
ABSTRACT 

 

BARKER, JOSEPH TRAVIS. Development of a CSS-Based Protocol to Include 

Disenfranchised Stakeholders in Building Code Revisions. (Under the direction of Dr. 

Michael L. Leming). 

 

 

The Context Sensitive Solution (CSS) design process, commonly used in 

transportation projects, requires the identification of and communication with all 

stakeholders affected by the project so that their input is explicitly considered in the final 

design.  The CSS design process, or protocol, is thoroughly documented and involves 

outreach to the community to inform and to solicit input from stakeholders, largely through 

public, face-to-face meetings. 

Inclusion of stakeholder input in the decision-making process of residential building 

code revisions is desirable, but difficult to achieve in practice.  Many of those most affected 

by changes in the residential building code are home buyers.  North Carolina has three 

different climate zones spanning roughly 600 miles southeast to northwest.  Although 

preferable, it is not practical to use public meetings to involve such a spatially diverse set of 

stakeholders in the decision-making process. 

The needs and perspectives of this important class of stakeholders are not necessarily 

fully represented by members of the Building Code Council or by lobbyists representing the 

vested interests of other stakeholders.  Stakeholders without a voice in the decision making 

process, such as home buyers affected by changes in the building code, may be termed 

disenfranchised stakeholders.  A method to recognize and synthesize disenfranchised 

stakeholder input into the planning or decision-making process is needed. 



This thesis describes the development of a protocol to identify disenfranchised 

stakeholders and synthesize disenfranchised stakeholder input for consideration in revisions 

of the residential building code by the building code council.  Synthesis of disenfranchised 

stakeholder input and perspectives includes estimates of benefits and costs, largely based on 

financial effects, including direct costs (mortgage) and indirect effects (price elasticity 

demand (PED)) effects on local and state revenues due to increases in home prices. 

 Disenfranchised stakeholder input regarding the choice between methods of achieving 

desired societal goals, that is, whether specific goals should be attained through government 

fiat or by selection of alternates based on market considerations, is also discussed. 

The protocol, a process-based approach to decision making including a sequence of 

actions, and suggested or required analysis methods, is demonstrated by application to the 

2012 North Carolina Energy Conservation Code Amendments.  It is shown that the benefits 

to homeowners of this code revision are minimal or negative, and the negative effects on 

new home purchases significant, further demonstrating the need to specifically consider 

disenfranchised stakeholder input in building code revision. 
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1. INTRODUCTION 

 

1.1 Background and Problem Statement 

An important part of modern public policy analysis and development is the 

consideration of input from all stakeholders.  Acknowledging and addressing the concerns, 

needs, and perspectives of those most affected by the decision provides transparency for 

governmental agencies and provides critical input that may not be readily apparent from 

purely technical analysis.  Helping the designer understand the context in which a structure 

will exist and operate, by considering the requirements and desires of all stakeholders, 

typically improves functionality (FHWA, 2009). 

The Federal Highway Administration (FHWA, 2009) defines stakeholders as “... 

affected people and organizations, including agency staff and elected officials, organized 

groups, area residents, and business owners.”  A stakeholder is similarly defined as 

(Wikipedia, 2011) “... any person or organization, who can be positively or negatively 

impacted by, or cause an impact on the actions of a company, government, or organization.”  

Disenfranchised stakeholders can be defined as stakeholders with little influence and 

authority in the decision-making process.  The type and extent of stakeholder involvement 

varies with the nature of the issue under consideration. 

The primary purpose of a town hall meeting might be to simply provide information 

so that members of the voting public can act as informed, decision making stakeholders.  In 

other cases, such as the Context Sensitive Solutions (CSS) approach, a primary purpose of 

meetings is to elicit input from all critical stakeholders in the design and subsequent 
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operation of a specific public facility, where primary design responsibility rests with a 

governmental agency such as a Department of Transportation (DOT) (FHWA, 2009).   

Organizations such as the Building Code Council, charged with developing and 

implementing changes in the Residential Building Code, among other codes, should fully 

consider all critical stakeholder needs and perspectives.  Including a large, spatially 

dispersed, and non-homogenous group of stakeholders may be extremely difficult in practice, 

however.  Changes to the Residential Building Code of a state should ideally involve 

homeowners and home buyers from a spectrum of educational, ethnic, and economic 

backgrounds, as well as from a variety of locations, including urban, rural, or suburban areas, 

and areas with different climatic exposures.   

The International Energy Conservation Code (USDOE, 2009) shows three different 

climate zones (3, 4, and 5) for North Carolina for example.  These areas occupy roughly the 

northwestern mountain areas, the southern coast and sounds, and the rest of the state; the 

distance between Wilmington and the northwestern counties is about 350 miles.  North 

Carolina encompasses over 48,710 square miles of land.  The US Census (2010) reports an 

average of over 3.5 million households in NC between 2005 and 2009, with over 4.2 million 

housing units in 2009 (US Census, 2010).  The number and spatial disposition of home 

owner and home buyer stakeholders are clearly significant.   

The membership of the North Carolina Building Code Council (NCBCC) does not 

include a specific representative of the home owner or home buyer demographic.  It is not 

reasonable to expect widespread and representative attendance of such a spatially diverse 

segment of the population, often with limited technical, economic or legal training, at a 



 

3 

 

public hearing.  The ability of one of the most important stakeholders to provide effective 

input into the NCBCC decision-making process for residential construction is extremely 

limited at best.  It is not reasonable to expect this group of stakeholders, who are themselves 

economically and educationally, as well as spatially diverse, to be able to routinely attend 

public hearings or, in many cases, to fully explain their concerns with technically demanding 

issues.  A method is needed to provide stakeholder input of groups that cannot be easily 

represented and portrayed by the current processes. 

A system to solicit stakeholder input through open meetings would require numerous 

meeting sites and times, involve significant planning effort and related costs, and would still 

not be likely to provide full representation considering the economic and cultural diversity of 

home owners or home buyers.  Even if an economically justifiable method were developed, 

perhaps as virtual meetings, to provide meeting-based, home owner or home buyer 

stakeholder involvement, a significant problem would be ensuring attendees were sufficiently 

informed of the implications of a proposed change in the building code.  This limitation 

would require even more meetings, effort and cost.   

The lack of input by certain critical stakeholders in making changes to the Residential 

Building Code effectively creates a class of disenfranchised stakeholders.  Since these 

disenfranchised stakeholders cannot be physically included in the decision making process, a 

protocol is needed to provide surrogate stakeholder input into the decision making process of 

organizations such as the Building Code Council.  This thesis describes the results of a study 

to develop a protocol, or template, to help guide organizations in addressing stakeholder 

involvement that would not be possible otherwise. 
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1.2 Research Objectives 

 This study has two primary objectives: 

1. Develop a protocol to help provide surrogate input for disenfranchised stakeholders in 

the decision making process involving changes to the Residential Building Code. The 

protocol should provide a systematic, rationally-based assessment of the effects on 

various groups of stakeholders, including the effects of risk aversion, incremental 

benefit-cost analysis, and the assignment of decision-making authority. 

2. Demonstrate how that protocol might be used by evaluating a recent change in the 

North Carolina Residential Building Code.   

 

Overview of Procedure 

1. Develop procedures to identify and classify diverse stakeholders affected by NC 

Building Code amendments and proposals. 

a. Identify stakeholders, their needs, and their relative power. 

b. Incorporate CSS-type provisions to obtain input and perspectives of 

disenfranchised stakeholders. 

c. Establish the role and requirements of a facilitator charged with developing 

surrogate input from disenfranchised stakeholders.   

d. Identify direct and indirect effects of disenfranchised stakeholders that would 

likely arise in face-to-face meetings... 

2. Identify, evaluate, and analyze the effects associated with NC Building Code 

proposals. 
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a. Develop estimates, and reasonable ranges of costs and benefits to various 

stakeholders resulting from proposed code amendments.   

b. Conduct a benefit-cost, including sensitivity, analysis of the given building 

code proposals. 

c. Assess the direct and indirect effects associated with the building code 

adoptions (Including effects such as differences in local and state tax revenue, 

and the ability to own or purchase a new home, including price elasticity of 

demand factors). 

3. Consider whether the purpose behind the proposed code change is best handled by 

direct regulation (fiat) or by market forces, considering the effects of availability of 

technical alternatives, ability of the stakeholder to make an informed decision among 

those alternatives, and the benefit-cost analysis of the effects of the proposed code 

change on all stakeholders. 
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2. REVIEW OF LITERATURE RELATED TO BUILDING CODE 

DEVELOPMENT 

 

A review is useful in addressing current stakeholder involvement in the process of 

how building code development processes work and function.  A background on the ICC and 

the NCBCC is provided, as well as the techniques used in generating decisions, and methods 

for the public to utilize when petitioning code proposals.  Context sensitive aspects are also 

reviewed.   

 

2.1  International Building Code Development  

 A state or local organization typically utilizes a model code that has been prepared by 

regional or national association when the time arises for revising or amending their present 

building code.  The cost of conducting the research and the time involved in developing an 

effective code can be significant.  Codes can be classified as being in one of the following 

main categories: building, plumbing, mechanical, electrical, energy, or specialty regulations.  

The codes within these categories are examined, and evaluated for effects on the safety and 

welfare of the occupants and the costs.  Enforcement of the codes occurs when a builder 

applies for a building or construction permit, and during plan review and inspections 

(Listoken and Hattis, 2004).  

 Listoken and Hattis (2004) also state that there are four foundations on which the 

current building regulatory system relies - the insurance industry, the tenement and housing 

industry, the engineering profession, and the construction industry.  The insurance industry 
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started out by initially being involved with the fire safety in buildings.  As time progressed, 

the 1905 National Building Code was created.  Housing and structural requirements were 

also incorporated in the code on behalf of the insurance industry.  The Institute for Business 

and Home Safety (IBHS) is an organization that helps encourage the development of 

regulations in areas where natural disasters are unavoidable, or where they are more likely to 

occur.  Tenement laws too were implemented in the 1905 National Building Code, which 

mainly was concerned with the health and sanitation of the public.   

The structural integrity and structural capacity of regulations for buildings involves 

the engineering profession.  The majority of the technical aspects of current regulations were 

established from input by the civil and structural engineering, mechanical, and even on 

electrical engineering professions.  Recently, organizations such as American Society of 

Civil Engineers (ASCE), American Society of Mechanical Engineers (ASME), and American 

Society of Plumbing Engineers (ASPE) have all been involved in developing the regulations 

and code development system in place today.  The construction industry had a substantial 

effect on code development (Listoken and Hattis, 2004).   

The National Association of Home Builders (NAHB) is deeply involved with code 

development.  The NAHB clearly provides the perspectives of the home builder, but 

satisfying home owners is also important to the NAHB, so that group of stakeholders is of 

the represented by local and national home builders associations, although others can 

represent this group as well.  The construction industry can benefit, but also can be 

handicapped by code regulations (Listoken and Hattis, 2004). 
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To compliment the four foundations, Listoken and Hattis (2004) also note the effects 

of three buttresses, the federal government, model codes groups, and voluntary standard 

organizations.  The federal government has two roles: “the provider of technical expertise, 

and the formulator of national policies (Listoken and Hattis 2004).”  The National Institute of 

Standards and Technology (NIST) is one major institute that considers such issues as 

structural and fire provisions.  Standards involving the testing of materials and systems are 

required in building codes.  NIST also interacts formally and informally with other national 

organizations such as the American Society for Testing and Materials (ASTM) and the 

American Society of Civil Engineers (ASCE).  National and state agencies are closely 

involved with development of regulatory codes.  Some of these agencies are the US 

Department of Energy (DOE), and the U.S. Department of Housing and Urban Development 

(HUD).  The DOE can have a strong effect on development on energy conservation codes. 

The other two buttresses provide a voice to other stakeholders with an interest in the 

building codes.  Balance is sought in decisions involving the interests of producers, 

consumers, and the general public (Listoken and Hattis, 2004).  

In the past, Building Officials and Code Administrators International, Inc. (BOCA), 

International Conference of Building Officials (ICBO), and Southern Building Code 

Congress International, Inc. (SBCCI), three non-profit organizations, created three separate 

set of codes for use in the United States (US).  Over time the benefits of a single, uniform set 

of codes for the nation was recognized, resulting in the founding of the International Code 

Council (ICC).  The ICC is a membership organization that develops codes and standards 

including those for residential buildings.  The International Building Code (IBC), 
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International Energy Conservation Code (IECC), and others are publications of the ICC.  All 

50 states, as well as the District of Columbia, have adopted codes from those suggested by 

the ICC (ICC, 2011).   

The vision of the ICC is to assist in “protect(ing) the health, safety, and welfare of 

people by creating safe buildings and communities.”  The mission statement is to provide 

“…the highest quality codes, standards, products and services for all concerned with the 

safety and performance of the built environment” (ICC, 2011).  The ICC strives to assure that 

the process is in large open to the public, in order to avoid too strong of an influence from 

proprietary interests.  The code committees represent viewpoints and interests from the 

general public and consumers.  Committee composition is strictly controlled so that no less 

than 33% of each committee includes producers such as builders, contractors, and no less 

than 33% include designers and academics (ICC, 2011). 

On receiving a draft code revision proposal, a public hearing is initiated to assign the 

proposal to the correct code committee.  Any member of the ICC may participate in this 

hearing.  During the hearing, the committee takes action towards the codes at hand with a 

50% majority ruling and assigns rulings of approved as submitted (AS), approved as 

modified (AM), and disapproval (D).  A ruling of “AM” is selected due to the testimonies 

heard from the hearing, and also by the Committee Chair ruling the code modification in or 

out of order in order for further testimonies to be heard.  With the committee action 

completed, the assembly can begin to take action in response to the committee’s action.  All 

members of the ICC can participate in the voting; a 2/3 majority vote is required for the 
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assembly action to be successful.  If the vote to approve is successful, a public comment is 

automatically required (ICC, 2011). 

After the hearing, a report is published including the results of: committee action, 

committee modifications if any, assembly action, if it was necessary, the deadline for public 

comments and the posting of the public hearing discussions.  Anyone is eligible to present a 

public comment regarding the hearing report, but it must meet the deadline which typically is 

60 days after the report of the public hearing is published (ICC, 2011).   

To place a public comment, a standard form, found online, must be completed 

including the disagreement(s) with the committee or assembly action, and the reason(s) for 

the disagreement(s).  A final public hearing is scheduled to review and consider all public 

comments regarding proposed code changes.  The codes that are passed are then published in 

the next edition of the International Codes (ICC, 2011).  This process helps ensure 

stakeholder input in code development, but may not include all affected stakeholders.  The 

problems with disenfranchised stakeholders are very similar to those found in state building 

code adoptions and are addressed in Chapter 4. 

 

2.2  North Carolina State Building Code Adoption Development Process 

 The NCBCC abides by General Statutes 143-136 when electing council membership.  

The Governor appoints 17 members consisting of “two registered architects, one licensed 

general contractor, one licensed general contractor specializing in residential construction, 

one licensed general contractor specializing in coastal residential construction, one registered 

engineer practicing structural engineering, one registered engineer practicing mechanical 
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engineering, one registered engineer practicing electrical engineering, one licensed plumbing 

and heating contractor, one municipal or county building inspector, one licensed liquid 

petroleum gas dealer/contractor involved in the design of liquid petroleum gas systems who 

has expertise and experience in natural and liquid petroleum gas piping, venting and 

appliances,  representative of the public who is not a member of the building construction 

industry, a licensed electrical contractor, a registered engineer on the engineering staff of a 

State agency charged with approval of plans of State-owned buildings, a municipal elected 

official or city manager, a county commissioner or county manger, and an active member of 

the North Carolina fire service with expertise in fire safety” (NCGA, 2011). 

 The NCBCC process used in establishing building codes is defined in section General 

Statutes (GS) 143-138.  “All regulations contained in the North Carolina State Building Code 

shall have a reasonable and substantial connection with the public health, safety, morals, or 

general welfare, and their provisions shall be construed reasonably to those ends (NCGA).”  

The council may use organizations and resources such as the IBC from the ICC or others for 

guidance when adopting requirements to the state code (NCGA, 2011). 

Procedures for the adoption of a permanent rule or code must conform to Article 2A of 

Chapter 150B of the General Statutes (NCGA, 2011).  Sections of Article 2A of Chapter 

150B of the General Statutes require that the NCBCC shall:   

1. Publish a notice of text in the North Carolina Register. 

2. When required by G.S. 150B-21.4, prepare of obtain a fiscal note for the proposed 

rule.  This section is in regards to the expenses that will be acquired by the state, DOT 

agencies, local government, and any persons affected by the proposed rule change.  
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Subsection 150B-21.4(b1) consists of the substantial economic impact.  A fiscal note 

is to be provided if the costs of a residential housing unit increases are $80 or more.  

The fiscal note thus must contain the following: 

1. A description of the persons who would be affected by the proposed rule 

change. 

2. A description of the types of expenditures that persons affected by the 

proposed rule change would have to make to comply with the rule and an 

estimate of these expenditures. 

3. A description of the purpose and benefits of the proposed rule change. 

4. An explanation of how the estimate of expenditures was computed.  

3. When required by subsection (e), a public hearing is to be held after publication of the 

proposed text of the code. 

4. Accept oral or written comments on the proposed rule as required by subsection (f).  

Subsection (f) states that an agency must accept comments on the text of a proposed 

rule that is published in the NC Register for at least 60 days after the text is published 

or until the date of the public hearing, whichever is longer.  An agency must consider 

fully all written and oral comments received (NCGA). 

In NC, the notice of the proposed text of a rule must include all of the following criteria 

(NCGA, 2011): 

1. The text of the proposed rule. 

2. A short explanation of the reason for the proposed rule. 

3. A citation to the law that gives the agency authority to adopt the rule. 
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4. The proposed effective date of the rule. 

5. The date, time, and place of any public hearing scheduled on the rule. 

6. Instructions on how a person may demand a public hearing on a proposed rule if the 

notice does not schedule a public hearing on the proposed rule and subsection (e) of 

this section requires the agency to hold a public hearing on the proposed rule when 

requested to do so.  The section requires the 15 day advance notification of the public 

hearing. 

7. The period of time during which and the person to whom written comments may be 

submitted on the proposed rule. 

8. If a fiscal note has been prepared for the rule, a statement that a copy of the fiscal 

note can be obtained from the agency. 

9. The procedure by which a person can object to a proposed rule as well as the 

requirements for subjecting a proposed rule to the legislative review process. 

If a proposed code revision is accepted, a written statement with an explanation of why 

the ruling was adopted must be issued to the public within 15 days after any individual asks 

for an explanation.  In addition, subsection GS 143-138(d) states that any citizen, State 

agency, or political subdivision of the State may propose amendments to the code (NCGA, 

2011). 

In order for any citizen to propose a new addition or amendment to the building code, 

a petition form regarding the proposal must be completed.  The NCBCC website, accessed 

through the North Carolina Department of Insurance (NCDOI) website, includes the form 

and the regulations for its use.  A proposed code change must be accompanied by twenty-one 
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copies of the code change, along with documents supporting or explaining the reasons for the 

change, delivered to the council’s secretary by 5:00 PM, thirty days prior to the next 

scheduled meeting date.  The petition must be typed, legibly written, or copied in an orderly 

fashion, the affected section(s) of the proposed code change must be explicit and accurate, 

with reasoning and supporting documentation as to why this code change should be instated, 

and the proposed code must comply with the standards set forth in subsection G.S. 143-

138(c).  The preparation and adoption of the proposed code must conform to subsection G.S. 

