

of costs is associated with each stage.  Further, the integration of an analysis from a monetary 

standpoint helps to identify which alternative can be optimized for that particular application.  

Zimmerman and Hart (1982) , further developed Miles’ model to include five distinct steps that 
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are necessary to conduct a value engineering analysis.  These five basic steps are: information 

phase, creative phase, judgment phase, development phase, and the recommendation phase.  

Within each phase, particular tasks are completed toward the recommendation phase 

where the best alternative is chosen and presented.  During the information phase, the gathering 

of all information that is pertinent to the project and all limitations are established.  Once 

identified, the creative and judgment phase look at the requirements of each alternative, their 

ability to meet the requirements, and any other alternative that may perform the task or function.  

In the development phase, all of the alternatives are assessed and evaluated as to how they will 

meet the guidelines or the requirements.  Within this phase, subjective and objective assessment 

figures are assigned to each alternative.  In the final phase, recommendation phase, the 

alternatives are selected based on function and cost savings.  Value engineering incorporates the 

monetary figures assigned during production and use, unlike environmental value engineering 

that assigns figures based on EVE inputs of environment, fuel energy, goods, and services from 

resource formation through use and ultimately to disposal.   

This adaptation to the original three stage compilation from Miles is one that is generally 

accepted in today’s industry and one that is commonly used in the construction industry.  While 

there are many different variations of value engineering models, Dell’Isola felt that value 

engineering in the construction industry must be targeted to each and every process, product, and 

material within the construction project.  He conceived that it must be a holistic value review of a 

project including design, program, site placement, materials, constructability, life cycle costing, 

and environmental sustainability (Dell'Isola, 1997). In respect to this dissertation, the use of 

Dell’Isola’s views is adapted into the environmental value engineering analysis which is 

performed later in this document.  Bae & Kim (2009), reported findings of increased and 

decreased environmental impacts based on the ability of processes or analyses, that are 
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developed by the compilation of different methodologies, to arrive at the optimal process or 

method.  In doing so, the researchers reported that a blended application of value engineering, 

life cycle costing, lean principles and environmental accountability are instrumental to achieving 

“green” in a construction project’s life. 

 Current research studies on value engineering in the construction industry have continued 

with those original methodologies to include the combination of VE, LCC, and that 

environmental or sustainability aspect.  One such study from the Federal Facilities Council 

(FFC) (2001) showed that sustainable development, geared toward environmental impact and 

consumption, needs to be integrated to help reverse the current trends in the diminishing nature 

of our natural resources for the production of the built environment that is impeding on our 

survival as a society.  The FCC study was developed to better integrate the different analyses 

found in the construction industry to reflect the ability of organizations to better integrate sound 

decision making concerning the environment, but from a monetary standpoint.  It failed to 

address the issues of the energy needed to produce those products, processes, and materials.  

Research conducted by Seidel (2012), used value engineering to show maximizing the value of 

the project by studying 14 useable studies of trends in obtaining success rates concerning value.  

This study did not take into account external factors such as environmental inputs into the 

success model which followed the VE format of value added from a monetary standpoint.  It did, 

however, mention that for value engineering to be successful, all external factors should be 

considered before selecting an alternative.  

Choi (2009), addressed the issue of developing a model where new, remodeled, or 

restructured construction projects should follow that of value engineering practices that 

incorporate a change to environmental policies that present opportunities to further sustainability 

goals by incorporating some sort of embodied energy analysis to quantify the environmental 
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impact.  Choi felt that in order for this to happen, those environmental barriers emplaced by 

industry, society, and governmental agencies needed to be reduced in order to create a built 

environment that will reduce environmental impact through changed governmental regulations, 

higher energy efficiency criteria, developing sustainable reuse and redevelopment, and reducing 

embodied energy into projects.   

 In another research study conducted by the National Association of Homebuilders 

(NAHB) (1997), the VE analysis was reduced to specific components of a residential home by 

introducing optimum value engineering (OVE), where the process of comparing alternative 

materials and methods are used to determine the least costly combination that will result in the 

desired end result.  In this study, the NAHB outlined a process where the sequence of planning, 

engineering and construction techniques is integrated to work together to find the optimum 

process.  The depth of this study shows that modular building is essentially more cost efficient 

than that of traditional building based on direct cost savings of more than 12% and labor 

reduction of 11%.   

Sustainability Studies 

 The ability of society to fully define or describe sustainability has led to many misnomers 

about the application of sustainability.  Over the past years, sustainability has been widely used 

and misdirected toward describing materials, processes, or systems or even the human existence.  

In the construction industry, sustainability is directed toward the ability of materials, processes or 

systems to maintain, endure, or support the project or built environment life cycle.  For this 

dissertation, sustainability assumes the ability of materials, products or processes to be eco-

friendly and not increase the environmental impact of these components.  A study conducted by 

Chong et al. (2009), found that a low number of construction industry constituents are aware of 

how to integrate sustainability and environmental awareness within projects.  It alludes to the 
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confusion surrounding the meaning of sustainability and environmental conscience applications.  

This study gives support to the need for identifying methodologies that will help to transition 

awareness to the industry.   

 Ortiz et al. (2010) found that most recent methodologies, which incorporate information 

regarding environmental impacts and embodied energy in building materials, are necessary for 

sustainable development.  This includes life cycle costing, value engineering and sustainability 

studies dealing directly with building materials and component production.  Findings from their 

research showed that sustainability is embedded in the environmental aspect of the building 

process and promotion of methodologies measuring sustainable and eco-friendly construction is 

paramount to the construction industry’s success in the future.   

As the construction industry continues to move forward with innovative technology such 

as building information modeling, integrated project delivery and others, researchers are finding 

that addressing the environmental impacts should be accomplished during the predesign and 

design phases of a project.  A research study done by Ding (2008) found that improvement in the 

performance and sustainability of a building is based on the recognition of the environmental 

impacts from predesign to post construction.  Additionally, Ding showed that using a single-

dimension evaluation technique is no longer effective or adequate and mutations of 

methodologies can be more effective in the predesign phase to account for environmental impact 

or sustainability.  In 2009, a compilation of different research concerning the sustainability of 

construction materials was published by Khatib.  This publication showed that material 

sustainability has developed as the standard for consideration in selecting materials instead of 

material cost (Khatib, 2009).  Sustainability analyses assess the environmental aspect of 

materials and the project in terms of durability, it fall short in assessing the environmental impact 

of the component production of materials needed for such projects. Horvath (2004) ascertained 
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that more research is needed to assess the environmental impact of materials manufacturing, 

construction and maintenance. In some current studies, these phases are even skipped or 

approximated.  These studies help to indicate the relevance of integrating material and 

component manufacturing considerations within analyses regardless of the methodology used.   

Embodied Energy  

The Embodied Energy (EE) methodology has been used in the United Kingdom and 

other European nations, as well as in Australia to determine the effectiveness of energy used to 

produce materials, goods, or services.  The impetus of the EE methodology is the measure of 

energy from direct, indirect, and recurring energies within a process or unit.  Treloar (1997) felt 

that the quantity of energy required by all activities associated with a production process must be 

accounted for during and after manufacturing.  This approach led to further research using EE as 

a select methodology for determining energy requirements associated with different aspects of 

the built environment. Hernandez and Kenny (2010) used embodied energy to create an 

accounting methodology that looked at the annual embodied energy in terms of the service to the 

consumer.  Their research looked into advancing embodied energy from the norm of cradle to 

gate by incorporating the building site through the end of life disposal.  Their findings show that 

the calculations pertaining to embodied energy in those areas fall short of taking into account the 

environmental and socio-economic aspects of building construction (Hernandez & Kenny, 2010).   

A study conducted by Chang, Ries, & Wang (2010) in China addressed the emissions 

concerning a construction project using the embodied energy methodology.  This embodied 

energy study produced findings for the energy and environmental emissions using Chinese 

national data concerning the transportation of raw materials, building materials and equipment.  

Chang et al. found that effective measures should be taken to reduce the increasing output 
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amount of energy expended, in relationship to the environment, by optimizing the transportation 

systems and avoiding uneconomic transportation of building materials and equipment.   

The embodied energy (EE) analysis methodology can be used in a number of variations 

concerning energy consumption or usage.  A study conducted by Hammond & Jones (2008) 

looked at the inventory of carbon and energy to develop a database using EE for construction 

materials and the material’s life cycle performances to create embodied carbon energy 

signatures.  This research assisted in showing an avenue of measuring environmental impact 

based on embodied carbon energy.  Another study conducted by Monahan & Powell (2011) also 

looked at the carbon emissions from fuel energy usage directed toward the construction of a 

residential building.  The goal of their research was to find the consequences, in terms of carbon 

emissions, from cradle to construction.  One of the conclusions of Monahan & Powell’s research 

was the increase of offsite component manufacturing of systems to decrease construction site 

carbon emissions.  The research increases the necessity of identifying, measuring, and 

quantifying component production for future construction considerations. 

While effective, embodied energy has been limited to phases from the extraction of raw 

materials through construction and use.  It does not address the work that the environment has 

done before the extraction phase and during the use phase of the built environment structure 

through the whole life cycle.  Still, embodied energy is a viable analysis methodology with 

modifications to include the environment and after-life phases such as recycling and disposal. 

EMERGY Analysis 

 EMERGY analysis utilizes techniques that were developed by the late Dr. Howard T. 

Odum in analyzing ecological systems.  EMERGY is a scientific-based measure of wealth that 

puts raw materials, commodities, goods, and services on a common basis and scale using the 
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energy of one type required to generate that one item or material (Odum, 1983).   For a complete 

description of energy system diagrams and language development, see Odum (1971, 1983, 1991, 

and 1995) and Odum & Odum (1981).   The focus of this type of analysis was originally 

developed for applications to ecological systems.   

 The process for developing an EMERGY analysis takes many of the features of life cycle 

analysis and value engineering and uses an “energy system language” that was refined over 

several decades.  Energy and money flow in opposite directions during the analysis (Odum & 

Odum, 1981).  While the majority of energy and environmental analyses use BTU’s, watts, or 

some other intraconvertable measure, environmental value engineering uses techniques 

developed by Dr. Odum that converts all inputs to EMERGY in units of solar emjoules (SEJ).   

This is completed to obtain a common form of energy so all inputs to alternatives can be 

compared using a mutual unit of measure.  Increasingly, it is being recognized that all energy is 

not equivalent in its ability to do work, therefore quality correction is necessary (Odum, 1996).  

In addition, all energy used to produce a good or services is evaluated using required inputs to 

process materials, services, and energy in common units of emergy, whether they were used in 

the past or are being used in the present (Brown & Ulgiati, 1997; Buranakarn, 1998).   

Odum (1991) set up the EMERGY analysis methodology to include: 

1. A detailed energy system diagram. 

2. The setup of an EMERGY analysis table to ascertain the emergy units of main 

input sources and contributions to the system being analyzed. 

3. Calculation of input indices from EMERGY analysis tables. 

4. Conduct a simulation to study the system. 

5. Evaluation of the alternatives and recommendations. 
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While Dr. Odum’s research was developed toward ecological systems, the emergy analysis 

model has been used to measure and quantify energy in a myriad of different industries and 

systems settings.  In construction, the ability to quantify available energy or energy used within a 

process or material was mostly limited to a life cycle analysis.  Srinivasan (2011) used an 

emergy analysis to develop a Renewable Emergy Balance (REB), as a tool to maximize 

renewable resource use.  In his study, Srinivasan assessed the performance of a complete built 

system to identify those resources which are suitable for substitution while maintaining 

sustainability measures.  In his model, Srinivasan used emergy to substantiate the ability of 

reaching net-zero energy usage in a building system.  In another study conducted by Buranakarn 

(1998), the author compared the reuse of building materials using emergy to quantify the energy 

usage of reusing or recycling materials on construction projects.  Buranakarn identified the 

emjoule values of various building materials to show the energy input and output of each 

material.  His emergy analysis assisted in setting solar emjoule baselines for many construction 

materials. 

 Rodriguez (2011) used a comparative emergy analyses in the areas of storm water to 

quantify the energy impact pollutants and water runoff management.  Her study incorporated 

emergy computations to develop a comparative case study analysis to find energy impacts for 

different storm water management systems.  In doing so, Rodriguez’s findings reinforced 

Srinivasan’s findings that there is a general lack of knowledge among professionals concerning 

ecological knowledge, environmental impacts and establishing analyses that support 

environmental accountability and sustainability (Rodriguez, 2011).  Another application within 

the construction industry was conducted by Coffman (2007) where a comparative analysis of 

vegetated roof systems using an emergy analysis was performed.  Coffman used the emergy 

analysis to substantiate the energy input/output per system based on material impact.  His 
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emergy analysis confirmed that, while vegetative roof systems are sustainable, the reliance on 

non-renewable resources for construction is limited because of unknown environmental 

sustainability. 

Price (2010) used an emergy analysis to compare different types of building systems to 

arrive at the energy consumption and savings per building material usage.  Within the framework 

of his study, Price constructed four different building types to ascertain the whole building 

energy consumption based on the type of material selected.  In the study, the materials selected 

ranged from concrete to wood based on the sustainability of the product.  While Price found the 

building energy usage using an emergy analysis, he did not explore the environmental impact or 

energy required to emplace the materials for the building structures.   

As the construction industry starts to find the importance of EMERGY analyses and the 

implications of energy measure, it falls short of truly measuring the environmental impact of the 

materials being selected for a construction project.  The studies that have been conducted to date, 

while quantifying and comparing energy input/consumption, are limited in identifying and 

quantifying the environmental impact.  Therefore, in Chapter 4, the author conducted an analysis 

on the materials selected for each wall system alternative within the environmental value 

engineering analysis to incorporate the environmental impact of each and to quantify the 

environmental impact of component production of a selected methodology.  Detailed results of 

each material, using the EVE-EMERGY table shown in Chapter 3, are displayed in Appendix C 

of this dissertation.  

Environmental Value Engineering 

Roudebush (1992), developed the EVE methodology using portions of the EMERGY 

analysis methodology as a basis for assessing alternative building systems by comparing two 
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exterior wall systems, concrete masonry units (CMU) and concrete, for a project located at 

Homestead Air Base, Florida.  The research conducted by Roudebush created the EVE analysis 

methodology.  The premise behind EVE is to account for all inputs, including environmental 

contributions within alternative systems, processes, products or materials being compared to an 

exponential of ten.  Roudebush (1992) introduced an EVE analysis where alternatives are 

considered during a 10 phase simulation to determine the environmental impact of two exterior 

wall systems alternative using CMU and concrete tilt-up panel construction. This analysis system 

was designed and developed to analyze the environmental impact of the built environment 

alternatives.  It combines the emergy analysis work of Dr. Odum with life cycle cost and 

traditional value engineering to evaluate all inputs when considering different alternatives within 

the built environment. 

Environmental value engineering does not limit the evaluation of the alternative to a 

specified length in time or land area.   This analysis is predicated on the 10 life cycle phases: 

natural resource formation, natural resource exploration and extraction, material production, 

design, component production, construction, use, demolition, recycling, and disposal 

(Roudebush, 1992).  This variation of life cycle phases is a distinct difference from other 

analyses.  Within each phase inputs of environment, fuel energy, goods, and services are 

accounted for using input transformities except natural resource formation phase A which only 

receives input from the environment via land, sunlight, and water.  Unlike value engineering 

(VE), where analysis is completed to find the most economical alternative for a specific material 

or process and is defined by a limited set of years, environmental value engineering (EVE) 

extended this analysis to include all factors associated with the alternative through its total life 

cycle. Table 1 shows the 10 different life cycle phases used in the EVE methodology and the 

inputs covered for each phase of the methodology. 
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Table 1 

Phases of Environmental Value Engineering Analysis, adapted from Roudebush (1992) 

Phase A:  

Natural resource formation 

The natural resource formation phase involves the production and consumption of various environmental 
systems (ecosystems, geology systems, etc.).  Natural resources utilized in built environment alternatives 
include minerals, which are formed by earth processes over millions of years, and biomass, resulting from 
living organism net production occurring over shorter periods of time. 

Phase B:  

Natural resource exploration 

and extraction 

The natural resource exploration and extraction phase includes EMERGY of environment, fuel energy, 
goods, and services inputs occurring during material resource exploration and extraction processes.  Also, 
environmental impacts assignable to this phase include renewable environmental inputs in the form of land 
used during extraction and storage of extracted natural resources. 

Phase C: 

 Material production 

The material production phase includes the EMERGY of environment, fuel energy, goods, and services 
inputs occurring during material production.  Material production includes the conversion of material 
resources into materials used in built environment alternative component production.  Some materials are 
produced directly into standardized components.  Examples for this dissertation are dimensional lumber but 
still include environment, fuel energy, services, and goods expelled during the excavation/production 
process. 

Phase D:  

Design 

The design phase includes EMERGY of environment, fuel energy, goods, and services inputs occurring 
during architectural and engineering design.  The design phase includes five sub phases.  According to the 
American Institute of Architects (AIA), these phases are: 1) schematic design, 2) design development, 3) 
construction documents, 4) bidding and negotiations, and 5) construction administration. 

Phase E:  

Component production 

The component production phase includes EMERGY of environment, fuel energy, goods, and services 
inputs occurring during component production.  Some standard components are produced and stored, before 
use, while other components are obtained as needed.  Component production is conducted by 
manufacturing facilities specializing in various built environment alternative components.  Production of 
components specifically designed for a built environment alternative proceeds upon completion and 
acceptance of production documents during the construction administration sub phase of design which 
overlaps with the construction phase.  For example, structural insulated panels are produced after the design 
phase and during the construction phase.  This phase includes the environmental impacts related to 
transportation of the various components to the built environment alternative site for emplacement.   

Phase F:  

Construction 

During construction materials, components, and systems are assembled through the use of environment, 
fuel energy, goods, and services inputs into structures.  The inputs are used contingent upon such factors as 
type of construction, techniques of construction, time of construction, quality of materials, components and 
systems, and workmanship. 

41 
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Phase G:  

Use 

The use phase includes the EMERGY of environment, fuel energy, goods, and services inputs occurring 
during use, operation, and maintenance up to the time of demolition or recycle.  Included are financing, 
maintenance, operation, alteration, repair, replacement, tax elements, insurance, and any other activities that 
require EMERGY inputs. 

Phase H:  

Demolition 

The demolition phase includes the EMERGY evaluation of environment, fuel energy, goods, and services 
inputs used to demolish, remove, or recycle the materials, components, and systems.  The EMERGY 
evaluation is sensitive to decisions on reuse or recycling based on sustainability of the material, 
components, or systems. 

Phase I: 

 Natural resource recycling 

The natural resource recycling phase includes the EMERGY of environment, fuel energy, goods, and 
services inputs used to recycle materials, components, and systems.  Salvage of demolition debris for 
recycling reduces the EMERGY required for disposal and landfill land use.  Thus, there is an EMERGY 
credit for salvage of demolition debris.  Resource recycling during any phase of EVE reduces the total 
EMERGY required.   

Phase J:  

Disposal 

The disposal phase includes EMERGY of environment, fuel energy, goods, and services inputs occurring 
during the disposal of materials components, and systems.  Included in the evaluation is demolition debris 
placement, demolition debris compaction, demolition debris containment, landfill closure.  This aspect of 
land use will become more important in the future as the EMERGY of land will increase in intensity as the 
built environment escalates. 42 
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Haukoos (1995) used an EMERGY analysis to evaluate conventional building systems 

and primary building materials but limited the scope to the EMERGY cost in relationship to the 

monetary amount of the alternatives and not the environmental impact.  This evaluation 

suggested that a ratio of renewable to non-renewable energy, and total non-renewable energy per 

building life should be considered for an analysis of sustainability.  This research study shows 

that it is necessary to introduce the environmental implications for those selected alternatives to 

better understand the environmental concerns associated with each system.  In this dissertation, 

the comparison of two exterior wall system alternatives, (traditional wood-framed construction 

and structural insulated panel systems), was analyzed using the different phases to determine 

which system, process, or material would best reduce the impact on the environment toward 

sustainable development.  In the EVE analysis, material production phase C, design phase D, and 

component production phase E are to be used to quantify the impact of manufactured materials 

and components such as structural insulated panels (SIPs) within an analysis methodology. 

 Kibert (2007) conducted studies using facets of sustainability to develop a truncated 

value engineering analysis where different components of phases are identified in conjunction 

with sustainability and construction of “green” structures.  These concepts are centered on 

sustainable development through the use of work started by the late Dr. Howard T. Odum and 

expanded by Roudebush and Kibert.  Kibert (2008) discussed the impact of the environment and 

the role in which it will play for the built environment in the future.  Much of Kibert’s work is 

based on sustainability and environmental impact for the development of practices for 

sustainable delivery. 

While sustainability has been defined in a number of ways, the author uses the definition 

of sustainable development set forth in the Bruntland Report or more properly known as “Our 
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Common Future” (1987)  as  “…meeting the needs of the present without compromising the 

ability of future generations to meet their needs.”  More importantly, this report produced a plan 

of action known as “Agenda 21” to make the global society more sustainable.  This common 

definition implies that the environment and the quality of human life are as important as 

economic performance (Kibert, 2008).  Hence, the Brundtland report, although dated, shows the 

need for development of methodologies in the construction industry that measure environmental 

impacts concerning sustainability and future generations.  The environmental value engineering 

methodology (EVE) can be used to encapsulate the impact that is placed upon the environment 

when building materials, systems, and components are selected for a project.    

 Kawecki (2010) developed an environmental model for calculating the carbon footprint 

of energy used in modular construction.  The impetus of this research developed a model that 

could be used to ascertain the environmental performance of the materials used in prefabricated 

homes and to quantify those materials that are used in the production process.  While Kawecki 

found the environmental performance, he did not take into account the environmental impact the 

materials had from harvest to manufacture and the energy consumed during the production 

process.  This model differs from the EVE methodology in that no energy implications were 

given for the inputs of the environment as the process was completed.  Another study conducted 

in Canada by Mattu (2008) used the case study method to explore the use of recycled materials 

and the reduction of environmental intrusion by the use of these materials.  In the research, Mattu 

created a model to examine the process of creating, using, and reusing materials in construction 

and their environmental concerns.  A life cycle analysis was used to show the benefits of using 

recycled materials versus non-recycled materials.  The research was directed toward the 

sustainability aspects of the materials and the costs associated with recycling/reuse based on 
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energy consumption.  While decisions to recycle or reuse were clarified, the research did not 

include the energy consumption associated with the harvesting of raw materials or the inputs of 

environment (E), fuel services (F), goods (G), services (S), associated with the recycling or the 

production of new material.  

 Grant (2010) proposed that there remains a void in determining models for the 

application of life cycle assessments when it comes to environmental impact concerning the 

building envelope.  His research was directed toward the development and application of a life 

cycle model in respect to an underlying assumption that each LCA is based upon varying inputs 

and achieved levels of success.  But, those same results will vary according to the method 

chosen, environmental metrics investigated, researcher interpretation and the scope.  One of the 

results of Grant’s research found that those environmental impacts vary based on service of life, 

maintenance, and other variables through the life of the building.  Grant’s objective was to 

examine relationships between material longevity, maintenance and environmental impact.  The 

results reflected the ability to quantify these objectives concerning service life in an energy 

differential much like the EVE methodology, but limited results to the building envelope in 

reference to material longevity and material differential durability.  

 The environmental value engineering (EVE) methodology was utilized by Roudebush 

(1996) to compare the environment, fuel energy, goods, and services input sources in terms of 

EMERGY for two highway pavement alternatives over a comparable life cycle.  This study was 

developed to show the viability of using environmental value engineering as a proper 

methodology for decision making concerning environmental impact concerns.  In this report for 

the Portland Cement Association (PCA), Roudebush was able to demonstrate the application of 

EVE to the construction industry.  As evidenced in the previous traditional EVE research studies, 
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a shortcoming of EVE has been the combining of the first three phases into the material 

transformity phases A through C and not conducting a proper analysis during the component 

production phase E.  As more and more parts of the construction industry become aware of this 

methodology, the need to clarify this process is necessary to further develop the methodology in 

the component production phase. 

 Construction Materials 

Building Materials 

The construction, operation and maintenance of the built environment in the United 

States have played a major role in consuming 35 to 60 percent of the total national energy budget 

(Stein, 1977; USGBC, 2011).  Roodman & Lenssen assert that within the construction phase, the 

energy consumed accounts for about two times that of operation and maintenance and uses 

approximately 40% of the national virgin materials (1995). A later study conducted by Horvath 

(2004) contends that no other industry in the United States uses more materials by weight than 

the construction industry.   More recently, a technical report by Kahhat et al. (2009) concludes 

that stakeholders must investigate the various innovative building options in an effort to reduce 

the negative impact on the environment.   The energy input and output of each type of building 

material differs from extraction through production to construction.  As the demand for building 

materials continues to escalate, the diminishing supply of virgin materials becomes a focal point.  

Some building materials, such as concrete, require the same amount of energy when virgin 

material or recycled materials are utilized while other building materials such as glass and 

aluminum save more energy when recycled instead of virgin materials (Buranakarn, 1998).  

In the construction process, a number of different systems and techniques are employed 

for construction of exterior wall systems.  Early studies by Haukoos (1995) identified the three 
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main systems are wood frame, concrete block and steel frame which differ in application and 

material type.  Based on these three systems, Haukoos evaluated each system for the embodied 

energy cost, in terms of EMERGY and monetary amounts.  Future studies conducted by Junnila, 

Horvath and Gugemos (2006) reveal the relevance of material as quantified by energy use and 

environmental emissions.  Additional findings from Kahhat et al. (2009) found the use phase for 

wall systems account for around 94% of the total energy consumption.   

As systems and technologies move forward, the advent of manufactured systems have 

found success in the building industry.  The structural insulated panels (SIPs) is a manufactured 

system that has been accepted and been added into many building codes.  Structural insulated 

panels are defined as:  

Structural insulated panel includes an internal foam (EPS) core, oriented strand board 

(OSB) faces on the core, and a sheet of magnesium oxide (MagOx) on one or both of the 

faces for environmental purposes of either weather resistance and/or fire protection. The 

outer faces incorporate interior and exterior surfaces that require a finished top coat of 

paint or covering. The combination of core, oriented strand board, and outer coverings 

provide a thermally efficient insulating structure that is a fully nationally code approved 

building structure (Porter, 2009). 

Studies and research have been performed on structural insulated panels concerning cost, 

energy efficiency and comparisons to traditional wall systems.  Limited research has been 

available for analysis of the environmental impact or embodied energy of exterior wall systems.  

The Oak Ridge National Laboratory (ORNL) has conducted research studies on structural 

insulated panels in the areas of thermal insulation, structural strength, wind shear resistance, 

energy efficiency, and cost comparisons. These research studies have become the standard for 

http://www.faqs.org/patents/app/20110281992
http://www.faqs.org/patents/app/20110281992
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research for this type of building system.  Noor, Burton, and Bert (1996), performed extensive 

reviews of sandwich panels or SIPs to determine the properties of the various components in 

relation to the energy capabilities but again, the research was geared toward the energy 

efficiency of each element within the system and did not include the environmental impact.   

Research by Rusmee and DeVries (2001), showed the different influences on the 

apparent material properties of the EPS foam within the structural insulated panel, which helped 

to substantiate the material makeup of the foam set forth in ASTM C578 (2001). ASTM C578 

helps to identify the data for input indices that were included in the EVE analysis of this research 

project.  Other research performed by organizations such as the Engineered Wood Association 

(1993), showed material makeup of the exterior and interior walls for the SIPs systems and the 

interior dimensional lumber required.  Further research conducted by the Structural Insulated 

Panel Association (SIPA) (2009), show the opportunities of reduced resource requirements 

needed using manufactured wall components such as structural insulated panels.  Research 

conducted by the Reed Construction Data Corporation (2006), show the relationship between 

time-study applications for emplacement of both alternatives on a monetary evaluation, but do 

not include the environmental inputs in terms of energy used during construction for service and 

equipment. 

The most common type of wood framing, traditional wood-framing, has been the 

accepted method for building walls in residential and light commercial applications for decades.  

Comparative research conducted by the Oak Ridge National Laboratory (ORNL) (2010), is the 

basis for data on this type of wall construction used in this research project.  For the purposes of 

this dissertation, the information obtained from the sources must remain proprietary based on 
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non-disclosure of trade secrets for the SIPs system, but use the ORNL as the basis for traditional 

and SIPs material make up and comparison. 

Summary of Chapter 

This chapter presented a review of conventional analysis methodologies that are used to 

account for the value or cost associated with the life cycle of built environment alternatives.  