143-138(a), and the person submitting the proposed code change must be informed of the 

time and location of the public hearings.  The duration for a code to be accepted or denied is 

six month after initial approval by the council (NCDOI, 2011). 

The opportunities currently available for providing input into residential building 

code provisions are cumbersome at best and not likely to encourage input by a significant set 

of stakeholders, the home buyer.  There is a significant need to establish a way to consider 

and address the needs and perspectives of sets of stakeholders who now have little direct 

voice in the decision-making process.  One method that public agencies are using to improve 

access to key decision-makers and input by a larger cross section of stakeholders is the use of 

context sensitive solutions. 

 

2.3  Context Sensitive Solutions Procedures and Applications 

 Many state departments of transportation use Context Sensitive Solutions (CSS) in 

making decisions which affect a large number of stakeholders, and as part of the CSS 

approach, they seek stakeholder input by convening meetings with stakeholders of varying 
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interests and expertise.  The CSS approach and typical applications as they might be 

extended to residential building code modifications are described below.  The Federal 

Highway Administration (FHWA) acknowledges the importance of CSS and its perspective 

towards the process. FHWA stated that “CSS is an approach that considers the total context 

within which a transportation improvement project will exist” (GDOT and Parsons, 2006). 

 

2.3.1  Context Sensitive Approach with Department of Transportation  

Context sensitive solutions (CSS) utilize a decision-making approach that includes 

the perspectives of various types and classifications of stakeholders to help ensure a balanced 

the basis for decisions affecting the public.  Nineteen state Departments of Transportation 

(DOT), including North Carolina, now use CSS in project deliveries.  Many include core 

teams of multi-disciplinary stakeholders that comprise various DOT staff.   

Early in each CSS process, an interdisciplinary team is created that tries to identify 

the stakeholders affected by the decision or plan.  Each stakeholder may value something that 

differs from that of another, and the CSS process was developed to try to capture these 

perspectives (AASHTO, 2011).  The process is intended to “fully represent the natural and 

human context as well as the community’s perspective of a good quality of life” (NCHRP, 

2007) in the decision-making process   Communicating to the stakeholders begins early and 

continues throughout until a decision has been established.  Stakeholders are to monitor the 

progress of the process, and are able to review how their input to the process is being used to 

make project decisions (NCHRP, 2007).   
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Obtaining ample public involvement is important in a successful CSS process.  Input 

may be provided by open forum meetings, newsletters, and internet posts.  This only reaches 

those who have internet capabilities, have mobility, and those who are literate, however most 

such products are confined to reasonably small geographic areas, promoting more 

personalized approaches and face-to-face requests for input.  Although DOTs are using the 

CSS process primarily with medium to larger scale projects, the geographic region is 

restricted (NCHRP, 2007).    

Stakeholder opinion is still desired after project completion to improve future 

projects, and to determine the level of satisfaction of the project.  DOTs that are striving to 

have an effective process should establish a methodology for measuring the satisfaction of 

the stakeholders that participate with the CSS process as “lessons learned” (NCHRP, 2007). 

A key benefit to using the multi-disciplinary teams throughout the decision-making process 

is believed to help develop greater public acceptance with DOT projects (NCHRP, 2007). 

The CSS process affects a way to provide additional input into the adoption of 

residential building codes by the home buyer.  There are significant problems to be addressed 

in providing input from a spatially and economically diverse set of home buyers, however.  

Those issues are discussed in detail in Chapter 4. 

 

2.3.2  North Carolina Department of Transportation Utilization of CSS Processes in 

Wilmington Highway Project 

 Extension of a portion of the Smith Creek Parkway in Wilmington, NC, required 

further investigation to better assess the effects to the local community.  The main goal of the 
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project was to relieve traffic in a heavily congested section of Wilmington on Market St. (US 

17), where wrecks were very common.  The stakeholders involved in this project were the 

NCDOT, resource agencies, local government officials, local specialist groups and area 

businesses and citizens, the US Army Corps of Engineers, US Coast Guard, NC Division of 

Coastal Management, NC Department of Health and Natural Resources, NCDOT Rail 

Division, and the Federal Aviation Administration (GDOT and Parsons, 2006).  Noise from 

the construction of the Smith Creek Parkway was a serious concern for local businesses.  The 

noise would impact their daily routines, and the way they function as a company (GDOT and 

Parsons, 2006).   

 The CSS approach emphasizes communication between stakeholders to identify and 

help resolve issues (AASHTO and FHWA, 2007).  Workshops meetings with smaller groups 

were scheduled.  Notice of meeting times and location, as well as background information 

were provided in the form of newsletters, posters and public announcements.  Photographs 

and computer generated images were also widely distributed to inform stakeholders prior to 

meetings in a way most easily understood by the non-technically trained stakeholder.  These 

steps were taken to generate interest in the process by stakeholders and permit them to 

provide their input in the design and the process of construction.  The NCDOT 

acknowledged the fact that extra measures had to be taken to have success in the project, but 

it was felt to be worth the effort to better serve both the public and taxpayers in general.  

Cooperation with the stakeholders who were impacted by the project allowed the project to 

be seen as successful by many different groups of stakeholders (GDOT and Parsons, 2006). 
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2.3.3  Context Sensitive Solutions Guidance  

The 2006 Georgia Department of Transportation (GDOT) Context Sensitive Design 

(CSD) Manual claims to benefit the state of Georgia in three ways:  

1.  To inform GDOT management, staff, consultants, and other practitioners of the latest 

research and information on the CSD/CSS designs in Georgia, as well as across the US.   

2.  To establish policy guidelines and procedures for effective communication strategies, 

stakeholder involvement, and other aspects that the GDOT can use to obtain successful 

projects.   

3.  To provide examples of successful CSS techniques and methods in GDOT practices. 

The GDOT manual on CSS is similar to others, as was selected as a basis for this 

study since it is well written, easy to follow and has been widely used as a model for manuals 

in other states.  Principles of the CSS process are briefly discussed in the GDOT manual, 

may be summarized as given below (GDOT and Parsons, 2006): 

Principle 1:  Interdisciplinary Teams 

It is vital for interdisciplinary teams to be formed for project development and 

decision-making in order for all alternatives and options to be considered in the roadway 

design process.  The project teams should include various disciplines to reach diverse 

perspectives on issues that may arise in the project.   

Principle 2:   Community and Stakeholder Involvement 

 Commitment to obtain involvement from the public is encouraged from the initial 

steps and continuously throughout the project development as CSS procedures requires.  

Stakeholders are valuable in obtaining local and regional concerns and issues as well as 
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neighborhood values.  Solutions can be assembled to balance both the needs of the 

stakeholders and the needs of the project with the utilization of public involvement.   

Principle 3:  Environmental Sensitivity in Design 

 The natural and built environment must be understood and analyzed completely prior 

to any engineering design processes.  The CSS approach requires sensitivity to 

environmental and social concerns.   

Principle 4:  Design Flexibility in Reaching Solutions  

 “Informed design decision-making should not preclude new ideas, new ways of 

thinking, to ensure flexibility in roadway design standards where it is feasible.”  Designers 

and CSS practitioners should be encouraged to research new ways of solving transportation 

project needs and to keep an open mind to flexibility in community settings due to the unique 

natural and social contexts in these areas.”   

Principle 5:  Context-Sensitive Solutions is a Process 

 CSD and CSS is a process that is conducted on projects from the beginning of the 

planning stages to the completion of the project and as well as beyond the completion.  

Public involvement is to be incorporated effectively where collaborative solutions are 

integrated and alternatives are provided, while maintaining honest communication among the 

group.  Listening to the needs of the public is critical. 

 

 Section Two of the manual includes discussion of the five steps to practicing 

successful CSS.  The first step is to initiate effective decision-making.  Collaboration and 

honesty is a key aspect that is recognized when capturing stakeholder “consensus-driven 
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solutions” (GDOT and Parson, 2006).  Participants in the decision-making should collaborate 

but realize that it is difficult to reach full satisfaction for all stakeholders.  Anytime diverse 

stakeholders are involved, effects will always arise, positively and adversely.

 Interdisciplinary teams include engineers, architects, planners, environmental staff, 

and other specialists and may include public representatives.  Teams will vary in number 

according to the complexity of the project, however acquiring perspectives and ensuring 

public involvement remains a fundamentally part of the CSS process.  Once teams are 

created, the first few meetings are dedicated to team building and learning the way other 

members function and comprehend ideas.  Successful CSS results are stated to be contingent 

on suggestive communication.  Honesty and commitment to open communication throughout 

the project duration is important in gaining the trust of the stakeholders and project team 

participants.  The project manager should acknowledge constructive ways of gaining the trust 

of stakeholders and utilize the communication to benefit the project’s success (GDOT and 

Parsons, 2006).   

 The next step is to understand community values (AASHTO and FHWA, 2007).  

“Context-Sensitive solutions can add a greater focus on the needs of a community, i.e. 

establishing a framework for future economic growth, protecting or enhancing a cultural 

heritage or environmentally sensitive element within the community, or enabling better or 

alternative access to parts of the community that had otherwise been isolated or that would 

negatively impact a certain area if certain work was undertaken (e.g. bypassing a sensitive 

historic area rather than going through the middle of it, etc.)” (GDOT and Parsons, 2006).  A 
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community can be described as being members of a particular area or region, but it can also 

be described as members with the same perspectives and values. 

 Identification of affected stakeholders, regardless of their awareness of being 

impacted, is critical in defining the community and identifying important issues (AASHTO 

and FHWA, 2007).  Stakeholders that shall be considered for input on projects should 

include: public officials, agency representatives, transportation professionals, community 

representatives, non-profit/non-governmental organizations, and facility users.   

 A citizen’s advisory committee (CAC) is a common element in the CSS process.  

This committee represents a broad range of stakeholder’s and their perspectives.  The CAC 

typically meets on a monthly basis, throughout the duration of the project, and is given 

access to decision-makers through recommendations for project success. 

The CAC facilitator is elected to that position by CAC members.  The CAC facilitator 

is involved in managing the CAC meetings agenda.  The CAC facilitator is expected to 

remain neutral in meetings.  A senior project manager of the project under consideration is 

included in the CAC meetings and serves as a direct link to the project team.  Technical 

aspects and information regarding the project are delivered to the CAC by the project 

manager.   

No single individual or group can be allowed to dominate the discussion.   Advocacy 

and special interest groups’ opinions and perspectives on subjects are valuable, but that 

advocacy cannot be allowed to block consensus in the CAC.  All ideas “remain on the table” 

until removed by CAC group consensus. 
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Consensus can be built by creating a series of consensus agreements into the 

decision-making process, which will allows stakeholder evaluation of each decision to be 

simpler.  Consideration of data, community values, the nature of the problem, and goals of 

the process or project, can be evaluated one at a time.  

Stakeholder involvement can be in several ways.  Project contact networks can be 

used in order to identify an inform stakeholders, and to solicit input.  Surveys or door-to-door 

interviews are examples of how this technique may be applied.  Media materials and 

technology such as radio, television, news releases, pamphlets, and flyers are relatively 

inexpensive and can be used to provide information regarding the project.  Project websites 

can also be developed including online surveys.  This technique may identify new 

stakeholders.  Public hearings are an alternative allowing immediate feedback but 

stakeholder input from diverse groups is intended to help ensure issues related to those 

perspectives are identified, assessed and relative value is established.   

 The next step in the CSS process is to identify and assess project alternatives.  Input 

should be considered and evaluated at all levels and additional alternatives are considered or 

developed when necessary (AASHTO and FHWA, 2007).     

The last step in the CSS process is to ensure the alternate selected will function 

properly.  The CAC is expected to focus on the costs and benefits in judging whether to 

proceed with a project. 
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2.4  Development of 2012 NC Energy Conservation Code Amendments 

The 2012 NC Energy Conservation Code (NC ECC) Amendments were developed in 

response to a report generated from stimulus funds provided to NC.  The US Department of 

Energy urged NC to improve the state’s energy efficiency codes.  The authors of the report 

were asked to identify a way to reduce energy use in residential structures, primarily single 

family homes. 

The draft report, Development and Implementation of an Improved Residential 

Energy Code for North Carolina (ASU and Mathis, 2010), compiled by Mathis Consulting 

Company and ASU’s Department of Technology and Energy was prepared in May of 2010.  

It was prepared for the North Carolina Building Codes Council, North Carolina Department 

of Insurance, North Carolina State Energy Office, and the U.S. Department of Energy.  The 

state awarded this research team a grant to identify a means to make buildings conforming to 

the NC Energy Efficiency Code 30% more efficient than the 2006 International Energy 

Efficiency Code (IECC).  The 2012 NC ECC proposed only a 15%, rather than 30%, goal 

however.  The values in the report accurately reflect the code requirements. 

 Since the ASU and Mathis report was fundamental to establishing the code, and the 

values reported were used to economically justify the code adoption, a thorough review is 

needed.  The research project was broken down into two phases.  

Phase One: Develop and Implement Strategy for Improved Energy Code Approval. 

 Task 1:  Expand/hold meetings of the North Carolina Energy Task Force 

 Task 2:  Develop the proposed North Carolina Energy Code 
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 Task 3:  Develop informational materials and economic analysis regarding proposed 

code 

 Task 4:  Present findings to key target audiences 

 Task 5:  Work with Energy Code Subcommittee to gain approval of the proposed 

code 

 Task 6:  Work with the Building Codes Council to approve the improved energy code 

 Task 7:  Submit Periodic and Annual Reports 

Phase Two:  Assist in Implementation of the Improved Energy Code. 

 Task 9:  Monitoring Final Code Development 

 Task 10:  Development of Continual Success Program 

 Task 11:  Code Training and Enforcement 

 Task 12:  Energy Code Outreach 

 Task 13:  Quarterly and Annual Reports 

Task 2, includes recognition of the NC climate zones.  Climate zones 3 and 4 cover 

almost all of the state, with a very small portion of a few counties in the northeastern part of 

the state around Boone in climate zone 5.  Evaluation of diverse home models in all three 

climate zones should be considered. 

The documents referenced by Mathis and ASU included the 2006 IECC, 2009 IECC, 

and the 2009 NC Energy Efficiency Code.  Although the study developed proposals based on 

the 2009 IECC, which increased the 2006 IECC requirements by 30%, the ICC rejected the 

proposal (ASU and Mathis, 2010).  The reasons for the ICC rejection were not stated by 
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Mathis and ASU.  There may have been concern that the changes were too rapid for the very 

extensive changes required, but this is speculative and does not affect the analysis provided 

in this study.   

The energy usage for the model homes analyzed in the ASU and Mathis report was 

estimated using a REM Rate software (ASU and Mathis, 2010).  This software complies with 

the National Home Energy Rating Standards (HERS), and is utilized, among other things, to 

determine if a home meets Energy Star, ASHRAE 90.2, tax credit, and IECC standards.  

“REM Rate has climate data programmed into the modeling software, determines heating, 

cooling, hot water, lighting, and appliance energy loads for new and existing single family 

and multi-family homes (ASU and Mathis, 2010).”  Software such as REM Rate is widely 

accepted, but the NCBCC and PCF should ensure studies or surveys have been conducted 

using industry standards.  The actual energy expenditure per household was not provided in 

the ASU and Mathis report, so comparisons to current conditions were not possible.  

Mathis evaluated three different sizes of homes at 1,800 square feet (sf), a 2,500 sf, 

and 3,500 sf home.  All of the homes were analyzed in each NC climate zone.  The authors of 

the report averaged the results from climate zones 4 and 5 since 98% of the NC population 

lives in one of these two climate zones.  Houses on crawl spaces or slabs were analyzed since 

homes are commonly built with both of these types of foundations in these areas (ASU and 

Mathis, 2010). 

Insulation and fenestration standards from the 2009 IECC were used in the analysis.  

Mathis and ASU also applied higher standards than that contained in the 2009 IECC.  A final 

proposal to attain 30% in energy efficiency, solely based on the use of insulation and joint 
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sealing, including air and duct sealing, was submitted to the Energy Code Ad Hoc 

Subcommittee.  Two options were described for compliance to the requirements: use of a 

simple check list by the code inspector, or to require a blower door test (ASU and Mathis, 

2010). 

The members of the Energy Code Subcommittee included several representatives of 

important stakeholders.  These stakeholders included the NCHBA, the American Institute of 

Architects, engineers, insulation contractors, heating and air contractors, and glass and 

window manufacturers.   

Residential mechanical equipment was considered in the ASU Mathis study, but the 

Energy Code Ad Hoc Subcommittee eliminated these requirements.  One suggestion was to 

require “all air source heat pumps [to] have heat strip control.”  A second that insulation with 

water heating pipes was to increased, and the third that at least one programmable thermostat 

was installed in every newly built home (ASU and Mathis, 2010).  Additional provisions 

required to meet the 30% improvement were that 75% of all lamps in new homes had to be 

energy efficient.  ASU and Mathis also proposed consistent with the 2009 IECC 

recommendation that a fireplace had to have the fire place doors sealed with gaskets and that 

outside air is used for combustion (ASU and Mathis, 2010).  These additional provisions, 

essentially extensive of a focus on increasing insulation requirements were not adopted, in 

part since the goal of 30% was reduced to 15%, consistent with the current IECC (OSBM, 

2011). 

The ASU and Mathis report contained economic analyses based on costs provided by 

contractors and suppliers across the state including Raleigh, Charlotte, Jacksonville, and 
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Hickory.  Cost estimates were compared to estimates from RSMeans software, to establish 

high and low boundaries.  Interaction with the Energy Subcommittee generalized additional 

estimates.  The final estimate was that the 30% improvement to the residential energy 

efficiency code could be attained at an average cost of $1,500 per new home.   

The study evaluated 36 homes with numerous EEUs.  A mortgage rate of 5.8% was 

used for a 30 year mortgage.  Table 3.1 was obtained from the ASU-Mathis report where 

results for a 2,500 sf home in zone 4 are shown.  A median price of $77 per square foot for 

this size house was provided by NAHB.  

 

Table 2.1 – ASU and Mathis Mortgage Analysis  

2500 Square Foot Home, in Zone 

Four, with a Slab Foundation 

using 5.8% Mortgage Rate 

Energy Efficient 

Enhancements $ 
$1,500  

Mortgage with 

Enhancements 
$187,400  

Monthly Payment  $1,109  

Increase in Monthly 

Payments with 

Enhancements 

$8.50  

Annual Energy 

Savings 
$430  

Money Saved 

Annual with Energy 

Savings 

$320  
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Approximately 120,000 to 160,000 new homes were estimated to be built in NC from 

2012 to 2015.  The ASU-Mathis report reports that the state would to save between $50 to 75 

million dollars per year in energy savings, and that between 5,000 to 10,000 direct job-years 

will result every year during that same three year period primarily in insulation companies, 

and HVAC contractors (ASU and Mathis, 2010).   

There are a number of concerns with the analysis and conclusions of the ASU-Mathis 

study.  The estimated number of homes to be constructed in NC does not include the effects 

of pricing home buyers out of the market due to price elasticity of demand constraints that 

can be reviewed in section 3.4.  The costs of adding insulation were not consistent with 

analyses conducted in this study and discussed in detail in Chapter 5.  The effects of those 

differences on conclusions are significant.  Another problem with the nature of the 

conclusions, however, is in the statement that the state would save over $50 million.  The 

savings would not accrue to the state, but instead to the home owner, who would also incur 

the costs of the reduction, without being able to benefit from alternate methods of saving or 

without being able to decide whether to reduce energy costs in other ways in order to afford 

to buy a house.  This focus on the aggregate and lack of focus on the individual is one of the 

main problems that the CSS approach attempts to correct. 
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3. REVIEW OF LITERATURE ASSOCIATED TO ANALYSIS PROCEDURES 

 

 Disenfranchised stakeholders are those who cannot provide their input, that is, their 

needs, perspectives, or performances in person regarding a decision or design that will affect 

them in some way.  That input must be synthesized by individuals or groups within the 

decision-maker or design team attempting to use a CSS approach to issues with significant 

effects on individuals and groups outside the decision-making team.  The synthesis of 

disenfranchised stakeholder input can be developed by numbers of the decision-making team 

using conventional financial models to determine financial effects of a particular decision, 

and simple assumptions regarding market preferences of stakeholders.  Reliable analytical 

techniques are needed for a successful development of a decision-making protocol for use in 

building code modifications.  This chapter reviews the financial models and preferences 

suggested for the protocol. 

 

3.1  Stakeholder Involvement and Accountability 

Project stakeholders are understood to be “…a person or group of people who have a 

vested interest in the success of a project (Olander and Landin, 2005).”  They are also 

described as “…any individual or group with the power to be a threat or a benefit (Olander 

and Landin, 2005).”  The National Cooperative Highway Research Program (NCHRP) 

(2002) states that "the first step towards achieving meaningful and effective public 

involvement in project development involves identifying the individuals and groups likely to 

be affected by the project, those who have a "stake" in its outcome, including those who 
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might be able to stop the project if they desired, and persons or organizations who could help 

fund additional, complimentary improvements outside the project right of way."  

The CSS process is not limited to transportation projects.  Olander and Landin (2005) 

conducted two studies in Sweden; one being an apartment housing project and the other a 

railroad project.  Regardless of the type of project, both positive and negative viewpoints 

must be considered and analyzed by the decision-makers (Olander and Landin, 2005).   

 Olander and Landin (2005) also demonstrated a more categorized approach to 

stakeholder assessment.  The stakeholders were ranked on a scale of 0-10 in regard to their 

power to affect and interest in the projects.  The stakeholder types were then placed in a 

power/interest matrix for analyses according to their roles and expectations of the project.   

As the project plans progressed, stakeholders provided input; power and interest shifted 

within the matrix during the project.   

 

3.2 Stakeholder Engagement Procedures   

 Media coverage can be an important aspect in CSS projects.  The media is not 

necessarily a stakeholder, but various stakeholders can use the media to present highly 

persuasive perspectives to the decision-makers, project management team and to other 

stakeholders.  Olander and Landin (2005) reported that many political figures, architects, and 

other spokespersons used media to express their opinions in the apartment project.  Providing 

an open and transparent stakeholder input process can reduce the tendency to work outside 

the CSS.  Olander and Landin noted that the media had a strong influence on framework and 
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ensured decision-makers, in the apartment project, viewpoints are provided by all sides with 

adequate opportunity to provide rebuttal (Olander and Landin, 2005).  

 Olander and Landin (2005) recommend that project managers:  

1.  Take a thorough look at the qualitative aspects of potential influence from directly 

affected stakeholders; do not simply analyze the quantitative aspects regarding the economy 

and technology.   

2.  Establish trust from all stakeholders; evaluate both the positive and negative perspectives 

of all alternatives by all stakeholders.   

3.  The interests and power of stakeholders will vary over time; the matrix will need to be 

adjusted throughout the duration of the project.   

4.  Analyze who and how they will be affected by the decision must be conducted prior to 

any major decision or change in plans.   

 

3.3  Price Elasticity of Demand and Implications 

 Elasticity is defined as the responsiveness of a variable such as quantity demanded to 

a change in an independent variable such as price (Allsopp, 1995).  The price elasticity of 

demand (PED) is the ratio of a percentage change in quantity demanded divided by the 

percentage change in price as shown in Equation 3.1. 

 

PED  
                                      

                          
                  Eq. 3.1 
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 This ratio is used in analyzing supply and demand curves.  For example an increase of 

1% in price with a 3% reduction in quantity demanded will result with a PED of 3.  The 

value of the PED indicates relative elasticity.  An elastic relationship exists between the price 

and demand of a product when the PED is greater than 1.  The higher the PED factor, the 

more drastic is the drop in demand with some difference in price.  A PED less than 1 

indicates that demand is inelastic, that is, relatively insensitive to price changes within the 

limits being considered.  The value of the PED is affected by many factors and is valid only 

within certain limits but is useful in quantifying the sensitivity of the market to price 

limitations.   

The PED of the housing market should be considered by the code council since an 

increasing in price will cause some potential home buyers to drop out of the market.  A loss 

in purchasing power will have significant affects on all home buyers, especially first-time 

home buyers.  This perspective should be considered by the code council in assessing the 

effects of their decision on stakeholders. 

  A value much greater than 1 demonstrates that the demand is very responsive to a 

price change.  Alternately, a 1% increase in price with a proportionally smaller reduction in 

quantity demanded of 0.5% results with a PED value of 0.5, indicating little change in 

quantity demanded to a change in price.  The PED can also be negative (Case, 1986) but that 

is not a practical problem in a rational housing market although in the recent market, with 

significant loss in property values, the housing market is very complex.  The flatter the price-

demand curve, the more responsive demand is to price changes (Cleaver, 2011). 
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 Firms use demand curves when analyzing revenue (Barkley, 1977).  That aspect has a 

greater effect on, perhaps the home builder than the home buyer.  Since both are closely 

related in practice, and this thesis is concerned primarily with the disenfranchised 

stakeholder, only the PED effects on home buyers will be considered in any detail. 

 However, revenue does not necessarily decrease due to the lower sales price of the 

good, but instead more sales occur, raising the total revenue level.  Barkley provides an 

example of the price-demand curve effects on revenue.  Assume that with a base price of a 

good at $6 per unit, 25 units are sold, and when the price is reduced to $4 per unit, 50 units 

are sold.  As the prices increase per unit, the demand for the units will decrease.  Another 

consideration is that if a good is luxury or normal, personal income will have an effect on the 

demand of the good, with no change in price (Case, 1986).  This can cause misleading 

conclusions if income is not reasonably constant. 

Home buyers examining an investment in energy efficiency may consider whether 

they will live in their house long enough to recover the up-front costs of installation (Nevin 

and Watson, 1998).  Nevin and Watson concluded that investing in energy efficiency will 

pay-off in the long run, regardless of how long the home owners live in their home, as long 

as the reduced monthly energy bills are greater than the debt costs to implement the energy-

efficient additions (Nevin and Watson, 1998).   

 Another effect on marketing of energy efficient additions is resale value.  It is often 

uncertain whether the energy efficiency will return an appropriate value.  Appraisals of the 

house may not fully value energy efficiency.  The willingness of home buyers to invest in 



 

34 

 

higher efficiency is therefore a concern for home builders (Corum and O’Neal, 1982).  

Another element to consider is uncertainty in the payback (Grubb, 1990). 

Tonn and Peretz (2006) examined some barriers and costs to applying energy 

efficiency at the state levels in the US.  Barriers of concern were initially high or incremental 

cost of the energy, and the uncertainty about savings.  Households with low income typically 

cannot afford to invest in EEUs for their home. 

Most states have implemented some sort of a minimum building energy code standard 

for both the residential and commercial industries (Tonn and Peretz, 2006).  Research has 

examined the risk-tradeoff that occurs with EEU relating code changes. These studies 

consider a conceptual risk-tradeoff relationship to quantify the effects on stakeholders, 

resulting from code changes.   

There are two types of effects that result from increasing the price of a house from 

code changes, one being the “income effect” and the other being the “stock effect.”  The 

income effect is based on the potential for human health and safety to be at risk due to higher 

mortgage payments.  Health risks are suggested as only one of the effects of spending more 

income on the monthly mortgage payment, but it may not be the primary effect.  First-time 

home buyers are typically more susceptible to the stock effect, that is, a delay in purchasing a 

home leaving them in an older “dwelling” (Hammitt, Belsky, Levy, and Graham, 1999).   

Complex models were used to determine the income effect, as well as statistical 

analyses from several providers.  Reduced amount of income used for increases in monthly 

mortgage payments ultimately reduces purchasing ability of other items.  Men and lower-

income households were shown to suffer greatest by the income effect (Hammitt, Belsky, 
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Levy, and Graham, 1999).  The results showed that the stock effect does not affect the health 

of those who continue to live in older dwellings; however it is justification of their inability 

to afford the higher costs of a purchasing a new home.   

Hassett and Metcalf (1994) suggested that tax credits are important in promoting 

energy conservation.  When the residential energy conservation credit has been analyzed in 

the past, it has been shown to be ineffective, resulting with minimal investments in energy 

efficiency (Hassett and Metcalf, 1994).   

 The concern of why tax incentives essentially do not persuade consumers to 

investment in energy efficiency is questioned.  Deduction programs, such as tax incentives, 

are common in many states.   The more consumer support a state has in energy efficiency, 

the higher the likelihood is for tax incentives to be eliminated completely.  This can result in 

consumer interest being reduced due to the lost incentives in applying energy efficiency 

requirements (Hassett and Metcalf, 1994).  

 Data regarding “…individual’s state of residence, income, number of dependents, and 

home mortgage and property taxes” was obtained during 1979-1981.  Information concerning 

whether individuals filed an energy tax form, how large of a credit was received, and the 

amount of their expenditures was acquired for the study.  Measurements of the tax price for 

investing in energy efficient were evaluated by using TAXSIM software (Hassett and 

Metcalf, 1994).     

 Tax data was then combined with the Department of Energy State Energy Price and 

Expenditure Data System (SEPEDS) energy prices.  Petroleum prices were used with the 

price index of insulation applications to “normalize energy costs in terms of capital costs.”  
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Of the residential sample, statistics show 6% took an energy efficiency credit.  Observing the 

same sample, 32% were home owners (Hassett and Metcalf, 1994).  Tax credit prices, as 

seen, will vary significantly.  This variation should be considered as well as the results from 

those benefiting from tax incentives.    

Tables were created consisting of tax prices and tax credits.  From these two 

variables, it is shown that tax credits influence the investments for energy conservation.  The 

estimated probability that one would invest in energy efficiency upgrades increases by 1.4% 

where incentives can be obtained. Homeowners are shown to benefit greater from EEUs 

according to their residency climate and higher income home owners are more financially 

capable to invest in energy efficiency.  As unemployment rates increase, energy efficiency 

investments decrease as a result of tighter financial constraints (Hassett and Metcalf, 1994).   

 

3.4  Benefit-Cost Analysis of Energy Efficiency 

 Researchers conducted a benefit-cost approach to examining and selecting EEUs for 

the residential industry was in Phoenix, Arizona.  REM/Rate, a software that analyses the 

characteristics of a home’s “…mechanical equipment, thermal loading, and air and duct-

leakage values,” was used in this study (Walsh, Bashford, and Anand, 2003).  The 

Department of Energy (DOE) considers this software as an effective test to use in this 

application. 

 Understanding the backgrounds and practices trade contractors were accustomed to 

was needed.  Meetings were held that bringing local trade contractors and home builders of 

the Phoenix area together.  Due to the climate in Phoenix, the thermal envelope is a 
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significant aspect to have sealed.  Trade contractors that dealt with that type of work were 

invited to participate in these meetings.  Other trade contractors who specialized in 

insulation, HVAC, and framing were also invited.  By gathering numerous contractors and 

home builders in these meetings, an investigation took place of which EEUs to consider for 

installation.  30 single-family homes were selected for the energy evaluation with these EEUs 

(EEEU) and prior to the EEUs (Ebase cost).  These homes were good representations of the 

Phoenix area.  They were built from wood frames and popular exterior coverings for the 

Phoenix area (Walsh, Bashford, and Anand, 2003).   

Many REM/Rate analyses were performed prior and post EEU application.  Cardinal 

orientation of each home was also considered in the analyses.  Solar-heat gains are much 

higher when windows are exposed to the sun, so to be as precise as possible, the home was 

oriented in all four cardinal orientations.  Averages of the results were assessed for the 

modeling.  Equation 3.2 was used to determine the benefits of each EEU (B) (Walsh, 

Bashford, and Anand, 2003). 

 

B = EEEU – Ebase cost     Eq. 3.2 

 

Every home will vary in size, therefore the quantities (Q) of the building materials 

will also vary.  House plans were available making it possible to generate a quantity take-off.  

The incremental unit cost (U) for each EEU needed to be determined next.  This cost varied 

due to some contractors having close relationships to their suppliers, therefore acquiring 

different costs for the same item.  The distance from the suppliers, the installation process, 
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and other factors could had potential in varying the costs of each EEU.  To compensate for 

this variation, the writers used national and local costs to evaluate incremental unit costs.  By 

obtaining the quantity and incremental unit cost per house, the incremental cost of upgrade 

(C) could be determined by using Equation 3.3 (Walsh, Bashford, and Anand, 2003). 

 

C = U x Q     Eq. 3.3 

 

3.5  Mortgages 

3.5.1  Current Mortgage Rates 

 The current national average mortgage rate is 4.21% with for a 30 year mortgage 

period on a $165,000 loan.  In response to the current economic conditions, national 

mortgage rates have been on the decline in the recent years.  Some home buyers in pursuit of 

purchasing new homes understand the logic behind the decline in mortgage rates and desire 

even lower mortgage rates, therefore some are not purchasing new homes at the current time.  

However, this is not the case with all home buyers (Costa, 2011).   

Home buyers following through with their purchase of a new home are beginning to 

create a backlog of work for lenders.  In response to this back-log, lenders are increasing 

rates.  Some borrowers then begin to be frustrated when they cannot acquire the “rock-

bottom” rates they hear exists.    Bob Moulton, president of American Mortgage in 

Manhasset, N.Y., stated that he does not see the mortgage rates getting much lower, so it is 

best for pursuing home buyers to proceed in their desires (Costa, 2011).  David Kuiper, a 
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mortgage planner at First Place Bank in Holland, MI, similarly stated it is unlikely that rates 

will drop any further than the current rates (Costa, 2011).   

 

3.5.2  Mortgage Calculations  

The loan amount obtained is considered as the present worth of a loan.  Mortgage 

monthly payments will be based off the loan amount and the mortgage rate compound 

recovery factor (CRF).  The CRF increases the payments due to interest that is applied to the 

loan amount.  Equation 3.4 can be used to determine the CRF (Blank and Tarquin, 2008). 

 

CRF  
       

         
     Eq. 3.4 

 

Once a CRF factor has been determined for the appropriate mortgage rate and 

duration period, the present worth of the loan is multiplied by the CRF to determine the 

payment, whether it be monthly or annually.  It is important to have “i” in the same time 

units as “n” (Blank and Tarquin, 2008). 
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4. RESEARCH APPROACH FOR DEVELOPING A DECISION-MAKING 

PROTOCOL FOR BUILDING CODE PROPOSALS 

 

4.1  Introduction 

 A protocol to help assess the effects of proposed building codes on disenfranchised 

stakeholders, conducted as part of the code adoption process, would be useful to the NCBCC.  

The protocol should be established so that monetary effects on various stakeholders, such as 

purchasing ability and total monthly expenses, are identified and accurately estimated.  It 

should also consider other actions affecting stakeholders, but financial factors are most easily 

quantified and likely to be of critical importance to many stakeholders.  The protocol may be 

considered a tool to help establish analyses to be conducted rather than a set of equations to 

be checked.  The protocol is a process with embedded analytical tools.  The protocol 

described in this study was developed to be similar to the process-oriented CSS approach 

used extensively in transportation projects. 

The first step in developing the protocol is to identify and evaluate the effects of any 

code proposal in an objective manner.  As stakeholders are identified and classified by the 

relative impact of changes in the code, benefit-cost and sensitivity analyses of the changes 

can be assessed.  A methodology for identifying and evaluating the consequences of code 

proposals for various types of stakeholders is necessary.  This chapter describes the overall 

protocol and the techniques to use in applying the steps necessary to engage stakeholder 

input into the decision-making processes.  The protocol is shown in Figure 4.1 – Protocol and 

is discussed in detail in this chapter. 
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Figure 4.1(a) – Protocol 
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Figure 4.2(b) – Protocol 
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4.2  CSS as a Tool to Assist with Decision-Making Among Various Stakeholders  

 CSS decision-making tools are used with transportation projects to provide greater 

stakeholder involvement, but the problems of including disenfranchised stakeholder 

representation, when extensive, personal, face-to-face meetings are not practical, must be 

addressed. The FHWA has acknowledged the importance of the CSS process.  The process 

can be used to help address disenfranchised stakeholder representation in the current building 

code adoption process. The process is applicable to any issue or project that should consider 

stakeholder involvement with diverse sets of stakeholders.  Therefore, CSS processes may be 

applied to the problem of including disenfranchised stakeholder input into the decision-

making process. 

The principles of CSS can be used to develop decision-making protocols in other 

areas as well by identifying representative models to provide responsive stakeholder input in 

the absence of face-to-face meetings.  These models can be used as part of a potential 

solution for the lack of disenfranchised stakeholder representation in the present building 

code adoption process.   

 

4.2.1 Utilization and Limitations of Decision-Making Techniques from CSS 

The CSS process starts by creating a team of interdisciplinary stakeholders, all of 

whom will be affected by the decisions that are generated. This team of stakeholders must be 

identified early in the decision-making process and the characteristics, relative effects, and 

relative size of the groups of stakeholders must be determined.  Once the stakeholders have 

been identified, the CSS approach requires regular communication to both provide and obtain 



 

44 

 

feedback.  CAC meetings are held to provide stakeholder input directly to the decision-

making process however that is not feasible in the evaluation of proposed building codes 

with disenfranchised stakeholders.  The lack of feasibility with building code proposal 

decisions is that the CSS method presumes direct contact with the impacted stakeholders.  In 

a building code situation it is essentially impossible to engage disenfranchised stakeholders 

in multiple meetings due to spatial dispersion. 

The most significant problem with applying the CSS process to building code 

development is that holding a single, geographically centered meeting in, say, Raleigh only, 

is not feasible with a spatially diverse population.  Stakeholders from eastern and western NC 

are at a disadvantage in providing input at a distance.  The CAC meetings may be conducted 

using an analytical method or model instead, capable of providing similar, appropriate 

stakeholder involvement. 

Consideration of disenfranchised stakeholder input should also include the effects of 

relative stakeholder power numbers.  The geographically distinct stakeholders can live in 

climate zones 3, 4 or 5 across NC.  Certain regulations may be more appropriate for some 

stakeholders.  Stakeholder input from the much smaller group of stakeholders in climate zone 

3 may easily be outweighed by the input from the larger group of stakeholders in climate 

zone 4 or 5.   