The different analyses were compared to environmental value engineering to show the 

differences and shortcomings in addressing the environmental impact through a component’s 

life cycle. This chapter explained the EVE methodology and its’ use in obtaining the 

environmental impact through consumption of environment, fuel energy, goods, and services 

(labor).  Additionally, the different types of construction materials were discussed to obtain the 

qualities needed for each alternative wall system used in this study.  In summary, this chapter 

offered the fundamental theories associated with different methodologies in quantifying 

environmental impact.  Chapter 3 which follows provides the quantitative methodology that was 

used in this research study. 
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CHAPTER 3 

 

METHODOLOGY 

This chapter focused on the research design for developing and addressing the data 

collection strategies concerning all potential inputs affecting manufactured components.  This 

research study utilized quantitative techniques to examine the inputs associated with the 

environmental impact of manufactured components.  The research methodology employed for 

this study is presented.  The subsequent items related with the study are identified respectively: 

background, material criteria and selection, methodology selection, comparative analysis design, 

impact analysis design and data analysis.  The methodology selected followed previous EVE 

analysis studies (Roudebush 1992 and 1996). 

Background 

Case research can be a mix of quantitative and/or qualitative evidence based on an 

analysis of system, project, or inquiry which provides a framework using information-oriented 

sampling (Yin, 2009).  Quantitative results generated from case research are developed for the 

reader to generalize, evaluate, and infer decisions based on evidence presented.  In this study, a 

case approach was developed to examine and investigate environmental impact of material and 

component production as related to the built environment by using a selected analysis 

methodology on two built environment wall alternatives, traditional wood framed and structural 

insulated panel.  While this dissertation addresses a one sample study using two built 
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environment wall alternatives, Swanborn (2010) asserts that one sample studies or intensive 

research cases are appropriate to research by providing a thorough understanding of the context 

of the case while allowing the reader to draw conclusions based on the information presented.   

The four input categories; environment (E), fuel energy (F), goods (G), and services (S) 

are quantified for environmental impact in this analysis with a focus on phases C through E.  The 

depiction of the different inputs of each system and models were identified and collected via the 

use of EMERGY tables which were developed through the works of Odum (1971, 1982, and 

1991), Roudebush (1992 & 1996), Burankarn (1998), and the EMERGY Society (2012).    Three 

assumptions are made in the formulation of energy systems diagrams: 

1.  Energy flows somewhere along the pathway to construction while; 

2.  some energy is transformed through production, consumption, and storage and; 

3. energy quality can be increased through transformation processes, and each element 

of energy is measured in EMERGY units for reasons described in Chapter 1, 

Introduction. 

EMERGY Input Diagram 

The idea behind an EMERGY input diagram is to provide the flow of inputs within each 

alternative.  Since there are two systems being compared here, (traditional wood-framing and 

structural insulated panel systems), the diagrams have similarities and differences that are 

measured in terms EMERGY.  The input diagram shown in Figure 3, Chapter 1 is representative 

of the organization of data in the EMERGY process that includes all the inputs that are 

associated with that particular process.  Although there are similarities within each alternative, 

they are still calculated separately to show the detailed inputs of each system in order to show 

alternative differences and to quantify material and component production.  Roudebush (1992) 
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developed this diagram in relationship to the built environment alternatives to illustrate data 

collection and to clarify each phase of EVE within the EMERGY analysis.  For this case 

research, the development of the input diagrams followed the following steps: 

1. Boundary is defined. 

2. List of EMERGY inputs sources are made. 

3. The input sources are arranged in the highest energy quality outside the system. 

4. Input sources are quantified in EMERGY tables. 

5. Service is the labor associated with labor needed within each phase. 

 

These diagrams show the inputs of environment (E), fuel energy (F), goods (G), and 

services (S) within the alternative system defined.  As these alternative systems vie for those 

limited resources in environment, the diagram defines the selection and impact each alternative 

has on the phases mentioned above but also show the total environmental impact in terms of 

solar emjoules (SEJ).  The diagrams serve as a location for input source quantities on a 

designated unit of measure.  The transformities for the raw unit inputs are identified from the 

table in Appendix B and the total SEJ is the calculated amount for each input category.  

The conversion to a common transformity is necessary for clarification and simplicity in 

reporting.  The environmental input sources found in Appendix A of this dissertation were 

developed by Roudebush (1992).  Transformities for materials are located in Appendix B and 

were compiled using information from Odum (1981, 1987, 1997, 2001, Roudebush (1992, 1996, 

2012), Buranakarn (1998), and the EMERGY Society (2011, 2012).  In Table 2, an example of 

the EVE EMERGY table that identifies inputs of environment (E), fuel energy (F), goods (G), 

and services (S).   
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Table 2  

Environmental Value Engineering EMERGY Table, adapted from Roudebush (1992) 

(EVE EMERGY Table) 

Note Item 

Raw 
Units g 
g, J, $ 

Transformity 
SEJ/unit 

Solar 
EMERGY 

SEJ 

E ENVIRONMENT       
E1 Atmosphere       
E2 Ecol. Prod.       
E3 Energy       
E4 Land       
E5 Water       
          
F FUEL ENERGY       
F1 Equipment       
F2 Facilities       
          
G GOODS       
G1 Equipment       
G2 Facilities       
G3 Materials       
G4 Tools       
          
S SERVICES       
S1 Labor       
S2 Labor       

 

 These EMERGY tables were compiled by using information collected during interviews, 

multiple visits to the company and visits to alternative systems sites as selected by the author.  

These tables help to show the inputs for the different sources used and their external raw unit 

sources for the alternatives selected for this case.  All 10 phases of the EVE analysis are 

evaluated in the same manner.  While many of those phases were adjusted using different 

transformities, the four main input categories of environment (E), fuel energy (F), goods (G), and 
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services (S), were calculated using the raw data that was collected.  The process for making an 

environmental value engineering EMERGY table is: 

1. Generate an environmental value engineering EMERGY analysis table for each 

alternative system and each environmental phase input of environment, fuel energy, 

goods, and services.  Other phases are compiled using those transformity values assigned 

in the models; 

2. incorporate a numbered system to match data collection sources, computations, and 

external source figures; 

3. emplace the input source in the item column; 

4. record raw data for each item in grams, Joules, or dollars in the second column; 

5. appropriate solar transformity emplaced in the third column; all transformity data is given 

in Appendix B and;  

6. multiply data from column two by column three (solar transformity) in column four to 

obtain the solar EMERGY SEJ value exponentially to the 10th power. 

These tables have been computed using total built environment systems commonly found 

in the construction industry.  The numbers associated with each solar transformity has been 

updated to reflect current transformity values.   

Material Selection 

 This section of the chapter shows EVE identification used for each exterior wall 

system and the defined material selection criteria and each of the boundaries for the built 

alternatives.  Secondly, the features of the EVE methodology and its setup for the built 

alternatives are shown, to include identification through the use of a Construction Specifications 

Institute divisional system called MasterFormat.  The Construction Specifications Institute (CSI) 
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developed a system for standardizing and organizing specifications for the building industry.  

This system of organization is developed into different divisions, section numbers and 

subsections that help to facilitate construction requirements, activities, specifications, and 

material identification (Construction Specifications Institute, 2012 Update).  The breakdown for 

the CSI MasterFormat divisions is shown in Table 3. 

Table 3  

MasterFormat Divisions Summary 

Descriptor   Divisions 
General Requirements Subgroup 

 
Division 01 

Facility Construction 
 

Division 02-19 
Facility Services 

 
Division 20-29 

Site and Infrastructure 
 

Division 30-39 
Process Equipment   Division 40-49 

 

For this dissertation, Division 02-19 will be used for identification of components, 

materials and products used in alternatives A and B, respectively.  The input source letter 

identified represents environment (E), fuel and energy (F), goods (G), or services (S).  This 

designation can be referenced at the top of each EMERGY table located in Appendix C of this 

dissertation.  The use of the Construction Specifications Institute MasterFormat template allows 

users to pinpoint locations of materials used in the construction process.  Each division is broken 

into sections that detail all possible material or equipment usages for that particular division and 

section.  An example would be Division 06, Woods, Plastics and Composites identifies sections 

that were needed for this study which used wood and composite material.  The EVE designation 

example shown in Figure 5 reflects the MasterFormat division, section, and subsection for the 

exterior wall system alternatives represented by the numbers 061100. 
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Figure 5.  EVE Identification for Building Alternatives 

For this research project, it was necessary to identify the material boundary for both exterior 

wall systems being compared.  The research focused on building materials which are commonly 

accepted and used in the construction industry for each exterior wall system.  The following 

criteria were used for material selection: 

1. The identification of material was completed using the Construction Specifications 

Institute MasterFormat divisional breakdown.   

2. Each building material that was identified was chosen based on the typical construction 

techniques used for each built alternative, given in Table 4.  

3. The materials selected must be retrievable from the market without special order and are 

limited to North America. 

4. Data for recycle/reuse was obtained through each phase from resource formation to 

disposal. 

5. Composite materials evaluated were partnered to the closest energy input, (I.E. fiberglass 

insulation will use components of glass, thermal material, etc.). 
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Table 4  

Final List of Selected Building Materials for Exterior Wall Alternatives A & B 

Alternative A 
Traditional Wood-Framed Wall System  Use 

Alternative B 
Structural Insulated Panel  Use 

Oriented Strand Board Exterior Oriented Strand Board Ext./Int. 
Fiberglass Insulation Interior Expanded Polystyrene Interior 
2"x6" wood stud Interior 2"x6" wood stud Interior 
2"x6" dimensional lumber Interior 2"x6" dimensional lumber Interior 
Nails Int./Ext Nails Interior 
Drywall Interior Drywall Interior 
Thermal Barrier Exterior Thermal Barrier Exterior 

 

Selection of Environmental Value Engineering Methodology and Calculations 

An examination of traditional methodologies found that the EVE methodology was the 

only analyses that accounted for the environmental impact of a material or component through its 

total life cycle.  Results derived from the review of literature, Chapter 2 found that other 

methodologies address inputs associated with the environment as a function of value added, 

energy emissions, or as a monetary amount.  For this research project, it was necessary to find a 

methodology that accounts for the cost to the environment in terms of energy necessary from 

cradle to grave for all inputs of an alternative.  The EVE methodology was found to be the type 

of analysis that was required for this research project. 

  The setup for the selected methodology for this research project, environmental value 

engineering, is adapted from the work of Roudebush, (1992).  The inputs for both exterior wall 

system alternatives used quantity take-offs for the materials needed existing documentation from 

design drawings, production drawings, and data support sheets.  Each alternative was calculated 

using the following steps through the 10 life cycle phases for the EVE analysis to find the 
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exterior wall system alternative with the lowest environmental impact.   The steps to conduct an 

EVE analysis for each exterior wall system alternative are: 

1. Materials take off for each alternative material transformity from natural resource 

formation phase A through disposal phase J; 

2. calculate the raw input source quantities environment (E), fuel energy (F), goods (G), 

and services (S) for phases A-J of the EVE analysis; 

3. account for any additional transformities for each alternative through the first three 

phases and record; 

4. construct an environmental value engineering EMERGY analysis table for alternative 

A and alternative B; 

5. add additional E, F, G, and S within each phase system that is necessary through 

transformity identification; 

6. arrange EMERGY tables in order of alternative, location, and material; 

7. create back-up sheets for each input source (E, F, G, and S) for natural resource 

formation phase A through disposal phase J;  

8. calculate the unit quantities acquired during these phases of EVE analysis; 

9. record raw unit data into tables and the source input EMERGY for each recorded 

value as solar emjoule (SEJ); 

10. compile all inputs into EVE designation tables for comparison; 

11. create graphical representation for each wall system alternative and total EMERGY 

input per phase; 

12. create graphical representation for total EMERGY input for each wall system 

alternative; 
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13. create graphical representation for total EMERGY input for comparison of 

alternatives for environment (E), fuel energy (F), goods (G), and services (S), and; 

14. report results in Chapter 4 of this dissertation. 

It was essential to first conduct the EVE analysis for both exterior wall system 

alternatives to obtain the total inputs for each alternative and find the environmental impact for 

each phase of the analysis.  The completion of the analysis allowed the researcher to acquire the 

input figures necessary to conduct a comparative and impact analysis of input categories and 

input source differences, quantify the component production phase, and to conduct an impact 

analysis of alternative B structural insulated panel wall system that utilizes material production 

phase C, component production phase D and design phase E.  Prior EVE analyses have 

combined these phases in A through C.  After quantification of the component production phase, 

further calculations were needed to find the impact, if any, of separating the phases A through C 

to include component production phase D and design phase E versus combined phases A through 

C that assumes to include phase D and phase E which has been the normal practice in previous 

EVE analyses. 

Comparative Analysis for Input Categories and Input Sources 

A comparative analysis model was developed to compare the input categories, 

environment (E), fuel energy (F), goods (G), and services (S), of both exterior wall system 

alternatives and the raw unit input sources.  This assisted in determining which exterior wall 

system alternative has the least environmental impact per category and which input sources have 

the highest/lowest impact on each alternative.  The input categories are calculated for each 

alternative within each phase to ascertain the impact per phase of the category as well as the 

overall impact.  The comparative model for the input categories was created as follows: 
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1. Obtain all inputs totals, in terms of SEJs, associated with environment (E), fuel 

energy (F), goods (G), and services (S) for phases A through J for both Alternative A 

and Alternative B; 

2. calculate the totals, in terms of SEJs,  for each input category by adding phases A 

through J together for both alternative A and alternative B; 

3. find the percentage of impact for each input category by dividing the total of each 

input category totals of E, F, G, S by each alternative wall system input total and 

multiplying by 100 and; 

4. conduct a comparative analysis of the two alternatives to find which alternative has a 

higher environmental impact per input category. 

Those inputs that are referenced as an estimate are determined from the current 

information available at the time the research was conducted.  While the input sources for the 

built environment wall alternatives may be the same, raw units can differ.  Thus, the necessity to 

perform a comparison analysis between the two alternative wall systems must be performed to 

find the highest and lowest input sources that impact the system’s total.  The steps for creating an 

input comparative analysis for the wall system alternatives are: 

1. Collect all quantities for raw unit input sources for each of the 10 phases A through J 

of the EVE analysis for alternative A, traditional wood-framed wall system, and 

alternative B, structural insulated panel wall system; 

2. calculate EMERGY input, in terms of SEJs, of all raw units within each of the four 

input categories of environment (E), fuel energy (F), goods (G), and services (S) then; 

3. find total EMERGY, in SEJs, for each of the input categories; 
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4. calculate the percentage of impact from each raw unit input source in relationship to 

the input categories for alternative A and alternative B; 

5. identify the raw unit input sources with the highest and lowest environmental impact 

for each alternative wall system; 

6. create a graph containing the highest and lowest environmental impact for each 

alternative wall system; 

7. compare the raw unit input sources between alternative wall systems to find which 

system requires more EMERGY input and; 

8. report results in Chapter 4, Results. 

Quantification of Component Production 

Prior EVE analyses have assumed that the inputs needed for component production have 

been as included in the first three phases of the total life cycle.  As such, the actual quantification 

of component production has been an unknown quantity in analysis.  A primary focus of this 

research project was to quantify the component production phase through analysis to more 

accurately account for the environmental impact of this phase.  In reference to the problem 

statement of this dissertation, it was necessary to complete a thorough EVE analysis in order to 

quantify the environmental impact of component production.  The four input categories of 

environment (E), fuel energy (F), goods (G), and services (S) are calculated for the material 

production phase C, design phase D and component production phase E of alternative B.  

Alternative B, structural insulated panels, was selected because of the advanced design 

manufacturing processes needed to produce this type of wall system.  Once input categories and 

input sources are determined for alternative B, actual quantification of the component production 

is completed using the following step format: 
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1. Selection of the exterior wall system alternative B (SIPs) that utilizes the material 

production phase C, design phase D and component production phase E;  

2. identification of inputs for the material production phase C, design phase D, and 

component production phase E (phases designated as part of the manufacturing stage of 

the EVE analysis for the creation of materials or components) then; 

3. calculate the EMERGY, in terms of SEJs, for each input category by multiplying each 

input source quantity by the solar transformity for the material production phase C, 

design phase D and component production phase C; 

4. total each input category for phases C, D and E by adding all input sources associated 

with each category;  

5. add input categories together to obtain the total inputs, in terms of SEJs, for each input 

category for phases C, D and E; 

6. divide each input category by alternative B system total and multiply by 100 to ascertain 

the percentage of impact for the component production phase; 

7. conduct an impact analysis concerning the actual quantification of material production 

phase C, design phase D, and component production phase E and; 

8. report results in Chapter 4, Results. 

The quantification of the component production phase will aid in a more accurate 

depiction of the environmental impact associated with manufactured components such as 

structural insulated panels and increase the accuracy of the EVE analysis.   

Calculation Steps for Combined Phases A-C for Alternative B 

The EVE analysis is created to show which building alternative has the lowest total 

inputs in terms of total EMERGY and used as the selected methodology to obtain quantities for 
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material and component production which has been previously combined in the first three phases 

of the EVE analysis.  The traditional approach to component production has been to combine the 

phases D and E into the transformities phases of A through C or to just assume their value as 

included in the material’s transformity.  The end result for the traditional approach in phases A 

through C to include phases D and E could lead to low input totals concerning environmental 

impact.  This research project was the first to account for component production outside of the 

combined phases of A through C in the EVE analysis. 

It was therefore necessary to conduct a comparative analysis between the traditional EVE 

approach of combining phases A through C to include phase D and E versus the separation of 

phases A through E to find the differences, if any, of the environmental impact of the phases.  

Since Alternative B, structural insulated panel wall system, was used to quantify component 

production, the same alternative wall system was used for this part of the research study.   

The EVE analysis completed in this research study has already separated phases A 

through C, along with phases D and E, and has calculated and recorded the inputs in Alternative 

B system totals.  This research is the first to quantify and account for phases A through C as 

separate phases and, since the design phase D and component production phase E have been 

assumed in these first three phases, their separate quantification is required.  The quantities for 

the combined inputs are located in Appendix E and follow the quantification methodology of 

previous EVE analysis completed by Roudebush (1992 & 1998).  The quantities for the 

separated phases are part of the EVE analysis performed in this case research.  The following 

steps were taken to clarify the comparative impact of combined phases versus separated phases: 

1. Identification of all inputs necessary to quantify phases A through C for both 

combined and separated phases; 
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2. transformity identification for all inputs concerning combined phases; 

3. generate values for the inputs for combined phases A through C and; 

4. generate values for the inputs for the separated phases A through C then; 

5. total the EMERGY inputs into the four input categories of environment (E), fuel 

energy (F), goods (G), and services (S); 

6. find the percentage of impact for the combined phases within each of the four input 

categories against the system’s total; 

7. total the input categories for the separated phases and obtain the percentage of impact 

for each category and; 

8. report results in Chapter 4, Results. 

Summary of Chapter 

This chapter explained the analysis methodology selected, its’ design, and all associated 

elements necessary for the study.  It provided the selection of material and the steps involved in 

the conduct of the EVE methodology.  It then described the configuration of the analysis 

techniques utilized to be analyzed for presentation in Chapter 4 Results.   
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CHAPTER 4 

 

RESULTS AND ANALYSIS OF DATA 

Chapter 3 described the methodology that was used within the study including 

transformity identification, input sources of environment (E), fuel energy (F), goods (G), services 

(S), and input locations.  The results obtained from the selected analysis, environmental value 

engineering (EVE), concerning the two built environment alternatives are examined in this 

chapter.  The chapter provides overall results for traditional wood-framing system alternative A 

and structural insulated panel system alternative B from the EVE analysis, a comparison of the 

input results of environment (E), fuel energy (F), goods (G), services (S), and results for 

quantifying material production phase C, design phase D, and component production phase E of 

the environmental value engineering analysis which contain manufacturing or production 

processes.  Supplementary results were compared concerning the input differences for both 

alternative wall systems and the impact of calculating phases A through E separately versus 

combined transformity values like previous EVE analyses.  Lastly, the chapter is summarized 

showing the impact of the results from this study. 

Restatement of Problem Statement and Research Questions 

Current methodologies introduced previously in the review of literature show that a 

problem exists in the fact that there has been insufficient accounting for environmental impact on 

building alternatives, most notably in the component production phase for pre-fabricated 
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building systems.  It is not known how or to what extent this missing component affects the 

accuracy of an analysis.  Therefore, the problem of this study was to investigate material and 

component production using traditional methodologies for determining environmental impact. 

Research Questions: 

1. What analysis methodology best quantifies the environmental impact of built 

environment alternative, in terms of EMERGY? 

2. What alternative wall system has the least environmental impact? 

3. What inputs cause the greatest environmental impact of two exterior wall systems; 

traditional wood framed and structural insulated panels (SIPS)? 

4. How is the component production phase quantified and utilized in the selected 

analysis methodology? 

5. Is there a difference in the quantification of environmental impact between combined 

phases A-C using the traditional EVE approach versus separate component 

production phase quantification? 

Data Analysis 

The review of literature revealed a representation of methodologies concerning the 

evaluation of potential impacts through life cycle analysis in order to discern informed decisions 

regarding the environment.  A finding of the review showed that Ecological Life Cycle 

Assessment (Eco-LCA), Embodied Energy (EE), Life Cycle Assessment (LCA), Life Cycle 

Costing (LCC) and Value Engineering (VE) measure inputs in terms of monetary units, energy 

efficiency, value added, or energy emissions, carbon footprint or a combination thereof.  Dixit 

et.al (2012) found that while there are several methodologies used to compute the energy 

embedded in a building or structure, all produce differing results which are vital to the overall 
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confluence of consistency and accuracy for the building industry when combined or analyzed 

from various viewpoints.  Dixit et.al goes on to say that the consolidation of such life cycle 

research will provide a location where researchers can optimize these data pieces to assist in 

making built environment systems, products, and processes more efficient. 

For this research, it was necessary to utilize a methodology which accounts for the total 

environmental impact of all inputs while using a common unit of measure for built environment 

alternatives being analyzed.  In this study, the common unit of measure was in terms of solar 

energy joules (SEJs).   The selection of the environmental value engineering (EVE) methodology 

allowed the researcher to measure the total impact environmentally of two built alternative wall 

systems, traditional wood framed and structural insulated panels, through a 10 phase life cycle. 

As illustrated in Table 5, the EVE methodology was selected on the basis of its ability to 

quantify the four input categories of environment, fuel energy, goods and services through a 10 

phase life cycle.  

Table 5  

Analysis Methodologies Input Categories and Input Measurement Techniques 

Analysis Methodology Environ.
 

Fuel 
Energy 

Goods Services Measurement 

Ecological Life Cycle Assessment (Eco-LCA) X  X  Input-Output 
Embodied Energy  (EE)  X X X  Energy  
Environmental Value Engineering (EVE) X X X X EMERGY 
Life Cycle Costing (LCC)  X X X Monetary 
Life Cycle Assessment (LCA)  X  X Input-Output 
Value Engineering (VE)  X X X Value Added 
      
Source: Chapter 2, Review of Literature 

Each methodology computes raw unit source inputs as a contribution to the total.  How 

these raw units are found depend on the application of the analysis.  Table 5 provides the areas of 

quantification and measurement technique for each methodology concerning the input categories 
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of environment (E), fuel energy (F), goods (G), and services (S).  The environmental value 

engineering methodology (EVE) was the only analysis that addressed all four of the input 

categories in terms of energy needs from the environment.  Additionally, the service (labor) 

associated the methodologies selected view the input as a monetary amount.  Only the EMERGY 

and EVE analyses quantify service as energy required through work.  In the EVE analysis these 

input categories are populated with inputs derived from any effort which results from raw unit 

consumption.  An example would be electricity needed to run a facility or the fuel energy to 

transport materials to a construction site.  Based on the measurement of these inputs, phase 

impact values were ascertained to show the influence each play within the four input categories 

of environment (E), fuel energy (F), goods (G) and services (S) which are contained in each of 

the 10 life cycle phases of EVE.  

These life cycle phases, while germane to this EVE analysis, sometimes, but not all 

times, are represented in other methodologies by either the same identifiers or by other closely 

related terminology.  For the selected methodology, the inputs associated with each of the life 

cycles are located in Appendix B of the dissertation.  Raw unit inputs were ascertained from the 

researcher during the collection of data phase.  Those inputs which were not accessible due to 

proprietary information were estimated on current industry use and statistical data obtained from 

governmental studies.  Based on current movements to adaptive reuse and salvaged material use, 

the demolition phase was joined in the active life stage for diversion from recycling and disposal.  

Figure 6 show the EVE life cycle phases joined into four distinct stages representative of a 

material, component, or product’s life. 
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Figure 6.  Life Cycle Phases of Environmental Value Engineering 

Wall System Alternative Environmental Impact 

The EVE analysis was completed initially to obtain the input amounts needed for the 

research questions associated with the impacts of input categories, inputs, component production 

and assumed quantities in the manufacturing stage phases.  The completion of the EVE analysis 

assisted in the convergence of the different dynamic inputs associated with the quantification of 

component production in relationship to the overall impact of each system.  The following 

results are in reference to the case research of this study and the identification of the built 

environment wall alternative that sustains the lowest environmental impact. Tables 6 and 7 show 

the results, in powers of 10,  of the EVE analysis presented for wall alternatives A and B, 

respectively, in terms of EMERGY units per phase and the phase impact in relationship to 

alternative’s total, while showing those higher and lower impact areas.  
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Table 6  

Total EMERGY and Phase Impacts of Alternative A (Traditional Wood-Framed Wall System)  

STAGE 
         EVE Phase 

 EMERGY Input 
SEJs 

Phase 
Impact % 

Birth    
A. Natural Resource Formation  1.57E11* 0.10% 
B. Natural Resource Extraction & Mining  3.65E16* 0.40% 

Manufacturing  
C. Material Production                     

  
6.62E19** 

 
80.00% 

D. Design  0         0% 
E. Component Production  0         0% 

Active Life    
F. Construction   1.32E17 1.40% 
G. Use  0 0% 
H. Demolition 

After Life 
 2.80E18 2.50% 

I. Recycling  9.90E18** 12.00% 
J. Disposal  2.87E18 3.00% 

Total (to 10th power)  8.19E19  

 Source: Appendix C 
 * denotes lowest phase impact to the alternative 
**denotes highest phase impact to the alternative 

Table 7  

Total EMERGY and Phase Impact of Alternative B (Structural Insulated Wall System) 

STAGE 
         EVE Phase 

 EMERGY Input 
(SEJ’s) 

Phase 
Impact 

Birth    
A. Natural Resource Formation  1.57E11* 0.04% 
B. Natural Resource Extraction & Mining  1.02E15* 0.20% 

Manufacturing 
C. Material Production                     

  
5.69E18** 

 
84.00% 

D. Design  4.48E16 2.10% 
E. Component Production  1.25E16 2.00% 

Active Life    
F. Construction   8.42E16 1.60% 
G. Use  0 0% 
H. Demolition 

After Life 
 2.78E16 1.00% 

I. Recycling  9.85E16 2.00% 
J. Disposal  3.99E17** 6.00% 

Total (to 10th power)  6.36E18  
 Source: Appendix C 
 * denotes lowest phase impact for the alternative 
**denotes the highest phase impact for the alternative 
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The phase impact analysis allowed the researcher to find areas that can be reduced by 

addressing the phase from a broad scope to a finite scope which in this case was the input 

sources and categories.  Each phase result reflects the amount of inputs, in terms of EMERGY 

needed to produce the desired quantities needed for each alternative wall system.  The 

representation of the life cycle phases assisted in clarifying which built environment wall 

alternative experienced higher input requirements while showing those areas which have a 

relatively low significance in the life of the alternative.  The two phases marked with one asterisk 

are those areas that had the lowest environmental impact for each alternative wall system.  

Again, those areas dedicated to natural resources recorded less that 1% impact for each system.  

The phases with two asterisks denote the two highest phase impacts for each alternative.  Based 

on the calculations completed and provided in Appendix C, the material production phase C had 

the biggest phase impact for both alternatives A and B, 80% and 84%, respectively.  

The second highest results in Table 6 show the recycling phase I reflected a 12% impact 

on the life cycle of a traditional wood framed wall system for alternative A, taking into account 

the actual EMERGY of 9.90E18 SEJ is lower than the required inputs needed to produce these 

materials through the material production phase C.  It can be shown, using this result, that it 

could be more environmentally friendly to use recycled materials where applicable versus the 

use of virgin materials.  Alternative B, shown in Table 7, elucidates that the disposal phase (J) 

had a 6% impact for the life cycle of structural insulated panel wall system (SIPs).  Thus, the use 

of structural insulated panels resulted in a 3% higher impact when disposed compared to the 

traditional wood-framed wall system.   