Other factors, including economic, educational and cultural differences can also affect 

stakeholder representation.  Disenfranchised stakeholders exist in different economic classes 

within spatially diverse segments as well.  These can have different needs than those of 

different economic class.  First-time home buyers may have more limited resources than 
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existing home owners, especially those within the same economic class, such as lower 

middle income home buyers. 

Stakeholder input is expected to vary across the state not only due to different 

economic conditions, but to educational and, perhaps, even cultural differences.  

Stakeholders with less formal education may perceive stakeholder involvement in developing 

building codes to be much less important than stakeholders with college degrees.  Members 

of some communities may depend more on local practices to establish expected or accepted 

norms for houses.  Cultural differences, such as differences between a fishing community 

along the sounds, an agricultural community in the piedmont or residents of an urban center, 

may also affect stakeholder perspective.   

 It is important to recognize that there are limitations to utilizing the CSS process 

directly due to the difficulty in developing meaningful input from a spatially diverse 

population with various groups of stakeholders in any particular region.  The stakeholders 

will be financially and economically diverse, with wealthier stakeholders less concerned 

about affordability.  Stakeholder input must also consider the extent and type of stakeholder’s 

education and knowledge of each code proposal.  

CSS-type CAC meetings are simply not feasible in developing building codes.  

Analytical or model-based, synthetic CAC meetings can be conducted to include the interests 

of disenfranchised stakeholders.  Following the general CSS process, but substituting a 

Proposed Code Facilitator (PCF) to generate a model-based community outreach analysis 

rather than conduct CAC meetings may provide the intended input in a timely and cost 

efficient manner. 
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4.3  Initial Protocol Procedures 

 The NCBCC would be in charge of following the steps proposed in the protocol 

described in this study.  This chapter describes the process to be followed to include 

disenfranchised stakeholder input into proposed building code revisions. 

After a full, comprehensive statement of the proposed code revision has been 

developed, a member, or members, of the NCBCC are designated as the PCF.  The 

stakeholders involved, as well as the effects associated with them, must then be identified.  

 

4.3.1  Assignment of Proposed Code Facilitator 

 The NCBCC will assign the position of PCF to one or more of the NCBCC members, 

similar to that of a CAC facilitator (GDOT and Parsons, 2006).  More than one facilitator 

may be needed for complex code proposals.  Having more than one PCF may be useful to 

obtain more than one thought process regarding the code proposal, the identification of the 

stakeholders involved, the effects associated to each stakeholder, and to be used as a checks 

and balance.  The NCBCC would benefit from having a second PCF to ensure a balanced 

analysis of disenfranchised stakeholder input in complex or sensitive issues.   

It is presumed to be infeasible to obtain full participation from each NCBCC 

representative for each protocol, therefore one or two members capable of conducting of the 

analyses should be sufficient.  The PCF will be considered in the singular for convenience in 

the rest of this report.  This member holds an important position in implementing the protocol 

and helping formulate model-based disenfranchised stakeholder input.  The PCF will be 
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required to develop complete, defensible analyses, and to fully inform the NCBCC of the 

results.  Detailed knowledge of the protocol steps is presumed. 

Figure 4.2 shows the initial steps of the protocol.  The protocol steps and procedures 

will continue to be developed in this chapter. 

 

Introduction of 

Proposed Building 

Code to the Council

Detailed 

Review of the 

Proposed Code  

Assign Proposed 

Code Facilitator 

(PCF) Position 

to Council 

Member
 

Figure 4.3 – Initial Development Steps of Protocol 

 

4.3.2  Identification of Stakeholders  

Stakeholders who will be affected by a proposed code change must be identified.  The 

identification of stakeholders can begin by analyzing the code section category, where it may 

become obvious who is impacted by the code proposal.  A simple method is the reporter’s 

“5-W’s;” “who, what, where, and why,” but perhaps excluding the “when.”  The “who” is 

clearly the group or groups of disenfranchised stakeholders to be considered.  For example, a 

residential energy code change will be found among the residential code section of the 

building code, resulting with stakeholders being identified as owners of residential dwellings.  

The remaining “W’s” will be discussed later in the protocol development.  

The second process that can be utilized to identify stakeholders is to provide an 

answer to who benefits or suffers negative effects from the proposal.  Certain code proposals 
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may have a significant expense attached, so identification of who is going to pay for it is 

essential in identifying stakeholders, including possible disenfranchised stakeholders.   

Acknowledgement of those who are urging the code changes are also identified as 

stakeholders since there are incentives for themselves or their associates in the results of 

adopting of the code proposals.  Often these stakeholders may not consider the effects to 

other stakeholders.  Typically these stakeholders can be identified by their close association 

with the code proposal to the NCBCC.   

Investigations need to be conducted on the stakeholders that have been identified thus 

far to determine if there are stakeholders indirectly involved.  If one stakeholder is impacted, 

the reactions of that stakeholder may cause effects on other stakeholders.  For example, local 

businesses will be affected if a code regulation significantly affects the purchasing power of 

home buyers.  Questions such as, “what happens if a stakeholder cannot abide by this 

regulation” and “what is the outcome for them instead of conforming to the code proposal” 

or “who else can be impacted due to the reactions of this stakeholder” need to be determined. 

Interest levels typically increase as the effects directly affecting specific stakeholders 

increase.  This includes stakeholders responsible for presenting their company or industry 

perspectives on the code changes under consideration.  Those who are obligated to perform 

work according to code regulations must also be identified. 

 

4.3.3  Identification of Effects on Stakeholders 

The identification of effects on various stakeholders is probably best evaluated 

concurrently with the identification of impacted stakeholders.  The “what” would be the 
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identification of the effects (“what are the effects”) of the proposed code revision or addition 

on each group.  Effects can be associated with stakeholders in various ways but the 

identification of some effects will require more detailed investigation.  A series of questions 

will need to be answered to identify those directly and indirectly affected.  An analysis of the 

proposed code requirements is the first step in identifying effects.  By understanding the 

purpose of the code proposal, it should be clear as to why the code is being proposed, and 

who is to benefit or be at a disadvantage.  

Monetary effects are frequently a major effect on many stakeholders.  If the code 

proposal results in an expense, it will have to be paid by a specific stakeholder.  A code 

proposal may have been introduced as a sound investment for specific stakeholders or the 

state as a whole.  Most building code specifications are developed to provide benefits to 

specific stakeholders, who may or may not be fully aware or informed of the benefits.  The 

PCF(s) should ask questions such as:  

 Will this code benefit a specific set of previously identified stakeholders directly, and 

if so, how? 

 Will there be repercussions from this code if other alternatives are chosen instead? 

 How will this decision affect the market? 

 Why or how can stakeholders benefit from the adoption of the proposed code 

revision? 

 How will regional differences affect the results? 

 Who will absorb most of the costs?   
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 How will costs be distributed between the stakeholder installing the code 

applications, and to the stakeholder acquiring the finished product? 

 

Costs can be paid by a single stakeholder or group of stakeholders depending on the 

proposed code revision.  Costs affect decisions to purchase and decisions to purchase 

different alternatives.  Affordability may be an issue to stakeholders if the costs are too steep, 

resulting in other alternatives selected.  Alternately, costs may be minimal with little impact 

to the stakeholders involved.   

The identification of alternatives can be complicated.  Determining the effects of the 

code proposal on potential secondary effects on other stakeholders is important, however, so 

that the two full effects on all stakeholders can be assessed.   

Timing of the code proposal is also critical.  The effects of code timing and market 

fluctuation should be considered but may be difficult to evaluate quantitatively. Careful 

evaluations of acknowledging secondary effects can lead into the identification of effects that 

are found beneath the surface. 

 

4.3.4  Classification of Stakeholders 

Stakeholders with opposing needs and desires are expected to perceive code 

proposals differently.  Existence of diverse groups within stakeholder classifications should 

be expected.  Even when stakeholders have similar needs, code proposals may affect all 

parties within the same classification at different levels.   
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Stakeholders within the same classification may have different desires or aspirations 

in the way they select personal preferences.  The different aspects stakeholders in the same 

classification value as being important need to be accounted for, and utilized in the decision-

making process appropriately.  This can be performed by analyzing specific stakeholder 

interests, their economic situation, and the way they are impacted by the code proposal.    

Figure 4.3 – Stakeholder Based Steps of Protocol Development has been developed for use in 

the protocol as shown below. 

 

Identify all 

Involved/Affected 

Stakeholders 

Identify Effects 

per Stakeholder

Classify 

Stakeholders

 

Figure 4.4 – Stakeholder Based Steps of Protocol Development 

 

  Examination of the scope of the code amendments can help assess the degree to 

which stakeholders are currently informed or will need to be informed to make a decision.  

Being informed on the topic includes being knowledgeable on the cost or benefits of the code 

proposal.  Classification should include levels of ability to make informed decisions.  

Industries have representatives paid to present particular viewpoints during the decision-

making process, and are technically competent to respond to issues arising during the 
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discussion.  The disenfranchised stakeholders typically do not have that representation in all 

cases in the current process, however. 

The extent of and degree to which disenfranchised stakeholders are classified must be 

based on the judgment of the PCF, and should consider the nature of the effects, or who is 

affected, and how much ability those affected stakeholders will have in addressing, 

controlling or mitigating the effects with or without the proposed code revision.  The PCF 

should be able to present the market perspectives and performances of the disenfranchised 

stakeholder as well.  That is, would the stakeholder believe, in general, that the decision 

under consideration is best handled by regulation or by market forces? 

 

4.3.5  Decisions by Regulation or by Market Forces 

 

  The decision to attain a given societal goal by regulation or to allow market forces to 

provide a solution is neither obvious nor simple.  A full discussion is beyond the scope of this 

thesis, but an overview of basic principles may be informative for a PCF assigned to develop 

and provide perspectives for disenfranchised stakeholders.   

In general, building codes are established to ensure the safety and welfare of both the 

owner and the community, and, typically, try to ensure a minimum, reasonable level of 

performance of the completed structure.  In some cases, such as structural requirements, 

codes are largely based on the presumption that an owner is rarely able to make a technically 

informed decision.  The owner is not, in general, able to make a technically informed 

decision to use a 2 in. x 10 in. header or to space studs on 16 inch centers.  Further, it may be 

virtually impossible to confirm that the desired structural support has been provided after 
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construction is complete, even if desired.  Enforcement is, in these cases, provided by 

inspection in a very straight forward manner, and the owner can be assured that the product 

purchased meets these minimal standards in almost all cases.   

In other situations, the owner may have a number of alternates available to achieve a 

given goal and can make an informed decision, assuming that code requirements have been 

established to ensure full discloser.  For example, building codes require that a house with a 

certain footprint in a particular area have a specified heating and ventilating capacity.  The 

equipment supplier must demonstrate that the proposed equipment meets the requirements 

and the installation is approved by an informed inspector.  The owner, however, may choose 

to install a gas-pack or an all electric heat pump.  Further, the home owner may elect to 

install a geothermal or ground source heat pump instead of a more conventional system.  In 

these cases, the owner has technically viable alternates, is capable of making an informed 

decision, since the decision is largely financially based and the technical requirements have 

been established and are controlled by code requirements or other statutes.  It is also possible 

to retrofit the house with a different system with relatively minor changes to the house.  The 

key code provisions are to ensure technical equivalency and minimum capacity requirements.  

Where certain technologies may be preferred, such as the use of photovoltaic systems, strict 

market forces may be modified with indirect governmental pressures, such as tax abatement 

or permit allowances.   

Restrictions on these alternates may be established by other means, including zoning 

regulations.  A home owner may not be permitted to erect a large wind turbine in a 

neighborhood due to the significant noise level associated with that technology.  Clearly, the 
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problem can be complex, but a facilitator providing input for disenfranchised stakeholders is 

not responsible for making the final decision, only for providing input similar to that 

expected in a face-to-face meeting.   

The PCF should consider the market option under the following conditions: 

 Can the goals of the proposed change be attained without regulation?  If so, 

 can alternates be readily obtained in the market?  If so, 

 can the owner make a reasonably informed decision (select among alternates)? 

 

If the answers to all of these questions are “yes,” the PCF, as well as the NCBCC, can 

argue, acting as the disenfranchised stakeholder, that market forces should decide the 

particular application most appropriate for the situation.  Alternately, market forces may still 

be preferred if the goals of the proposed code change be attained by retrofit and the primary 

burden of the decision rests with the homeowner or if a modification of the proposed 

products or processes will produce similar results, even if one of the answers is “no.”   

 

4.3.6  Examples Regulation and Market Based Code Provisions 

4.3.6.1  Regulation Based 

Hurricane strap tie-downs are installed in NC homes to increase the structural 

integrity during high wind exposure.  This is a relatively inexpensive item, costing $0.44 per 

tie-down, and will significantly reduce damage from a hurricane or other wind storm by 

ensuring a continuous lead path and connections between the foundation, the wall system and 

the roof (Wimsatt, 2011).  Installation is simple.  If this residential code were proposed in a 
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CSS context, home owner perspectives should be considered and evaluated.  In this situation, 

however, the home owner is expected to have limited ability to make an informed decision in 

the pre-construction phase.  There are no real technical alternatives and the effects on other 

stakeholders could be significant.  Reducing damage would reduce insurance rates, which are 

established in conjunction with state agencies.  Reducing damage would also reduce the costs 

of clean-up and emergency response.   

With the material costs being small, the monetary effects also will be minimal to the 

home owner in this situation, while the benefits are significant to several groups of 

stakeholders. The effort required to produce an informed decision-maker in a series of face-

to-face meetings, while likely to be successful, is not needed and would be far too expensive.  

This code requirement provides an example of where establishing a code through new 

regulation rather than market forces is reasonable.   

 

4.3.6.2  Market Based 

 As discussed in section 4.3.5, the selection of a particular type of HVAC unit, given 

the capacity required for a given residence size, is chosen by the end user.  The requirements 

have been established in full disclosure as to what HVAC unit capacity is considered 

acceptable, and the home owner then selects a unit based on their desires.  Energy efficiency 

can be selected similarly.  In instances where reducing energy use is desired, home owners 

can elect to install a geothermal or ground source heat pump rather than a conventional 

system.  The building code does not require that a geothermal heat pump be installed in every 

residence.  The technology is public and home owners act as informed stakeholders when 
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selecting this alternative as a method of monetary savings.  This application can be done 

before or after home construction, leaving it to the convenience of the home owner. 

As another example, NC mandates the inspections of vehicles produced in 1996 or 

later for emissions (NCDOT, 2011).  The inspections are conducted on an annual basis and 

intended to reduce air polluting emissions.  The inspection costs vehicle owners a fee of $30 

per vehicle.  This is an example of the benefits of a blanket, fiat-type requirement in that a 

single person is not likely to spend this extra money to reduce air pollution since an 

individual has little to gain from the expense.  Unless everyone reduces pollutant emissions, 

the effects are insignificant. 

Conversely, individuals purchasing a new vehicle may select from among many 

models, some of which are highly fuel efficient.  The purchaser may have a preference in 

managing costs associated with the vehicle, comparing monthly vehicle payments and, for 

example, gasoline mileage (mpg).  This is an example of an individualized type requirement, 

where the purchaser can make an informed decision among alternatives.  In this case the 

direct economic costs are borne largely by the purchaser.  The purchaser is assisted in 

making an informed decision by regulations and statutes required by the supplier to disclose 

results of tests ran under strictly compressed conditions.  Although the specific values of 

estimated mpg (city) may not be entirely accurate, they provide a reasonable basis for 

decision-making.  It is also worth noting that different groups of purchasers will consider 

differences in mpg ratings differently depending on their economic status. 
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The sales tag on the vehicle window will display an expected city mpg as well as a 

highway mpg.  Buyers may recognize that the fuel efficiency is only an estimate and other 

factors may be more important, but the economic analysis is direct and meaningful.   

Beginning January 1, 2012, the 2012 NC Energy Conservation Code Amendments 

are required in every newly built home.  The state is attempting to cut back on the energy use 

per household by forcing the home buyer to purchase additional insulation.  This situation 

can be considered similar to regulations involving vehicle emissions.  The home owner or 

home buyer will have no opportunity for substitution, but must conform to the guidelines, or 

seek other housing alternatives.  The PCF must try to identify the perspectives of the 

stakeholders, and then assess both financial implications and suitability for other market or 

fiat based solutions, based on how that stakeholder would likely respond in a face-to-face 

meeting.  This is a demanding task.  The PCF will need to use models to estimate financial 

effects and experimental knowledge of the industry to inform market performance.  This 

study includes discussion of quantitative financial models that can be used to help model 

stakeholder response to proposed code changes.  The results of the models, that is the size of 

the monetary benefits and costs, along with consideration of technical alternatives should 

provide an experienced PCF with the ability to synthesize disenfranchised stakeholder input. 

 

4.4  Analytical Tools Used to Establish Model Based Input 

 The disenfranchised stakeholder perspective must be established based on reliable 

and defensible data analysis using best available data.  After basic benefit-cost analysis and 

sensitivity analysis of results are examined, the PCF must attempt to determine both the 
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relative and total value of the proposed code changes for various stakeholders.  Indirect costs 

to the community must be evaluated as well.  An increase in cost that prices out a certain 

segment out of the market means a loss in revenue for the community as a whole and loss of 

income from businesses and individuals supplying that household with goods and services.  

The benefits and costs associated with proposed code revisions should therefore include a 

PED analysis of effects on the market.   

 

4.4.1  Developing and Using the Best Available Data in Models 

Careful consideration must given to selecting organizations for data resources to use 

in research analyses.  Inaccurate results can arise from inaccurate or subjective data.  

Quantifying costs and benefits requires obtaining appropriate and accurate data input.  In 

some cases, this can be difficult.  Most national industry organizations offer information but 

their objectivity must be confirmed by comparison with data from other sources.   

The National Association of Home Builders (NAHB), an organization representing 

home builders, provides information considered in this study. That data was compared to 

data from the US Census Bureau (USCB) and RSMeans Construction Cost Data™ (Means) 

developed independently. 

USCB performs studies in a wide range of topics.  Accessibility to the USCB data is 

easy for anyone with internet access.  The USCB is well established and can provide a 

variety of the data for use in studies such as this one.  The data provided by USCB may not 

be perfect, but it is commonly used, and the limitations, such as limits on classifications that 

may not align completely with needs, are generally well recognized. 
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Means data are widely accepted in construction estimating.  Estimates can be 

generated for many locations of the US, based on material quantity or unit measures of 

deliverables, such as square footage of interior wall.  Where accurate quantities are available, 

a reasonably accurate estimate can be generated in a short period of time for a given element 

or assembly.  When non-standard sources are used to obtain cost estimates or other 

miscellaneous information, the methodologies, limitations and assumptions used must be 

clearly understood.   

The estimates from Means can be useful but must be compared with estimates from 

other sources considering local differences.  Local resources, such as home builders and 

material suppliers, who are accustomed to estimating in a given area, using construction 

practices commonly employed by a specific firm, should be used to confirm estimates from 

Means.  Estimates from reputable resources should be obtained from all regions affected by 

code proposals.   