Overall, the totals represented for both alternatives show that alternative B, the structural 

insulated panel wall system had the lowest environmental impact through the life cycle of a 1000 
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linear feet, 8 feet high wall system requiring 6.63E18 SEJs of EMERGY input compared to 

8.19E19 SEJs of EMERGY input for alternative A, traditional wood-framed wall system.  

The selection of the EVE analysis methodology required the quantification of all four 

input categories within each life cycle phase.  The EMERGY input category totals for each 

alternative wall system’s life cycle were computed and became part of the total environmental 

impact for each wall system alternative.  These input categories are totals from raw unit quantity 

calculations found in Appendix C for each wall system alternative.  In Table 8, the totals from 

each of the life cycle phases shown earlier were combined within each input category 

represented for this study.  

Table 8  

EMERGY Input Category for Each Built Environment Wall System Alternative 

Input Categories Alternative A  
(Traditional Wood Framing) 
SEJs 

Alternative B 
(Structural Insulated Panels) 
SEJs 

  

Environment 1.65E17 1.63E17  
Fuel Energy 6.82E19 5.52E18  
Goods  1.28E19 5.37E17  
Services 7.80E17 1.37E17  
Total (to 10th power) 8.19E19 6.36E18  
Source: Appendix C 

Table 8 illustrates the total EMERGY required for each input category and their impact 

for each wall system alternative.  It is shown that the fuel energy category represented 83% and 

86% of the total impact for alternative A and alternative B, respectively.  The total EMERGY 

input for alternative A is higher than alternative B, but alternative B required a higher percentage 

of fuel energy in relationship to the life cycle of a structural insulated wall system. Considering 

the percentages for the fuel energy category, all but 1% for each alternative wall system was 

associated with energy needs required for transportation, facility operation, or equipment energy 
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consumption.  The environment (E) input had the lowest impact for alternative A at 0.2% while 

services (S) had the lowest impact for alternative B at 2.0%.  Interestingly, the results shown for 

each category reveal that alternative A, traditional wood-framed wall system, required a higher 

EMERGY input across the board.  The disparities between the higher and lower inputs reveal 

locations where industry researchers could look to reduce the environmental impact through the 

life of a product, material, or system.  

Identification of Input Impacts and Differences in the EVE Analysis 

Based on the application of the selected EVE analysis methodology, the results of each 

phase were placed into Tables 9 and 10 to show the totals impact for each input category and 

each input source item of traditional wood-framed and structural insulated panels, respectively.  

The inputs for environment (E), fuel energy (F), goods (G), and services (S) were totaled to show 

the disparity or difference between the two built environment wall alternatives.   

The EVE analysis is an instrument that was utilized to quantify the potential 

environmental impacts of a built environment material, component, or system.  Within the 

analysis, various stages of input sources were identified, calculated, phased, and incorporated 

into the overall results.  Raw unit inputs at each EVE phase, in terms of energy units (SEJs), 

were tabulated from completed EVE EMERGY tables provided in Appendix C of this 

dissertation and grouped into input categories of environment (E), fuel energy (F), goods (G), 

and services (S) for each alternative.  While each phase was assessed equally, the environmental 

impact may vary depending on raw unit input factors and quantities.  All raw units were 

calculated only once to ensure no double counting and those inputs marked “0” were counted in 

another area of the analysis or assumed equal for both wall system alternatives and therefore not 

included.  Frequency of occurrences for each input does not necessarily mean a higher impact for 
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that input.  Table 9 shows the input source contribution, in SEJs and impact percent, to each of 

the input categories for alternative A traditional wood-framed wall system.  

Table 9  

Input Impact of Alternative A (Traditional Wood-Framed Wall System) 

Source: Appendix C 

The earth is the initial source of all raw input sources.  Table 9 shows all land space and 

water necessary through the 10 life cycle phases of a traditional wood-framed wall system had 

the lowest EMERGY input impact on the system.  Conversely, three input areas accounted for 

roughly 96% of the input totals for the entire system with the equipment input in the fuel energy 

category accounting for 82%.  The calculation tables show 68% of the EMERGY inputs needed 

for equipment was associated with fuel needed for transportation, power equipment, or to operate 

the facility.  The next highest impact was the facilities at 11.8% of which 8.4% was attributed to 

equipment and operation.  These results show that while all aspects of the life cycle are 

accounted for, there are inputs which had a greater impact on the system.  In Table 10, the 

Inputs Category Input 
SEJs 

Raw Unit Inputs 
SEJs 

Raw Input 
 Impact % 

Input Category 
Impact %  

Environment 1.65E17   1.0% 
  Land  2.09E15 0.13%  
  Water  1.63E17 0.29%  
Fuel Energy 6.82E19   83.0% 
  Facilities  6.04E17 0.70%  
  Equipment  6.75E19 82.00%  
Goods  1.28E19   15.0% 
  Facilities  9.70E18 11.80%  
  Equipment  4.93E16 0.06%  
  Materials  3.05E18 3.70%  
  Tools     
Services 7.80E17     2.0% 
  Labor  7.80E17 1.00%  
Total (to 10th power)  8.19E19    
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equipment input for alternative B, within the fuel energy category, required the highest 

percentage, (85%), of EMERGY input, much like alternative A.   

Table 10  

Input Impact of Alternative B (Structural Insulated Panel Wall System) 

 

 

 

 

 

 

 

Source: Appendix C 

The results show the land input was the least environmental invasive of all the inputs 

much like alternative A.  The highest three input sources of water, equipment, and materials 

accounted for 93.5% of the total EMERGY for a structural insulated panel wall system.  The 

frequency in which they appeared through the phases is water six times, equipment eight times, 

and materials three times.  Thus, frequency of occurrences does not correlate to the magnitude of 

EMERGY need based on three occurrences for materials resulted in having the second highest 

impact.   The other inputs shown for each of the built environment alternatives, while impacting 

the total system, did not carry the significance of the other inputs as evidenced by the percentage 

of impact for the alternative wall system.   

Inputs Category Inputs 
SEJs 

Raw Unit Inputs 
SEJs 

Raw Input 
Impact % 

Input Category  
Impact % 

     
Environment 1.63E17   1.6%  
  Land  7.93E13 0.01%  
  Water  1.63E17 2.50%  
Fuel Energy 5.52E18   86.0% 
  Facilities  2.51E16 0.40%  
  Equipment  5.50E18 85.00%  
Goods  5.37E17   8.0% 
  Facilities  9.85E16 1.50%  
  Equipment  5.19E16 0.80%  
  Materials  3.87E17 6.00%  
  Tools     
Services 1.37E17   2.2% 
  Labor  1.37E17 2.00%  
Total (to 10th power) 6.36E18    
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Input Differences between Alternative Wall Systems 

As shown earlier in this chapter, the frequency of occurrences for inputs does not 

necessarily mean a high environmental impact.  The calculated percentage of impact shown in 

Table 9 and 10 give relevance to those areas where the greatest environmental impact occurs for 

each alternative.  As such, a comparison of the inputs shows the differences between wall 

systems.  In Figure 7, the two lowest inputs; land and services, and three highest inputs; 

equipment, facilities, and materials for each wall system have been compared to reveal the input 

differences contained between the wall systems, in terms of EMERGY.

  

Figure 7.  Input Differences between Traditional Wood-Framed and Structural Insulated Panel 

Wall Systems 

These figures show the EMERGY, in terms of SEJs, that are quantified in Appendix C 

for each built environment wall alternative system. While some inputs are relatively the same, 

Figure 7 identifies the inputs with the lowest and largest impacts for each alternative wall system 

within the analysis.  The equipment needs in the fuel energy (F) category revealed that against 

the overall totals for the system shown in Table 9 and 10, alternative B required 3% more 

EMERGY in relationship to the total system for structural insulated panel wall system, 85% for 

alternative B compared to 82% for alternative A, but alternative A incurred a higher EMERGY 

1.0E+13
1.0E+14
1.0E+15
1.0E+16
1.0E+17
1.0E+18
1.0E+19

So
la

r 
E

m
jo

ul
es

 (S
E

Js
) 

Alternative A Wood
Framed Wall System

Alternative B
Structural Insulated
Panel Wall System



77 

input of 8.1% when compared against alternative B.  Another difference between these two wall 

system alternatives was the inputs of facilities and materials within the goods (G) category where 

alternative A required 16.5% more EMERGY inputs for the life cycle of both alternatives.  But, 

a comparative analysis of the input requirements from the calculation sheets in Appendix C, in 

terms of SEJs, show that alternative A needed 12.5% and 3.0% more for facilities and materials, 

respectively. 

The land input, which has the lowest EMERGY input needs for both alternative wall 

systems, still show that alternative A requires 3.8% more EMERGY than alternative B.  Even 

though structural insulated panel wall systems require additional human labor in phase D and 

phase E, alternative A required 17.6% more services through the life cycle of traditional wood-

framed wall systems.  The quantifiable results within the impacts and differences were measured 

to assist in potentially reducing the environmental impact by selecting the most advantageous 

input method. 

Quantifying Component Production 

According to Roudebush (2012), the accounting of the component production phase of 

the EVE analysis, to date, has been assumed as included in the transformity phases A through C 

in all previous EVE analyses.  The fabrication of structural insulated panels (SIPs) requires the 

use of the component production phase to produce wall panel systems at a desired width and 

height.  Since this phase has not been accounted for in the past, it was necessary to collect data as 

the SIPs system went through the manufacturing process to produce the components.  In Figure 

8, the largest environmental impact during the component production phase was the fuel energy 

(F) input category which accounted for 68% of the total phase.   



78 

 

Figure 8.  Impact Percentages of Quantifying the Component Production Phase 

Statistically, the EMERGY for the goods input was significantly lower than the other 

categories.  Services required 30% of the total EMERGY input for the phase.  This can be 

viewed from two perspectives pertaining to human labor.  A decrease of 10% in services could 

mean more automation for production which could drive up the fuel energy category by 10% or 

an increase of 10% in services could reduce the automation which could reduce fuel energy by 

the same.  Using Figure 8 as a model for each of the phases in the EVE analysis, researchers 

could utilize impact percentages to direct resources more efficiently. 

In the findings, the component production phase accounted for 2% of alternative B total 

system input for the 1000 linear feet, 8 feet high wall system.  This 2% may seem insignificant 

on the surface, but as the wall requirements grow so will the inaccuracy.  The quantification of 

the component production phase show that for this size wall system, it takes 1.25E13 SEJs of 

environment (E), fuel energy (F), goods (G), and services (S) to produce one linear foot of this 

alternative wall system.  These results can be utilized on future analysis methodologies to 
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determine an accurate depiction of the impact component production places on the environment 

if a structural insulated panel system was selected.   

In Figure 6, the phases of the EVE analysis were identified and shown where they are 

placed in relationship to the stages of the EVE analysis; birth, manufacturing, active life and 

after life. The results in Figure 8 show the impact of the component production phase as a 

singular entity, its quantification should be shown through the manufacturing portion of the life 

cycle and the phases leading up to and including component production.  Since alternative A is 

site constructed, it is therefore contained in construction phase F while alternative B requires 

component production to produce the individual wall panels.  Table 11 illustrates the 

environmental impact, in terms of the system’s impact percentage, for material production phase 

C, design phase D, and component production phase E for a structural insulated panel wall 

system.  

Table 11  

Manufacturing and Production Impact of Alternative B 

Manufacturing Stage 
EVE Phase 

Environment 
SEJs 

 Fuel   Energy 
SEJs 

Goods 
SEJs 

Services 
SEJs 

System 
Impact % 

C. Material Production 1.63E17 5.51E18 0 1.96E16 84.0% 
D. Design 2.28E13 2.88E11 0 4.48E16 2.1% 
E. Component Production  1.78E14  8.52E15 4.76E13 3.76E15 2.0% 
 Total (to 10th power) 1.63E17 5.52E18 4.76E13 6.82E16  
 

While the component production phase accounted for 2% of the total, the other two 

phases are at extremes but equally important for an accurate analysis.  As part of the 

manufacturing stage of the EVE analysis, the material production phase C accounted for 84% of 

the stage’s input.  The design phase D accounted for 2.1% which, to date, was always assumed 

as included in the transformity phases of phases A through C.  Coupled with the previously 



80 

assumed component production at 2%, the environmental impact of previous EVE analyses are 

low because of combined or assumed values through the transformity phases A through C.  In 

this case research the 4.1% represents a percentage assumed to have been included in the 

combined transformity phases A through C from the traditional EVE approach.  

Calculation of Combined Phases A through C versus Separated Phases A through C in 

the EVE Analysis 

Previous research using the EVE analysis methodology has combined phases A through 

C into assumed transformity values.  A supplementary finding of this research study was to 

establish the difference in EMERGY quantities for separated phases A through E versus the 

assumption of component production inputs combined in transformity phases A through C.   The 

selection for this comparative analysis was alternative B, structural insulated panel wall system, 

based on the inclusion of the design phase D and component production phase E which were 

assumed in transformity phases A through C of previous EVE analyses.  This finding can 

determine if the use of those assumed values is accurate and if not; the actual quantification can 

be used to justify phase separation in future EVE analyses.  

The inputs for material extraction and mining phase B have been limited to transformity 

calculations on the quantities of materials and have assumed other quantities shown in the results 

to be included in those transformities.  To show the combined value for phases A through C, 

calculations were performed and the results are provided in Appendix E.  The actual input 

quantities are located in the calculation tables within each phase of the EVE analysis.  Figure 10 

illustrates that separating natural resource formation phase A, natural resource extraction and 

mining phase B, and material production phase C result in higher EMERGY inputs for each of 

the phases.   
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Figure 9.  Comparative Analysis of Combined Phases A-C versus Separated Phases A-C using 

Alternative B (Structural Insulated Panel Wall System) 

In the traditional approach of the EVE analysis, combined transformity phases A through 

C, EMERGY input percentages are affixed to each of the input categories of environment (E), 

fuel energy (F), goods (G), services (S) based on the researcher’s interpretations stemming from 

raw unit input impact for each category.  The use of separate phases A through E required the 

researcher to calculate quantities based on inquiry and the collection of data.  From this 

collection of data, the researcher ascertained quantities from the manufacturer which can then be 

combined with the base transformity of the raw unit item.   

The upward arrow showing the separated phases indicates a more accurate accounting of 

the inputs while the downward arrow indicates a decreasing or conservative accounting of inputs 

when phases are combined or assumed.   The combined phases incurred 8.01E16 SEJ of 

EMERGY while the separated phases incurred 5.69E18 SEJ of EMERGY, which resulted in an 

11.2% higher input for a structural insulated panel wall system.  Interestingly, through the results 

provided in this chapter, it shows that the fuel energy (F) category had the highest environmental 

impact at 86% of alternative B system’s total.  This means that if the assumed values shown for 

the fuel energy (F) category were utilized, the totals for alternative B would have been 5.61E18 

Previous EVE Analyses 
Combined Phases A-C (transformity) 
•Environment   1.75E16 
•Fuel Energy   5.90E16 
•Goods    6.08E12 
•Service   3.62E15        

Current Research Study  
Separated Phases A-C 
•Environment  1.63E17 
•Fuel Energy  5.52E18 
•Goods    6.48E14 
•Services  1.96E16 

Total Input: 8.01E16 SEJ 

Total Input: 5.69E18 SEJ 
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SEJs lower.  The results reveal that using combined values could cause a conservative value of 

the environmental impact concerning a structural insulated panel wall system or other built 

environment alternative.   

Summary of Chapter 

As part of an EVE analysis, the calculated input sources were obtained through 

calculations of raw unit quantities from the material/quantity take-off, construction drawings, or 

elements contributing to the input-source item.  Impact results were shown for the input 

categories associated with the EVE analysis along with a comparison of the highest and lowest 

input differences between the two built environment wall alternatives.  The impact and 

comparison results showed that alternative A traditional wood-framed wall systems require 

higher EMERGY inputs for each input category and those input-sources compared.   

The focus of this research found that the accounting and quantification of the component 

production phase within analysis produced a 4.1% more accurate depiction for alternative B 

structural insulated panel wall system.  This research project also produced the following 

additional findings: a phase impact analysis revealed that alternative B, structural insulated panel 

wall system, had less environmental impact than the traditional wood-framed wall system 

alternative, those input-sources, categories, and phases associated with fuel energy incur the 

highest of environmental impact regardless of which built environment wall alternative is 

selected, and the component production phase is quantifiable and measurable.  Lastly, the 

calculation of phases A through E separately for alternative B increased the accuracy of the EVE 

analysis by 11.2% than if the traditional approach of combined transformity phases A through C 

were employed. 
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CHAPTER 5 

 

DISCUSSION, CONCLUSIONS, AND RECOMMENDATIONS 

Introduction 

The development of analysis methodologies that foster accountability for the production 

of materials and components in the construction industry is crucial to the future of a sustainable 

environment that can withstand future building concerns.  As the global society grows, it is 

incumbent upon the profession to prioritize the implementation of analyses that show the 

environmental impact of materials, products, and processes from natural resource formation 

through disposal.  This research project investigated and accounted for the component 

production phase in an EVE analysis methodology that, to date has been assumed to be 

accounted for in material transformities or combined in other phases of a material or 

component’s life.   

A clear understanding of the impact building materials or systems has on the environment 

will aid in improving current assessment methodologies to account for those inputs that are not 

commonly addressed or are assumed as included.  This understanding could assist in the 

reduction of environmental intrusion, quantify material and component production, and assist in 

measuring environmental impact to assist in making educated decisions regarding selection of 

materials, alternatives, or manufacturing processes.  Additionally, this research identified 
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environmental value engineering as a viable methodology that can be used to account for 

environmental impact from resource formation through disposal in terms of EMERGY.  

This study quantified, by comparative and impact analysis,  the impact that befalls 

analysis methodologies that consider the component production phase as included in other 

locations within the life cycle of a material or component.  This study added to existing 

methodologies the missing elements concerning manufactured building systems, namely the 

consideration of inputs during component production, in reference to their environmental impact 

from cradle to grave.  This chapter presents the significance of the study; summarization of 

results associated with the research questions, discussion on the implications of results 

concerning inputs, the summarized findings garnered from an EVE analysis, conclusions, and 

finally, recommendations for future research. 

Significance of the Study 

It is imperative that the development of complete life cycle costing contain sound 

procedures and processes affecting the sustainability of the construction industry which are 

associated with environmental impact (Cobas, 1996).  The ability to measure traditional and 

alternative processes and materials that will truly identify the most sustainable method and 

materials can assist practitioners in further developing assessment techniques that will enhance 

success in building toward sustainable development.  A recent study prepared for the Consortium 

for Research on Renewable Industrial Materials (CORRIM) using a LCA found that current 

environmental opportunities are present in focusing analyses toward product development, 

design, and environmental footprint reduction in order to account for continued growth and 

globalization (Lippke, Johnson, Wilson, & Puettmann, 2010).  The CORRIM study was part of 

the Department of Energy Agenda 2020, which is directed toward assessing environmental 
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impact of the building industry and its components.  Recent studies have reported that the carbon 

footprint will continue to escalate while those valuable resources will continue to be minimized 

for future use (Wiedmann & Minx, 2008).   

Roudebush (1992) developed environmental value engineering (EVE) as an 

environmental life cycle assessment methodology to compare built environment alternatives 

through a 10 phase life cycle.  As the focus of sustainability concerning materials and 

manufactured components used in the built environment become more prevalent, it is evident 

that further research is needed to increase the clarity of the environmental impact associated with 

built environment materials and components produced by manufacturing processes.  The benefits 

of having the ability to select the least energy and environmental intrusive materials or processes 

for a growing built environment are important.  Zhang (2008), conducted research on the ability 

of developing a life cycle analysis that would capture the metrics associated with sustainability, 

resource consumption, renewability, and efficiency.  This research developed a matrix for the life 

cycle of materials, but did not include the environmental impact as defined by environmental 

value engineering (EVE). 

This research project was the first to include input calculations for the component 

production phase in an EVE analysis on a manufactured product.  These results will assist in 

developing a more thorough understanding of the component production phase that includes the 

fabrication of components at a manufacturing facility.  A supplementary result of this research 

project provided the implications of quantifying phases A through E separately for structural 

insulated panel wall systems in lieu of combining those same phases as completed using the 

traditional approach.  An outcome of this research also included more accurate EMERGY 
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calculation transformities for built environment materials used in traditional wood-framing wall 

systems and structural insulated panel systems. 

Summary of Findings 

Research Question 1 

What analysis methodology best quantifies the environmental impact of the built 

environment alternative, in terms of EMERGY? 

The objective of research question 1 was to identify the analysis methodology that 

contained all elements in order to quantify environmental impact.  Common analysis 

methodologies were compared in the review of literature to find the methodology that best fit the 

parameters of the research.  Each of the methodologies was examined on their ability to quantify 

the following four areas: environment, fuel energy, goods, and services.  Each of the 

methodologies examined employ a life cycle analysis or benefit analysis to quantify the impact 

of the selected material, component or system based on a unit of measure technique.   

The ECO-LCA, LCA, and LCC use a monetary unit to account for the impact associated 

with the environment while the EE methodology accounts for the environment but from 

efficiency or emissions of embodied energy standpoint.  Much of the research cited in Chapter 2 

uses these analysis methodologies, but limit the scope to a particular area.  For the purposes of 

this research, it was shown that conducting one of these select analysis methodologies would 

have not quantified the environment input necessary for this dissertation.   

The selected analysis methodology, environmental value engineering (EVE), used a 

common unit of measure, in terms of EMERGY, to account for the environmental impact of all 

inputs in all four areas of environment, fuel energy, goods, and services.  It can therefore be 

stated that the integration of the EVE methodology into or with other methodologies would 
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elevate the functionality of any analyses by including the environmental impact that inputs have 

on the environment. 

     

Research Question 2 

 What alternative wall system has the least environmental impact? 

The initial portion of this research project used an environmental value engineering 

(EVE) analysis methodology to determine the overall environmental impact, in terms of SEJs, 

for two built environment wall systems: traditional wood-framed and structural insulated panel 

wall systems.  Information for each input of environment (E), fuel energy (F), goods (G), and 

services (S) was obtained from data collected through interviews and personal visitations to 

representative companies used to procure, produce, use, demolish, and dispose of building 

alternatives.  Some inputs were calculated as estimates based on background research of the 

author.   

In application, the EVE analysis revealed that, although alternative B requires more 

inputs through the manufacturing stage, alternative A still requires more inputs from cradle to 

grave for a 1000 linear feet, 8 feet high wall system.   The results show that alternative A 

(traditional wood-framing system) had a total environmental input of 8.19E19 SEJ while 

alternative B (structural insulated panel system) totaled 6.36E18 SEJ.  The land space and water 

requirements used in the environment (E) input show us that alternative A required more inputs 

than alternative B.  The manufacturing stage, (material phase C, design phase D, and component 

production Phase E), accounted for 80%  and 88.1% of the total EMERGY for alternative A and 

alternative B, respectively.  This indicates that the reduction of materials or the selection of 

materials with lower environmental impact could reduce the total input EMERGY.  Table 11 
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shows a comparison of differences between each alternative through the phases utilized in the 

EVE analysis based on data from Table 6 and Table 7 in Chapter 4, Results. 

Table 12  

Comparison of Aggregated Phase EMERGY per Exterior Wall System Alternative 

EVE  Phases Wall System Alternative 
Phase A Natural Resource Formation Project area same 
Phase B Natural Resource Mining and Extraction A 2.7% greater than B 
Phase C  Material Production A 8.5% greater than B 
Phase D Design A 100% less than B 
Phase E Component Production A 100% less than B 
Phase F Construction A 9.6% greater than B 
Phase G Use Assumed to be the same 
Phase H  Demolition A 10.2% greater than B 
Phase I Recycling A 18.3% greater than B 
Phase J Disposal A 13.9% less than B 
Total wall System EMERGY    A 8.8% greater than B 

The birth stage environmental inputs show that alternative A accounted for only 0.5% of 

the total analyses while the environmental inputs for alternative B accounted for 0.24% of the 

total analysis.  As technology in construction moves forward, the results for the birth stage reveal 

that the use of manufactured building systems such as structural insulated panels could aid in the 

reduction of environmental inputs needed.  A low input of environment shows that we should use 

the environment more to reduce other inputs of fuel energy (F), goods (G), and services (S). 

Research Question 3 

What inputs cause the greatest environmental impact of the two exterior wall systems; 

traditional wood framed and structural insulated panels? 

The fuel energy comparison revealed that alternative A accounted for 83% of the total 

EVE analysis for traditional wood-framed systems while the fuel energy in alternative B 

accounted for 86% of the total EVE analysis for structural insulated panel systems.  The material 
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production phases accounted for 80% and 84% of alternative A and alternative B, respectively.  

But, when total inputs are compared for material production phase C, alternative B required 

8.5% less EMERGY to produce the alternative wall system in relationship to each system total.  

Even when coupled with the 2% needed for the component production phase E, (which to this 

point has been assumed or combined in phases A through C), alternative B still requires 5% less 

EMERGY inputs. This indicates that the predominant inputs are located in the material 

production phase for both alternatives when accounting for the fuel energy input for the EVE 

analysis.  This means that in practice, the EMERGY demands of the material production phase C 

for alternative A is higher when comparing traditional wood-framed than that of a manufactured 

component system such as structural insulated panels.  It is shown through these fuel energy 

results that the implementation of manufactured components such as alternative B, which require 

less material, could reduce the overall environmental impact in the selected wall systems by 

virtue of less EMERGY input need.  

The material production phase C revealed when accounted for, the fabrication of building 

materials does have an effect on the environmental impact of the construction process.  The 

results reflect that the material production phase C difference between the two alternatives shows 

that alternative B requires 7.21E18 SEJ less inputs than that of alternative A in application.  

Alternative A (traditional wood-framed wall system) had an overall input of 6.62E19 SEJ and 

alternative B (structural insulated panel system) had an overall input of 5.69E18 SEJ. 

The comparison of the goods category accounts for 15% and 8% of the total inputs for 

alternative A and B, respectively.  This strongly indicates that more efficient processes could aid 

in the reduction of the energy imprint.  Furthermore, this result showed the viability of 
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developing building systems that promote environmental conscious decisions could aid in future 

building strategies toward sustainable accountability.  The recycling Phase I and disposal Phase J 

comprised over 15% and 8% of the input EMERGY for both alternative A and alternative B, 

respectively.  The results for this study indicate that alternatives to recycling and disposal such as 

salvage materials or adaptive reuse could assist in reducing the environmental impact of systems.  

Therefore, it can be viewed that recycling and disposal are two phases where measuring the 

environmental impact could assist in identifying whether to recycle or dispose of the input.  

The services (labor) comparison show that both alternatives accounted for roughly 2% of 

the total input.  But, when looking at service, in terms of EMERGY, alternative A had a 6.17E17 

SEJ higher input than Alternative B.   It can be shown that traditional wood framed systems 

consume more EMERGY concerning service based on the necessity of site construction for the 

wall system versus manufactured components.  

Quantification of Component Production 

 Research Question 4 

How is the component production phase quantified and utilized in the selected analysis 

methodology? 

The generation of the EVE analysis was necessary to conduct the impact and comparative 

analyses concerning the component production phase.  From the environmental value 

engineering analysis, a singular quantification of the component production phase was completed 

using alternative B structural insulated panel wall system (SIPs) to ascertain an accurate 

accounting of the inputs required.  In this phase, the building materials produced in material 

production phase C are combined through a manufacturing process.  Alternative B requires 
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1.25E16 SEJ to produce enough panels for the 1000 linear feet by 8 feet high wall system.  This 

quantification of the component production phase revealed that the inclusion of this phase has an 

impact on the accuracy of the EVE analyses.  The results show that the actual calculation of the 

component production phase E had an impact of 2% more on the system total for the structural 

insulated panel wall system.  As a singular phase, this percentage could seem irrelevant or 

insignificant to an outside observer, but in application this result shows the necessity for 

researchers to quantify all inputs to make informed decisions concerning environmental and 

sustainable aspects of the built environment. 

Additional phases, such as the design phase D, are required to be quantified when using 

component production.  The additional engineering or design work is necessary to produce prints 

or drawings that conform to the building codes.  The inputs for alternative B show that in order 

to quantify, in analysis, the additional design and engineering required for the manufactured 

components such as SIPs, it is necessary to include an additional 4.71E16 SEJ of EMERGY to 

account for the design of structural insulated panels.  This additional phase input accounts for 

only 2.1% of the total inputs for the system but is still needed for a more accurate analysis.  

When component production phase E is combined with the design phase D, the EVE analysis has 

a 4.1% more accurate accounting. 

The analysis totals for each alternative in the material production phase C, design phase 

D, and component production phase E show the importance of accounting for the inputs during 

these phases.  Proponents of traditional wood-framed wall building methods can see the inputs 

associated with manufacturing stage, phases C through E, account for 80% of the environment 

(E), fuel energy (F), goods (G) and services (S) associated with this built environment 

alternative.  Conversely, proponents of manufactured components such as SIPS can see that the 
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additional work necessary in the material production phase C, design phase D, and component 

production phase E, to complete the panel system fabrication still maintain a lower 

environmental input demand.  These results, combined with energy efficiency metrics for each 

wall system alternative allow the user to select those systems that could have the greatest benefit 

to society with the least energy cost to the environment.  

  Research Question 5 

Is there a difference in quantification of environmental impact between combined phases 

A through C using the traditional EVE approach versus separate phase quantification of A 

through C? 

A supplementary finding of this research found that by conducting a comparative analysis 

of phases A through E (combined phases versus separated phases) using alternative B, structural 

insulated panel wall system; the results expose that when separating the phases, it affords the 

practitioner a more accurate accounting of these phases.  This research project concludes that 

using combined phase’s results in a low accounting of the EMERGY inputs by 11.2% compared 

to separating phases A through E.  The traditional approach of combining the phases serves as a 

superficial accounting of these phases and lends to increased inaccuracies as the project 

specifications grow larger.  In addition, combining phases omits pertinent information on raw 

unit inputs and input categories that can be used for future reference.  It can therefore be stated 

that analysis methodologies that separate the phases A through E of the life cycle of a material, 

component or system see an increased accuracy in assigned values. 

 This result reflects a more accurate accounting of the environmental impact, improves 

the accuracy of the EVE analysis, and also provides as an example of the component input that 

can be used for future EVE analyses.   
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Discussion 

Based on the analysis results and the backup tables provided in Appendix C, the various 

inputs for material production Phase C, design Phase D, and component production Phase E 

establish a baseline that could be utilized to ascertain environmental impact of manufactured 

building materials and components as well as show the environmental impact of two wall system 

alternatives using an environmental value engineering analysis.  Some recommendations 

resulting from the completed study are: 

• Through this study, the environmental value engineering methodology and other 

current methodologies can have an increased accountability on the environmental 

impact that arises via manufacturing of materials and components fabricated and 

used in the construction industry. 

• As presented in the results, using environmental value engineering, it is possible 

to quantify the EMERGY, in terms of SEJs, used to manufacture and produce 

building components and account for their environmental impact through their life 

cycle.  The results from this research will assist in providing a baseline in 

analyses methodologies that account for the previously assumed inputs for 

component production. 

• The results obtained in the EVE analysis showed and compared the total 

environmental impact for two alternative wall systems; traditional wood frame 

and structural insulated panel systems.  Implications from the results will assist 

individuals that select building materials, components, or systems, both residential 

and commercial, during the design phase of a project where analyses can be 
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performed to compare the environmental costs associated with the selection of 

building materials.  

• This research project has shown that the selection of a wall system can lead to 

reduced costs associated with the materials or components intended for use within 

a project. As environmental awareness increases in society, the recognition of 

materials, components, processes and methods used will benefit future projects in 

terms of ecological accountability.   

• The fuel energy inputs associated with transportation, electrical consumption, and 

operations indicate an area where all participants can realize benefits in the 

selection of regional raw materials which can result in reduced environmental and 

monetary costs for manufacturing companies associated with producing 

construction materials and components.  

Conclusions 

In previous EVE analyses, component production has been considered assumed or 

included as the transformity for combined phases A through C.  While the materials produced to 

make components are in material production phase C, additional impact is generated when those 

materials are combined by a manufacturing process to fabricate component assemblies or 

products.  It is imperative for the accuracy of analyses that component production be considered.   

The conclusions of this study were: 

• The inputs for the two exterior wall systems examined revealed that the structural 

insulated panel wall system, a manufactured system, resulted in a lower 

environmental impact. 
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• The environmental impacts of inputs from component production are quantifiable 

and can be measured in analyses. 

• Input source frequency does not correlate to environmental impact whereas, 

quantities have a direct environmental impact. 

• The absence or assumption of the component production phase has an impact on 

the accuracy of the EVE analysis.   

• The separation of phases A through E in the EVE analysis of this study 

represents an 11.2% more accurate depiction than that of the traditional 

combined phase approach.   

Concluding, this study was able to create an awareness of the environmental impact of 

component production, quantify the environmental input impacts associated with component 

production, account for component production in a selected analysis, and improve the EVE 

methodology.  It also created a location where impact figures can be found concerning the two 

exterior wall systems examined in this study. 

Recommendation for Future Research 

As society continues to move the pendulum toward a higher accountability in all aspects 

of the built environment, it is incumbent upon practitioners to account for the environmental 

contributions and impacts associated with the built environment.  Today’s analysis 

methodologies are adept at measuring energy consumptions, efficiencies and emissions of 

building structures and components during the active life stage but very few, if any, have 

measured the environmental impact from cradle to grave.   
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This research generated results showing there are relevant input consumptions, not only 

during construction but in the phases before, during and after the construction process.  This is 

especially true in the material production, design, and component production phases which have 

been underdeveloped or assumed.  Future research is needed in developing these quantification 

procedures into current methodologies where environmental impacts through the life of a 

material, component, system, or structure can be measured and considered.  The following are 

areas where future research is needed to address the environmental components of the built 

environment: 

• While not addressed in this study, the need to identify and quantify ecological 

uplift for built environment objects occupying space on the earth’s surface is 

needed to assist in quantifying the environmental impact all inputs have on the 

earth.  Research in this area would assist in a better understanding of the 

environmental impact facilities and the built environment has on the earth’s 

surface.  

• At this time, it is not known the percentage of recycled materials used in the 

component production phase. Future research on the use and integration of 

recycled materials within the material and component production phase 

concerning inputs of environment (E), fuel energy (F), goods (G), and services 

related to the retrieval, preparation, and production of the recycled materials.  

• The development of United States Green Building Council (USGBC) LEED® 

concepts of adaptive reuse and salvaged material in the built environment 

concerning the sustainability of materials, components, and structures have 

created another layer of environmental accountability.  Future research targeted at 
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the use of these two concepts versus virgin material usage could assist in 

quantifying the environmental impacts of reducing disposal effects on society.   

• The results from this research concerning two exterior wall framing alternatives 

show the environmental impact via EMERGY inputs for each system.  While the 

known environmental impact has been quantified, future research could focus on 

the exterior cladding or covering for a wall.  Analysis on exteriors such as vinyl, 

concrete masonry, brick or other exterior cladding will aid in development of a 

database where future construction projects can choose wall systems that aid in 

the reduction of society’s environmental impact for future generations.     

• This research showed the results of exterior wall systems without any additional 

wall components such as wiring, windows, and doors.  Future research on the 

generation of total systems that include all elements would assist in producing a 

source location where practitioners can easily obtain the environmental impact of 

alternatives during the design phase of a built environment project.   

• Further research is needed on developing additional input transformities for 

manufacturing facilities used in the creation of or application of materials or 

components in the built environment.   

• While this research project compared building alternatives, further refinement of 

environmental value engineering (EVE) is needed to expand to other industries 

such as commercial transportation alternatives which are heavily used for raw 

material, material, and component transport to and from the construction project.  

• Many research topics are targeted to the use phase, but only as energy efficiency 

is concerned with the operation of the building in terms of environmental impact.  
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This dissertation utilized the component production phase of EVE. This addition 

to the EVE analysis substantiated actual calculations of transformities for the 

selected materials but assumed the use would be the same.  Future research on 

combining analyses which identify the use phase G along with the EVE 

methodology would assist in quantifying, in terms of environmental impact, and 

energy consumption through the operations and maintenance of a built 

environment structure.  As shown in Chapter 2, Review of Literature, the 

Embodied energy (EE) analyses could assist in integrating energy emissions, 

embodied carbon, and embodied energy efficiencies during the use phase.   

•  This research study has identified the fuel energy category as the highest impact 

on each of the two exterior wall alternative systems.  While this category reveals 

that the fuel energy consumed to produce the materials and components for each 

wall system, it does not address the pollution created by this energy consumption.  

Future research designed to address the environmental impact concerning the 

pollution created during the manufacturing phases would assist in decreasing the 

impact pollution possibly plays on the environment. 

This research project developed, analyzed, and quantified the environmental impacts of 

manufactured components which will assist in developing a more accurate depiction for future 

decisions concerning the built environment.  Further studies using environmental value 

engineering would increase its acceptance and use with traditional analysis methodologies to 

reflect the environmental dynamic which is commonly measured in monetary costs which 

excludes other inputs of the built environment. 
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Concluding Statement 

In conclusion, the implementation of an efficient analysis methodology such as 

environmental value engineering to quantify the inputs related to manufactured components and 

materials could assist in reducing environmental impact on building components and systems, 

reduce the waste of inputs, reduce environmental burden, increase sustainability and in the long 

term assist in projecting the environment’s input costs associated with construction and its 

components. 
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APPENDIX A: ENVIRONMENTAL INPUT SOURCES 

  (Retrieved from dissertation of Wilfred Roudebush, 1992) 

PHASE A. Natural Resource Formation 
E. Environment (renewable) 

El. Atmosphere 
E2. Ecological production 
E3. Energy 

(1) Sun 
(2) Earth 

E4. Land 
(1) Area 
(2) Resources 

E5. Water 
(1) Area 
(2) Resources 

F. Fuel Energy (nonrenewable): none 
G. Goods: none 
S. Services (labor): none 
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PHASE B. Natural Resource Exploration and Extraction 
E. Environment (renewable) 

El. Atmosphere 
E2. Ecological production 
E3. Energy 

(1) Sun 
(2) Earth 

E4. Land 
(1) Area 
(2) Resources 

E5. Water 
(1) Area 
(2) Resources 

E6. Materials 
F. Fuel Energy (nonrenewable) 

F1. Equipment 
F2. Facilities 
F3. Materials 

G. Goods 
G1. Equipment 
G2. Facilities 
G3. Materials 
G4. Tools 

S. Services 
S1. Labor 
S2. Materials 

 
PHASE C. Material Production 
E. Environment (renewable) 

El. Atmosphere 
E2. Ecological production 
E3. Energy 

(1) Sun 
(2) Earth 

E4. Land 
(1) Area 
(2) Resources 

E5. Water 
(1) Area 
(2) Resources 

E6. Materials 
F. Fuel Energy (nonrenewable) 

F1. Equipment 
F2. Facilities 
F3. Materials 

G. Goods 
G1. Equipment 
G2. Facilities 
G3. Materials 
G4. Tools 

S. Services 
S1. Labor 
S2. Materials 
 



114 

PHASE D. Design (Architectural and Engineering) 
E.  Environment (renewable) 

El. Atmosphere 
E2. Ecological production 
E3. Energy 

(1) Sun 
(2) Earth 

E4. Land 
(1) Area 
(2) Resources 

E5. Water 
(1) Area 
(2) Resources 

E6. Materials 
F. Fuel Energy (nonrenewable) 

F1. Equipment 
F2. Facilities 
F3. Materials 

G. Goods 
G1. Equipment 
G2. Facilities 
G3. Materials 
G4. Tools 

S. Services 
S1. Labor 
S2. Materials 
 

PHASE E. Component Production 
E. Environment (renewable) 

El. Atmosphere 
E2. Ecological production 
E3. Energy 

(1) Sun 
(2) Earth 

E4. Land 
(1) Area 
(2) Resources 

E5. Water 
(1) Area 
(2) Resources 

E6. Materials 
F. Fuel Energy (nonrenewable) 

F1. Equipment 
F2. Facilities 
F3. Materials 

G. Goods 
G1. Equipment 
G2. Facilities 
G3. Materials 
G4. Tools 

S. Services 
S1. Labor 
S2. Materials 
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PHASE F. Construction 
E. Environment (renewable) 

El. Atmosphere 
E2. Ecological production 
E3. Energy 

(1) Sun 
(2) Earth 

E4. Land 
(1) Area 
(2) Resources 

E5. Water 
(1) Area 
(2) Resources 

E6. Materials 
F. Fuel Energy (nonrenewable) 

F1. Equipment 
F2. Facilities 
F3. Materials 

G. Goods 
G1. Equipment 
G2. Facilities 
G3. Materials 
G4. Tools 

S. Services 
S1. Labor 
S2. Materials 
 

PHASE G. Use 
E. Environment (renewable) 

El. Atmosphere 
E2. Ecological production 
E3. Energy 

(1) Sun 
(2) Earth 

E4. Land 
(1) Area 
(2) Resources 

E5. Water 
(1) Area 
(2) Resources 

E6. Materials 
F. Fuel Energy (nonrenewable) 

F1. Equipment 
F2. Facilities 
F3. Materials 

G. Goods 
G1. Equipment 
G2. Facilities 
G3. Materials 
G4. Tools 

S. Services 
S1. Labor 
S2. Materials 
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PHASE H. Demolition 
E. Environment (renewable) 

El. Atmosphere 
E2. Ecological production 
E3. Energy 

(1) Sun 
(2) Earth 

E4. Land 
(1) Area 
(2) Resources 

E5. Water 
(1) Area 
(2) Resources 

E6. Materials 
F. Fuel Energy (nonrenewable) 

F1. Equipment 
F2. Facilities 
F3. Materials 

G. Goods 
G1. Equipment 
G2. Facilities 
G3. Materials 
G4. Tools 

S. Services 
S1. Labor 
S2. Materials 
 

PHASE I. Natural Resource Recycling 
E. Environment (renewable) 

El. Atmosphere 
E2. Ecological production 
E3. Energy 

(1) Sun 
(2) Earth 

E4. Land 
(1) Area 
(2) Resources 

E5. Water 
(1) Area 
(2) Resources 

E6. Materials 
F. Fuel Energy (nonrenewable) 

F1. Equipment 
F2. Facilities 
F3. Materials 

G. Goods 
G1. Equipment 
G2. Facilities 
G3. Materials 
G4. Tools 

S. Services 
S1. Labor 
S2. Materials 
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PHASE J. Disposal 
E. Environment (renewable) 

El. Atmosphere 
E2. Ecological production 
E3. Energy 

(1) Sun 
(2) Earth 

E4. Land 
(1) Area 
(2) Resources 

E5. Water 
(1) Area 
(2) Resources 

E6. Materials 
F. Fuel Energy (nonrenewable) 

F1. Equipment 
F2. Facilities 
F3. Materials 

G. Goods 
G1. Equipment 
G2. Facilities 
G3. Materials 
G4. Tools 

S. Services 
S1. Labor 
S2. Materials  

 

 

 

APPENDIX B: TRANSFORMITIES 

Transformities (EMERGY conversions) for energies, resources, and commodities related 
to the built environment (in powers of 10). 

 
MATERIAL                                                                                   TRANSFORMITIES 
                                                                                                      (Refer to notes 1 and 2 
                                                                                                       unless noted otherwise) 
 
Material Name Unit of Measure  Transformity  Reference 
 
Aluminum ingots  (g)   1.60El0   (2) 
 
Coal    (J)   3.98E04   (3) 
 
Construction Materials (g)   1.55E09   (3) 
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Copper    (g)    6.80E10    (2) 
 
Electricity    (J)    1.74E05   (3) 
 
Glass     (g)    8.40E08   (2) 
 
Glue and Adhesives  (g)   3.80E08   (3) 
 
Gypsum   (g)   1.00E09   (3) 
 
Hardboard   (J)   1.27E05   (3) 
 
Iron     (g)    1.80E09   (4) 
 
Lime    (g)   6.70E06   (4) 
 
Machinery    (g)    6.70E09   (2)  
 
Natural gas    (J)   4.80E04    (4) 
 
Oil     (J)    5.30E04   (4)  
 
Paper     (J)    2.15E05   (2)  
 
Petroleum product  (J)   6.60E04   (3) 
 
Phosphate   (g)   3.70E10   (4) 
 
Plastic     (g)    3.80E08   (2) 
 
Plastic Resins   (g)   3.28E09   (3) 
 
Plywood   (g)   1.21E09   (3) 
 
Rubber    (g)   4.30E09   (2) 
 
Silica sand   (g)   1.00E09   (3) 
 
Sand    (g)   1.00E09   (1) 
 
Service, labor    ($)   1.20E12   (4) 
 
Shaved Lumber  (g)   8.79E08   (3) 
 
Soda Ash   (g)   3.80E08   (3) 
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Softwood plywood  (J)   4.40E04   (3) 
 
Softwood logs   (J)   8.01E03   (3) 
 
Soda ash   (g)   3.80E08   (3) 
 
Steel     (g)    1.80E09   (2) 
 
Sunlight   (J)   1.00    (1) 
 
Rain    (J)   3.02E04   (4) 
 
Topsoil    (J)    6.30E04   (1) 
 
Water, consumer   (J)    6.66E05   (4) 
 
Water, waste    (J)    4.10E04   (4) 
 
Wood    (J)    3.49E04   (4) 
 
Wood fiber   (J)   4.20E04   (3) 
 
Zinc Alloys    (g)    6.80E10   (2) 
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Notes: 
A. Transformity units are solar emjoules/Joule, solar 
emjoules/gram or solar emjoules/US $. 
B. Sources of SEJ’s 

1. Dr. Howard T. Odum, Department of Environmental 
Engineering Sciences, University of Florida, Gainesville, Florida. 

2. Dr. Wilfred Roudebush, Bowling Green State University, Bowling Green, 
Ohio.  

3. Vorasun Buranakarn, University of Florida, Gainesville, Florida. 
4. Emergy Systems Diagrams, EMERGY Society, 2012. 

C. Transformity figures are given in Appendix C. 
D. Units in 2011 U. S. dollars. 
. 
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APPENDIX C: BACKUP CALCULATIONS AND TABLES 

 
  

(AA 061100 EVE EMERGY Table) 

Note Item 
Raw Units 

g,J, $ 
Transformity 

SEJ/unit 
Solar EMERGY 

SEJ 

E ENVIRONMENT 

  

1.57E11/yr. 

E1 Atmosphere 

   E2 Ecol. Prod. 

   E3 Energy 

   
E4 Land 

1.57E11 
J/yr. 1 1.57E11 

E5 Water 

             

F FUEL ENERGY       

F1 Equipment       

F2 Facilities       

          

G GOODS       

G1 Equipment       

G2 Facilities       

G3 Materials       

G4 Tools       

          

S SERVICES       

S1 Labor       

S2 Labor       
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AA06110 EMERGY INPUT CALCULATION BACK-UP 
 
E. Environment. 
 E4. Land 
 Proposed project area = 7,500 SF 
 Project duration = 8 months 
 Proposed project budget = $137,500.00     [Estimate] 
 Wall portion percentage of project = $28,000.00    [Estimate] 
 Project percentage = ($28,000)/($137,500) = .2043 
 Land surface sunlight calculations: 
 Average net absorbed solar radiation = 110kcal/cm²/yr.   [EMERGY Society, 2012] 
 (7500 SF) (1024 cm²/SF) (110 kcal/cm²/yr.) (8 mo./12 mo./yr.) (.2043)  
 (4186 J/kcal) = 1.57E11 
  
 
Total environmental input =         1.57E11 SEJ 
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(AB 061100 EVE EMERGY Table) 

Note Item 
Raw Units 

g,J, $ 
Transformity 

SEJ/unit 
Solar EMERGY 

SEJ 

E ENVIRONMENT 

  

5.12E12/yr. 

E1 Atmosphere 

   E2 Ecol. Prod. 

   E3 Energy 

   
E4 Land 

5.12E12 
J/yr. 1.00 5.12E12 

E5 Water 

       

   F FUEL ENERGY 

  

3.57E16 

F1 Equipment 5.41E11 J 6.60E04 3.57E16 

F2 Facilities 

       

   G GOODS 

  

3.44E14 

G1 Equipment 5.13E04 g 6.70E09 3.44E14 

G2 Facilities 

   G3 Materials 

   G4 Tools 

       

   S SERVICES 

  

4.74E14 

S1 Labor 2.38E02 $ 2.00E12 4.74E14 

S2 Labor 
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AB06110 EMERGY INPUT CALCULATION BACK-UP 
 

Shaved Lumber transformity =  8.79E9 SEJ/g    [Appendix B] 
Wood transformity =   3.49E04 SEJ/g    [Appendix B] 
Glass transformity =   8.40E08 SEJ/g    [Appendix B] 
Gypsum transformity =   1.00E09 SEJ/g    [Appendix B] 
Glue/adhesive transformity =   3.80E08 SEJ/g 
 
E. Environment. 

E4. Land.  
 OSB and dimensional lumber 

Average is 5.3 trees = 400 bd ft.    [ (Chini & Gupta, 1997)] 
Average growing area per tree = 10’ x 10’   [ (Coder, 1992)] 
(5.3 trees)(100’ growing area) = 530 sq. ft. per 400 bd feet 
OSB = 4’x8’ sheets 

Weight = 7.2 lbs. per bd ft.    [LL Johnson, 2012] 
Quantity needed = 250 ea.    [Quantity take-off] 
4’x8’ = 16 bd. ft. 
(250 ea.) (16 bd. ft.)/12” = 334 bd. ft. 
(7.2 lbs./bd ft.)(334 bd ft.) = 2404.8 lbs. 

Dimensional lumber 
 Weight = 4.21 lbs. per bd. ft.    [LL Johnson,2012] 

2”x6”x8’ = 8 bd. ft. 
Quantity needed = 750 ea.    [Quantity take-off 

 (750 ea.)(8 bd. ft.)/12 = 500 bd. ft. 
 (4.21 lbs./bd. ft.)(500 bd. ft.) = 2105 lbs.  

 Dimensional lumber 
 Weight = 4.21 per bd. ft.    [LL Johnson, 2012] 

2”x6”x14’ = 14 bd. ft. 
Quantity Needed: 216 ea.    [Quantity take off] 

 (216)(14) = 252 bd. ft. 
 (4.21 lbs./bd. ft.)(252 bd. ft.) 1060.9 lbs. 
Total weight = (2404.8 lbs.) + (2105 lbs.)+ (1060.9 lbs.) = 5570.7 lbs. 

(5570.7 lbs.)(453.6 g/lb.) = 2.53E08 
Land needed for trees 
Total bd. ft. = (334 bd. ft.) + (500 bd. ft.) + (252 bd. ft.) = 1086 bd. ft. 
 (1086 bd. ft.)/(400 bd. ft.)(530 sq. ft.) = 1438.9 sq. ft. 
Land surface sunlight calculations: 

 Average net absorbed solar radiation = 110kcal/cm²/yr.  [EMERGY Society, 2012] 
 (1438.9 SF) (995 cm²/SF) (110 kcal/cm²/yr.) (12 mo./yr.) (1.09E08 +5.68E08)  
 (4186 J/kcal) = 4.46E12 
    Total Land input for lumber = 5.03E12 J 
  
 Gypsum extraction 
 Gypsum board = 90% gypsum/10% misc.   [ (Townsend, 2003)] 
 Project needs = 250 each 
 Mine area  
  30’x30’ rooms/20’x20’pillars/160,000 tons/yr.  [ (Gold Bond, 2001) 
 (160,000 tons)(2000)/900 = 355,556 sq. ft. of land area/yr. 
 Weight of Gypsum board 4’x8’ = 1.7 lbs./psf =  
 (4 ft.)(8ft)(1.7 lbs./psf) = 54.4 lbs. 
 (250 ea.)(54.4 lbs.)(.90) = 12,240 lbs. 
 (12,240 lbs.)/ (3.20E08) =.00004% 
 (355,556)(.0004) = 142 sq. ft. needed for project 

Land surface sunlight calculations: 
Average net absorbed solar radiation = 110kcal/cm²/yr.  [EMERGY Society, 2012] 

 (142 SF) (995 cm²/SF) (110 kcal/cm²/yr.) (12 mo./yr.) (1.00E09)  
 (4186 J/kcal) = 6.50E10 
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    Total land for gypsum = 6.50E10 J 
Glass (Insulation) 

 60 mining operations/12 million ton per year   [ (Wisconsin DNR, 2012)] 
 (12 million ton)/(60) = 200,000 tons/per operation 
 (200,000 ton)(2,000 lbs. per ton) = 4.00E08 lbs. 
 Jackson County mine = 320 acres    [ (Wisconsin DNR, 2012)] 
 (320 acres)/(4.08E08 lbs.) = .000008 acres/lb. 
 Project needs for insulation = 12,000 Lft 
 1 linear foot of insulation = .35 lbs. of glass  
 (12,000 Lft)(.35 lbs.) = 4200 lbs. glass 
 120 lbs. of silica @35% = 42 lbs. glass    [Glass Compositions, 2012] 
 (4200 lbs. glass)(120 lbs.) (35%) = 17,640 lbs. sand needed 
 (.000008 acres)(43560 sq. ft./acre)/(17,640 lbs.) = 5662 sq. ft. 

Land surface sunlight calculations: 
Average net absorbed solar radiation = 110kcal/cm²/yr.  [EMERGY Society, 2012] 

 (5662 SF) (995 cm²/SF) (110 kcal/cm²/yr.) (12 mo./yr.) (8.40E08)  
 (4186 J/kcal) = 2.17E09 
     Total land for glass = 2.17E09 J 
 
 

Glue and Adhesive 
 Trace elements accounted for in Phase C 
 
     Total environment input = 5.12E12 J 

 
F. Fuel energy. 

F1. Equipment 
  Fuel energy consumed will be from harvest or mining source at a distance of 100 miles as an estimate.  

 
OSB and Dimensional lumber  
Truck, log transport (20 ton max)    [National Trans.Statistics, 2012] 
OSB project needs: 250 sheets 
Sheet size = 4’x8’ 
Weight per sheet = 54.4 lbs. 
(250 sheets)(54.4 lbs.) = 13,600 lbs. 
Fuel consumption = 7 mpg     [National Trans.Statistics, 2012] 
Distance of travel = 100 miles    [Estimate] 
(13,600 lbs.)/ (20 tons)(2,000 lbs./ton) = 34% space requirement 

 (.34 trucks) (100 mi)/(7 mpg)/55 gal/BBL) (6.28E09 J/BBL) = 2.72E10 J 
 Dimensional lumber 

Truck, log transport (20 ton max)    [National Trans.Statistics, 2012] 
Dimensional lumber project needs:  

750 ea. 2”x6”x8’ 
215 ea. 2”x6”x14’ 

 Weight per foot = 2.00 lbs. 
 Total feet = (6000 Lft) + (3010 Lft) = 9010 Lft 

(9010 Lft)(2.00 lbs. per foot) = 18020 lbs. 
Fuel consumption = 7 mpg     [National Trans.Statistics, 2012] 
Distance = 100 miles     [Estimate] 
(18,020 lbs.)/(20 tons)(2,000 lbs.)= 45% space requirement 

 (.45 trucks) (100 mi)/ (7 mpg)/55 gal/BBL) (6.28E09 J/BBL) = 5.13E11 
   Total fuel energy for wood = 5.40E11 J 

Gypsum 
 Truck, CAT 770 Off-highway     [ (CAT Mining, 2011) 

 Payload = 40 tons 
 Weight = 157,000 lbs. 
Gypsum project needs: 12,200 lbs. 
Sheet = 4’x8’ 
(12,200 lbs.)/(40 tons)(2000 lbs./ton)=.30% 
Fuel consumption = 7 mpg     [National Trans.Statistics, 2012] 
Distance = 100 miles     [Estimate] 
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(12,200 lbs.)/ (20 tons)(2,000 lbs./ton) = 34% space requirement 
 (.30 trucks) (100 mi)/(7 mpg)/55 gal/BBL) (6.28E09 J/BBL) = 4.89E08 J 

Glass (Insulation) 
 Truck, CAT 770 Off-highway     [ (CAT Mining, 2011)] 

 Payload = 40 tons 
 Weight = 157,000 lbs. 
Insulation project needs: 17,640 lbs. 
 (17,640 lbs.)/(40 tons)(2000 lbs./ton) =22% 
Fuel consumption = 7 mpg     [National Trans.Statistics, 2012] 
Distance = 100 miles 

(.22 truck) (100 mi)/(7 mpg)/55 gal/BBL) (6.28E09 J/BBL) = 3.59E07 J 
   

Total fuel energy input = 5.41E11 J 
G. Goods. 