The climate and costs of construction in NC vary across the state and cost estimates 

may vary considerably.  The differences should be considered when establishing input for 

different stakeholders.  Conditions near eastern NC differ compared to areas located as far 

west as the NC Appalachian Mountains in climate, construction conditions and energy use in 

service.  Elevation differences can have a dramatic effect on average temperature differences 

across the state, and weather conditions will vary as well.  Western NC is more vulnerable to 

heavy snows and colder winters, while eastern NC is more susceptible to having sub-tropical 

weather exposures.   
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The difference in weather exposures affects benefit-costs analyses and regional 

differences affect construction costs.  Providing estimates from centralized, largely populated 

regions of NC, may however be the best approach under certain conditions such as when 

differences in regional costs are slight, for example interior work, and when the bulk of the 

disenfranchised stakeholders are in only a few groups or classes.  When preliminary analyses 

indicate a strong conclusion not likely to be affected by slight differences in costs or benefits, 

the use of a centralized estimate would likely be sufficient for a decision by the NCBCC.  

The stakeholders in this case would have a consistent message.  Stakeholders in climatically 

different regions may be assessed higher or lower costs associated with the code proposal, 

but they may not vary too drastically from of a simple estimate.   

House size may differ significantly for stakeholders in different groups or classes.  

Some stakeholders may benefit more from a code proposal if the requirements are adjusted 

for the house size.  An average house size may similarly be used for first analysis with 

benefits and costs.  Differences between disenfranchised stakeholders of different size homes 

may be compared to the average to provide a more comprehensive analysis. 

 

4.4.2  Generate a Cost Estimate 

 The PCF will be responsible for generating a cost estimate using resources such as 

Means or material suppliers, to get a reasonable estimate of the effects of the proposed code 

requirements for an average home built in NC.  The use of sensitivity analyses to determine 

how easily the conclusions might change with reasonable but different estimates will help 

determine how robust the conclusions are.  Comparisons with cost estimates from other 
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sources, particularly where these estimates are based on similar layouts of homes, can 

provide an indication of accuracy and variability, and may provide insight. 

 

4.4.3  Benefit-Cost and Sensitivity Analysis Procedure 

 After identifying stakeholders, and likely consequences, and then obtaining or 

developing appropriate costs and estimating financial effects data, a benefit-cost analysis 

needs to be conducted to evaluate the advantages or disadvantages of a proposed code 

revision.  The sensitivity of the different cost estimates associated with the code proposal 

may result in different conclusions regarding the effect to various stakeholders.   

The benefit-cost analysis is used to estimate the positive and negative effects on 

stakeholders as discussed in section 4.3.3, to develop an overall perspective of how the 

various stakeholders would respond to the proposed code revision in a meeting.  An example 

of this procedure is presented in section 5.7.                

Quantitative analyses may not always be possible.  Monetary analyses can be 

obtained in most circumstances, but there is no guarantee for all situations.  Where 

quantitative analyses are not available, qualitative analyses should be provided by the PCF.  

Qualitative analysis may be required when reliable data are not available on a proposed code 

revision or on the effect of community values.   
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4.4.4  Indirect Costs and Price Elasticity of Demand Associated with Building Code 

Adoptions 

Indirect or secondary effects may be significant.  When cost differences affect the 

decision to purchase a house, the community will be affected by a reduction in the potential 

tax basis, by reduction in the income of business and individuals supplying goods and 

services and by possible effects of economic segregation, that is, lower income home buyers 

may be priced out of the market.  Since buying a home is an important way to build wealth, a 

reduction in that ability to purchase a home can have negative effects on individual, long 

term financial success.  The application of a proposed code may have negative long term 

effects where increases in purchase costs, including costs to the community, are not offset by 

comparable reductions in costs elsewhere.   

A stakeholder’s sense of independence and growth may also be impaired with the 

decision not to purchase a house.  Purchasing a house may be the starting place for an 

individual to begin a family, or in creating a business resulting in growth of the individual as 

well as the community.  The inability to purchase a house can reduce the independence 

associated with purchasing a house, also negatively affecting home buyers who are priced out 

of the market.   

Purchasing a home is not a requirement for every individual stakeholder, but it is 

desired for many.  If home costs rise, the home buying demand may be reduced, perhaps 

having significant indirect effects on many stakeholders. 

 The effect of a construction price increase on purchasing demand may be estimated 

using a PED factor.  As discussed in Chapter 3, the PED is used by economists to relate the 
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change in cost and the change in demand for a particular item.  The PED factor is the percent 

change in cost divided by the percent change in demand for the same particular item.  The 

use of the PED factor provides a simple way for the NCBCC to estimate the impact or a 

purchase price difference on the market, and therefore on the community. 

Location and stakeholder classification can both affect the determination of a specific 

value of the PED.  Including all effects would be time consuming and expensive, however.  

As with using the average home for initial evaluation, the PED factor can be estimated for 

some general location, at least initially. 

The segments presented in section 4.4 have been developed and represented by 

Figure 4.4 – Analyses Segment of Protocol as shown below.  The PCF is charged for 

developing this stakeholder input for a concise analysis. 
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Conduct Benefit-

Cost and Sensitivity 

Analyses 

Evaluate the Price 

Elasticity of 

Demand Factor 

Evaluate 

Secondary Effects

Generate 

Analyses Based 

on Best 

Available Data

Generate a Cost 

Estimate

 

Figure 4.5 – Analyses Segment of Protocol 

 

4.5  Review and Feedback 

 Once the proposed code revision has been analyzed, the appropriate data has been 

acquired, disenfranchised stakeholders have been identified, the inputs of various 

stakeholders modeled and benefit-cost ratios determined, including at least a preliminary 

sensitivity analyses to ensure reasonable robust solutions have been obtained, the PCF should 

present the findings to a small group from the NCBCC for review.  This small group should 

act as a feedback mechanism, providing the critical review and challenges to claims and 

perspectives expected in real face-to-face meetings.  Any deficiencies and any newly 
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identified requirements may be subsequently addressed by the PCF prior to the full NCBCC 

meeting, at which additional time, questions or challenges should be expected. 

  

4.6  Code Proposal Review with Stakeholder Input 

 Once the PCF has summarized all findings and has reacted to any challenges brought 

forth from the small council group meeting of NCBCC members, the full NCBCC can meet 

and discuss the results from the PCF’s analyses.  Figure 4.5 – Council Examinations shows 

the steps that should follow the PCF analyses.   

 

PCF Report 

Findings and 

Results to 

Small Council 

Group

Full Council 

Examination of 

Results and 

Findings

 

Figure 4.6 – Council Examinations 

 

 These steps are essential in discovering and revising any deficiencies that may exist 

in the analyses or procedures taken for the analyses.  Dividing these two steps is necessary to 

help ensure accurately modeled stakeholder input prior to arranging a larger meeting for 

further discussions. 

During the review processes, if a proposed code revision is classified as being 

technically based with limited alternatives available, a prescriptive code change is indicated.  

Benefit-cost analyses will then need to be reviewed carefully to reflect the disenfranchised 
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stakeholder input.  Where the benefits of the proposed code revision outweigh the costs only 

slightly, it may be necessary to further review the PED factor.  When the costs outweigh 

benefits, the council may decide to proceed based off the available data without further 

reviews of the PED factor, or general market analyses. 

 The discussion in this section and section 4.3.6, are presented in Figure 4.6 – 

Determination of the Authoritative Force and Actions (1). 
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in Further 
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Regulation  

Based on PCF 

Findings 

 

Figure 4.7 – Determination of the Authoritative Force and Actions (1) 
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 When proposed code revisions are classified as being non-technical with alternatives 

readily available to an informed purchaser, the code council should consider tabling the 

proposed revision and allowing market forces to establish or provide solutions.   

Referring back to section 4.3.5, if a particular sized HVAC unit is to be installed 

according to the specific size of a house, alternatives should be allowed and accepted for 

installation as long as they are sufficient by written code specifications.  The building code 

should be written as if disenfranchised stakeholders are attempting to generate an informed 

decision, by understanding the basic minimum requirements that are expected out of such an 

item, where other alternatives may be chosen. 

The development of the next segment of the protocol is shown in Figure 4.7 – 

Determination of the Authoritative Force (2).  A few of the items in this figure are also in 

Figure 4.6 – Determination of the Authoritative Force and Actions (1). 

 

Non-Technical and 

Alternates Available
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Figure 4.8 – Determination of the Authoritative Force and Actions (2) 
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4.7   Proposed Protocol Synopsis 

 Throughout Chapter 4, the proposed decision-making protocol was segmented and 

discussed on a step-by-step basis.  A complete synopsis is provided below. 

 

 Proposed code revision is introduced to the NCBCC. 

 Understand any provided information along with the purpose of the proposed code. 

 Assignment of the PCF(s). 

 Identify: 

a. All involved and/or affected stakeholders. 

b. Effects per stakeholder. 

 Classify the stakeholders in particular groups or classes. 

 Obtain the best available data to generate the following procedures: 

a. Evaluate the PED factor. 

b. Conduct benefit-cost and sensitivity analyses. 

c. Evaluate any indirect or secondary effects. 

d. Generate a cost estimate. 

 PCF reviews findings with a small group from the NCBCC and is provided with 

modeled stakeholder feedback. 

 Full council reviews and considers modeled stakeholder input. 

a. Classify the proposed code revision as technically or non-technically based on 

available alternatives available in the market. 
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b. Determine if the stakeholders can act as informed decision-makers and 

consider methods of ensuring the disenfranchised stakeholders can be 

provided with sufficient information for making informed decisions. 

c. Determine if the overall proposed code revision is beneficial or costly. 

d. Determine how the market is being affected by examining the PED factor. 

 Full council is to determine whether the proposed code revisions should be by 

specific regulation or market based decision. 

 

The complete protocol can be found in Appendix A.  The decision-making protocol, 

as shown requires an in-depth analysis of proposed code revisions prior to its adoption.  

Following an in-depth, step-by-step procedure to develop disenfranchised stakeholder input 

can help determine the utility and value of the proposed code revision.   
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5.  APPLICATION OF THE PROPOSED PROTOCOL  

 

5.1  Introduction 

The previous chapter discussed the development of a protocol, a sequence of steps 

and analyses, to provide model-based input replicating or representing disenfranchised 

stakeholders in a CSS type assessment of the effects or proposed residential building code 

changes.  This chapter demonstrates the application of that protocol to a specific, recently 

enacted change in the code. 

Beginning January 1, 2012, the 2012 NC Energy Efficiency Code (2012 NC ECC) 

Amendments requires all newly built homes to provide higher insulation R-values than in 

past codes.  The purpose of this requirement includes, among others, energy use reduction 

statewide.  Forcing the home buyer to purchase a more energy efficient home, attained 

primarily by requiring an increase in insulation has both benefits and costs to a number of 

stakeholders.  The fact that other alternatives in energy efficiency were not included in the 

code also has implications on stakeholder perspectives and choices. 

Building code adoptions such as the 2012 NC ECC proposed code revisions affect a 

large number of stakeholders with specific self-interests, and different perspectives from 

certain numbers on the NCBCC.  Clearly, many of these would be classified as 

disenfranchised stakeholders since they are not represented directly by any member of the 

NCBCC, and they are spatially, economically and educationally or culturally diverse.  Their 

input is important, but not attainable in a practical sense from a CSS approach of face-to-face 

meetings. 



 

71 

 

The benefits of the new code implementations were predicted to provide an estimated 

$235 in energy savings annually per standard household in Raleigh, for a 1,800 heated square 

foot (sf) house area (OSBM, 2011).  Cost estimates in relation to these typical codes varied, 

ranging from $1,500 to $2,825 from sources across NC for a typical Raleigh home.   

The procedures listed in the protocol and discussed in Chapter 4 will be applied to the 

2012 NC ECC proposed code revision.  Major stakeholders are established including 

disenfranchised stakeholders.  Benefits and costs regarding the proposals are evaluated, and 

sensitivity to varying costs, mortgage duration, and mortgage rates are examined.  

Supplementary analyses suggested by the primary assessment are also performed.  Analyzing 

the costs, energy payments, and energy savings on a monthly basis provides an 

understanding of the effects of the proposed code revisions on monthly payments and 

benefits.  A series of analyses will be conducted to demonstrate the overall costs and benefits 

from the code proposal.   

 

5.2  Review of the Code Proposal and the Assignment of the PCF 

 The first step is to completely review the proposed code revision and purpose.  All 

members of the NCBCC are to review the proposed code to begin identification of 

stakeholders and primary effects on those stakeholders.  After a brief review, the NCBCC 

assigns the PCF position to a member of the council.  In this case, the PCF should be a 

member with expertise in residential building familiar with energy conservation.  An 

additional PCF may be needed to ensure appropriate technical competency in both areas.  
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5.2.1  Review of the Proposed Code Revisions 

 The ASU-Mathis report provided information used in the analysis of the 2012 NC 

ECC proposed code revisions, and a summary of their conclusions.  They estimated that the 

15% energy savings from the proposed code revision would save a typical future Raleigh 

home buyer $235 annually in energy savings and cost $1,500 to install (OSBM, 2011).  

North Carolina is presumed to acquire benefits from reducing CO2 emissions produced by 

power plants, while attaining minimal negative effects.  The background and methods that 

ASU and Mathis used to develop these figures are reviewed in section 2.4. 

A voluntary action to improve energy efficiency by 30% is available, and this was the 

initial proposed code revision.  This action is a market driven decision and is not a code 

requirement, but is an opportunity to receive higher energy reductions. This would clearly 

increase the initial building costs more than the 15% proposed code. 

 

5.3  Identification of Stakeholders’ Involvement 

Some of the primary stakeholders affected by the proposed increase in insulation and 

sealing in new homes are represented in the process, including many of the members on the 

NCBCC representing the industry and those that will be represented by lobbyists in public 

meetings.  The disenfranchised stakeholders are largely made up of home owners and home 

buyers. 
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5.3.1  Home Owners and Home Buyers 

 Home owners and home buyers are the stakeholders who carry the burden of a higher 

initial cost, potentially resulting in a higher monthly mortgage payment, and potentially 

benefiting from reduced energy costs.  Home owners and home buyers will be primarily the 

single largest group of disenfranchised stakeholders.  First-time home buyers are affected 

disproportionally compared to second-time home buyers, since the effects will be greater on 

the new, first-time home buyer, where the financial ability to purchase a home may be more 

limited than for a second-time home buyer.  The PCF will therefore be representing both, the 

first-time and sub sequential home buyers. 

 

5.3.2  Home Builders 

Home builders are the stakeholders who will be affected by the market-driven 

purchasing effects of increased construction costs.  They are also expected to have increased 

costs due to training to ensure compliance.  Cost estimates to complete a standard task may 

increase as well, and the home builder must be aware and capable of dealing with the new 

costs of construction.  These stakeholders are represented by membership on the NCBCC. 

 

5.3.3  Energy Conservationists 

These stakeholders are a large component of those who urged the development and 

passage of a 15% improvement in the NC energy efficiency code.  Initially, the energy 

committee of the NCBCC unanimously recommended the NCBCC to adopt the EEUs 
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requirements into the 2012 NC ECC (Robinson, 2010).  Those stakeholders include the NC 

government, regional energy efficiency alliances, environmental groups such as NC 

Sustainable Energy Association and the NC Triangle Chapter of the US Green Builders 

Council, utility contractors, and others. 

The desires of this group to reduce energy consumption focused on changes through 

government regulation, largely based on only one technical alternative.  Those stakeholders 

would likely endorse other alternatives that could be shown to accomplish the same goals, 

however.  This aspect of the CSS approach, outreach to inform, should be considered by the 

PCF charged with developing CSS type input into the decision-making process.   

 

5.3.4  State and Local Economies 

5.3.4.1  State Economy 

 

 The construction of a new home requires new fees and taxes.  The local and state 

economies will thus be affected by the decisions that affect new home sales.  State and local 

governments enforce the building code, so there will be additional costs associated with 

enforcing a more restrictive code as well as a potential difference in the tax base due to 

changes in purchasing ability.   

 

5.3.4.2  Local Businesses 

 Local businesses risk potential losses in revenue with reduction in home construction.  

The multiplier-effect occurs on the local economy in relation to this revenue loss due to 
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home buyers being priced out of the purchasing market.  A growing, local community that 

can build 100 new single-family homes with an estimated purchase cost of $321,000 can 

expect $3.1 million in local income, as well as the creation of 53 local jobs for those new 

home buyers, so home building is an important part to local business success (NAHB, 2009).  

These stakeholders are represented by the PCF charged with selecting suitable models and 

input to develop synthetic input from those stakeholders.  Alternately, members of the 

council representing home builders may act as surrogate representatives of this group of 

stakeholders.   

  

5.4  Identification of the Potential Effects of Various Stakeholders  

The PCF must model the effects on each disenfranchised stakeholder.  In some cases 

only a qualitative or semi-quantitative assessment can be provided, but any input must 

include assessment of the financial burdens and opportunities of the proposed code revision. 

 

5.4.1  Home Owners and Home Buyers 

The PCF modeling the input of the disenfranchised stakeholder segment representing 

home owners and home buyers must consider the monetary effects on energy savings that are 

implied by the proposed code revision.  Each home buyer or future home owner is estimated 

to save up to 15% annually on their energy bill exclusively due to the application of EEUs 

(NCOSFM, 2011).  Home owners and home buyers will also have to afford higher home 

mortgages due to the additional code requirements.  The PCF must estimate whether the 
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savings on the energy bills outweigh the accrued costs of installing the EEUs, that is, whether 

the financial effects are positive or negative.   

If EEU costs were to increase the cost of a home significantly, home buyers may be 

priced out of the house purchasing market.  If there are fewer home buyers, there will be an 

obvious decrease in market demand for housing, therefore impacting the residential building 

industry as well as the state and local economies.  Taking all of this into consideration, the 

home owners and home buyers are the primary disenfranchised stakeholders in this example. 

 Home buyers have a range of income and current property ownership, as well as 

lifestyles and desires.  Younger, first-time home buyers may be searching for a smaller home, 

simply to establish ownership, where as second-time home buyers may be searching for a 

larger, more comfortable home.  The PCF must consider the effects on all stakeholders but it 

is computationally and conceptually simpler to focus on one group, at least initially.  The 

PCF should consider that group, or perhaps subgroup, of stakeholders that will be most 

affected and sufficiently numerous to be a powerful class of stakeholders.  Published CSS 

guidelines are consistent in seeking out those stakeholders who are both heavily affected and 

large in number.   

First-time buyers are likely to have limited purchasing power, and the additional costs 

of the EEUs may not provide adequate long-term cost reduction, especially if the 

performances of the EEUs are not as effective as assumed in design.  Smaller houses will 

require less energy than that of a large house, and the home owners may choose to run the air 

conditioner and heating system less as their own solution for saving money on the monthly 

energy bill.  There are other alternatives to save money energy, but requiring compliance-
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specific, energy efficiency requirements based only on one alternative can be restrictive for 

first-time home buyers. 

Two different scenarios of second-time home buyers exist and will be briefly 

discussed.  In the first scenario, second-time home buyers may now be pursuing a second 

home.  If the home is larger, the EEUs are expected to be desired by these home buyers due 

to the larger house area, providing a greater reduction in energy usage.  In the second 

scenario, the second-time home buyer may be changing geographic locations, requiring 

additional space or downsizing as family requirements change.  Affordability of purchasing 

or building a new home may not be as much of an issue as it may be with a first-time home 

buyer, considering monthly costs, including both mortgage and energy costs.  The EEUs may 

or may not be desired for the second-time home buyer if monthly costs increase.   

House size can affect economic viability of specific EEUs.  The costs of constructing 

a large home can be significant, where the additional costs of the 2012 NC ECC proposed 

code revisions in comparison may be relatively small.  For instance, a home buyer with the 

ability to purchase a $150,000 house is expected to be affected more by a $1,500 increase in 

initial costs than a home buyer with the ability to purchase a $300,000 house.   

 

5.4.2  Home Builders 

The cost of building homes will increase as a result of incorporating the EEUs in the 

construction of a home.  Likewise, an increase in the cost will increase the selling price or 

construction price of a home.  The additional cost will most likely be transferred to the home 

owner or home buyer.  The energy savings will not benefit the home builder.   
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Additional materials to be implemented in the construction of a house can also add to 

the construction duration of the house, impacting the home builder and the home owner or 

home buyer.  According to the duration required to complete the additional requirements, and 

the quality of work performed on these requirements, the additions may cause a delay in 

finishing the home and therefore create additional carrying costs for the home builder. 

Fewer home buyers in the purchasing market will have a negative effect on home 

builders.  The recent economy has forced many home builders to downsize and even close 

their companies due to the reduction in demand for new homes, resulting in houses left 

sitting on the market for long durations.  Regardless of house demand, differences will 

remain in house demands with the different home buyer classifications.   

Another factor that home builders may face is that the appraised values of the homes 

they build may not fully reflect the addition code requirement costs, resulting in revenue lost 

by the home builder.  These factors, while real, may be too difficult for the PCF to model 

accurately but should be considered as a qualitative or semi-qualitative analysis if the first 

analysis is not conclusive. 

 

5.4.3  Energy Conservationists 

The financial effects may not directly affect many energy conservationists, but they 

can be considered to be an important group of stakeholders.   Improving and protecting the 

environment is an important aspect to many stakeholders in many different groups.  A 

reduction in the energy consumption of newly built homes by 30% was claimed to be 

equivalent to 32 million cars being removed from the roads (NCOSFM, 2011).  The energy 
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saved was estimated to result in a reduction in utility bills of about $320 per year with a 30% 

energy use reduction (ASU and Mathis, 2010).  It is claimed that the energy savings would 

postpone the construction of a new power plant until after 2018 (Koh, 2010).   

 

5.4.4  State and Local Economies 

The home owner will have to pay required property taxes based on appraised 

purchase value providing the local and state economies with revenue.  Sales taxes and extra 

fees added to the construction process will also increase tax revenues for a new home that 

conforms to the NC 2012 proposed code revision requirements.   

Disenfranchised stakeholders who are priced out of the home buying market will 

drive a reduction of revenue for local and state economies in the form of lost property taxes, 

construction fees and lost income by local businesses.  An analysis of the amount of revenue 

loss per unconstructed home or unsold home should be considered by the PCF in accessing 

experts as state and local economies.  The PCF must also estimate the financial effort on 

local businesses by slower economic growth as new homes become less affordable.   

Production of the materials that will be demanded for the proposed code revision is 

claimed to create or save jobs in that products are produced and manufactured within the NC, 

however the conflicting effects should be modeled by the PCF (Koh, 2010).  Similarly, 

postponing construction of a power plant could affect local economics and tax revenues.  The 

relative benefits and costs of such trade-offs are extremely complex and touch on issues that 

may not be fully resolved in society.  It is well beyond the scope of work of this study to 

address all such issues.  It is important to note their existence and discuss how the PCF might 
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include them in the analysis and development of surrogate input, however.  These effects are 

discussed and evaluated quantitatively in section 5.8.2.2.  Job employment is a benefit for 

NC, as well as the individuals with NC residency. 

 

5.5  Estimates of Effects of Proposed Code Revisions on Monthly Payments 

 The effects of the new code on mortgage payments, monthly utility bills and 

reduction in housing purchases associated with the increased construction cost are examined 

in this section.  Financial effects of the additional code requirements will be based on an 

1,800 sf home in NC.  The selection of this specific house area will be discussed later in 

section 5.7.  The analyses conducted will consist of benefit-cost and sensitivity analyses in 

regards to the disenfranchised stakeholders, an evaluation of indirect effects on the state and 

local economy, and the PED factor associated to the proposed code revision.  Data collection 

by the PCF will be obtained from several sources.  Typical sources are discussed and the data 

from these sources are used in the analysis reviewed in this section.    

 

5.5.1  Purchase Cost of Average Home Prior to Additional Requirements 

 The majority of NC lies in climate zone 4 where there are more than 2,000 cooling 

degree days (CDD) and less than 4,000 heating degree days (HDD).  The average square 

footage of a newly built home in climate zone 4 region is approximately 1,966 square feet 

(EIA, 2005).  An average cost of a home in the southern region of the US is estimated at 

about $77 per square foot (sf) by the USCB (2010).  This results in the cost of a newly 
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constructed home in 2010 for NC approximately $151,382.  The average house built in NC is 

slightly larger in area and therefore more expensive than the normalized house size of 1,800 

sf analyzed in this study.   

 

5.5.2  Determining the Best Available Data for Expense Information 

The National Association of Home Builders (NAHB) conducts research and surveys 

regarding housing data across the US.  The North Carolina Home Builders Association 

(NCHBA) was requested to provide data in this study for comparison with that submitted by 

Appalachian State University (ASU) and Mathis Consulting Company (Mathis).  The PCF 

should obtain data from different sources when possible to assist in identifying significant 

differences.   

The USCB data was used to estimate national and local average costs and provide 

miscellaneous information regarding households in this study.  Similarly the US Energy 

Information Administration (USEIA) data provides information regarding energy use.  ASU- 

Mathis reported energy efficiency estimates were also used for comparisons in the benefit-

cost and sensitivity analyses.  Questions regarding costs and energy efficiency data provided 

by ASU and Mathis could not be confirmed independently.  Mathis did not respond to any 

requests for information.   

Another primary source for generating cost estimates was RSMeans Building 

Construction Cost Data (Means) (2010).  Means data, as well as costs from Lowes
®

, was 

used in this study to estimate costs associated with the 2012 NC ECC proposed code 

revision.   
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5.5.2.1  Cost Estimates After Additional Requirements 

 Cost estimates are provided from three different sources to show the differences in 

cost estimates for the 2012 NC ECC additional code requirements.  The difference in the cost 

estimates are likely to have significant effects on stakeholders who are expecting 

advantageous results of monthly monetary savings. 

 

5.5.2.2  PCF Prepared Additional Cost Estimate  

 Since the data used in this section is readily available, an informed and experienced 

PCF will be able to obtain cost estimates independently of other parties, who may provide 

biased estimates.  The PCF cost estimate can be used in comparison to those provided by 

others, and in the collection of the other cost estimates be used for sensitivity analyses. 

The PCF should begin by first generating a material quantity estimate.  Acting as the 

role of the PCF in this process, a standard set of house plans were used to obtain an estimate 

of the expected increase in the cost of a home built to the 2012 additional code requirements.  

A quantity takeoff was completed, and data from Means (2010) and Lowes® was used to 

generate the cost estimate.  Nationwide surveys obtained from Executive Officers of local 

and state home builder associations and surveys conducted by USCB show that as 

construction costs increase, the fees of the construction process also increase at 22.03% of 

the additional construction cost (NAHB, 2007).   

A total $3,088 in additional costs was estimated for the standard house plan.  A 

detailed breakdown is provided in Table 5.1 – PCF Cost Estimate of Additional 

Requirements, and the full estimate sheets are located in the appendix. 
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Table 5.1 – PCF Cost Estimate of Additional Requirements 

Code Section Section Title Costs  

402.1.1 Insulation (Walls) $436.80 

402.2.3 Access Hatches and Doors $396.40 

402.2.12 Framed Cavity Walls 
Use Excess 

Materials 

402.4.1 Building Thermal Envelope $1,053.14 

402.4.2 Air Sealing Inspection $297.00 

402.4.5 Sealing Recessed Lighting $115.05 

403.1.1 Programmable Thermostat $98.00 

403.2.2 Duct Leak Testing $297.00 

404.1.1 
75% Increase in Lighting 

Efficiency  
$46.08 

Subtotal Increase In Costs $2,739.47 

Construction Fee Increase $348.74 

Total Increase In Cost $3,088.21 

 

 

5.5.2.3  ASU-Mathis Additional Cost Estimate  

ASU and Mathis provided NC with the 2012 NC ECC proposed code revisions.  The 

document that was provided included estimates of construction costs to provide the 

additional energy savings and the estimated energy savings. 

 The team used the USCB estimate of the cost of a new home of about $77 per sf.  An 

1,800 sf model home was used for the estimate after 36 different sized homes had been 
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evaluated (ASU and Mathis, 2010).  This home is slightly smaller than that of the average 

newly constructed home, so the actual cost expenses may be larger in practice.  The estimate 

was reported to be based on estimates provided by contractors and suppliers from across NC, 

as well as Means based data.  Most of the contractors and suppliers were from Raleigh and 

Charlotte, but some were from smaller areas such as Hickory and Jacksonville (ASU and 

Mathis, 2010).   

 The 15% compliance with the energy efficiency enhancements in Raleigh for this 

home was estimated to be $1,500 per house by ASU-Mathis.  The higher efficiency 30% 

option increase in costs was estimated to be near $2,770 for the same model home (OSBM, 

2011).  For consistency with the all of the estimates, the values compared are for a NC 

location in Raleigh. 

 

5.5.2.4  NCHBA Additional Cost  Estimate  

A standard house plan containing 1,659 heated square feet was used as a typical area 

for a NC house in order to generate their cost estimate.  This is 307 sf smaller than the 

average newly built home in NC, based on USCB data, and 141 sf smaller than the Mathis 

modeled house, so expenses are expected to be higher for the average and Mathis house area.  

Not all of the EEU requirements were applied to this standard house since the features are 

common use and contractors are accustomed in their application.  This particular house plan 

was chosen by the NCHBA because it represented an affordable housing product for NC. 

It is important to note that both of these factors, smaller house area and fewer 

additional code requirements, create fewer additional costs.  In this aspect, the results are 
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conservative.  If the economic effects on the home buyer are not positive under these 

assumptions, they will not be positive in practice, a finding of critical importance to the PCF 

modeling input for disenfranchised stakeholders.  The differences in square footage and 

therefore cost do not permit direct comparisons so costs were normalized as will be explained 

in section 5.7. 

A member of the NCHBA worked with a 14 member working group that was created 

to provide an estimate of the additional costs of the new code amendments.  The working 

group consisted of members affiliated with the NCHBA, Green Building Council, and 

builders concentrated in traditional homes.  A variety of trades were represented in this 

working group, including a number of building contractors for affordable housing, multi-

family and specialty housing, middle to upper-end specialty housing, custom green builders, 

an insulation contractor, and a real estate agent.  The areas of NC represented in the working 

group were from Onslow, Wake, Dare, Cumberland, Orange, Hertford, and Watauga 

counties. 

The working group provided an estimate of $2,825 for the additional expense of the 

proposed code revision.  This figure includes the costs of construction (labor and materials) 

of $2,315; fees of 22.03% of the actual construction cost, ($509) and a 1.5 day time delay 

totaling $240.  The fee increase is a cost based on nationwide surveys conducted in 2007 

from Executive Officers of local and state home builder associations, and surveys conducted 

by the USCB (NAHB, 2007).  The total cost of a typical, newly constructed home in Raleigh 

in 2012 would be $130,570, including the additional costs of the 2012 regulations.  The new 

regulations add just over 2% to the cost of an otherwise similar house. 
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The 30% improvement in energy efficiency applied to the same home resulted in an 

increased home construction cost of $6,370.  This expense already includes the fees applied 

to the construction costs at a figure of $1,150.  The total cost of a new home for this scenario 

would be approximately $134,113, or nearly more than 5% higher than the cost of an 

otherwise similar house. 

An independently generated estimate was prepared by a single home builder that 

participated in the working group for brief comparison.  The additional cost for the proposed 

2012 NC ECC 30% improvement in energy efficiency was broken down into segments, as 

shown in Table 5.2 – Independent Home Builder Cost Estimate.  This is greater than the 

NCHBA estimate with a total additional cost of $7,637 for the additional code requirements.  

The additional lighting expense generated a debate in the working group.  The explanation 

for the high estimate was due to other requirements that this builder had discovered during 

his review of the code provisions.  

This factor shows the importance of identifying all technical ramifications of a 

proposed code change before starting the analysis and also indicates that costs in practice are 

likely to be higher than those originally estimated.  There will be a learning curve effect for 

building inspectors and others that should dissipate relatively quickly but the long term cost 

will likely be higher as additional factors must be included to provide the specified or 

disliked configuration. 
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Table 5.2 – Independent Home Builder Cost Estimate 

Improved Material Requirements Cost 

Lighting $1,226 

Insulation $1,305 

Windows $241 

Sheathing $638 

HVAC and Thermostat $1,175 

Misc. Requirements $1,675 

Financial and Selling Expenses $1,377 

Total Cost $7,637 

 

 

5.6  Energy Expenditure Data 

The Fiscal Note for the 2012 NC ECC proposed code revision indicates a 10%-15% 

drop in annual energy consumption, as expected (OSBM, 2011).  The efficiency will not be 

exactly 15% for each household, but the 15% was used as the expected savings to provide 

optimum benefits to the home owner.  A 15% reduction of the annual energy bill results in 

$238 saved on the energy bill per year with the additional EEU applications for an 1,800 sf 

house, or a monthly savings of approximately $20.   

Energy prices will not remain fixed over long periods of time, but for the purposes of 

this study, it was assumed that the energy price will remain constant throughout the duration 

of the mortgage.  This is not unreasonable in the sense that the ability to purchase a home is 

based on then-current dollars and increases in commodity costs are largely accompanied by 
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increases in income for home owners who are not on fixed incomes.  Additional studies 

should be conducted to assess the long term effects of energy price inflation. 

Typically, the average annual energy expenditure in dollars is proportional to the 

house square footage.  In 2001 the average household energy expenditures per sf was $0.76 

and in 2005 it rose to $0.81 per sf (EIA, 2001, 2005).  From these two figures, it was 

estimated that the energy cost per sf would be $0.88 by 2011 using simple, straight line 

estimates.  Mathis indicated that energy costs typically increase by 1.5% each year which 

would be consistent with the estimated $0.88 per sf (ASU and Mathis, 2010).  Applying this 

value to the house size ASU and Mathis used (1,800 sf), the average estimated energy bill for 

this house is $1,580 annually or $122 monthly.   

 

5.7  Fixed Rate Mortgage Payment Differences 

 The effects of the code revisions on monthly payments of a 20 and 30-year fixed-rate 

mortgage (FRM) of 4%, 6%, 8%, 10%, 15%, and 20% were examined.  Multiple analyses 

were conducted to determine sensitivity to various mortgage rates and mortgage durations.  

Mortgage rates from 5.9% to 9.5% have been common in recent decades (Galaty, Allaway, 

and Kyle, 2003), but mortgage rates were around 16.6% in 1981 (Chamberlain, 2004).  

Recent rates have been relatively low, especially for variable mortgage rates, so the 4-20% 

range is reasonable, but includes atypical end points.   

Another type of mortgage is an adjustable-rate mortgage (ARM).  The benefit with 

this mortgage is that the rates typically are lower than that of a FRM initially, however the 

rate is adjusted over time, and if the mortgage is held long enough, it may easily surpass the 
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rate of a FRM.  ARM owners may be unable to meet upwardly adjusted monthly mortgage 

payments.  In this study the FRM will be the only mortgage rate utilized in the benefit-cost 

and sensitivity analyses for simplicity. 

For consistency, all analyses should consider the same area house and purchase cost 

to show the effects of the different cost estimates associated to the 2012 NC ECC additional 

code requirements.  An 1,800 sf house was selected for the analyses because the ASU-Mathis 

analysis used this house size.  The PCF and NCHBA standard house area, purchase cost, 

additional code requirement cost estimates, and energy savings were normalized to the 

equivalence of an 1,800 sf house by simple ratio conversions.  An example of the 

normalization ratio conversion can be evaluated by determining a ratio of the ASU-Mathis 

house area (1,800 sf) to the PCF house area (1,659 sf).  Dividing 1,800 sf by 1,659 sf results 

in an approximate 1.08 ratio.  This ratio can then be multiplied by the PCF cost estimate of 

$3,088 to provide a normalized cost estimate of $3,350 for an 1,800 sf house area.  The same 

can be conducted with the NCHBA estimate.  This is shown in the unadjusted and 

normalized segments of Table 5.3 – Net Savings from EEU Requirements, 30-Year FRM 

Normalized Housing Data.  

The mortgage payments of an 1,800 sf house with and without EEUs was estimated 

to compare the higher mortgage with the savings associated with the EEUs.  For example, a 

mortgage rate of 4% must be divided by 12, for the number of months in a year, resulting 

with a 0.33% monthly mortgage rate.   
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Equation 5.1 can further be used to determine the capital recovery factor (CRF) 

(Blank and Tarquin 2008).  Substituting 0.33% for “i” and 360 for “n” will result with a CRF 

equaling 0.004774.   

CRF  
       

         
     Eq. 5.1 

 

When the total expense of a new, 1,800 sf, home without EEUs is considered, the 

mortgage, principal and interest portion only, is $138,600 times 0.004774 or $662.  Using the 

PCF’s estimated, normalized, cost expense of a new, energy efficient, 1,800 sf house of 

approximately $141,950, the monthly mortgage payment will increase by nearly $20 

compared to a home without EEUs at a 4% FRM.   

A 4% FRM is the lowest practical mortgage rate likely to be available.  The lower the 

mortgage rate, the more advantageous the energy savings since the increase in costs are 

discounted more favorably.  The energy savings reported for homes with EEUs is estimated 

to be about $20 per month.  For this specific home mortgage with a 4% FRM, only, $3.80 is 

saved per month due to the application of the EEUs.  This is an extremely small savings, and 

is the maximum that can be expected for the 15% improvement in energy efficiency with a 

30-year FRM based on the PCF cost estimate.  Higher, more common mortgage rates will 

result in even less savings, or in a net monthly expense.   
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Table 5.3 – Net Savings from EEU Requirements, 30-Year FRM Normalized Housing Data 

30 Year Mortgage (15% Improvement) ASU-Mathis NCHBA PCF 

Unadjusted 

House Square Foot 

(SF) 
1,800 1,659 1,659 

Cost per SF ($/SF) 77 77 77 

Purchase Cost 

Without EEUS 
$138,600 $127,743 $127,743 

Cost of EEUs  $1,500 $2,825 $3,088 

Normalized 

House Square Foot 

(SF) 
1,800 1,800 1,800 

Cost per SF ($/SF) 77 77 77 

Purchase Cost 

Without EEUS 
$138,600 $138,600 $138,600 

Cost of EEUs $1,500 $3,065 $3,350 

Purchase Cost With 

EEUs 
$140,100 $141,665 $141,950 

Energy Monthly 

Savings 
$20 $20 $20 

Normalized Monthly 

Mortgage and 

Energy Payments 

Without EEUS 

FRM at 4%  $783 $783 $783 

FRM at 6%  $953 $953 $953 

FRM at 8%  $1,139 $1,139 $1,139 

Normalized Monthly 

Mortgage and 

Energy Payments 

With EEUS 

 FRM at 4% $771 $778 $780 

 FRM at 6% $942 $951 $953 

 FRM at 8% $1,130 $1,141 $1,143 

Normalized Savings 

in Monthly 

Mortgage and 

Energy Payments 

 FRM at 4% $12.64  $5.17  $3.80  

 FRM at 6% $10.81  $1.42  $0.29 

 FRM at 8% $8.79  $2.69 $4.79 

Note: Negative savings (shown in italics) indicate a cost increase 

 

 

 



 

92 

 

Table 5.3 shows the data and resulting savings for a 30-year FRM of 4%, 6%, and 8% 

after normalizing estimated costs for a standard house from three sources.  These values were 

used from additional discussion since the 30-year mortgage is common and these rates are 

close to current mortgage rates.   