Equipment: 
OSB and Dimensional lumber 
Truck, log transport (20 ton max)    [National Trans.Statistics, 2012] 
OSB = 34% of truck capacity 
Dimensional lumber = 45% of truck capacity 
Weight = 19,120 lbs.       
Estimated life of truck = 15,000 hrs.       

(5 hrs.)/(15,000 hrs.) (19,120 lb.)(34%)(45%)(453.6 g/lb.) = 4.42E04 J 
Grapple excavator, 2,500 lbs. capacity    [Caterpillar. 2008] 
Weight = 33080 lb. 
Estimated life of truck = 15,000 hrs.    [Caterpillar, 2008] 
Time = 3 hrs.  

(3 hrs.)/(15,000 hrs.) (33080 lb.)(34%)(45%)(453.6 g/lb.) = 4.59E03 J 
  Total lumber equipment input = 4.88E04 J 

 Gypsum 
 Truck, mining transport (40 ton max)    [Caterpillar, 2008]    
 Gypsum = 30% of truck capacity 
 Weight = 157,700 lbs. 
 Estimated life of truck = 15,000 hrs.    [Caterpillar, 2008] 
 Time = 1 hr. 
  (1 hr.)/(15,000 hrs.)(157,700 lbs.)(30%)(453.6 g/lb.) = 1.43E03 
    Total gypsum equipment input = 1.43E03 J 
 Glass (Insulation) 
 Truck, mining transport (40 ton max)    [Caterpillar, 2008]    
 Sand = 22% of truck capacity 
 Weight = 157,700 lbs. 
 Estimated life = 15,000 hrs. 
 Time = 1 hr. 
  (1 hr.)/(15,000 hrs.)(157,700 lbs.)(22%)(453.6 g/lb.) = 1.05E03 J 
 

Total goods input =  5.13E04 J 
 
S. Services. 

OSB and Dimensional lumber  
 Average hourly wages 
  Loaders = $21.91 per hr.    [Bureau of Labor Statistics, 2012] 

   Drivers = $18.21 per hr.    [Bureau of Labor Statistics, 2012]  
Project needs total hours =  
 Loader = 2 hrs. 
 Drivers = 3 hrs. 

(2 hr.)($21.91) + (3 hrs.)($18.91) = 1.01E02 $ 
Gypsum: 
Average hourly wage 
 Loaders = $21.91 hr.    [Bureau of Labor Statistics, 2012] 

  Drivers = $18.21 hr.    [Bureau of Labor Statistics, 2012]   
Project needs total hours =  
 Loader = 1 hrs. 
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 Drivers = 3hrs 
(1 hr.)($21.91) + (3 hrs.)($18.91) = 7.80E01 $ 

Glass (Insulation) 
Average hourly wage 
 Loaders = $21.91 hr.    [Bureau of Labor Statistics, 2012] 

  Drivers = $18.21 hr.    [Bureau of Labor Statistics, 2012]   
Project needs total hours =  
 Loader = 1 hrs. 
 Drivers = 2 hrs. 

(1 hr.)($21.91) + (2 hrs.)($18.91) = 5.90E01 $ 
 

Total services input = 2.38E02 $ 
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(AC 061100 EVE EMERGY Table) 

Note Item 
Raw Units 

g,J, $ 
Transformity 

SEJ/unit 
Solar EMERGY 

SEJ 

E ENVIRONMENT      1.65E17/yr. 

E1 Atmosphere       

E2 Ecol. Prod.       

E3 Energy       

E4 Land  2.08E15 J  1  2.08E15 

E5 Water  2.44E11 J  6.66E05  1.63E17 

          

F FUEL ENERGY     6.53E19 

F1 Equipment  9.80E14 J  6.60E04 6.47E19 

F2 Facilities  3.80E12 J  1.59E05 6.04E17 

          

G GOODS      0 

G1 Equipment       

G2 Facilities       

G3 Materials       

G4 Tools       

S SERVICES      7.01E17 $ 

S1 Labor  3.50E05 $  2.00E12  7.01E17 

S2 Labor       
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AC06110 EMERGY INPUT CALCULATION BACK-UP 
 

Acre = 43,560 square feet 
MSF = 1000 LF 
The calculations below represent the following facilities used to produce such materials.  The figures obtained for each 

are based on estimates given to the author from representatives from each facility. 
 
Wood Facility – Based on the application of this facility, all wood products are manufactured at this facility for 

traditional wood framing systems—2”x6” dimensional lumber and oriented strand board (OSB) 
 Facility size – 20 acres 
  Manufacturing Facility size = 400’ x 294’ = 117,600 SF  [Estimate, 2012] 
  Dimensional lumber facility section = 240’ x 100’ = 24,000SF [Estimate, 2012] 
  OSB facility section = 110’ x 220’ = 22,000 SF   [Estimate, 2012] 
 Water consumption – 1.2 million gallons/quarterly 
 Electrical Consumption – 683 trillion BTU’s     [EIA, 2012] 
  1380 MJ per square foot     [Embodied Energy, 2012] 

Fuel Energy – 250 miles        [Estimate, 2012] 
Production estimates: 

 Total US production softwood = 39,000 million LBF  [US Department of Agriculture, 2012] 
Company production/yearly = 232 million LBF 
Project needs = 9,000 LBF 

 Total US production OSB = 25.2 billion SF    [Timberco, 2012] 
Company production/yearly = 9.7 million SF     [Estimate, 2012] 

  
Gypsum Facility – 

 Facility size –40 acres 
  Manufacturing Facility size = 525’ x 325’ = 170,625 SF  [Estimate, 2012] 
  Gypsum facility section = 285’ x 180’ = 51,300 SF  [Estimate, 2012] 
 Water consumption – 3.4 million gallons 
 Electrical consumption – 1.75 million BTU per 100   [Estimate, 2012]  
  5890 MJ per square foot     [Embodied Energy, 2012] 
 Fuel Energy – 388 miles       [EPA, 2009] 
 Production estimates: 
  Total US production gypsum board = 85 billion SF  [National Gypsum, 2012] 
 Company production/year = 814 million SF    [Estimate, 2012] 
 14 USG companies in the US      [USG, 2012] 
 (814 million SF)/14 = 58.2 million SF     [Estimate, 2012] 
 Project needs = 8,000 SF 

Insulation and Vapor Barrier Facility 
 Facility size – 12 acres 
  Manufacturing Facility size = 650’ x 480’= 326,000 SF  [Estimate, 2012] 
 Water consumption – 1,361,000 gallons 
 Electrical consumption – 970 MJ per square foot    [Embodied Energy, 2012] 
 Fuel Energy – 250 miles       [Estimate, 2012] 
  Total US production insulation = 21 billion LF   [Estimate, 2012] 
 Company production/year = 314 million LF    [Owens-Corning, 2011] 
 Project needs = 8,000 LF R-13 Owens-Corning 15” roll insulation 
            8,000 SF Owens-Corning vapor barrier 
 
E. Environment. 

E4. Land 
Wood Products  
Land = 20 acres (20 acres) (43560 SF ft.) = 871,200 square feet 
Facility Size = 117,600 SF 
Wood facility area = 48000 SF 
Material creation percentage of facility = 40% 
Facility usage for product = 16 hrs. Per day/260 workdays in a year 
(UPF) Unit production figure = .003     [Estimate, 2012] 
Land surface calculations: 
(Facility ground area) (Average of insolation)    [EMERGY Society, 2012] 
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Avg. absorbed solar radiation = 110 kcal/cm²/yr. 
(48,000 SF) (929.03 cm²/SF) (110 kcal/cm²/yr. (.40) (12 months) (.003 UPF) (4186 J/kcal) =1.64E12 J 
Gypsum Products 
Land = 40 acres = (40) (43560) =1,742,400 square feet 
Facility Size = 170,625 SF 
Gypsum facility area = 51,300 SF 
Material creation percentage of facility = 30% 
Facility usage for product = 24 hrs./255 workdays/year 
Unit production figure = .001      [Estimate, 2012] 
Land surface calculations: 
(Facility ground area) (Average of insolation)    [EMERGY Society, 2012] 
Avg. absorbed solar radiation = 110 kcal/cm²/yr. 
(51,300 SF) (929.03 cm²/SF) (110 kcal/cm²/yr. (.30) (12 months) (.001 UPF) (4186 J/kcal) =7.90E13 J 
 
Insulation and Vapor Products 
Land = 12 acres = (12) (43560) = 522,720 square feet 
Facility Size = 326,000 SF 
Insulation and vapor barrier = 326,000 SF 
Material creation percentage of facility = (326,000 SF)/(522,720) = 62% 
Facility usage for product = 24 hrs./260 workdays/year 
Unit production figure = .02      [Estimate, 2012] 
Land surface calculations: 
(Facility ground area) (Average of insolation)    [EMERGY Society, 2012] 
Avg. absorbed solar radiation = 110 kcal/cm²/yr. 
(326000 SF) (929.03 cm²/SF) (110 kcal/cm²/yr. (.62) (12 months) (.02 UPF) (4186 J/kcal) =2.08E15 J 
      Total Land Input = 2.08E15 J 

 
 
E5. Water. 

Wood Products  
Water – 1.2 million gallons/quarterly      [Estimate, 2012] 
Production workdays = 16hrs per day/255workdays per year   [GAO, 2012] 
Employees = 106 employees per 8 hour shift     [Estimate, 2012] 
 (1.2 million gallons/quarterly)/(106 employees) (2 shifts) (8 hours) (260 workdays)  
  = 10.90 gals/per labor hour 
Gibbs free energy in water = 4.94 J/g     [EMERGY Society, 2012] 
(440,960 hr.) (.003 UPF) (10.9 gal/labor hr.) (8 lb./gal) (453.6 g/lb. (4.94 J/g) = 2.58E09 J 
 
Gypsum Products 
Water – 3.4 million gallons/quarterly      [Estimate, 2012] 
Production workdays = 24hrs day/260workdays/yr.    [GAO, 2012] 
Employees = 200/shift       [Estimate, 2012] 
 (3.4 million/quarterly)/(200 employees) (3) (8) (260) =  
 = 10.80 gals/per labor hour 
Gibbs free energy in water = 4.94 J/g     [EMERGY Society, 2012] 
(1,248,000 hr.) (.001) (10.8 gal/hr.) (8 lb./gal) (453.6 g/lb. (4.94 J/g) = 2.41E11 J 
 
Insulation and Vapor Products 
Water – 1.36 million gallons       [Estimate, 2012] 
Production workdays = 24hrs day/260workdays/yr.    [GAO, 2012] 
Employees = 200/shift       [Estimate, 2012] 
 (1.36 million/quarterly)/(200 employees) (3) (8) (260) =  
 = 4.35 gals/per labor hour 
Gibbs free energy in water = 4.94 J/g     [EMERGY Society, 2012] 
(1,248,000 hr.) (.02) (4.35 gal/hr.) (8 lb./gal) (453.6 g/lb. (4.94 J/g) = 2.02E08 J 

Total Water Input = 2.44E11 J 
 

F. Fuel energy. 
            F1. Equipment 

Average transportation costs for raw material range depending on location of facility.  All facilities used in 
this dissertation are in the Midwest area.  Average distance of travel for raw material from the U.S. 
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Department of Transportation, (Appendix C Data Source and Accuracy Statement, 2012) average distance of 
345 miles for regional manufacturing facilities.   
Wood manufacturing facility –  
Square footage produced = (116 million SF) + (9.7 million SF) = 125.7 million SF 
SF weight of wood product = average 1.1 lbs. psf 
(125.7 million SF) (1.1 lbs./psf) = 138.2 million lbs. 
Truck, transport (20 ton max)     [National Trans.Statistics, 2012] 
138.2 million SF)/(20 tons) = 3455 trucks 
Fuel consumption = 7 mpg     [National Trans.Statistics, 2012] 
Distance = 345 miles 

(3455 trucks/yr.) (345 mi)/(7 mpg)/55 gal/BBL) (6.28E09 J/BBL) (40%) = 7.70E13 J 
Gypsum manufacturing facility –  
Square footage produced = 814 million SF  
SF weight of gypsum product = average 2.2 lbs. psf 
(814 million SF) (2.2 lbs./psf) = 1.79E09 lbs. 
Truck, transport (20 ton max)     [National Trans.Statistics, 2012] 
(1.79E09 SF)/(20 tons) = 44770 trucks 
Fuel consumption = 7 mpg     [National Trans.Statistics, 2012] 
Distance = 345 miles 

(44770 trucks/yr.) (345 mi)/(7 mpg)/55 gal/BBL) (6.28E09 J/BBL) (30%) = 7.56E14 J 
Insulation manufacturing facility –  
Square footage produced = 392 million SF 
SF weight of insulation product = average .43psf 
(392 million SF) (.43) = 168.5 million lbs. 
Truck, transport (20 ton max)     [National Trans.Statistics, 2012] 
(168.5 million SF)/(20 tons) = 4214 trucks 
Fuel consumption = 7 mpg     [National Trans.Statistics, 2012] 
Distance = 345 miles 

(4214 trucks/yr.) (345 mi)/(7 mpg)/55 gal/BBL) (6.28E09 J/BBL) (62%)= 1.47E14 J 
 
    Total Transportation Input = 9.80E14 J 
F2. Facility 

Average usage for manufacturing facilities per U.S. Energy Information Administration, (2012): 
Electricity = 95.1 (kWh) per square feet of manufacturing space 

          = 536,500 BTU’s of natural gas per square feet of manufacturing space 
Wood Products  
Manufacturing facility size = 48,000 SF 
(95.1 kWh) (48,000 SF) = 4,564,800 kWh/yr. 
(.003) (4,564,800 kWh/yr.) (3.60E06 J/kWh) = 4.92E06 J 
(536,500 BTU) (48,000 SF) = 2.57E10 
(2.57E10 BTU) (.003) (1055 J/BTU) = 8.15E10 J 

      Total Wood Facility Input = 8.15E10 J 
Gypsum Products 
Manufacturing facility size = 51,300 SF 
(95.1 kWh) (51,300 SF) = 4,878,630 kWh/yr. 
(.001) (4,878,630 kWh/yr.) (3.60E06 J/kWh) = 1.75E07 
(536,500 BTU) (51,300 SF) = 2.75E10 
(2.75E10 BTU) (.001) (1055 J/BTU) = 2.90E10 

      Total Gypsum Facility Input = 2.90E10 J 
 

Insulation and Vapor Products 
Manufacturing facility size = 326,000 SF 
(95.1 kWh) (326,000 SF) = 31,002,600 kWh/yr. 
(.02) (31,002,600 kWh/yr.) (3.60E06 J/kWh) = 2.23E07 J 
(536,500 BTU) (326,000 SF) = 1.74E11 
(1.74E11 BTU) (.02) (1055 J/BTU) = 3.69E12 J 

      Total Insulation Facility Input = 3.69E12 J 
    Total Facility Input = 3.80E12 J 
     Total Fuel Energy Input = 9.84E14 J 
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G. Goods. 
Information not available. Use input = 0 

 
S. Services. (Average salary is $52,870.00)    [(Bureau of Labor Statistics, 2012)] 

S1. Labor. 
Wood Products  
Dimensional lumber production: 

 232 million LBF per year     [Estimate, 2012] 
(232 million LBF)/(12 mo.) = 19,333,333 LBF/mo. 
Average yearly salary = $52,870.00    [Bureau of Labor Statistics, 2012] 
($52,870.00)/12 = $4405.00/mo. 
($4405.00/mo.)/(160 hr. per month) = $27.00/hr. 
($4405.00/mo.) (106 employees) = $466,930.00 labor costs 
Labor hours/month = 16,960 hr.  

   (9000 bd ft.)/(120,833 LBF/hr.) (16960 hr.) ($27/hr.) = 3.41E05 $ 
Oriented Strand Board production: 
(9.7 million SF per yr.)/12 mo. = 808,333 SF/mo. 
(808,333 SF)/(160 hr. per month) = 5052 SF/hr. 
Average yearly salary = $52,870.00    [Bureau of Labor Statistics, 2012] 
($52,870.00)/12 months = $4405.00/mo. 
($4405.00 mo.)/(160 hr. per month) = $27.00/hr. 
($4405.00 mo.) (106 employees) = $466,930.00 labor costs 
Labor hours/month = 16,960 labor hr. 

   (8000 SF)/(808,333 SF/month) (16,960 hr./month) ($27/hr.) = 4.53E03 $ 
 

Gypsum Products 
Gypsum board production: 

 58.2 million square feet per year    [Estimate, 2012] 
(58.2 million SF)/(12 mo.) = 4,850,000 SF/mo. 
(4,850,000 SF)/160 hrs. per month = 30312 SF/hr. 
Average yearly salary = $52,870.00    [Bureau of Labor Statistics, 2012] 
($52,870.00)/12 months = $4405.00/mo. 
($4405.00 mo.)/(160 hr.) = $27.00/hr. 
Labor hours/month = 16,960 hr.  

   (8000 SF)/(4,850,000 SF/month) (16960 hr./month) ($27/hr.) = 7.55E02 $ 
 

Insulation and Vapor Products 
Insulation and vapor barrier production: 

 314 million LBF per year     [Estimate, 2012] 
(314 million LBF)/(12 mo.) = 2,616,666 LBF/mo. 
(2,616,666 LBF)/160 hrs. per month = 16,354 LBF/hr. 
Average yearly salary = $52,870.00    [Bureau of Labor Statistics, 2012] 
($52,870.00)/12 months = $4405.00/mo. 
($4405.00 month mo.)/(160 hr. per month) = $27.00/hr. 
Labor hours/month = 16,960 hr.  

   (24,000 bd ft.)/(2,616,666 LBF/month) (16,960 hr.) ($27/hr.) = 4.19E03 $ 
 
      Total Services Input = 3.50E05 $ 
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AD06110 EMERGY INPUT CALCULATION BACK-UP 

The design aspect of a traditional wood-framed system is dictated on the different 

applications for each project.  As such, no additional design is needed for clarification of 

traditional wood framing based on print locations for each project.  Any additional design or 

correction is completed on-site during the construction phase. 
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AE06110 EMERGY INPUT CALCULATION BACK-UP 

 
Based on the individual production of components for the traditional wood-framed 

system, all parts are produced during the material phase of the EVE analysis.  The component, 

(wall system), is produced on the construction site and accounted for in Phase F of the EVE 

analysis. 
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(AF 061100 EVE EMERGY Table) 

Note Item 
Raw Units 

g,J, $ 
Transformity 

SEJ/unit 
Solar EMERGY 

SEJ 

E ENVIRONMENT      0 

E1 Atmosphere       

E2 Ecol. Prod.       

E3 Energy       

E4 Land       

E5 Water       

          

F FUEL ENERGY      2.61E16 J 

F1 Equipment  3.89E07 J  6.60E04  2.61E16 

F2 Facilities       

          

G GOODS      4.80E16 g 

G1 Equipment  7.17E06 g  6.70E09  4.80E16 

G2 Facilities       

G3 Materials       

G4 Tools       

          

S SERVICES      5.76E16 $ 

S1 Labor  2.88E04 $  2.00E12  5.76E16 

S2 Labor       
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AF06110 EMERGY INPUT CALCULATION BACK-UP 
 

Information on the construction of the walls: 
Crew – C-1 (Daily output – 1) (16 MBF labor hours) (6160 2”x6”x8’ wall framing)  (RS Means 2011) 
Equipment – pneumatic nail gun (2), air compressor (1), circular saw  
Air compressor – amperage at max 10.5 at 1,350 watts per hour x 8 hours = 10,800 watts/1000 = 10.8 kWh @ 7.2 
cents/kWh = $.77cents per day 
Life of air compressor and pneumatic nailer system – 7,500 hours 
Water – average person needs a minimum of 1.3 gallons per day   (Pacific Institute, 2012) 
.05 gallons per hour x 8 hours = .43 gallons during the day 
Electricity – average 5,000 watts per hour x 8 hours = 40,000 watts/1000 = 40kWh @ 7.2 cents/kwH = $28.00 a day 
Labor = $562.00 a day        (RS Means 2011) 
 
E. Environment. 

Not available. Use input = 0. 
 

F. Fuel energy. 
Fl. Equipment. 

F1A. 2”x6” Traditional framed wall. 
C 1 crew        [RS Means, 2011] 
Crew output =(2) (6)/ (12) (1000) =1000 MBF 
(1000 MBF) (.43/production rate) = 430 Lft/ (2) = 215 SF/day 
(215 SF/day)/ (8 hr. per day) =  26.9 SF per hr. 
2”x6” Framed wall = 1000  linear feet     [Material take-off] 
Square feet for alternative A wall system = 4,000 sq. ft. 
(4,000 SF)/(215 SF per day) = 18.6 days 
(18.6 days) (.43 production rate) = 7.9 days 
(18.6) – (7.9 days production rate multiplier) = 11.76 days for completion 
(11.8 days) (8 hrs./day) = 94.8 total hrs. 
(2)  Pneumatic Nailer 
Electrical Consumption = 5,000 Watts/hr.     [Senco, 2012] 
Use = 25% of output hours      [Estimate] 
(94.8 hrs.) (0.25) (5,000 w/hr.)/1000 = 118 kWh  

(118 kWh) (1.74E05) (.25) = 5.13E06 J 
FIB.Air Compressor 

Electrical Consumption = 1,350 Watts/hr.     [Dewalt, 2012] 
Use = 25% of output hours      [Estimate] 
(94.8 hrs.) (0.25) (1,350 w/hr.)/1000 = 31.9 kWh 

(31.9 kWh) (1.74E05) (.25)= 1.39E07 J 
Truck (delivery 20 ton max) 

  24’ bed length 
  70” height maximum     [ (FHWA, 2007)] 
  Project needs = 48,685 lbs. total 
  Project needs: 
  2”x6”x8’ = 750 each 
  2”x6”x14’ = 216 each 
  Gypsum board = 250 each 
  OSB = 250 each 
  Insulation = 250 rolls 
  Truck capacity = (20 tons)(2000 lbs./ton) = 40,000 lbs. 
  (48,685 lbs.)/(40,000 lbs.) = 1.2 trucks 
  Distance = 100 miles     [Mobile Modular, 2011] 

(1.2 trucks) (100 mi)/(7 mpg)/55 gal/BBL) (6.28E09 J/BBL) = 1.97E07 J 
 

Total Fl equipment units = 3. 89E07 J 
 
G. Goods. 

Gl. Equipment. 
Senco FramePro 601 Pneumatic Nailer 
Weight = 8 lb. 
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Useful life = 12,000 hrs.      [Senco, 2012] 
Use = 2 5% of output hours 
(94.8hrs) (0.25output hours)/(12,000 hrs./life)= 1.97E3 

(1.97E3) (453.6 g/lb.) = 8.94E3 g 
 

 Dewalt 55146  1.6 HP, 200 PSI, Air Compressor 
Air Compressor. 
Weight = 34.5 lb. 
Useful life = 15,000 hrs.      [Dewalt, 2012] 
Use = 25% of output hours 
(94.8hrs) (0.25 output hours)/(15,000 hrs./life) = 1.58E06 

(1.58E06)(453.6 g/lb.) = 7.16E06 g 
 

Truck (delivery 20 ton max) 
Weight = 19120 lbs. 
Delivery time = 100 miles @ 50 mph = 2 hours per load     

  Estimated life = 15,000 hrs.       
(2.1 trucks)(2 hrs.)/(15,000 hrs.) (48,685 lb.)(453.6 g/lb.) = 3.53E03 g 

 
 

Total Gl equipment units = 7.17E06 g 
S. Services. 

SI. Labor. 
S1A. Wall Framing  
C-1 Crew       [RS Means, 2011] 
Crew Labor = $1211.60/day     [RS Means, 2011] 
($1211.60)/(215 SF) = $5.63/SF 
Wall area = 4,000 SF        [Material take-off] 
(4000 SF) ($5.63/SF) = $22,520 
Drywall Crew C-1      [RS Means, 2011] 
Daily output = 775 SF/day 
Crew Labor = $1211.60/day 
Wall area = 4,000 SF      [Material takeoff] 
(4000)/(775) = 5.16 days 
($1211.60)/(775 SF) = $1.56/SF 
(4000 SF)($1.56) = $6240 
($22,520) + ($6240) = $28,760 

Total Services Input = 2.88E04 $ 
 
 
 

  



138 

 
 
AG06110 EMERGY INPUT CALCULATION BACK-UP 

 

Based on the comparable life of the building, the following items compared in Phase G, 

Use, were not included for this study.  

1. Financing 
2. Taxes 
3. Operation and Maintenance 
4. Repair 
5. Insurance 
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(AH 061100 EVE EMERGY Table) 

Note Item 
Raw Units 

g,J, $ 
Transformity 

SEJ/unit 
Solar EMERGY 

SEJ 

E ENVIRONMENT      0 

E1 Atmosphere       

E2 Ecol. Prod.       

E3 Energy       

E4 Land       

E5 Water       

          

F FUEL ENERGY      2.79E18 J 

F1 Equipment  4.22E10 J  6.60E07  2.79E18 

F2 Facilities       

          

G GOODS      7.44E14 g 

G1 Equipment  1.11E05 g  6.70E09  7.44E14 

G2 Facilities       

G3 Materials       

G4 Tools       

          

S SERVICES      1.28E16 $ 

S1 Labor  6.40E03 $  2.00E12  1.28E16 

S2 Labor       
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AH06110 EMERGY INPUT CALCULATION BACK-UP 
 
E. Environment. 

Not available. Use input = 0. 
 

F. Fuel energy 
Fl. Equipment. 

B-1 crew for traditional framed walls     [RS Means. 2011] 
(2) Dump trucks, 16 ton 
(1) Front-end loader, 2.5 CY 
Demolition output = 1200 SF/day     [RS Means, 2011] 
Wall volume = 8,000 SF      [Architectural drawings] 
Duration = (8,000 SF)/(1200 SF/day) (0.25) =120 hrs. 
(2) Dump trucks, 16 
Fuel consumption =7.5 gal/hr.      [Estimate] 
(2) (120 hrs.) (7.5 gal/hr.)/(55 gal/BBL) 
(6.28E9 J/BBL) = 1.63E13 J 
(1) Front-end loader, 2 . 5 CY      [RS Means, 2011] 
Fuel consumption = 4 gal/hr.     [Caterpillar, 2008] 
(120 hrs.) (4 gal/hr.)/(55 gal/BBL) 

(6.28E9 J/BBL) = 4.22E10 J 
Total Fuel Energy Input = 4.22E10 J 

G. Goods 
Gl. Equipment. 

B-1 crew       [RS Means, 2011] 
Duration =120 hrs. 
(1) Dump truck, 16 ton 
Weight = 19,120 lb.      [RS Means, 2011] 
Estimated life = 15,000 hrs.      [Roudebush, 1992] 
Loader, 2 . 5 CY       [Caterpillar. 2008] 
Weight = 26,600 lb.       [Caterpillar, 2008] 
Duration = 120 hrs.  

(120 hrs.)/(15,000 hrs.) (45,750 lb.)(453.6 g/lb.) = 1.11E05 J 
 
  Total Goods Input = 1.11E05 J 

S. Services. 
SI. Labor. 

B-1 crew        [RS Means, 2011] 
Crew labor = $774.40/day     [RS Means, 2011]  
Building volume = 8,000 SF     [Architectural drawings] 
(8,000 SF) ($0.06/SF) (0.25) = $6,400 

 
Total Services Input = 6.40E03 $ 
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(AI 061100 EVE EMERGY Table) 

Note Item 
Raw Units 

g,J, $ 
Transformity 

SEJ/unit 
Solar EMERGY 

SEJ 

E ENVIRONMENT      0 

E1 Atmosphere       

E2 Ecol. Prod.       