Considering the 15% improvement in energy efficiency, very little savings are 

predicted.  Under some commonly found circumstances, an increase in monthly payments is 

predicted.  The results from the NCHBA cost estimate are relatively similar to those acquired 

by the PCF cost estimate.  The maximum savings between the two are insignificant, and are 

the equivalent of purchasing a combo meal at a fast-food restaurant.  At best, savings of a 

little over $13 are estimated using the costs provided by ASU-Mathis.  This also supports the 

statement that the size of the house is significant in the amount of monetary savings a home 

owner can expect on a monthly basis discussed in section 5.5.2.3 – NCHBA Additional Cost 

Estimate. 

A more complete summary of the benefit-cost for both 20 and 30-year FRM can be 

found in Table 5.4 – Benefit-Cost Results for Houses Including EEUs.  The results in Table 

5.4 demonstrate the effects of the 15% improvement in energy efficiency required by the 

2012 NC ECC proposed code revisions, as well as the effects of the voluntary 30% 

improvement in energy efficiency, based on the PCF, ASU-Mathis, and NCHBA cost 

estimates.  Values in parenthesis indicate an expense due to installation of the additional code 

requirements. 
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Table 5.4 – Benefit-Cost Results for Houses Including EEUs 

1800 Square Foot Home FRM % ASU-Mathis NCHBA PCF 

15% 

Improvement 

in Energy 

Efficiency 

20 Year 

Mortgage 

4% $10.71  $1.23  $0.50 

6% $9.05  $2.16 $4.20 

8% $7.25  $5.80 $8.22 

10% $5.32  $9.78 $12.53 

15% $0.04  $20.57 $24.33 

20% $5.68 $32.27 $37.12 

30 Year 

Mortgage 

4% $12.64  $5.17  $3.80  

6% $10.81  $1.42  $0.29 

8% $8.79  $2.69 $4.79 

10% $6.64  $7.10 $9.60 

15% $0.84  $18.94 $22.55 

20% $5.26 $31.42 $36.19 

            

1800 Square Foot Home FRM % ASU-Mathis NCHBA PCF 

30% 

Improvement 

in Energy 

Efficiency 

20 Year 

Mortgage 

4% $22.81  $2.28 

Generating an 

Estimate for 

this Voluntary 

Action was 

Not within 

the Scope of 

this Research 

 

6% $19.76  $9.91 

8% $16.43  $18.21 

10% $12.87  $27.09 

15% $3.12  $51.42 

20% $7.46 $77.81 

30 Year 

Mortgage 

4% $26.38  $6.61  

6% $22.99  $1.84 

8% $19.29  $11.12 

10% $15.29  $21.05 

15% $4.59  $47.76 

20% $6.69 $75.89 

Note: Negative savings (shown in italics) indicate a cost increase 
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 Cost estimates of the additional code requirements prove to be a sensitive factor in 

monthly savings and expenses, along with the size of the house.  Table 5.4 – Benefit-Cost 

Results for Houses Including EEUs show that the effects of the EEUs on net savings 

including increased mortgage payments and reduced energy costs for a normalized, 1,800 sf 

house size are minimal at best when more accurate cost figures are included and can result in 

higher monthly payments in many practical situations.  A higher savings is expected by those 

home owners who acquire low, 30-year FRM, while spending the minimum for proposed 

code requirements.  This also demonstrates that the EEU expenses needs to be evaluated and 

estimated accurately to show accurate savings or costs to home owners.  A discussion on the 

sensitivity analysis results can be found in section 5.9.3. 

Conclusions regarding a typical mortgage duration of a 30-year period, under current 

mortgage rate conditions (4% to 8%), while considering three different cost estimates 

provided and generated by different parties can be examined in Table 5.3 – Net Savings 

From EEU Requirements, 30-Year FRM Normalized Housing Data.  Using a FRM of 4%, a 

$13 net savings is expected at best based on the analyses of the lower cost estimate, while a 

$4 savings is expected with the higher cost estimate prepared by the PCF.  If a FRM of 6% is 

obtained for the same mortgage period, the savings encountered with the lower cost estimate 

is about $11 and the savings expected with the higher cost estimate have transformed into 

costs.  The home owner is expected to pay $0.29 for the application of the proposed code 

requirements in this condition.  A trend of decreasing savings continues as the mortgage rate 

increases as well as the acquirement of a 20-year mortgage duration. 
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5.8  Price Elasticity of Demand 

5.8.1  Determining the Price Elasticity of Demand   

 It is necessary to estimate the PED factor for an increase in housing prices to estimate 

the effect of the new code revisions on revenues lost to the state and local economies.  

Eisenberg (2007) reports that an increase in $1,000 in the cost of a newly constructed, 

median-priced home, will eliminate 217,000 houses purchased nationally each year. During 

the years 2007 to 2009, 8.4 million houses were purchased according to the American 

Housing Survey.  Of that 8.4 million home purchases, 41% were purchased by first-time 

home buyers (NAHB, 2010) 

The population of NC is about 3.06% of the overall US population (USCB, 2010).  

Therefore, 3.06% of 217,000 households yield approximately 6,630 home buyers priced out 

of the house purchasing market in NC for each $1,000 increase in construction costs using 

Eisenberg’s (2007) values.  Using the same percentage of 3.06% multiplied by 8.4 million 

purchased homes in 2007-2009, the total number of “pursuing” home buyers in NC is 

257,000.  Considering the number of home buyers who purchased a home during 2007-2009, 

41% (NAHB, 2010) of that amount were first-time home buyers.  Using that data, 41% of 

257,000 home buyers results with 105,370 first-time home buyers in the NC market. 

The national median-priced house is $211,000 (NAHB, 2010).  This is $72,400 larger 

than the normalized-priced house ($138,600) used in the analysis, so conversion to a 

normalized standard size, including the cost increases can be used to estimate the home 

buyers priced out of the market.  Simple straight line ratios are used to estimate that a $657 

increase in the construction costs of a house normalized for area also results in 6,630 home 
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buyers being priced out of the market.  Table 5.5 – Effects of EEU Costs on Demand for 

Housing shows the unadjusted and normalized effects of the different costs for the additional 

15% improvement requirements. 

The PED factor based on the ASU-Mathis data is evaluated first in order to provide a 

base for comparison.  This is necessary to determine the number of home buyers priced out 

of the market for the PCF and NCHBA estimates at the same base PED factor.   

The PED factor is determined by estimating the percent change in demand of homes 

as a percent of the change in costs of homes (Allsopp, 1995).  With a normalized house price 

of $138,600 prior to EEUs, and the ASU-Mathis estimate of the additional cost of the EEUs 

of $1,500, the percentage increase of the cost of the home is about 1.08% for a 15% 

reduction in energy consumption.  That results in an estimated 6,630 home buyers priced out 

of the market to each $657 increase in purchase cost, resulting in a total of over 15,100 home 

buyers due to the $1,500 increase.  An estimated 15,100 home buyers are to be eliminated 

from a 257,000 market size, resulting in about a 5.9% decrease in purchasing demand.  

Therefore the base PED factor can be estimated to be a little more than 5.4.  A PED factor 

greater than 1 indicates an elastic market.  A PED factor much greater than 1 indicates a 

significant change in demand under cost changes (Allsopp, 1995).   

The purchase cost of the house analyzed was consistent with a normalized purchase 

cost of $138,600.  The PCF normalized EEU cost estimate of $3,350 is 2.4% of the $138,600 

normalized purchase cost.  Since 6,630 home buyers are estimated to be priced out of the 

market with every $657 increase in purchase cost, an estimated 33,800 home buyers are 

estimated in being priced out of the market based on the PCF estimate.  A total estimated loss 
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of 33,800 home buyers of the 257,000 home buyers results as a 13.2% loss in demand for 

housing.  The PED factor for the PCF cost estimate can then be calculated as 13.2% divided 

by 2.4% resulting with a PED factor slightly over 5.4.  All three PED factors should equal the 

same value of 5.4 since the change in costs is proportional to the change in demand, and the 

same base purchase cost and number of home buyers in the market is consistent in all three 

analyses.   

The NCHBA also had a 5.4 PED factor as discussed.  The results based on the ASU-

Mathis, PCF, and NCHBA cost estimates are provided in Table 5.5 – Effects of EEU Costs 

on Demand for Housing. 

 

Table 5.5 – Effects of EEU Costs on Demand for Housing 

Normalized 

 Cost of EEUs  $1,500 $3,065 $3,350 

First-Time Home 

Buyers Priced Out 
6,200 12,700 13,900 

Second-Time 

Home Buyers 

Priced Out 

8,900 18,200 19,900 

Total Home Buyers 

Priced Out 
15,100 30,900 33,800 

PED Factor 5.4 5.4 5.4 

 

 

The process of determining the PED factor for all three estimates was two-fold.  First 

it was important to classify the significance of the PED factor.  It was classified in this case 

as very significant to the change in demand for housing.  Secondly it was used to determine 
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the number of home buyers priced out of the market in relation to the PCF and NCHBA 

normalized cost estimates.   

The findings from Table 5.5 – Effects on Demand for Housing will be used in the 

next section 5.8.2.1 and 5.8.2.2 to demonstrate the indirect effects associated to state property 

tax revenues.  The number of home buyers priced out of the market is a significant finding in 

itself. 

 

5.8.2.1  State Economy Effects Related to Property Tax Revenue 

The USCB reports that the average annual property tax-rate in NC is $0.6141 per 

$100 of value of a house (NCACC, 2011).  This tax-rate was used with the normalized, 

smaller than average, house prior to 2012, rather than a house with the EEUs to show the 

conservative amount of tax revenue that is lost if this proposed code revision had not 

adopted.  North Carolina receives approximately $851 in property taxes annually on an 1,800 

sf house built prior to 2012.  For simplicity, the house itself was the only item considered in 

the property taxes for this study. The NC property tax revenue will be higher when including 

land property taxes.   

Based on losing 15,100 to 33,800 homebuyers in a year due to higher prices, the state 

will lose approximately $7.6 to $28.8 million dollars annually.  Some of this will be 

recovered in additional taxes levied on more expensive new homes.  The additional tax 

burden due to the additional $1,500 to $3,350 cost shown in Table 5.5 – Effects of EEU 

Costs on Demand for Housing, with an estimated 223,200 to 241,900 newer, more expensive 

homes being built in NC, will annually generate an estimated additional $2.2 to $4.6 million 
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dollars in state property tax revenue.  The net loss to the state from this tradeoff is $5.4 to 

$24.2 million dollars annually. 

Assuming that approximately 15,000 to 34,000 houses will not be built, the 

disenfranchised stakeholders who are eliminated from the market must still have a residence.  

Renting is the most obvious alternative for these stakeholders.  The demand for apartments 

may rise relative to demand for houses, implying that more apartment buildings or town 

homes may need to be built.  Rent includes taxes paid by the apartment owner, therefore state 

and local economies will still receive property tax revenue indirectly from disenfranchised 

stakeholders not able to purchase a home.  If new apartment buildings or town homes are 

built, this provides additional tax revenues, but it is difficult to estimate that amount.  This is 

an area in which additional study would provide useful and informative results. 

 

5.8.2.2  Local Economy Effects 

 Local business will be indirectly affected by a reduction in homes purchased.  NAHB 

(2009) conducted research to determine the effects on the local economy with a reduction in 

home purchases.  For every 100 newly built homes with a purchase cost of $321,000, $3.1 

million dollars are expected in local business revenue and 53 local jobs are claimed to be 

created (see section 5.3.4.2) (NAHB, 2009).  Although costs per square foot are not truly 

linear, they are similar enough for simple estimates.  Applying a ratio of the areas of the two 

homes to normalize to the 1,800 sf house examined previously, the local revenue expected 

per 100 newly built houses is estimated to be a little more than 1.3 million dollars.  Assuming 

that approximately 15,000 to 34,000 houses will not be built using data summarized in Table 
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5.5 – Effects of EEU Costs on Demand for Housing, local business would expect to see a 

loss of income ranging from $195,000 to $442,000 each year.  The 53 jobs claimed to be 

created by each 100 newly built homes, adjusted similarly for size would be expected to be 

about 23 jobs per 100 newly built homes, resulting in a total estimate ranging from 3,400 to 

10,200 jobs that were lost.   

 

5.9  Review of Analysis Findings to Small Council Group 

 The PCF should provide a comparison of the results for other members to review.  

The PCF should provide as many perspectives as possible, including the source of the data 

and approach, so as to provide the equivalency of input obtained at physical meetings as 

nearly as possible.  Organization of the findings should be presented in the order of the steps 

listed in the protocol.   

Stakeholder input is simulated from the models used in the analyses in this step of the 

protocol in the absence of face-to-face meetings.  The surrogate stakeholder input discussed 

above will represent several groups of disenfranchised stakeholders, from home buyers, 

particularly first-time home buyers, to local businesses and state and local government.  

Some would also be represented by others but the analysis would provide a useful check.  

Recognizing that the indirect analysis was based on data provided by the NAHB, additional 

study is recommended to develop independent estimates of the business lost.   

Input not accounted for in the PCF analysis, such as the discovery of other affected 

stakeholders may be a result of this small group meeting, which indicates a significance 

reason why this meeting should occur before holding a full council meeting review.   
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5.9.1  Discussion of Analysis Findings to Small Council Group  

The stakeholders found to be directly involved or affected by the proposed code 

revision should be presented first, along with the effects associated with each.  Home owners 

and home buyers are the individuals that should be presented as the disenfranchised 

stakeholders who most need representation in this case.  Home builders, energy 

conservationists, and the state and local economies also should be mentioned at this point as 

they are evaluated in the analyses.  

 The classifications of the disenfranchised stakeholders also need to be presented.  In 

the analysis prepared by the PCF, home buyers are classified as a first-time or second-time 

home buyer.   The indirect effects on state and local economies, or tax revenues should be 

considered if those effects are not established by others representing those stakeholders, or as 

checks on the data presented by those representatives.   

 The estimate prepared by the PCF should be introduced to the small council group 

first to provide opportunities for feedback and input for the cost associated with the 

additional code requirements.  The method in which the estimates were generated needs to be 

presented, as well as the resources that were used to generate the estimate.   

The small council group is encouraged to provide or assist in the determinations of 

the causes of any differences in cost estimates.  Differences may come from biased cost 

estimates that were generated by various groups.  Monthly payments and net savings or 

expenses need to be presented as the primary focus of the benefit-cost and sensitivity 

analyses.   
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 The importance and value that is provided by the PED factor should be explained 

prior to any discussion of the effects on the market.  After this, supporting documents of the 

procedures conducted should be discussed.   

  

5.9.2  Closure of the Review of Analysis Findings to Small Council Group  

 The primary goal of the review and small council group assessment is to provide 

feedback regarding the data, the analysis and procedures, and the findings presented.  

Significant effects were indicated in the ways and the extent to which different stakeholders 

are affected by the 2012 NC ECC proposed code revision.  As in CSS meetings, the PCF is 

responsible for performing additional analysis suggested by the group to better model 

stakeholder input in the absence of face-to-face meetings with disenfranchised stakeholders.  

This step provides important feedback-response opportunities for the design/decision-making 

team and the stakeholders, similar to the cycle of interactions established in the CSS 

approach.     

 

5.10  Synopsis of Analysis Findings to the Full Council and the Generating of a Decision 

 It is presumed at this point that any revisions or requests from section 5.9 have been 

performed and the results have been reevaluated.  The analysis findings prepared by the PCF 

are then presented to the full council.  Once the analysis has been delivered in full to the 

council, it can proceed to the final decision-making steps of the protocol.  One key issue is to 

determine if the decision should be left to market forces or if government regulations are 
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best.  The questions proposed in section 4.3.3 should be assessed to weigh the benefits and 

costs of the proposed code revisions.   

 

5.10.1  Market or Fiat Based Decision 

 The steps to use for determining whether the decision should be market based or 

regulation based are discussed in section 4.3.5.  The synopsis provided by the PCF can help 

answer the questions.  The first series of questions are: 

 Can the goals of the proposed change be attained without regulation?  If so, 

 can alternates be readily obtained in the market?  If so, 

 can the stakeholder make a reasonably informed decision (select among alternates)? 

 

As discussed in section 4.3.6.2, there are a number of alternatives to reducing energy 

consumption that are not included in the 2012 NC ECC proposed code revisions.  The 

possible use of a geothermal or a ground source heat pump rather than a conventional system 

could provide significant reduction in energy use and may be more desirable to the 

disenfranchised stakeholder.  This alternative is feasible, the technology is public, and home 

owners or home buyers can act as informed stakeholders when selecting this alternative as a 

method of energy and monetary savings.  This feature can be added during or after initial 

home construction, leaving it to the discretion of the home owner.   

Numerous other technologies would appear to offer similar benefits.  If certain 

technologies are preferred, such as the use of photovoltaic systems, strict market forces may 
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be modified with indirect effects including tax breaks, relaxed permit or fee requirements or 

other methods.   

These two alternates are not the only ones available for reducing energy usage, but 

they demonstrate that alternates are available other than those required by the proposed code 

revision. Recognition of these alternate applications for reducing energy usage, establishes an 

answer to the first two questions of “yes”, attainable alternate energy saving applications 

exist in the market.  It would appear that it is not necessary to limit the alternates to the ones 

established in the 2012 code revision. 

The answer to the last question regarding the feasibility of the stakeholder generating 

an informed decision can be assessed in the written requirements of the proposed code 

revision.  Section 4.3.5 notes that code requirements should establish a full disclosure of how 

other alternates can be applied to achieve the same results.  For example, building codes 

require that a house with a certain footprint in a particular area have a specified heating and 

ventilating capacity.  The equipment supplier must demonstrate that the proposed equipment 

meets the requirements and the installation is approved by an informed inspector.  The key 

code provisions need to ensure technical equivalency and minimum capacity requirements.  

Acknowledging these factors establishes an answer to the last question of “yes”, the home 

owner can generate an informed decision among alternates.  The answers to these three 

questions should encourage the council to consider ways to ensure a market driven decision 

with this particular case. 
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5.10.2.1  Continued Evaluation in the Protocol 

The remaining steps listed in the protocol are not necessarily needed in this case but 

are examined as if the decision had been made to continue the review.  The steps to use to 

determine whether the proposed code revision implies an overall positive or negative effect 

to the different stakeholders can be established by answering the questions proposed in 

section 4.3.3.  The synopsis presented by the PCF to the full council should help answer 

these questions.   

 Will this code benefit a specific set of previously identified stakeholders directly, and 

if so, how? 

 Will there be repercussions from this code if other alternatives are chosen instead? 

 How will this decision affect the market? 

 Why or how can stakeholders benefit from the adoption of the proposed code 

revision? 