E3 Energy       

E4 Land       

E5 Water       

    

   F FUEL ENERGY 

  

1.50E12 J  

F1 Equipment 2.27E07J 6.60E04 1.50E12 

F2 Facilities 

       

   G GOODS 

  

9.90E18 J 

G1 Equipment 1.47E14 J 6.60E04 9.70E18 

G2 Facilities 

   G3 Materials 1.10E08 g 1.80E09 1.98E17 

G4 Tools 

       

   S SERVICES 

  

0 

S1 Labor 0 

  S2 Labor       

 
  



142 

 
AI06110 EMERGY INPUT CALCULATION BACK-UP 
 

E. Environment. 
 Unavailable, use input = 0 
 
F. Fuel Energy 
 F1. Equipment 
 Truck, flatbed transport (20 ton maximum)   [National Trans.Statistics, 2012] 
 Total weight traditional framed wall = 30,764 lb.   [Material take-off] 
  (30,764 lb.)/ (2000 lb./ton/ (20 ton flatbed) 
   = 1 flatbed truck 
 Fuel consumption = 7 mpg     [National Trans.Statistics, 2012] 
 Distance of travel is 100 miles    [Estimate] 

(1 truck)(100 miles)/ (7 mpg)/ (55 gal/BBL) (6.28E09 J/BBL) = 2.27E07 J 
 

Total Fuel Energy Input = 2.27E07 J 
G. Goods 

G1. Equipment 
  Recycling equipment for all construction material 
  1.75 million BTU per 1 MSF    [USG, 2012] 
  MSF = 1000 square foot 
  (8000 SF)/ (1000 SF) = 8 MSF 
  (1.75 million BTU) (8 MSF) = 1.40E08 BTU 
  3412.2 BTU = 1 kWh 
  (1.40E08 BTU)/ (3412.2) = 4.10E09 kWh 
  1 kWh = 360000 J 
  (4.10E09 kWh) (360000 J) = 1.47E14 J 
 
     Total Goods Equipment Input = 1.47E14 J 

Wood Products: 
 Dimensional lumber = 2 lbs. per lineal foot 
  (750 bd) (8 ft.) + (71 bds) (14ft) (3) = 8982 Lft 
  = (2 lb.) (8982 Lft) = 17964 lbs. 
   = (17,964 lb.) (453.6 g/lb.) = 8.14E07 g 
 Gypsum Products: 
 Gypsum board = 1.6 lbs. per square foot 
  8000 square foot 
  (8000) (1.6lb) = 12,800 lbs. 
   = (12,800 lb.) (453.6 g/lb.) = 5.81E06 g 
 
     Total Goods Material Input = 1.10E08 J 
 
S. Services 
 S1. Labor 
  Unavailable, use input = 0 
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(AJ 061100 EVE EMERGY Table) 

Note Item 
Raw Units 

g,J, $ 
Transformity 

SEJ/unit 
Solar EMERGY 

SEJ 

E ENVIRONMENT 

  

1.12E10/yr. 

E1 Atmosphere 

   E2 Ecol. Prod. 

   E3 Energy 

   E4 Land 1.12E10 J 1 1.12E10 

E5 Water 

       

   F FUEL ENERGY 

  

1.43E15 J 

F1 Equipment 2.16E10 J 6.60E04 1.43E15 

F2 Facilities 

       

   G GOODS 

  

2.86E18 g 

G1 Equipment 4.10E04 g 6.70E09 2.75E14 

G2 Facilities 

   G3 Materials 1.59E09g 1.80E09 2.86E18 

G4 Tools 

       

   S SERVICES 

  

7.92E15 $ 

S1 Labor 3.96E03 $ 2.00E12 7.92E15 

S2 Labor 
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AJ06110 EMERGY INPUT CALCULATION BACK-UP 
 
Construction and Demolition Waste:  
 Per Ton - $40.00 
 5,000 acres 2,000 tons a day and is 35ft high 
The Orange County Landfill began operations in 1971 and currently accepts approximately 2,000 tons of waste per 

day. The landfill site encompasses 5,000 acres and accepts Class I (putrescible) waste, Class III (construction and demolition) 
waste, yard waste, and waste tires. In addition to the landfill, Orange County operates two transfer stations and 25 transfer trucks 
to facilitate garbage disposal for residents while also reducing road traffic. 

Figures for disposal are based on the national average collected from the Environmental Protection Agency, EPA 
Report “Disposal in the United States- Tables and Figures for 2010” and the Orange County Solid Waste Facility, Orlando, 
Florida. 

E. Environment. 
E4. Land. 

Orange County construction and demolition landfill land surface area =5000 acres 
Orange County construction and demolition landfill depth =37 feet 
Orange County construction and demolition landfill capacity 

= (5,000 acres) (43,560 SF/acre) (37 ft.)/(27 CF/CY)= 2.17E08 CY 
Ratio of land surface area/CY of landfill capacity 

= (5000 acres) (43,560 SF/acres)/ (2.17E08 CY) = 1.00E09 SF/CY 
Compacted demolition debris weight = 1,200 lb./CY 
Alternative A weight = 1.02E04 lb.  
Calculation of Alternative A landfill surface area portion 

= (1.02E04 lb.)/(l,200 lb./CY) (1.00E09 SF/CY) = 8.5 SF 
Avg. net absorbed solar radiation = 110 kcal/cm2/yr.   [Odum, 1990] 
Annual landfill surface sunlight calculations = 
(Landfill surface area) (Average of insolation) 

= (8.5 SF) (929.03 cm2/SF)(110 kcal/cm2/yr.)(4186 J/kcal) = 1.12E10 J/yr. 
 

F. Fuel energy. 
Fl. Equipment for demolition debris placement and compaction. 

Landfill equipment: 
(4) Bulldozer, Caterpillar D-12 
Use = 54 hours/month 
(2) Front-end loader, 5 CY 
Use = 67 hours/ month 
Orange County construction and demolition landfill debris = 2.60E6 lb./mo. 

(1.62E6 lb.)/(2.60E6 lb./mo.) (67 hrs./mo.)(4 gal/hr.))/(55 gal/BBL ) (6.28E9 J/BBL) = 
1.91E10 J 

B-15 crew         [RS Means, 2011] 
Closure material haul distance = 5 miles    [Estimate] 
Crew output = 75 CY/hr.      [RS Means, 2011] 
Closure material volume = (41 A) (43,560 SF/A) (3.6667 feet)/(27 CF/CY) = 242,540 CY 
Duration = (242,540 CY)/(75 CYF/hr.) = 3,234 hrs. 
Alternative A landfill surface area portion = 8.5 SF  
(4) Dump trucks, 16 ton 
Fuel consumption =7.5 gal/hr. [Estimate] 
(4) (3,234 hrs.) (7.5 gal/hr.)/(55 gal/BBL) (6.28E9 J/BBL) (521 SF)/ (1 , 785, 960 SF)  = 1.62E9 J 
(2) Bulldozer, 200 HP  
Fuel consumption =8.5 gal/hr.     [Caterpillar, 2008] 
(3,234 hrs.) (8.5 gal/hr.)/(55 gal/BBL) (6.28E9 J/BBL) (8.5 SF)/(1, 785,960 SF) = 9.16E8 J 

 
Total equipment inputs = 2.16E10 J 
 

G. Goods. 
Gl. Equipment for demolition debris placement and compaction. 

Landfill equipment: 
(2) Bulldozer, Caterpillar D-8 
Use = 54 hours/month 
(1) Front-end loader, 2 . 5 CY 
Use = 67 hours/ month 
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Construction and demolition landfill debris = 2.60E6 lb. 
Wood Framing weight - 1.62E6 lb.     
(2) Bulldozer, Caterpillar D-8 
Weight = 12,500 lb.       [Caterpillar, 2008] 
Useful life = 15,000 hrs.      [Caterpillar, 2008] 

(54 hrs./mo.)/15,000 hrs.) (1.62E6 lb.)/(12,500 lb.) (2.60E6 lb./mo.) (453.6 g/lb.) = 1.27E4 g 
(1) Front-end loader, 2 . 5 CY 
Weight = 21,500 lb. [Estimate] 
Useful life = 15,000 hrs.      [Caterpillar, 2008] 

(67 hrs./mo.)/ (15, 000 hrs.)(1.62E6 lb.)/(2.60E6 lb./mo.) (21,500 lb.) (453.6 g/lb.)= 2.72E4 g 
 

Gl. Equipment for construction and demolition debris landfill closure. 
Orange County construction and demolition landfill land surface area capped =5000 acres 
B-15 crew         [RS Means, 2011] 
(1) Dump trucks, 16 ton  
(2) Bulldozer, 200 HP 
Duration = (242,540 CY)/(75 CYF/hr.) = 3,234 hrs. 
(2) Dump trucks, 16 ton  
Weight = 19,120 lb.  
Useful life = 15,000 hrs.      [Estimate] 

(2) (3,234 hrs.)/(15,000 hrs.) (521 SF)/ (1, 785, 960 SF) (19,120 lb.) (453.6 g/lb.) = 1.09E03 g 
(1) Bulldozer, 200 HP  
3,856 lb.        [Caterpillar, 1986] 
Useful life = 10,000 hrs.      [Caterpillar, 2008] 
(3,234 hrs.)/(10,000 hrs.) (8.5 SF)/ (1, 785, 960 SF) 
(53,856 lb.) (453.6 g/lb.) = 2.31E3 g 

Total Gl equipment inputs = 4.10E04 g 
 

G3. Materials. 
Security fencing (Chain link fence) 
Construction Waste 
Fence Length = 55,000 LF      [Estimate] 
Fence weight =7.5 lb./LF      [Estimate] 

(55,000 LF)(7.5 lb./LF) (453.6 g/lb.) (8.5 SF)= 1.59E09g 
 
S. Services. 

SI. Labor work at refuse site  
Orange County construction and demolition landfill debris = 2.60E6 lb./mo. 
Alternative A weight = 1.62E6 lb.      
Crew labor = 1,004 hours/month 
Average 2011 labor salary = $10.50/hr. 

(1,040 hrs.) ($10.50/hr.) (1.62E6 lb.)/(2.60E6 lb./mo.)= 3.89E03 $ 
SI. Labor for construction and demolition debris landfill closure. 

Orange County construction and demolition landfill 
land surface area capped =5000 acres 
Alternative A landfill surface area portion = 8.5 SF 
Crew labor = $0.94/CY       [RS Means, 2011] 
Landfill closure = 242,540 CY 
(242,540 CY) ($0.94/CY) (10.5SF)/ (1, 785, 960 SF)= 6.65E01 $ 

Total SI labor units = 3.96E03 $ 
S2. Labor for monitoring. 

Monitoring labor = $250, 000/year in 2011 dollars   [Estimate] 
Orange County construction and demolition landfill 
land surface area capped =5000 acres 
Alternative A landfill surface area portion = 10.2 SF 

 ($250,000/yr.) (10.2 SF)/ (1, 785, 960 SF) = 1.42E02 $/yr. 
 
  Total Services Input = 3.96E03 $ 
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( BA0612.10.20 EVE EMERGY Table) 

Note Item 
Raw Units 

g,J, $ 
Transformi
ty SEJ/unit 

Solar EMERGY 
SEJ 

E ENVIRONMENT     1.57E11/yr. 

E1 Atmosphere       

E2 Ecol. Prod.       

E3 Energy       

E4 Land  1.57E11 J/yr.  1  1.57E11 

E5 Water       

          

F FUEL ENERGY       

F1 Equipment       

F2 Facilities       

          

G GOODS       

G1 Equipment       

G2 Facilities       

G3 Materials       

G4 Tools       

          

S SERVICES       

S1 Labor       
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BA0612.10.20 EMERGY INPUT CALCULATION BACK-UP 

 
E. Environment. 
 E4. Land 
 Proposed project area = 7,500 SF 
 Project duration = 8 months 
 Proposed project budget = $137,500.00    [Estimate] 
 Wall portion percentage of project = $28,000.00   [Estimate] 
 Project percentage = ($28,000)/($137,500) = .2043 % of project costs 
 Land surface sunlight calculations: 
 Average net absorbed solar radiation = 110kcal/cm²/yr.  [EMERGY Society, 2012] 
 (7500 SF) (1024 cm²/SF) (110 kcal/cm²/yr.) (8 mo./12 mo./yr.) (.2043)  
 (4186 J/kcal) = 1.57E11 
  
 
Total environmental input =      1.57E11/yr. SEJ 
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( BB0612.01.20 EVE EMERGY Table) 

Note Item 
Raw Units 

g,J, $ 
Transformity 

SEJ/unit 
Solar EMERGY 

SEJ 

E ENVIRONMENT     1.03E11/yr. 

E1 Atmosphere     

 E2 Ecol. Prod.     

 E3 Energy     

 E4 Land 1.03E11J/yr. 1 1.03E11 

E5 Water     

         

 F FUEL ENERGY     5.79E13 J 

F1 Equipment  8.77E08 J  6.60E04 5.79E13 

F2 Facilities     

         

 G GOODS     6.48E14 g 

G1 Equipment  9.67E04 g  6.70E09 6.48E14 

G2 Facilities     

 G3 Materials     

 G4 Tools     

         

 S SERVICES     3.10E14 $ 

S1 Labor  1.55E02 $  2.00E12 3.10E14 

S2 Labor       
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BB0612.01.20 EMERGY INPUT CALCULATION BACK-UP 
 

Shaved Lumber transformity =  8.79E09 SEJ/g    [Appendix B] 
Wood transformity =   3.49E04 SEJ/g    [Appendix B] 
Glue/adhesive transformity =   3.80E08 SEJ/g    [Appendix B] 
Gypsum transformity =   1.00E09 SEJ/g    [Appendix B] 
Plastics resin transformity =   3.28E09 SEJ/g    [Appendix B] 
 
E. Environment. 

E4. Land.  
 OSB and dimensional lumber 

Average is 5.3 trees = 400 bd ft.    [ (Chini & Gupta, 1997)] 
Average growing area per tree = 10’ x 10’   [ (Coder, 1992)] 
(5.3 trees)(100’sf growing area) = 530 sq. ft. per 400 bd feet 
OSB =  4’x8’ sheets 

Weight = 7.2 lbs. per bd ft.    [LL Johnson, 2012] 
Quantity needed = 500 ea.    [Quantity take-off] 
4’x8’ = 16 bd ft. 
(500 ea.)(16 bd ft.)/12” = 667 bd ft. 
(7.2 lbs./bd ft.)(667 bd ft.) = 4803 lbs. 

Dimensional lumber 
 Weight = 4.21 per/bd ft.    [LL Johnson,2012] 

2”x6”x8’ = 8 bd ft. 
Quantity needed = 250 ea.    [Quantity take-off 

 (250 ea.)(8’ bd ft.)/12” = 167 bd ft. 
 (4.21 lbs./bd ft.)(167 bd ft.) =703 lbs. 
Dimensional lumber 
 Weight = 4.21 per bd ft.    [LL Johnson, 2012] 

2”x6”x14’ = 14 bd ft. 
Quantity Needed: 144 ea.    [Quantity take off] 

 (144 ea.)(14’ bd ft.)/12” =168 bd ft. 
 (4.21 lbs./bd ft.)(168 bd ft.) = 707 lbs. 
Total weight = (4803 lbs.) +(703 lbs.)+(707 lbs.) = 6213 lbs. 

(6213 lbs.)(453.6 g) = 2.82E06 
 
Land needed for trees 
Total bd ft. = (667 bd ft.) + (167 bd ft.) + (168 bd ft.) = 1002 bd ft. 
 (1002 bd ft.)/(400 bd ft.)(530 sq. ft.) = 1327 sq. ft. 
Land surface sunlight calculations: 

 Average net absorbed solar radiation = 110kcal/cm²/yr.   [EMERGY Society, 2012] 
 (1327 SF) (995 cm²/SF) (110 kcal/cm²/yr.) (12 mo./yr.) (1.09E08 +5.68E08)  
 (4186 J/kcal) = 4.51E13 
    Total land input for lumber = 3.76E10 J 
  
 Gypsum extraction 
 Gypsum board = 90% gypsum/10% misc.   [ (Townsend, 2003)] 
 Mine area  
  30’x30’ rooms/20’x20’pillars/160,000 tons/yr.  [ (Gold Bond, 2001) 
 (160,000 tons)(2000)/900 = 355,556 sq. ft. of land area/yr. 
 Weight of Gypsum board 4’x8’ = 1.7 lbs. per square feet  
 (4 ft.)(8ft)(1.7 lbs./psf) = 54.4 lbs. 
 (250 ea.)(54.4 lbs.)(.90 gypsum) = 12,240 lbs. 
 (12,240 lbs.)/ (3.20E08)=.00004% 
 (355,556 sq. ft.)(.0004 % of area) = 142 sq. ft. needed for project 

Land surface sunlight calculations: 
Average net absorbed solar radiation = 110kcal/cm²/yr.  [EMERGY Society, 2012] 

 (142 SF) (995 cm²/SF) (110 kcal/cm²/yr.) (12 mo./yr.) (1.00E09)  
 (4186 J/kcal) = 6.50E10 
    Total land for gypsum = 6.50E10 J 

Petroleum (Insulation) 
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 1 gallon petroleum = 13.7 cubic feet insulation    [ (Lokensgard, 2010)] 
 Pump area = 1/16th acre     [ (Weatherford, 2010)] 
 Project needs = 8000 cubic feet 
 (8000 cu ft.)/(13.7) = 583 gallons petroleum 
 1 gallon petroleum = 7.34 pounds    [ (EPA, 2010)] 
 Project Needs = (583 gallons)(7.34 lbs.) = 4279 lbs. 
 1 acre = 43,560 sq. ft.      
 (4279 lb.)/(43560 sq. ft.) = .09 acre per lb. 
 (43560 sq. ft.)/(1/16th pump area) = 2722 sq. ft. site 
 Land surface sunlight calculations: 

Average net absorbed solar radiation = 110kcal/cm²/yr.  [EMERGY Society, 2012] 
 (2722 SF) (995 cm²/SF) (110 kcal/cm²/yr.) (12 mo./yr.) (3.28E09)  
 (4186 J/kcal) = 4.09E08 
    Total land for plastic resin = 4.09E08 J 
 
 

Glue and Adhesive 
 Trace elements accounted for in Phase C 
 
    Total environment input = 1.03E11 J 

 
F. Fuel energy. 

F1. Equipment 
  Fuel energy consumed will be from harvest or mining source at a distance of 100 miles as an estimate.  
 

OSB and Dimensional lumber  
Truck, log transport (20 ton max)    [National Trans.Statistics, 2012] 
OSB project needs: 250 sheets 
Sheet = 4’x8’ 
Weight per sheet = 54.4 lbs. 
(500 sheets)(54.4 lbs. per sheet) = 27,200 lbs. 
Fuel consumption = 7 mpg     [National Trans.Statistics, 2012] 
Distance = 100 miles 
(27,200 lbs.)/ (20 tons)(2,000 lbs. per ton)= 68% space requirement 

 (.68 trucks) (100 mi)/(7 mpg)/55 gal/BBL) (6.28E09 J/BBL) = 1.11E09 J 
 Dimensional lumber 

Truck, log transport (20 ton max)    [National Trans.Statistics, 2012] 
Dimensional lumber project needs:  

250 ea. 2”x6”x8’ 
144 ea. 2”x6”x14’ 

 Weight per foot = 2.00 lbs. 
 Total feet = (2000 linear feet) +(2006 linear feet) = 4006 Lft 

(4006 linear feet)(2.00 lbs. per foot) = 8012 lbs. 
Fuel consumption = 7 mpg     [National Trans.Statistics, 2012] 
Distance = 100 miles 
(8012 lbs.)/ (20 tons)(2,000 lbs. per ton)= 20% space requirement 

 (.20 trucks) (100 mi)/(7 mpg)/55 gal/BBL) (6.28E09 J/BBL) = 5.13E11 J 
   Total fuel energy for lumber= 3.26E08 J 

Gypsum 
 Truck, CAT 770 Off-highway     [ (CAT Mining, 2011) 

 Payload = 40 tons 
 Weight = 157,000 lbs. 
Gypsum project needs: 12,200 lbs. 
Sheet size= 4’x8’ 
(12,200 lbs.)/(40 tons)(2000 lbs. per ton)=.30% 
Fuel consumption = 7 mpg     [National Trans.Statistics, 2012] 
Distance = 100 miles 
(12,200 lbs.)/ (20 tons)(2,000 lbs.)= 34% space requirement 

 (.30 trucks) (100 mi)/(7 mpg)/55 gal/BBL) (6.28E09 J/BBL) = 4.89E08 J 
Petroleum (Insulation) 

 Truck, petroleum transport      [ (FHWA, 2007)] 



151 

 Payload = 11,600 gallons 
 Weight = 46,000 lbs. 
Insulation project needs: 4279 lbs. 
 (4279 lbs.)/(11,600 gallons)=36% of payload 
Fuel consumption = 7 mpg     [National Trans.Statistics, 2012] 
Distance = 100 miles 

(.36 truck) (100 mi)/(7 mpg)/55 gal/BBL) (6.28E09 J/BBL) = 5.87E07 J 
   

Total fuel energy input = 8.77E08 J 
G. Goods. 

Equipment: 
OSB and Dimensional lumber 
Truck, log transport (20 ton max)    [National Trans.Statistics, 2012] 
OSB = 68% of truck capacity 
Dimensional lumber = 20% of truck capacity 
Total weight = 35,212 lb.       
Estimated life = 15,000 hrs. 
Time = 6 hrs.       

(6 hrs.)/(15,000 hrs.) (35212 lb.)(68%)(20%)(453.6 g/lb.) = 8.68E04 g 
Grapple excavator, 2,500 lbs. capacity    [Caterpillar. 2008] 
Weight = 33080 lb. 
Estimated life = 15,000 hrs.     [Caterpillar, 2008] 
Time = 3 hrs.  

(3 hrs.)/(15,000 hrs.) (33080 lb.)(68%)(20%)(453.6 g/lb.) = 4.59E03 g 
  Total lumber equipment input = 9.13E04 g 

 Gypsum 
 Truck, mining transport (40 ton max)    [Caterpillar, 2008]    
 Gypsum = 30% of truck capacity 
 Weight = 157,700 lbs. 
 Estimated life = 15,000 hrs. 
 Time = 1 hr. 
  (1 hr.)/(15,000 hrs.)(157,700 lbs.)(30%)(453.6 g/lb.) = 1.43E03 
    Total gypsum equipment input = 1.43E03 g 
 Petroleum (Insulation)      
 Truck, petroleum transport (40 ton max)   [ (FHWA, 2007)]    
 Estimated life = 27,000 hrs.     [Estimate]  

Project needs for petroleum = 05% of truck capacity 
 Weight = 46,000 lbs. 
 Estimated life = 27,000 hrs.     [Estimate] 
 Average well production per day = 10.1 Barrels per day  [ (Foundation for Energy Education, 2009)]  
  (1 hrs.)/(27,000 hrs.)(46,000 lbs.)(05%)(453.6 g/lb.) = 3.86E03 g 
 

Total goods input =  9.67E04 g 
S. Services. 

OSB and Dimensional lumber  
 Average hourly wages 
  Loaders = $21.91 hr.    [Bureau of Labor Statistics, 2012] 

   Drivers = $18.21 hr.    [Bureau of Labor Statistics, 2012]  
Project needs total hours =  
 Loader = 1 hrs. 
 Drivers = 2 hrs. 
(1 hr.)($21.91) +(2 hrs.)($18.91) = 0.59E01 $ 
Gypsum: 
Average hourly wage 
 Loaders = $21.91 hr.    [Bureau of Labor Statistics, 2012] 

  Drivers = $18.21 hr.    [Bureau of Labor Statistics, 2012]   
Project needs total hours =  
 Loader = 1 hrs. 
 Drivers = 2 hrs. 
(1 hr.)($21.91) +(2 hrs.)($18.91) = 0.59E01 $ 
Petroleum (Insulation) 
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Average hourly wage 
 Loaders = $21.91 hr.    [Bureau of Labor Statistics, 2012] 

  Drivers = $18.21 hr.    [Bureau of Labor Statistics, 2012]   
Project needs total hours =  
 Drivers = 2 hrs. 
(2 hrs.)($18.91) = 0.37E01 $ 
 

Total services input = 1.55E02 $ 
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( BC0612.01.20 EVE EMERGY Table) 

Note Item 
Raw Units 

g,J, $ 
Transformi
ty SEJ/unit 

Solar EMERGY 
SEJ 

E ENVIRONMENT 

  

1.63E17/yr. 

E1 Atmosphere 

   E2 Ecol. Prod. 

   E3 Energy 

   E4 Land 7.90E13 J/yr. 1 7.90E13/yr. 

E5 Water 2.44E11 J 6.66E05 1.63E17 

    

   F FUEL ENERGY 

  

5.51E18 

F1 Equipment 8.33E13 J 6.60E04 5.50E18 

F2 Facilities 1.11E11 J 1.59E05 1.76E16 

    

   G GOODS 

  

0 

G1 Equipment 

   G2 Facilities 

   G3 Materials 

   G4 Tools 

       

   S SERVICES 

  

1.96E16 $ 

S1 Labor 9.82E03 $ 2.00E12 6.50E16 

S2 Labor 
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BC0612.01.20 EMERGY INPUT CALCULATION BACK-UP 
The calculations below represent the following facilities used to produce such materials.  The figures obtained for each 
are based on estimates given to the author from representatives from each facility. 
 
Wood Facility – Based on the application of this facility, all wood products are manufactured at this facility 
for traditional wood framing systems—2”x6” dimensional lumber and oriented strand board (OSB) 
Facility size – 20 acres 
 Manufacturing Facility size = 400’ x 294’ = 117,600 SF   [Estimate, 2012] 
 Dimensional lumber facility section = 240’ x 100’ = 24,000SF  [Estimate, 2012] 
 OSB facility section = 110’ x 220’ = 22,000 SF    [Estimate, 2012] 
 Water consumption – 1.2 million gallons/quarterly 
 Electrical Consumption – 683 trillion BTU’s     [EIA, 2012] 
 1380 MJ per square foot      [Embodied Energy, 2012] 

Fuel Energy – 250 miles       [Estimate, 2012] 
Production estimates: 

 Total US production softwood = 39,000 million LBF  [US Department of Agriculture, 2012] 
Company production/yearly = 232 million LBF 
Project needs = 9,000 LBF 

 Total US production OSB = 25.2 billion SF    [Timberco, 2012] 
Company production/yearly = 9.7 million SF    [Estimate, 2012] 

 
Gypsum Facility – 

 Facility size –40 acres 
  Manufacturing Facility size = 525’ x 325’ = 170,625 SF  [Estimate, 2012] 
  Gypsum facility section = 285’ x 180’ = 51,300 SF  [Estimate, 2012] 
 Water consumption – 3.4 million gallons 
 Electrical consumption – 1.75 million BTU per 100   [Estimate, 2012]  
  5890 MJ per square foot     [Embodied Energy, 2012] 
 Fuel Energy – 388 miles       [EPA, 2009] 
 Production estimates: 
  Total US production gypsum board = 85 billion SF  [National Gypsum, 2012] 
 Company production/year = 814 million SF    [Estimate, 2012] 
 14 USG companies in the US      [USG, 2012] 
 (814 million SF)/14 = 58.2 million SF     [Estimate, 2012] 
 Project needs = 8,000 SF 

Insulation and Vapor Barrier Facility 
 Material is produced during the Component Production phase 
 
Environment. 

E4 . Land. 
Wood Products  
Land = 20 acres (20) (43560) = 871,200 square feet 
Facility Size = 117,600 SF 
Wood facility area = 48000 SF 
Material creation percentage of facility = 40% 
Facility usage for product = 16 hrs./255 workdays/year 
Unit production figure = .003     [Estimate, 2012] 
Land surface calculations: 
(Facility ground area) (Average of insolation)   [EMERGY Society, 2012] 
Avg. absorbed solar radiation = 110 kcal/cm²/yr. 
(48,000 SF) (929.03 cm²/SF) (110 kcal/cm²/yr. (.40) (12) (.003) (4186 J/kcal) =1.64E12 J 
 
Gypsum Products 
Land = 40 acres = (40) (43560) =1,742,400 square feet 
Facility Size = 170,625 SF 
Gypsum facility area = 51,300 SF 
Material creation percentage of facility = 30% 
Facility usage for product = 24 hrs./255 workdays/year 
Unit production figure = .001     [Estimate, 2012] 
Land surface calculations: 
(Facility ground area) (Average of insolation)   [EMERGY Society, 2012] 
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Avg. absorbed solar radiation = 110 kcal/cm²/yr. 
(51,300 SF) (929.03 cm²/SF) (110 kcal/cm²/yr. (.30) (12) (.001) (4186 J/kcal) =7.90E13 J 

 
    Total Land Input = 7.90E13 

E5. Water. 
Wood Products  
Water – 1.2 million gallons/quarterly    [Estimate, 2012] 
Production workdays = 16hrs day/260workdays/yr.   [GAO, 2012] 
Employees = 106/shift      [Estimate, 2012] 

 (1.2 million/quarterly)/(106 employees) (2) (8) (260) =  
 = 10.90 gals/per labor hour 

Gibbs free energy in water = 4.94 J/g    [EMERGY Society, 2012] 
(440,960 hr.) (.003) (10.9 gal/hr.) (8 lb./gal) (453.6 g/lb. (4.94 J/g) = 2.58E09 

 
Gypsum Products 
Water – 3.4 million gallons/quarterly     [Estimate, 2012] 
Production workdays = 24hrs day/260workdays/yr.   [GAO, 2012] 
Employees = 200/shift      [Estimate, 2012] 

 (3.4 million/quarterly)/(200 employees) (3) (8) (260) =  
 = 10.80 gals/per labor hour 

Gibbs free energy in water = 4.94 J/g     [EMERGY Society, 2012] 
(1,248,000 hr.) (.001) (10.8 gal/hr.) (8 lb./gal) (453.6 g/lb. (4.94 J/g) = 2.41E11 J 

Total Water Input = 2.44E11 J 
 

F. Fuel energy. 
 F1. Equipment 
 Average transportation costs for raw material range depending on location of facility.  All facilities used in 
this dissertation are in the Midwest area.  Average distance of travel for raw material from the U.S. Department of 
Transportation, (Appendix C Data Source and Accuracy Statement, 2012) average distance of 345 miles for regional 
manufacturing facilities.   

Wood manufacturing facility –  
Square footage produced = (116 million SF) + (9.7 million SF) = 125.7 million SF 
SF weight of wood product = average 1.1psf 
(125.7 million SF) (1.1) = 138.2 million lbs. 
Truck, transport (20 ton max)     [National Trans.Statistics, 2012] 
138.2 million SF)/(20 tons) = 3455 trucks 
Fuel consumption = 7 mpg     [National Trans.Statistics, 2012] 
Distance = 345 miles 

(3455) (345 mi)/(7 mpg)/55 gal/BBL) (6.28E09 J/BBL) (40%)= 7.70E13 J 
Gypsum manufacturing facility –  
Square footage produced = 814 million SF  
SF weight of gypsum product = average 2.2 psf 
(814 million SF) (2.2 psf) = 1.79E09 lbs. 
Truck, transport (20 ton max)     [National Trans.Statistics, 2012] 
(1.79E09 SF)/(20 tons) = 44770 trucks 
Fuel consumption = 7 mpg     [National Trans.Statistics, 2012,] 
Distance = 345 miles 

(44770) (345 mi)/(7 mpg)/55 gal/BBL) (6.28E09 J/BBL) (30%)= 7.56E13 J 
 
     Total Transportation Input = 8.33E13 J 
F2. Facility 

Average usage for manufacturing facilities per U.S. Energy Information Administration, (2012): 
Electricity = 95.1 (kWh) per square feet of manufacturing space 
        536,500 BTU’s of natural gas per square feet of manufacturing space 
Wood Products  
Manufacturing facility size = 48,000 SF 
(95.1 kWh) (48,000 SF) = 4,564,800 kWh/yr. 
(.003) (4,564,800 kWh/yr.) (3.60E06 J/kWh) = 4.92E06 
(536,500 BTU) (48,000 SF) = 2.57E10 

(2.57E10 BTU) (.003) (1055 J/BTU) = 8.15E10 
    Total Wood Facility Input = 8.15E10 J 
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Gypsum Products 
Manufacturing facility size = 51,300 SF 
(95.1 kWh) (51,300 SF) = 4,878,630 kWh/yr. 
(.001) (4,878,630 kWh/yr.) (3.60E06 J/kWh) = 1.75E07 
(536,500 BTU) (51,300 SF) = 2.75E10 

(2.75E10 BTU) (.001) (1055 J/BTU) = 2.90E10 
    Total Gypsum Facility Input = 2.90E10 J 

      Total Facilities Input = 1.11E11 
 
    
G. Goods. 

Information not available. Use input = 0 
 
S. Services.  

S1. Labor. 
Wood Products  
Dimensional lumber production: 
 232 million LBF per year    [Estimate, 2012] 
(232 million LBF)/(12 mo.) = 19,333,333 LBF/mo. 
(19,333,333 LBF)/160 = 120,833 LBF/hr. 
Average yearly salary = $52,870.00   [Bureau of Labor Statistics, 2012] 
($52,870.00)/12 = $4405.00/mo.  
($4405.00)/(160 hr.) = $27.00/hr. 
($4405.00) (106) = $466,930.00 labor costs 
Labor hours/month = 16,960 hr.  
  (6000 LBF)/(120,833 LBF/hr.) (16960 hr.) ($27/hr.) = 2.27E04 $ 
Oriented Strand Board production: 
(9.7 million SF/yr.)/12 mo. = 808,333 SF/mo. 
(808333 SF)/(160) = 5052 SF/hr. 
Average yearly salary = $52,870.00   [Bureau of Labor Statistics, 2012] 
($52,870.00)/12 = $4405.00/mo. 
($4405.00)/(160 hr.) = $27.00/hr. 
($4405.00) (106) = $466,930.00 labor costs 
Labor hours/month = 16,960 hr. 
  (16,000 SF)/(808333 SF/hr.) (16960 hr.) ($27/hr.) = 9.06E03 $ 
 
Gypsum Products 
Gypsum board production: 
 58.2 million square feet per year   [Estimate, 2012] 
(58.2 million SF)/(12 mo.) = 4,850,000 SF/mo. 
(4,850,000 SF)/160 = 30312 SF/hr. 
Average yearly salary = $52,870.00   [Bureau of Labor Statistics, 2012] 
($52,870.00)/12 = $4405.00/mo. 
($4405.00)/(160 hr.) = $27.00/hr. 
($4405.00) (106) = $466,930.00 labor costs 
Labor hours/month = 16,960 hr.  
  (8000 SF)/(4,850,000 SF/hr.) (16960 hr.) ($27/hr.) = 7.55E02 $ 

 
    Total Services Input = 9.82E03 $ 
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( BD0612.01.20 EVE EMERGY Table) 

Note Item 
Raw Units 

g,J, $ 
Transformity 

SEJ/unit 
Solar EMERGY 

SEJ 

E ENVIRONMENT 

  

2.28E13/yr. 

E1 Atmosphere 

   E2 Ecol. Prod. 

   E3 Energy 

   E4 Land 3.58E07 J 1 3.58E07/yr. 

E5 Water 3.43E07 J 6.66E05 2.28E13 

    

   F FUEL ENERGY 

  

2.88E11 J 

F1 Equipment 4.37E06 J 6.60E04 2.88E11 

F2 Facilities 

       

   G GOODS 

  

0 

G1 Equipment 

   G2 Facilities 

   G3 Materials 

   G4 Tools 

       

   S SERVICES 

  

4.48E16 $ 

S1 Labor 2.24E04 $ 2.00E12 4.48E16 

S2 Labor 
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BD0612.01.20 EMERGY INPUT CALCULATION BACK-UP 
 

E. Environment 
 E4. Land. 
  Facility area = 23,450 SF     [Mobile Modular, 2011] 
  Project portion of facility = 3,450 SF    [Mobile Modular, 2011] 
  Project percentage of facility = 15% 
  Project duration = 8 months 
  Project design duration = 84 hrs.  
  Project budget amount = $173,000    [Mobile Modular, 2011] 
  Design portion of budget =  
  (84 hrs.) ($55.00)/$173,000 =  0.0267 
  Land surface calculations 
  (Facility ground area) (Average of insolation) 
  Avg. solar radiation absorbed = 110 kcal/cm²/yr.   [EMERGY Society, 2012]  
   (3450 SF) (619.33 cm²/SF) (.15) (.0267) (4186 J/cal) =3.58E07 J 
     Total Land Input = 3.58E07 J 
 E5. Water 

 Total Project design hours = ($1,041,000)/(25.00) = 41640 hrs. 
Facility use year = 241,000 gallons 
(241,000 gal)/(41640) = 5.7 gal/hr. 

 Project design portion = 2.0% 
 (.02) (241,000) = 4820 gal. 
 Water consumption for project per labor hour = 
 (4820 gal)/84 hrs./(4 mo./yr.) = 14.3 gal/labor hour 
 Energy in water = 4.94 J/g    [EMERGY Society, 2012] 
  (84 hours) (4 mo./yr.) (.0267) (5.7 gal/hr.) (8 lb./gal) (453.6 g/lb.) (4.94 J/g) = 3.43E07 J 

      Total Water Input = 3.43E07 J 
F. Fuel Energy 
 F2. Facility 

 Design hours = (84hrs) (4 hrs.) = 336 hrs. 
 Facility usage = $179,000/yr. 
 3.2 cents/kWh     [Florida Electrical Energy Guide, 2012] 
 ($179,000)/(3.2 cents) = 55937/kWh 
 Electric consumption for project design = (55937 kWh) (.02) = 111 KwH 
 (55937 kWh)/(41460 hrs.) = 1.34 kWh/hr. 
   (84 hours) (4 mo./yr.) (.0267) (1.34 kWh/hr.) (3.60E06 J/kWh) = 4.37E06 J 

      Total Fuel Energy Input = 4.37E06 J 
 
G. Goods 
  Not available Use input = 0 
 
S. Services 
  Design costs for labor = (84 hrs.) (4 employees) ($25) = $8400 
    ($8400) (.0267) = 2.24E04 $ 
      Total Services Input = 2.24E04 $ 
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( BE06.12.01.20 EVE EMERGY Table) 

Note Item 
Raw Units 

g,J, $ 
Transformity 

SEJ/unit 
Solar EMERGY 

SEJ 

E ENVIRONMENT 

  

1.78E14/yr. 

E1 Atmosphere 

   E2 Ecol. Prod. 

   E3 Energy 

   
E4 Land 

8.67E07 
J/yr. 1 8.67E07/yr. 

E5 Water 2.67E08 J 6.66E05 1.78E14 

    

   F FUEL ENERGY 

  

8.52E15 J 

F1 Equipment 1.56E10 J 6.60E04 1.03E15  

F2 Facilities 4.71E10 J 1.59E05 7.49E15 

    

   G GOODS 

  

4.76E13 J 

G1 Equipment 1.43E06 J 6.60E04 9.44E10 

G2 Facilities 

   G3 Materials 2.99E08 g 1.59E05 4.75E13 

G4 Tools 

       

   S SERVICES 

  

3.76E15 $ 

S1 Labor 1.88E03 $ 2.00E12 3.76E15 

S2 Labor 
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BE06.12.01.20 EMERGY INPUT CALCULATION BACK-UP 
 

The SIPS manufacturing facility maintains proprietary ownership of the actual figures for this phase but estimated 
figures were furnished to the author.  As such, figures are estimated to the nearest amount given to the author during 
data collection 
E. Environment. 
 E4. Land. 
  Manufacturing facility floor area = 9,500 SF 
  Storage and warehouse floor area = 24,000 SF 
  Manufacturing percentage of factory = 28%    [Estimate] 
  Annual Sales = $5,700,000      [Estimate] 
  Project Budget = $32,800      [Estimate] 
  Per square foot costs = $4.10 SF     [RS. Means, 2012] 
  Overall project budget = $173,000     
  Manufactured System total =  
   ($32,800)/($7,700,000) = .0057 
  Land surface sunlight calculations: 
  Avg. solar radiation absorbed = 110 kcal/cm²/yr.   [EMERGY Society, 2012] 
   (9,500 SF) (1372.04 cm²/SF) (0.28) (.0057)(4186 J/kcal) = 8.67E07 J 
     Total Land Input = 8.67E07 J 
 E5. Water. 
  Component production: 
  40 ft. per 60 minutes =  
  Project requirements = 1000 Lft x 8ft high 
  (1000 Lft)/ (40 ft.) = 25 hrs. production time 
  Total water consumption 2011  
   = 2,005,000 gallons     [Company Estimate] 
  Total production labor 2011 
  Average wage = $22.00     [Company Estimate] 
  Total labor cost = $4,320,000     [Company Estimate] 
   ($4,320,000)/ ($22) = 196,364 hours 
  Water consumption/labor hours 
  (2,005,000 gal)/ (196,364 hr.) = 10.22 gal/hr. 
  Energy in water = 4.94 J     [EMERGY Society, 2012] 
   (25 hr.) (0.0057) (10.22 gal/hr.) (8 lb./gal) (453.6 g/lb.)(4.94 J/g) = 2.67E08 J 
     Total Water Input = 2.67E08 
       
F. Fuel Energy. 
 F1. Equipment. 
  Forklift capacity = 33 lb. propane tank    [Forklift Guide, 2012] 
  (33 lbs.)/(8 hr.) = 4.1lbs/hr. 
  (1 lb. propane) =  22000 BTU’s 
  Project production hours = 25 hours 
   (25 hr.) (4.1 lbs.)(4.80E04)(22000 Btu) = 1.08E07 
     Total Equipment Input = 1.08E07 J  
  Truck (delivery 20 ton max) 
  24’ bed length 
  70” height maximum     [ (FHWA, 2007)] 
  SIPS panel 4’ x 8’weight = 27,500 lbs. 
  Project needs = 250 panels 
  Lumber and drywall = 19,154 lbs. 
  Project needs: 
   2”x6”x8’ = 250 each 
   2”x6”x14’ = 144 each 
   Gypsum board = 250 each 
  Truck capacity for SIPS panels = 60 panels/load 
  (250 ea.)/60 = 4.1 trucks needed 
  Truck capacity for lumber/materials = 19,154 lbs. 
  (19154 lbs.)/ (20 tons)(2000 lbs./ton) = .5 trucks 
  Number of trucks needed = (4.1) +(.5) = 4.6 trucks 

 Distance = 200 miles     [Mobile Modular, 2011] 
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(4.6) (200 mi)/(7 mpg)/55 gal/BBL) (6.28E09 J/BBL) = 1.56E10 J 
  Total Transportation Input = 1.56E10 J 

 
 F2. Facility. 
  Project production hours = 25 hours 
  Total Electric consumption 2011 
   = 1, 800,000 kWh     [Company Estimate] 
  Total labor hours 2011 
   = 196,364 hrs.     [Company Estimate] 
  Electric consumption/labor hours 
  = (1,800,000 kWh)/ (196,364 hr.) = 9.2 kWh/hr. 
   (25 hr.) (0.0057) (9.2 kWh/hr.) (3.60E06) = 4.71E10 J 
    Total Facility Input = 4.71E10 J 
      Total Fuel Energy Input = 7.49E15 J 
G. Goods. 
 G1. Equipment 
  Project production hours = 25 hours 
  (2) Press, 12 ton hydraulic = 24,000 lbs. 
  Electric consumption 95.1 KhW per SF/yr. 
  Area needed = 300 SF 

(1) (300 SF) (95.1 kWh) (25 hr.) = 1.43E06 J 
 

 
 
     Total G1 Equipment input = 1.43E06 J 
 G3. Materials 
  Expanded Polystyrene (EPS)  
  Weight of panel = 3.47 lb. PSF 
  OSB =  1.7 lb. PSF     [Engineered Wood Products, 2012] 
  EPS = 1.6  lb. PSF      [ASTM C578, 2012] 
  Adhesive = .13 lb. PSF     [Estimate] 
  Project size = 8,000 SF 
  (1.6 PSF) (8,000 SF) = 12,800 lb. 
  Raw material amount required = 25,600 lb.  
  (based on cook down to 6”) 
   (25,600 lb.)(3.28E09)(453.6 g/lb.) = 3.81E07 g 
  Adhesive       [ASTM D2559] 
  Project size = 8,000 SF 
  (.13 lb. PSF)(8,000 SF) = 1040 lb. 
   (1040 lb.) (3.80E08)(453.6 g/lb.) = 1.79E06 g 

Truck (delivery 20 ton max) 
Weight = 19120 lbs. 
Delivery time = 200 miles @ 50 mph = 4 hours per load     

 Estimated life = 15,000 hrs.       
(4.6 trucks)(4 hrs.)/(15,000 hrs.) (46,654 lb.)(453.6 g/lb.) = 2.60E08 g 

 
    Total Materials Input =  2.99E08 g 
    Total Goods Consumption input = 6.73E07 g 
S. Services. 
 S1. Labor. 
  Production hours = 25 
  Crew = 6 
  Total labor hours  
  = (25) (6) = 150 labor hours 
  Average compensation = $22.00 
  Total Labor costs 
  = (150 hr.) ($22.00) = $3,300 = ($3,300) (.0057) = 1.88E03 $ 
    Total Service Input = 1.88E03 $ 
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( BF0612.01.20 EVE EMERGY Table) 

Note Item 
Raw Units 

g,J, $ 
Transformity 

SEJ/unit 
Solar EMERGY 

SEJ 

E ENVIRONMENT 

  

0 

E1 Atmosphere 

   E2 Ecol. Prod. 

   E3 Energy 

   E4 Land 

   E5 Water 

       

   F FUEL ENERGY 

  

1.02E11 J 

F1 Equipment 1.55E06 J 6.60E04 1.02E11 

F2 Facilities 

       

   G GOODS 

  

4.96E16 g 

G1 Equipment 7.40E06 g 6.70E09 4.96E16 

G2 Facilities 

   G3 Materials 

   G4 Tools 

       

   S SERVICES 

  

3.46E16 $ 

S1 Labor 1.73E04 $ 2.00E12 3.46E16 

S2 Labor 
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BF0612.01.20 EMERGY INPUT CALCULATION BACK-UP 
 

Information on the construction of the walls: 
Crew – F-3 (Daily output  - 1425 SF/day)      [RS Means 2011] 
Equipment – pneumatic nail gun (2), air compressor (1), circular saw  
Air compressor – amperage at max 10.5 at 1,350 watts per hour x 8 hours = 10,800 watts/1000 = 10.8 kWh @ 7.2 
cents/kWh = $.77cents per day 
Life of air compressor and pneumatic nailer system – 7,500 hours 
Restroom facility - $26.00 a week or $3.71 a day 
Water – average person needs a minimum of 1.3 gallons per day(Pacific Institute) 
.05 gallons per hour x 8 hours = .43 gallons during the day 
Electricity – average 5,000 watts per hour x 8 hours = 40,000 watts/1000 = 40kWh @ 7.2 cents/kwH = $28.00 a day 
Labor = $1618.80 a day        [RS Means 2011] 
 
E. Environment. 

Not available. Use input = 0. 
 
F. Fuel energy. 

Fl. Equipment. 
F1A. SIPs Wall Construction. 
F-3 crew        [RS Means, 2011] 
Crew output =1425 SF/day 
1425 SF/8 = 178 SF/hr. 
Wall construction = 1000 Lft @ 8ft high = 8,000 SF   [Material take-off] 
(8,000 SF)/(1425 SF) (.25)= 5.6 days 
(5.6 days) (8) = 44.8 hrs. 
(2)  Pneumatic Nailer 
Electrical Consumption = 5,000 Watts/hr.     [Senco, 2012] 
Use = 25% of output hours      [Estimate] 
(44.8 hrs.) (0.25) (5,000 w/hr.)/1000 = 118 kWh 

(118 kWh) (1.74E05) (.25)= 5.60E02 J  
Air Compressor 
Electrical Consumption = 1,350 Watts/hr.     [Dewalt, 2012] 
Use = 25% of output hours      [Estimate] 

(44.8 hrs.) (0.25) (1,350 w/hr.)/1000 = 31.9 kWh 
(31.9 kWh) (1.74E05) (.25) = 1.51E03 J 

 
Hydraulic Crane (220hp) 

          Weight = 24,000 lbs. 
         Use = 25% of output hours 
         (44.8 hrs.) (.25) (16.5 gal/hr.)/(55 gal/BBL) (5.80E09 J/BBL) = 1.55E06 J 

 
Total Fuel Energy Input = 1.55E06 J 

 
G. Goods. 

Gl. Equipment. 
G1A. Senco FramePro 601 
Pneumatic Nailer 
Weight = 8 lb. 
Useful life = 12,000 hrs.      [Senco, 2012] 
Use = 2 5% of output hours 
(44.8hrs) (0.25)/(12,000 hrs.) = 1.97E3 

(1.97E3) (453.6 g/lb.) = 8.94E3 g 
         Dewalt 55146  1.6 HP, 200 PSI, Air Compressor 

Air Compressor. 
Weight = 34.5 lb. 
Useful life = 15,000 hrs.      [Dewalt, 2012] 
Use = 25% of output hours 

(44.8hrs) (0.25)/(15,000 hrs.)= 1.58E06 g 
(1.58E06)(453.6 g/lb.) = 7.16E06 g 

Hydraulic Crane 
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Weight = 24,000 lb. 
Useful Life = 75,000 hrs.     [LiftTech, 2012] 
Use = 25% of output hours 
(44.8 hrs.) (.25)/75,000 hrs.)= 1.49E05 

Total Goods Input = 7.40E06 g 
S. Services. 

SI. Labor. 
S1A. Wall Framing  
F-3 Crew       [RS Means, 2011] 
Crew Labor = $1618.80/day     [RS Means, 2011] 
($1618.80)/(1425 SF) = $1.14/SF 
Wall area = 8,000 SF       [Material take-off] 
(8000 SF) ($1.14/SF) = $9,120 
Drywall Crew C-1      [RS Means, 2011] 
Daily output = 775 SF/day 
Crew Labor = $1211.60/day 
Wall area = 4,000 SF      [Material takeoff] 
(4000)/(775) = 5.16 days 
($1211.60)/(775 SF) = $1.56/SF 
(4000 SF)($1.56) = $6240 
Crane Labor (F-3 crew component)    [RS Means, 2011] 
Operator Labor = $340.40/day 
($340.40)/(1425 SF) = $0.24/SF 
(8,000) ($0.24) = $1920.00 

Total Services Input = 1.73E04 $ 
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BG0612.01.20 EMERGY INPUT CALCULATION BACK-UP 
 

Based on the life of the building, the following items compared in Phase G, Use, were 

not included for this study. 

6. Financing 
7. Taxes 
8. Operation and Maintenance 
9. Repair 
10. Insurance 
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( BH0612.01.20 EVE EMERGY Table) 

Note Item 
Raw Units 

g,J, $ 
Transformity 

SEJ/unit 
Solar EMERGY 

SEJ 

E ENVIRONMENT 

  

0 

E1 Atmosphere 

   E2 Ecol. Prod. 

   E3 Energy 

   E4 Land 

   E5 Water 

       

   F FUEL ENERGY 

  

9.70E12 

F1 Equipment 1.47E08 J 6.60E04 9.70E12 

F2 Facilities 

       

   G GOODS 

  

1.39E15 

G1 Equipment 2.07E05 g 6.70E09 1.39E15 

G2 Facilities 

   G3 Materials 

   G4 Tools 

       

   S SERVICES 

  

2.64E16$ 

S1 Labor 1.32E04 $ 2.00E12 2.64E16 

S2 Labor 
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BH0612.01.20 EMERGY INPUT CALCULATION BACK-UP 
 
Environment. 

Not available. Use input = 0. 
 

F. Fuel energy 
Fl. Equipment. 

B-3 crew for structural insulated panel system   [RS Means, 2011] 
(2) Dump trucks, 16 ton 
(1) Front-end loader, 2.5 CY 
Demolition output = 14,800 CF/day    [RS Means, 2011] 
Wall area = 8,000 SF      [Architectural drawings] 

  (8,000 SF) (8’) = 64,000CF 
(64,000 CF)/14,800 CF/day)/(48 labor hours) = 3.5 days 
Duration = (64,000 CF)/(14,800/day) =172 hrs. 
(2) Dump trucks 
Fuel consumption =7.5 gal/hr.      [Estimate] 

(2) (172 hrs.) (7.5 gal/hr.)/(55 gal/BBL)(6.28E9 J/BBL) = 1.47E08 J 
(1) Front-end loader, 2 . 5 CY      [RS Means, 2011] 
Fuel consumption = 4 gal/hr.     [Caterpillar, 2008] 

(172 hrs.) (4 gal/hr.)/(55 gal/BBL)(6.28E9 J/BBL) = 7.80E04 J 
 

Total Fuel Energy Input = 1.47E08 J 
 

G. Goods 
Gl. Equipment. 

B-3 crew       [RS Means, 2011] 
Duration =172 hrs. 
(2) Dump trucks, 16 ton 
Weight = 19,120 lb.      [RS Means, 2011] 
Estimated life = 15,000 hrs.      [Roudebush, 1992] 
(5 hrs.)/(15,000 hrs.) (19,120 lb.) 
loader, 2 . 5 CY       [Caterpillar. 2008] 

26,600 lb.  (172 hrs.)/(10,000 hrs.) (26,600 lb.) (453.6 g/lb.) = 2.07E05 g 
 

    Total Goods Input = 2.07E05 g 
S. Services. 

SI. Labor. 
B-3 crew        [RS Means, 2011] 
Crew labor = $3773.60/day     [RS Means, 2011]  
Building area= 8,000 SF      [Architectural drawings] 
(3773.60) (3.5 days) =  

 
Total Services Input = 1.32E04 $ 
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( BI0612.01.20 EVE EMERGY Table) 

Note Item 
Raw Units 

g,J, $ 
Transformity 

SEJ/unit 
Solar EMERGY 

SEJ 

E ENVIRONMENT 

  

0 

E1 Atmosphere 

   E2 Ecol. Prod. 

   E3 Energy 

   E4 Land 

   E5 Water 

       

   F FUEL ENERGY 

  

1.50E11 

F1 Equipment 2.27E06 J 6.60E04 1.50E11 

F2 Facilities 

       

   G GOODS 

  

9.85E16 

G1 Equipment 1.47E08 J 6.70E09 9.85E16 

G2 Facilities 

   G3 Materials 1.12E07 g 1.59E05 1.78E12 

G4 Tools 

       

   S SERVICES 

  

0 

S1 Labor 

   S2 Labor 
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BI0612.01.20 EMERGY INPUT CALCULATION BACK-UP 
 

E. Environment. 
 Unavailable, use input = 0 
F. Fuel Energy 
 F1. Equipment 
 Truck, flatbed transport (20 ton maximum)  [National Transportation Dept., 2011] 
 Average weight of SIPS panel = 3.47 psf    [SIPA, 2012] 
 Total weight SIPS wall system = (8,000 SF) (3.47 lb.) = 27,760 lbs.  [Material take-off] 
  (27760 lb.)/ (2000 lb./ton/ (20 ton flatbed) 
   = 1 flatbed truck 
 Fuel consumption = 7 mpg    [National Transportation Dept., 2011] 
 Distance of travel is 100 miles     [Estimate] 
  (1) (100)/ (7 mpg)/ (55 gal/BBL) (6.28E09 J/BBL) = 2.27E06 J 
     Total Fuel Energy input = 2.27E06 J 
 
G. Goods. 
 G1. Equipment 
  Recycling equipment for construction material 
  1.75 million BTU per 1 MSF     [USG, 2012] 
  MSF = 1000 square foot 
  (8000 SF)/ (1000 SF) = 8 MSF 
  (1.75 million BTU) (8) = 1.40E07 BTU 
  3412.2 BTU = 1 kWh 
  (1.40E07 BTU)/ (3412.2) = 4.10E07 kWh 
  1 kWh = 360000 J/s 
  (4.10E07 kWh) (360000 J/s) = 1.47E08 J 
     Total Equipment Input = 1.47E08 
    

G3. Material 
Wood Products: 
Dimensional lumber = 2 lbs. per lineal foot 

  (250 bds) (8 ft.) = 2000 Lft 
  = (2 lb.) (2000 Lft) = 4000 lbs. 
   = (4000 lb.) (453.6 g/lb.) = 1.81E06 g 

 Oriented strand board = 1 lbs. psf 
  (250 bds) (32 SF) = 8000 SF 
  = (1 lb.) (8000 SF) = 8000 lbs. 
   = (8000 lb.) (453.6 g/lb.) = 3.62E06 g 
 
  Gypsum Products: 

Gypsum board = 1.6 lbs. per square foot 
  8000 square foot 
  (8000) (1.6lb) = 12,800 lbs. 
   = (12,800 lb.) (453.6 g/lb.) = 5.81E06 g  

Total Materials Input = 1.12E07 g 
 
S. Services 
 S1. Labor 
  Unavailable, use input = 0 
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( BJ0612.01.20 EVE EMERGY Table) 

Note Item 
Raw Units 

g,J, $ 
Transformi
ty SEJ/unit 

Solar EMERGY 
SEJ 

E ENVIRONMENT 

  

4.02E09/yr. 

E1 Atmosphere 

   E2 Ecol. Prod. 

   E3 Energy 

   E4 Land 4.02E09 J/yr. 1 

 E5 Water 

       

   F FUEL ENERGY 

  

5.23E15 J 

F1 Equipment 7.92E10 J 6.60E04 

 F2 Facilities 

       

   G GOODS 

  

3.87E17 g 

G1 Equipment 4.33E04 g 6.70E09 2.90E14 

G2 Facilities 

   G3 Materials 2.15E08 g 1.80E09 3.87E17 

G4 Tools 

       

   S SERVICES 

  

7.06E15 $ 

S1 Labor 3.53E02 $ 2.00E12 7.06E15 

S2 Labor 
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BJ0612.01.20 EMERGY INPUT CALCULATION BACK-UP 
 

Construction and Demolition Waste:  
 Per Ton - $40.00 
 5,000 acres 2,000 tons a day and is 35ft high 
The Orange County Landfill began operations in 1971 and currently accepts approximately 2,000 tons of waste per 
day. The landfill site encompasses 5,000 acres and accepts Class I (putrescible) waste, Class III (construction and 
demolition) waste, yard waste, and waste tires. In addition to the landfill, Orange County operates two transfer stations 
and 25 transfer trucks to facilitate garbage disposal for residents while also reducing road traffic. 
Figures for disposal are based on the national average collected from the Environmental Protection Agency, EPA 
Report “Disposal in the United States- Tables and Figures for 2010” and the Orange County Solid Waste Facility, 
Orlando, Florida. 
 
E. Environment. 

E4. Land. 
Orange County construction and demolition landfill land surface area =5000 acres 
Orange County construction and demolition landfill depth =37 feet 
Orange County construction and demolition landfill capacity 

= (5,000 A) (43,560 SF/A) (37 ft.)/(27 CF/CY)= 2.17E08 CY 
Ratio of land surface area/CY of landfill capacity 

= (5000 A) (43,560 SF/A)/ (2.17E08 CY) = 1.00E09 SF/CY 
Compacted demolition debris weight = 1,200 lb./CY 
SIPS system weight = 1.13E03 lb.  
Calculation of Alternative B landfill surface area portion 

= (1.13E03 lb.)/(l,200 lb./CY) (1.00E09 SF/CY) = 9.4 SF 
Avg. net absorbed solar radiation = 110 kcal/cm2/yr.   [Odum, 1990] 
Annual landfill surface sunlight calculations = 
(Landfill surface area) (Average of insolation) 

= (9.4 SF) (929.03 cm2/SF)(110 kcal/cm2/yr.) (4186 J/kcal) = 4.02E09 J/yr. 
 

Total Environment Input =4.02E09/yr.  
F. Fuel energy. 

Fl. Equipment for demolition debris placement and compaction. 
Landfill equipment: 
(4) Bulldozer, Caterpillar D-12 
Use = 54 hours/month 
(2) Front-end loader, 5 CY 
Use = 67 hours/ month 
Orange County construction and demolition landfill debris = 2.60E6 lb./mo. 
(1.62E6 lb.)/(2.60E6 lb./mo.) (67 hrs./mo.)(4 gal/hr.))/(55 gal/BBL ) (6.28E9 J/BBL) = 1.91E10 J 
B-15 crew         [RS Means, 2011] 
Closure material haul distance = 5 miles    [Estimate] 
Crew output = 75 CY/hr.      [RS Means, 2011] 
Closure material volume = (41 A) (43,560 SF/A) (3.6667 feet)/(27 CF/CY) = 242,540 CY 
Duration = (242,540 CY)/(75 CYF/hr.) = 3,234 hrs. 
SIPS system landfill surface area portion = 8.5 SF  
(4) Dump trucks, 16 ton 
Fuel consumption =7.5 gal/hr. [Estimate] 
(4) (3,234 hrs.) (7.5 gal/hr.)/(55 gal/BBL) (6.28E9 J/BBL) (521 SF)/ (1 , 785, 960 SF) = 1.62E9 J 
(2) Bulldozer, 200 HP  
Fuel consumption =8.5 gal/hr.     [Caterpillar, 2008] 

(3,234 hrs.) (8.5 gal/hr.)/(55 gal/BBL) (6.28E9 J/BBL) (8.5 SF)/(1, 785,960 SF) = 9.16E08 J 
 

Total Fuel Energy Input = 7.92E10 J 
G. Goods. 

Gl. Equipment for demolition debris placement and compaction. 
Landfill equipment: 

(2) Bulldozer, Caterpillar D-8 
Use = 54 hours/month 
(1) Front-end loader, 2 . 5 CY 
Use = 67 hours/ month 
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Construction and demolition landfill debris = 2.60E6 lb. 
SIPS system weight - 1.62E6 lb.     
(2) Bulldozer, Caterpillar D-8 
Weight = 12,500 lb.       [Caterpillar, 2008] 
Useful life = 15,000 hrs.      [Caterpillar, 2008] 

(54 hrs./mo.)/15,000 hrs.) (1.62E6 lb.)/(12,500 lb.) (2.60E6 lb./mo.) (453.6 g/lb.) = 1.27E4 g 
(1) Front-end loader, 2 . 5 CY 
Weight = 21,500 lb. [Estimate] 
Useful life = 15,000 hrs.      [Caterpillar, 2008] 

(67 hrs./mo.)/ (15, 000 hrs.)(1.62E6 lb.)/(2.60E6 lb./mo.) (21,500 lb.) (453.6 g/lb.)= 2.72E4 g 
Gl. Equipment for construction and demolition debris landfill closure. 

Orange County construction and demolition landfill land surface area capped =5000 acres 
B-15 crew         [RS Means, 2011] 
(4) Dump trucks, 16 ton 
(2) Bulldozer, 200 HP 
Duration = (242,540 CY)/(75 CYF/hr.) = 3,234 hrs. 
(2) Dump trucks, 16 ton  
Weight = 19,120 lb.  
Useful life = 15,000 hrs.      [Estimate] 

(2) (3,234 hrs.)/(15,000 hrs.) (521 SF)/ (1, 785, 960 SF) (19,120 lb.) (453.6 g/lb.) = 1.09E3 g 
(1) Bulldozer, 200 HP  
3,856 lb. [Caterpillar, 1986] 
Useful life = 10,000 hrs.      [Caterpillar, 2008] 
(3,234 hrs.)/(10,000 hrs.) (8.5 SF)/ (1, 785, 960 SF) 
(53,856 lb.) (453.6 g/lb.) = 2.31E3 g 

Total Gl equipment units = 4.33E4 g 
G3. Materials. 

Security fencing (Chain link fence) 
Construction Waste area = 11.5 SF 
Fence Length = 55,000 LF      [Estimate] 
Fence weight =7.5 lb./LF      [Estimate] 

(55,000 LF)(7.5 lb./LF) (453.6 g/lb.) (11.5 SF)= 2.15E08 g 
 

    Total Materials Input = 2.15E08 g  
S. Services. 

SI. Labor work at refuse site  
Orange County construction and demolition 
landfill debris = 2.60E6 lb./mo. 
SIPS system weight = 1.62E6 lb.      
Crew labor = 1,004 hours/month 
Average 2011 labor salary = $10.50/hr. 

(1,040 hrs.) ($10.50/hr.) (1.62E6 lb.)/(2.60E6 lb./mo.)= 3.89E3 $ 
SI. Labor for construction and demolition debris landfill closure. 

Orange County construction and demolition landfill land surface area capped =5000 acres 
SIPS system landfill surface area portion = 8.5 SF 
Crew labor = $0.94/CY       [RS Means, 2011] 
Landfill closure = 242,540 CY 

(242,540 CY) ($0.94/CY) (14.2SF)/ (1, 785, 960 SF)= 3.46E12 $ 
Total Service Input = 3.53E03 $ 

S2. Labor for monitoring. 
Monitoring labor = $250, 000/year in 2011 dollars   [Estimate] 
Orange County construction and demolition landfill land surface area capped =5000 acres 
SIPS system landfill surface area portion = 14.2 SF 

 ($250,000/yr.) (14.2 SF)/ (1, 785, 960 SF) = 3.21E1 $/yr. 
 

 Total Service Consumption input = 3.53E03 $ 
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APPENDIX D: MASTERFORMAT DIVISIONS 

Retrieved with permission ( (Construction Specifications Institute, 2012 Update)) 
Division 00 - Procurement and Contracting Requirements 

00 00 00 - Procurement and Contracting Requirements 
00 10 00 - Solicitation 
00 20 00 - Instructions for Procurement 
00 30 00 - Available Information 
00 40 00 - Procurement Forms and Supplements 
00 50 00 - Contracting Forms and Supplements 
00 60 00 - Project Forms 
00 70 00 - Conditions of the Contract 
00 80 00 - Unassigned 
00 90 00 - Revisions, Clarifications, and Modifications 

Division 01 - General Requirements 
01 00 00 - General Requirements 
01 10 00 - Summary 
01 20 00 - Price and Payment Procedures 
01 30 00 - Administrative Requirements 
01 40 00 - Quality Requirements 
01 50 00 - Temporary Facilities and Controls 
01 60 00 - Product Requirements 
01 70 00 - Execution and Closeout Requirements 
01 80 00 - Performance Requirements 
01 90 00 - Life Cycle Activities 

Division 02 - Existing Conditions 
02 00 00 - Existing Conditions 
02 10 00 - Unassigned 
02 20 00 - Assessment 
02 30 00 - Subsurface Investigation 
02 40 00 - Demolition and Structure Moving 
02 50 00 - Site Remediation 
02 60 00 - Contaminated Site Material Removal 
02 70 00 - Water Remediation 
02 80 00 - Facility Remediation 
02 90 00 - Unassigned 

Division 03 - Concrete 
03 00 00 - Concrete 
03 10 00 - Concrete Forming and Accessories 
03 20 00 - Concrete Reinforcing 
03 30 00 - Cast-in-Place Concrete 
03 40 00 - Precast Concrete 
03 50 00 - Cast Decks and Underlayment 
03 60 00 - Grouting 
03 70 00 - Mass Concrete 
03 80 00 - Concrete Cutting and Boring 
03 90 00 - Unassigned 
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Division 05 - Metals 
05 00 00 - Metals 
05 10 00 - Structural Metal Framing 
05 20 00 - Metal Joists 
05 30 00 - Metal Decking 
05 40 00 - Cold-Formed Metal Framing 
05 50 00 - Metal Fabrications 
05 60 00 - Unassigned 
05 70 00 - Decorative Metal 
05 80 00 - Unassigned 
05 90 00 - Unassigned 

Division 06 - Wood, Plastics, Composites 
06 00 00 - Wood, Plastics, Composites 
06 10 00 - Rough Carpentry 
06 20 00 - Finish Carpentry 
06 30 00 - Unassigned 
06 40 00 - Architectural Woodwork 
06 50 00 - Structural Plastics 
06 60 00 - Plastic Assemblies 
06 70 00 - Structural Composites 
06 80 00 - Composite Fabrications 
06 90 00 - Unassigned 

Division 07 - Thermal and Moisture Protection 
07 00 00 - Thermal and Moisture Protection 
07 10 00 – Damp proofing and Waterproofing 
07 20 00 - Thermal Protection 
07 25 00 - Weather Barriers 
07 30 00 - Steep Slope Roofing 
07 40 00 - Roofing and Siding Panels 
07 50 00 - Membrane Roofing 
07 60 00 - Flashing and Sheet Metal 
07 70 00 - Roofing and Wall Specialties and Accessories 
07 80 00 - Fire and Smoke Protection 
07 90 00 - Joint Protection 

Division 09 - Finishes 
09 00 00 - Finishes 
09 10 00 - Unassigned 
09 20 00 - Plaster and Gypsum Board 
09 30 00 - Tiling 
09 40 00 - Unassigned 
09 50 00 - Ceilings 
09 60 00 - Floorings 
09 70 00 - Wall Finishes 
09 80 00 - Acoustic Treatment 
09 90 00 - Painting and Coating 

Division 13 - Special Construction 
13 00 00 - Special Construction 
13 10 00 - Special Facility Components 
13 20 00 - Special Purpose Rooms 
13 30 00 - Special Structures 
13 40 00 - Integrated Construction 
13 50 00 - Special Instrumentation 
13 60 00 - Unassigned 
13 70 00 - Unassigned 
13 80 00 – Unassigned 
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Division 14 - Conveying Equipment 
14 00 00 - Conveying Equipment 
14 10 00 - Dumbwaiters 
14 20 00 - Elevators 
14 30 00 - Escalators and Moving Walks 
14 40 00 - Lifts 
14 50 00 - Unassigned 
14 60 00 - Unassigned 
14 70 00 - Turntables 
14 80 00 - Scaffolding 
14 90 00 - Other Conveying Equipment 

Division 21 - Fire Suppression 
21 00 00 - Fire Suppression 
21 10 00 - Water-Based Fire-Suppression Systems 
21 20 00 - Fire-Extinguishing Systems 
21 30 00 - Fire Pumps 
21 40 00 - Fire Suppression Water Storage 
21 50 00 - Unassigned 
21 60 00 - Unassigned 
21 70 00 - Unassigned 
21 80 00 - Unassigned 
21 90 00 - Unassigned 

Division 22 - Plumbing 
22 00 00 - Plumbing 
22 10 00 - Plumbing Piping and Pumps 
22 20 00 - Unassigned 
22 30 00 - Plumbing Equipment 
22 40 00 - Plumbing Fixtures 
22 50 00 - Pool and Fountain Plumbing Systems 
22 60 00 - Gas and Vacuum Systems for Laboratory and Healthcare Facilities 
22 70 00 - Unassigned 
22 80 00 - Unassigned 
22 90 00 - Unassigned 

Division 23 - Heating, Ventilating, and Air Conditioning (HVAC) 
23 00 00 - Heating, Ventilating, and Air Conditioning (HVAC) 
23 10 00 - Facility Fuel Systems 
23 20 00 - HVAC Piping and Pumps 
23 30 00 - HVAC Air Distribution 
23 40 00 - HVAC Air Cleaning Devices 
23 50 00 - Central Heating Equipment 
23 60 00 - Central Cooling Equipment 
23 70 00 - Central HVAC Equipment 
23 80 00 - Decentralized HVAC Equipment 
23 90 00 - Unassigned 

Division 25 - Integrated Automation 
25 00 00 - Integrated Automation 
25 10 00 - Integrated Automation Network Equipment 
25 20 00 - Unassigned 
25 30 00 - Integrated Automation Instrument and Terminal Devices 
25 40 00 - Unassigned 
25 50 00 - Integrated Automation Facility Controls 
25 60 00 - Unassigned 
25 70 00 - Unassigned 
25 80 00 - Unassigned 
25 90 00 - Integrated Automation Control Sequences 
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Division 26 - Electrical 
26 00 00 - Electrical 
26 10 00 - Medium-Voltage Electrical Distribution 
26 20 00 - Low-Voltage Electrical Distribution 
26 30 00 - Facility Electrical Power Generating and Storage Equipment 
26 40 00 - Electrical and Cathodic Protection 
26 50 00 - Lighting 
26 60 00 - Unassigned 
26 70 00 - Unassigned 
26 80 00 - Unassigned 
26 90 00 - Unassigned 

Division 27 - Communications 
27 00 00 - Communications 
27 10 00 - Structured Cabling 
27 20 00 - Data Communications 
27 30 00 - Voice Communications 
27 40 00 - Audio-Video Communications 
27 50 00 - Distributed Communications and Monitoring Equipment 
27 60 00 - Wireless Transceivers 
27 70 00 - Unassigned 
27 80 00 - Unassigned 
27 90 00 - Unassigned 

Division 28 - Electronic Safety and Security 
28 00 00 - Electronic Safety and Security 
28 10 00 - Electronic Access Control and Intrusion Detection 
28 20 00 - Electronic Surveillance 
28 30 00 - Electronic Detection and Alarm 
28 40 00 - Electronic Monitoring and Control 
28 50 00 - Unassigned 
28 60 00 - Unassigned 
28 70 00 - Unassigned 
28 80 00 - Unassigned 
28 90 00 - Unassigned 

Division 31 - Earthwork 
31 00 00 - Earthwork 
31 10 00 - Site Clearing 
31 20 00 - Earth Moving 
31 30 00 - Earthwork Methods 
31 40 00 - Shoring and Underpinning 
31 50 00 - Excavation Support and Protection 
31 60 00 - Special Foundations and Load-Bearing Elements 
31 70 00 - Tunnelling and Mining 
31 80 00 - Unassigned 
31 90 00 – Unassigned 

Division 32 - Exterior Improvements 
32 00 00 - Exterior Improvements 
32 10 00 - Bases, Ballasts, and Paving 
32 20 00 - Unassigned 
32 30 00 - Site Improvements 
32 40 00 - Unassigned 
32 50 00 - Unassigned 
32 60 00 - Unassigned 
32 70 00 - Wetlands 
32 80 00 - Irrigation 
32 90 00 - Planting 
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Division 33 - Utilities 
33 00 00 - Utilities 
33 10 00 - Water Utilities 
33 20 00 - Wells 
33 30 00 - Sanitary Sewerage Utilities 
33 40 00 - Storm Drainage Utilities 
33 50 00 - Fuel Distribution Utilities 
33 60 00 - Hydronic and Steam Energy Utilities 
33 70 00 - Electrical Utilities 
33 80 00 - Communications Utilities 
33 90 00 - Unassigned 

Division 34 - Transportation 
34 00 00 - Transportation 
34 10 00 - Guideways/Railways 
34 20 00 - Traction Power 
34 30 00 - Unassigned 
34 40 00 - Transportation Signalling and Control Equipment 
34 50 00 - Transportation Fare Collection Equipment 
34 60 00 - Unassigned 
34 70 00 - Transportation Construction and Equipment 
34 80 00 - Bridges 
34 90 00 - Unassigned 

Division 35 - Waterway and Marine Construction 
35 00 00 - Waterway and Marine Construction 
35 10 00 - Waterway and Marine Signalling and Control Equipment 
35 20 00 - Waterway and Marine Construction and Equipment 
35 30 00 - Coastal Construction 
35 40 00 - Waterway Construction and Equipment 
35 50 00 - Marine Construction and Equipment 
35 60 00 - Unassigned 
35 70 00 - Dam Construction and Equipment 
35 80 00 - Unassigned 
35 90 00 - Unassigned 

Division 40 - Process Integration 
40 00 00 - Process Integration 
40 10 00 - Gas and Vapor Process Piping 
40 20 00 - Liquids Process Piping 
40 30 00 - Solid and Mixed Materials Piping and Chutes 
40 40 00 - Process Piping and Equipment Protection 
40 50 00 - Unassigned 
40 60 00 - Unassigned 
40 70 00 - Unassigned 
40 80 00 - Commissioning of Process Materials 
40 90 00 - Instrumentation and Control for Process Systems 

Division 41 - Material Processing and Handling Equipment 
41 00 00 - Material Processing and Handling Equipment 
41 10 00 - Bulk Material Handling Equipment 
41 20 00 - Piece Material Handling Equipment 
41 30 00 - Manufacturing Equipment 
41 40 00 - Container Processing and Packaging 
41 50 00 - Material Storage 
41 60 00 - Mobile Plant Equipment 
41 70 00 - Unassigned 
41 80 00 - Unassigned 
41 90 00 - Unassigned 
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Division 42 - Process Heating, Cooling, and Drying Equipment 
42 00 00 - Process Heating, Cooling, and Drying Equipment 
42 10 00 - Process Heating Equipment 
42 20 00 - Process Cooling Equipment 
42 30 00 - Process Drying Equipment 
42 40 00 - Unassigned 
42 50 00 - Unassigned 
42 60 00 - Unassigned 
42 70 00 - Unassigned 
42 80 00 - Unassigned 
42 90 00 - Unassigned 

Division 43 - Process Gas and Liquid Handling, Purification and Storage Equipment 
43 00 00 - Process Gas and Liquid Handling, Purification and Storage Equipment 
43 10 00 - Gas Handling Equipment 
43 20 00 - Liquid Handling Equipment 
43 30 00 - Gas and Liquid Purification Equipment 
43 40 00 - Gas and Liquid Storage 
43 50 00 - Unassigned 
43 60 00 - Unassigned 
43 70 00 - Unassigned 
43 80 00 - Unassigned 
43 90 00 - Unassigned 

Division 44 - Pollution Control Equipment 
44 00 00 - Pollution Control Equipment 
44 10 00 - Air Pollution Control 
44 20 00 - Noise Pollution Control 
44 30 00 - Odor Control 
44 40 00 - Water Treatment Equipment 
44 50 00 - Solid Waste Control 
44 60 00 - Waste Thermal Processing Equipment 
44 70 00 - Unassigned 
44 80 00 - Unassigned 
44 90 00 - Unassigned 

Division 45 - Industry-Specific Manufacturing Equipment 
45 00 00 - Industry-Specific Manufacturing Equipment 

Division 46 - Water and Wastewater Equipment 
46 00 00 - Water and Wastewater Equipment 
46 10 00 - Unassigned 
46 20 00 - Water and Wastewater Preliminary Treatment Equipment 
46 30 00 - Water and Wastewater Chemical Feed Equipment 
46 40 00 - Water and Wastewater Clarification and Mixing Equipment 
46 50 00 - Water and Wastewater Secondary Treatment Equipment 
46 60 00 - Water and Wastewater Advanced Treatment Equipment 
46 70 00 - Water and Wastewater Residuals Handling and Treatment 
46 80 00 - Unassigned 
46 90 00 - Unassigned 

Division 48 - Electrical Power Generation 
48 00 00 - Electrical Power Generation 
48 10 00 - Electrical Power Generation Equipment 
48 20 00 - Unassigned 
48 30 00 - Unassigned 
48 40 00 - Unassigned 
48 50 00 - Unassigned 
48 60 00 - Unassigned 
48 70 00 - Electrical Power Generation Testing 
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APPENDIX E: PHASES A-C COMBINED  

A-C B0612.01.20EMERGY INPUT CALCULATION BACK-UP 
Shaved Lumber transformity =  8.79E09 SEJ/g    [Appendix B] 
Wood transformity =   3.49E04 SEJ/g    [Appendix B] 
Glass transformity =   8.40E08 SEJ/g    [Appendix B] 
Gypsum transformity =   1.00E09 SEJ/g    [Appendix B] 
Glue/adhesive transformity =   3.80E08 SEJ/g    [Appendix B] 
 
Quantities: 
Glass Quantity = (3350 lbs)  (95%) (453.6 g) = 1.44E07   (Quantity take-off) 
Glue and adhesive quantity = (3350 lbs)  (.4%) (453.6 g) = .60E04  (Quantity take-off) 
Gypsum Quantity = (12,800 lbs)  (90%) (453.6 g) = 5.23E06  (Quantity take-off) 
Shaved Lumber Quantity = (13,600 lbs)  (95%) (453.6 g) = 5.86E08 (Quantity take-off) 
Wood Quantity = (24,000 lbs) (453.6 g) = 1.09E10   (Quantity take-off) 
 
E. Environment. 
Shaved Lumber 

Environmental input transformity portion = 40 %   [EMERGY Society, 2012] 
(8.79E09 SEJ/g) (0.40) = 3.52E07 SEJ/g 
(5.86E08 g) (3.52E07 SEJ/g) = 1.39E16 SEJ 

Wood 
Environmental input transformity portion = 26 %  [EMERGY Society, 2012] 
(3.49E04 SEJ/g) (0.26) = 9.07E03 SEJ/g 
(1.09E10 g)(9.07E03 SEJ/g) = 9.89E13 SEJ 

Glass 
Environmental input transformity portion = 1.5 %  [Buranakarn, 1998] 
(8.40E08 SEJ/g) (0.015) = 1.26E08 SEJ/g 
(1.44E07g)(1.26E08 SEJ/g) = 1.81E15 SEJ 

Gypsum 
Environmental input transformity portion = 32 %  [Buranakarn, 1998] 
(1.00E09 SEJ/g) (0.32) = 3.20E08 SEJ/g 
(5.23E06g)(3.20E08 SEJ/g) = 1.67E15 SEJ 
Glue and adhesive 

Environmental input transformity portion = 1.1 %   [Roudebush, 1992] 
(3.80E08 SEJ/g) (0.011) = .42E07 SEJ/g 
(6.00E03 g)(4.20E06 SEJ/g) = 2.52E10 SEJ 

 
Total environmental input =         1.75E16 SEJ 
 
F. Fuel energy. 
Shaved Lumber 

Fuel energy input transformity portion = 27 %    [EMERGY Society, 2012] 
(8.79E09 SEJ/g) (0.27) = 2.37E08 SEJ/g 
(5.86E08g) (2.37E08 SEJ/g) = 1.39E16 SEJ 

Wood 
Fuel energy input transformity portion = 20 %  [Brown & McClanahan, 1992] 
(3.49E04 SEJ/g) (0.20) = 6.98E05 SEJ/g 
(1.09E10 g)(6.98E05 SEJ/g) = 7.61E15 SEJ 

Glass 
Fuel energy input transformity portion =30 %  [Buranakarn, 1998] 
(8.40E08 SEJ/g) (0.30) = 2.52E08 SEJ/g 
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(1.44E07g)(2.52E08 SEJ/g) = 3.63E16 SEJ 
Gypsum 

Fuel energy input transformity portion = 22.5 %  [EMERGY Society, 2012] 
(1.00E09 SEJ/g) (0.225) = 2.25E08 SEJ/g 
(5.23E06g)(2.25E08 SEJ/g) = 1.18E15 SEJ 

Glue and adhesive 
Fuel Energy input transformity portion = .11 %  [Buranakarn, 1992] 
(3.80E08 SEJ/g) (0.011) = 4.18E07 SEJ/g 
(.60E04g)(.4.18E07 SEJ/g) = 2.51E10 SEJ 

 
Total fuel energy input =         5.90E16 SEJ 
 
G. Goods. 
Shaved Lumber 

Goods input transformity portion = 17.5 %    [EMERGY Society, 2012] 
(8.79E9 SEJ/g) (0.175) = 1.54E03 SEJ/g 
(5.86E08g) (1.54E03 SEJ/g) = 9.02E11 SEJ 

Wood 
Goods input transformity portion = 22.5 %  [Estimate, 2012] 
(3.49E04 SEJ/g) (0.225) = 7.85E03 SEJ/g 
(1.09E08 g)(7.85E03 SEJ/g) = 8.56E11 SEJ 

Glass 
Goods input transformity portion = 26 %  [Estimate, 2012] 
(8.40E08 SEJ/g) (0.26) = 2.18E06 SEJ/g 
(1.44E06g)(2.18E06 SEJ/g) = 3.14E12 SEJ 

Gypsum 
Goods input transformity portion = 22.5 %  [Estimate, 2012] 
(1.00E09 SEJ/g) (0.225) = 2.25E05 SEJ/g 
(5.23E06g)(2.25E05 SEJ/g) = 1.18E12 SEJ 

Glue and adhesive 
Goods input transformity portion = 11.5 %  [Estimate, 2012] 
(3.80E08 SEJ/g) (0.115) = .83E07 SEJ/g 
(.60E04g)(4.37E07 SEJ/g) = 6.00E03 SEJ 

 
Total goods input =          6.08E12 SEJ 
 
S. Services. 
Shaved Lumber 

Services input transformity portion = 22.5 %    [EMERGY Society, 2012] 
(8.79E9 SEJ/g) (0.225) = 1.98E06 SEJ/g 
(5.86E08g) (1.98E06 SEJ/g) = 1.16E15 SEJ 

Wood 
Services input transformity portion = 22.9 %  [Roudebush, 1992] 
(3.49E04 SEJ/g) (0.229) = 7.85E03 SEJ/g 
(1.09E08 g)(7.85E03 SEJ/g) = 8.56E11 SEJ 

Glass 
Services input transformity portion = 24 %  [Buranakarn, 1998] 
(8.40E08 SEJ/g) (0.24) = 1.26E08 SEJ/g 
(1.44E06g)(1.26E08 SEJ/g) = 1.81E14 SEJ 

Gypsum 
Services input transformity portion = 20 %  [Buranakarn, 1998] 
(1.00E09 SEJ/g) (0.20) = 2.00E08 SEJ/g 
(5.23E06g)(2.00E08 SEJ/g) = 2.28E15 SEJ 

Glue and adhesive 
Services input transformity portion = 10 %  [Estimate, 2012] 
(3.80E08 SEJ/g) (0.10) = 3.80E07 SEJ/g 
(.60E04g)(3.80E07 SEJ/g) = 2.28E11 SEJ 

 
 
Total services input =         3.62E15 SEJ 
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(EVE EMERGY Table) 

Note Item 
Raw Units 

g,J, $ 
Transformity 

SEJ/unit 
Solar EMERGY 

SEJ 

E ENVIRONMENT     1.75E16 SEJ 

E1 Atmosphere       

E2 Ecol. Prod.       

E3 Energy       

E4 Land       

E5 Water       

          

F FUEL ENERGY      5.90E16 SEJ 

F1 Equipment       

F2 Facilities       

          

G GOODS      6.08E12 SEJ 

G1 Equipment       

G2 Facilities       

G3 Materials       

G4 Tools       

          

S SERVICES      3.62E15 SEJ 

S1 Labor       

S2 Labor       
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