 How will regional differences affect the results? 

 Who will absorb most of the costs?   

 How will costs be distributed between the stakeholder installing the code 

applications, and to the stakeholder acquiring the finished product? 

 

In answering the first question, home owners can benefit directly due to estimated 

savings under certain conditions and under other conditions the home owners are negatively 

affected.  The savings are sensitive to the FRM, mortgage duration, and the cost estimates of 

the additional code requirements.  Applying the proposed code requirements increases the 
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purchase cost of a house, therefore increasing the monthly mortgage payments since they are 

directly connected.  Savings are expected from this application, but the significance of the 

estimated savings varies.  At best, the benefit of the 2012 NC ECC proposed code revision is 

the equivalent savings of 1 to 2 combo meals at a fast-food restaurant.  The actual savings are 

anticipated to be lower and may be negative. 

The regions of NC that would be affected most were not evaluated separately since 

NC was being evaluated as a whole for simplicity.  It is expected that stakeholders in western 

NC may benefit greater than those in eastern NC from the proposed code requirements due to 

the climatic differences.  Further research could be conducted in this area to determine 

region-based effects regarding the proposed code revision, but that step is probably not 

needed in this case since the effects on an average first-time home buyer in the much more 

heavily populated central regions are minimal under the most favorable conditions and 

negative under more likely conditions, without considering the indirect effects on other 

stakeholders. 

The added cost from the installation of EEUs in a newly built home may not always 

be accounted for in the appraised value of a home.  If the home builder is building directly 

for a specific home buyer, the costs may be transferred to the home buyer since an appraisal 

may not be needed.  The home builder may have to absorb additional costs if the market does 

not value the additional steps required by the 2012 NC ECC code requirements. 

A range of 15,000 to 34,000 home buyers were estimated to be priced out of the 

market due to the cost of the EEUs, and of these, 6,000 to 14,000 are estimated to be first-
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time home buyers.  In order for individuals to purchase a second home, they must initially 

purchase a first home, where equity then can be built. 

Other effects were also discussed.  Most were negative in the effects on tax losses and 

business growth.  Lost tax revenues were estimated to be $5.4 to $24.2 million dollars 

annually.  The effects of the 2012 NC ECC proposed code revision were found to be less 

beneficial and more costly to those involved and affected from the direct stakeholder 

analyses prepared by the PCF.   

 

5.10.2.2  Decision Generated by Regulation in Additional Steps 

The full council at this point would have proceeded to the final steps of the protocol 

where the final decision is made.  Based on the data shown in the PCF analysis findings, the 

2012 NC ECC proposed code revisions appear to have a net cost effect on many different 

groups of stakeholders.  The benefits of the proposed code revision appear minimal at best.  

Based on this analysis, including more accurate estimates of costs and indirect effects, the 

surrogate input of disenfranchised stakeholders would suggest that the code council might 

reject the proposed code revision. 

 

5.11  Conclusion of Protocol Application  

 The 2012 NC ECC example that was analyzed in this chapter demonstrated how the 

protocol may be used in an actual code revision application, and how the council may 

perform the analysis procedures.  Different code proposals may have different outcomes than 
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what was suggested by this example, but the procedures would remain the same.  The 

protocol will act as a guide for the council to follow regarding the procedures used to assist 

in generating a decision based on the best available data.  The protocol was designed to allow 

an effective and informed decision to be generated that analytically models and represents 

the disenfranchised stakeholder input, the primary goal of the protocol.   
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6.  CONCLUSIONS AND RECOMMENDATIONS 

 

6.1  Conclusions 

 A protocol was developed for analyzing the effects on different stakeholders by 

proposed building codes, emphasizing the representation of the disenfranchised stakeholder 

in the processes.  The protocol was an effective tool in simulating how to generate a final 

decision for the currently adopted 2012 NC ECC Amendments.  A synopsis of the study is 

shown: 

 The CSS design process, commonly used in transportation projects, requires the 

identification of and communication with all stakeholders affected by the project so 

that their input is explicitly considered in the final design.  The CSS design process, 

or protocol, is thoroughly documented and involves outreach to the community to 

inform and to solicit input from stakeholders.  Inclusion of this type of stakeholder 

input in the decision-making process of residential building code revisions is 

desirable, but difficult to achieve in practice.  Several important aspects can be 

borrowed from the CSS processes, however. 

 All stakeholders involved or affected by a change in the building code should be 

identified.  Of the stakeholders, the disenfranchised stakeholder should be of primary 

importance to determine the direct effects due to the change.  Stakeholders without a 

voice in the decision making process, such as home buyers affected by changes in the 

building code, may be termed disenfranchised stakeholders.  An approach that 
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incorporated effective analysis tools needed to be developed to incorporate the needs 

and perspectives of this important class of stakeholders.  

 A method to recognize and synthesize disenfranchised stakeholder input into the 

planning or decision-making process was developed in the form of a protocol.  The 

development of the protocol may require many aspects to be considered including 

direct stakeholder benefit-costs analyses and sensitivity analysis, and indirect 

stakeholder effects on the market and on state and local economies.  Disenfranchised 

stakeholder input regarding the choice between methods of achieving desired societal 

goals, that is, whether specific goals should be attained through government 

regulation or by selection of alternates based on market considerations, is an essential 

step in the process. 

 The protocol was applied to the 2012 NC ECC Amendments.  The protocol analysis 

showed that the benefits to home owners or home buyers, also described as the 

disenfranchised stakeholders, of this code revision are minimal or negative, and the 

negative effects on new home purchases significantly affect other stakeholders in 

secondary effects. 

 Had this protocol been developed prior to the code’s adoption, the code may have 

been perceived differently with better recognition of all of the effects associated with 

the code.  As a result of the findings provided by the protocol analysis, it was found 

that market forces are likely to be preferred by many stakeholders in determining 

which EEUs to apply for reduction in energy consumption. 
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6.2  Recommendations 

 Limitations were found in this study that resulted in recommendations for further 

research.  These recommendations are:   

 Implement this protocol in practice with a proposed building code.  Determine 

validation of the protocol processes.    

 Develop a more rigorous process to determine whether a final decision should be 

made by market of regulation forces. 

 Determine the most effective technique for engaging stakeholder involvement where 

simple analytical techniques may not be sufficient.  This may be approached by using 

surveys, emails, social networks, or other methods.  Stakeholders may be selected to 

receive information associated to analysis findings that directly affect them to provide 

feedback on possible concerns.  Selection of particular stakeholders may be desired 

according to the specific proposed code revision.  This input may then be integrated 

into the decision-making process. 

 Develop a method to acquire accurate estimates of the number of home buyers that 

remain in the market after building code adoptions, where initial home expenses 

increase as a result of the code adoption.  The systematic analysis procedure 

described is expected to yield a more precise PED factor for a specific area by a PCF.   

 Consider further variable components for analysis.  Assess the changes in long term 

energy costs and evaluate the multiplier-effects associated to it.  Consider using a 

house down payment in the analysis process.   
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 Compare house appraisal values for homes built to the 2012 NC ECC proposed code 

revision to houses similar in size and style.  Loss of appraisal value, if it occurs, needs 

to be determined to identify the financial effects on home builders.   

 Priced out home buyers may opt to rent apartments as an alternative for establishing 

residency where property taxes will be paid indirectly.  More apartments may be built 

in response to reduced housing demand; therefore research should be conducted to 

determine state and local revenue that is collected to provide accurate net loss/gains 

in income and tax revenue. 

 Develop a more rigorous method for screening input and data for quality and 

applicability reasons.  

 Develop a method to systematically quantify indirect effects due to code changes. 
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Appendix A – The Liberty House Plan (Standard Home) 

 

(Obtained from Robert Privott, NCHBA Director of Codes) 
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Appendix B – Internally Generated Cost Estimate 

 

(Obtained from RSMeans Construction Cost Data, 2010 and Lowes
®

) 

 

The Liberty - 15% Improvement in Energy Efficiency 

Code 
Section   

Total 
($) 

Material 
($/Unit) 

Labor 
($/Unit) 

Equipment 
($/Unit) 

Overhead 
and Profit       
($/Unit) 

Duration 
(Labor 

Hours/Unit) 
RSMeans 
Section 

         402.1.1 
        

 
Insulation (Walls) 

       

 
Linear (ft): 312 

      

 
Height (ft): 10 

      

 
Area (sf): 3120 

      

         

 

R-13 Estimate ($): 
2308.80 0.33 0.25 

 
0.16 0.006 

07-21-
16.20 

 

R-15 Estimate ($): 
2745.60 0.45 0.25 

 
0.18 0.006 

07-21-
16.20 

         

 

Difference in Estimate ($): 436.80 0.12 0.00 

 

0.02 

  

 
Duration Increase (hr) 

     

0 

 

         402.2.3 
        

 
Access Hatches and Doors 
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Doors (Unit): 2 

    
 

 

 
Door Estimate ($): 

254.00 60.00 39.00 
 

28.00 0.94 
08-14-
33.10 

 
Duration Increase (hr) 

     

1.88 
 

  
       

 
Insulation (sf): 40.80 

      

 
R-10 Estimate ($): 

71.40 1.01 0.42 
 

0.32 0.01 
07-21-
13.10 

 
Duration Increase (hr) 

     

0.408 
 

  
       

 
Weather Stripping (Unit): 2 

      

 

Weather Stripping Estimate 
($/ea): 

71.00 15.90 13.30 
 

6.30 0.32 
08-71-
25.10 

 
Duration Increase (hr) 

     

0.64 
 

  
       

 
Estimate Increase ($): 396.40 

    
 

 

 
Duration Increase (hr): 

     
2.93 

 

  
       

402.2.12 
 

       

 
Framed Cavity Walls 

       

 
Use Excess Materials from Wall Insulation 

     

  
       

402.4.1 
 

       

 
Building Thermal Envelope 

       

 

Blocking and Sealing Under 
Knee Walls (lf): 

45.00 
      

 
Estimate ($): 

120.00 25.20 60.00 
 

34.80 
0.03 

06-11-10-
02 

 
Duration Increase (hr): 

     
1.45 
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Sealing (lf): 527.20 

      

 
Estimate Increase ($): 

933.14 0.09 1.11 
 

0.57 0.03 
07-92-
13.20 

 
Duration Increase (hr): 

     
14.23 

 

  
       

 
Estimate Increase ($): 1053.14 

      

 
Duration Increase (hr): 15.69 

      

  
       

402.4.2 
 

       

 
Air Sealing Inspection 

       

 
Inspection (ea) 1.00 

      

 
Estimate Increase ($): 297.00 270.00 

 
27.00 

 

23-05-
93.10 

         402.4.5 
        

 
Sealing Recessed Lighting 

       

 
Sealing (lf): 65.00 

      

 
Estimate Increase ($): 

115.05 0.09 1.11 
 

0.57 0.03 
07-92-
13.20 

 
Duration Increase (hr): 

     
1.76 

 

         403.1.1 
        

 
Programmable Thermostat 

      

 

7-Day Programmable 
Thermostat (ea): 

1.00 

      

 
Estimate Increase ($): 98.00 98.00 

    
Lowes ® 

         403.2.2 
        

 
Duct Leak Testing 

       

 
Inspection (ea) 1.00 
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Estimate Increase ($): 297.00 270.00 

 
27.00 

 

23-05-
93.10 

         404.1.1 
        

 
75% Increase in Lighting Efficiency  

      

 
Lighting (ea) 48.00 

      

 

Low Efficiency Bulbs 
Estimate ($): 20.64 0.43 

    

Lowes ® 

 

High Efficiency Bulbs 
Estimate($): 66.72 1.39 

    

Lowes ® 

         

 

Difference in Estimate ($): 46.08 
      

         

         

         

         

         

   

Total: 

   

   

Code Estimate: $2,739.47 

   

   

Fees (No Profit): $348.74 

   

   
Final Estimate: $3,088.21 
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Appendix C – North Carolina Home Builder’s Association Cost Estimate 

 

(Obtained from Robert Privott, NCHBA Director of Codes) 

 

NORTH CAROLINA HOME BUILDERS ASSOCIATION 
11/17/10 ENERGY COMMITTEE PROPOSED CHANGES TO  

2009 INTERNATIONAL RESIDENTIAL CHAPTER 11 
ENERGY CODE COST DATA 

 
 

CODE 
SECTION 

 

 
 

 

 
 

 
TOTAL FOR 
RBC HOMES 
Liberty House 

plan 

 
TABLE 
N1102.1 

 

R-15 Insulation in Zone 4 
 

$600.00 
(Disclosed) 

$350.00 
(Disclosed) 

 

 
$475.00 
average 

 
N1102.2.3 
Access 
hatches and 
doors 

 

Weather-stripped and insulated to level 
equivalent to insulation on surrounding 
surfaces from conditioned to unconditioned 
space in attics and crawl spaces. (R-13 for 
Zone 3)  

  
2 doors 

@$61.00 per 
door + 1 sheet 

R-3 and 1/2 
sheet R-7 foam 
board + $80.00 

labor. 
 

 
$250.00 

 
N1102.2.12 
Framed wall 
cavities 

 
Cavity insulation enclosed on all sides by air 
barrier material or rigid material 

  
Can use 
excess 
material 

 

N1102.4.1 
Building 
thermal 
envelope 

 

Blocking and sealing floor/ceiling systems; 
under knee walls; shafts and chases; 
dropped ceiling areas; HVAC register boots 
and return boxes 

 
$350.00 

(Disclosed) 
.15 x 2336 

 
800.00 (Working 

Group) 

 
575.00 

Average 

 

N1102.4.2 Air 
sealing 

 

 
N1102.4.2.2 Visual inspection   

 
 

 
If 3rd party 
$300.00 
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N1102.4.2.2 Testing option – Blower door 
test 

  
 

$300.00 
 

 
N1102.4.5 
Recessed 
lighting 

 
Sealed between the housing and the interior 
wall or ceiling 

  
$75.00 

 
 

 

N1103.1.1 
Programmable 
thermostats 

 
Programmable Thermostats required 
   

  
$100.00 

 

N1103.2.2 
Sealing 
 

 
Duct leak testing required 

  
$200.00 

 
N1104.1 
Lighting 
requirement 
 

 
75% minimum of lamps installed in lighting 
fixtures shall be high-efficiency lamps 

  
$100.00 

$2,075.00 
ADD 1 ½ days time delay - $240.00 

   $2,315.00    
                     509.00     (22.03%)   
  $ 2824.99 
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Appendix D – Annual Expenses and Savings with Different Estimates  

 

 

NC Average Annual Expenses and Savings 

Average 

Household 

Square Footage 

in Climate 4 

Average Square 

Footage Cost of 

Household in 

Southern Region 

Average Cost of 

Household 

Cost of 

EEUs    

EEUs Applied 

to Household 

Cost  

Energy 

Expenditures 

Per 

Household      

Energy 

Expenditure 

Per 

Household     

EEUs 

Savings of 

up to 15%         

(SF) ($/SF) ($) ($) ($) ($/SF) ($) ($) 

1,966 77 151,382 2,770 154,152 0.88 1,730 260 

        

        NCHBA Typical Annual Expenses and Savings 

Typical 

Household 

Square Footage 

in Climate 4 

Average Square 

Footage Cost of 

Household in 

Southern Region 

Average Cost of 

Household 

Cost of 

EEUs    

EEUs Applied 

to Household 

Cost  

Energy 

Expenditures 

Per 

Household      

Energy 

Expenditure 

Per 

Household     

EEUs 

Savings of 

up to 15%         

(SF) ($/SF) ($) ($) ($) ($/SF) ($) ($) 

1,659 77 127,743 2,825 130,568 0.88 1,460 219 

        

        PCF Generated Typical Annual Expenses and Savings 

Typical 

Household 

Square Footage 

in Climate 4 

Average Square 

Footage Cost of 

Household in 

Southern Region 

Average Cost of 

Household 

Cost of 

EEUs    

EEUs Applied 

to Household 

Cost  

Energy 

Expenditures 

Per 

Household      

Energy 

Expenditure 

Per 

Household     

EEUs 

Savings of 

up to 15%         

(SF) ($/SF) ($) ($) ($) ($/SF) ($) ($) 

1,659 77 127,743 3,088 130,831 0.88 1,460 219 
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Mathis Consulting and ASU (Normal) Annual Expenses and Savings 

Normalized 

Household 

Square Footage 

in Climate 4 

Average Square 

Footage Cost of 

Household in 

Southern Region 

Average Cost of 

Household 

Cost of 

EEUs    

EEUs Applied 

to Household 

Cost  

Energy 

Expenditures 

Per 

Household      

Energy 

Expenditure 

Per 

Household     

EEUs 

Savings of 

up to 15%         

(SF) ($/SF) ($) ($) ($) ($/SF) ($) ($) 

1,800 77 138,600 1,500 140,100 0.88 1,584 238 

        

        NCHBA Normalized Annual Expenses and Savings 

Normalized 

Household 

Square Footage 

in Climate 4 

Average Square 

Footage Cost of 

Household in 

Southern Region 

Average Cost of 

Household 

Cost of 

EEUs    

EEUs Applied 

to Household 

Cost  

Energy 

Expenditures 

Per 

Household      

Energy 

Expenditure 

Per 

Household     

EEUs 

Savings of 

up to 15%         

(SF) ($/SF) ($) ($) ($) ($/SF) ($) ($) 

1,800 77 138,600 3,065 141,665 0.88 1,584 238 

        

        PCF Generated Normalized Annual Expenses and Savings 

Normalized 

Household 

Square Footage 

in Climate 4 

Average Square 

Footage Cost of 

Household in 

Southern Region 

Average Cost of 

Household 

Cost of 

EEUs    

EEUs Applied 

to Household 

Cost  

Energy 

Expenditures 

Per 

Household      

Energy 

Expenditure 

Per 

Household     

EEUs 

Savings of 

up to 15%         

(SF) ($/SF) ($) ($) ($) ($/SF) ($) ($) 

1,800 77 138,600 3,350 141,950 0.88 1,584 238 
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Appendix E – Benefit-Cost and Sensitivity Analyses for PCF Estimate 

Appendix E.1 –15% Improvement in Energy Efficiency – 20 Year Mortgage 

 

 

Home Owner Payments on 20 Year Mortgage with a 4% Fixed Rate Mortgage 

     

PCF Generated Analysis 
Monthly Capital 

Recovery = 0.00606 
 

     No EEUs Applied  
   

     

Energy 

Expenditure 

Per Household 

20 Year 

Mortgage  

Monthly Mortgage 

& Energy Payment                  

(For 20 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 839.92 961.58   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of up 

to 15% 

20 Year Mortgage 

with EEUs Applied  

20 Year 

Mortgage 

Increase Due to 

EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 20 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 19.80  860.22 20.30 962.08 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
(0.50) 

     

     

     Home Owner Payments on 20 Year Mortgage with a 6% Fixed Rate Mortgage 

     

PCF Generated Analysis 
Monthly Capital 

Recovery = 0.007164 
 

     No EEUs Applied  
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Energy 

Expenditure 

Per Household 

20 Year 

Mortgage  

Monthly Mortgage & 

Energy Payment                  

(For 20 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 992.93 1,114.59   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of up 

to 15% 

20 Year Mortgage with 

EEUs Applied  

20 Year 

Mortgage 

Increase Due 

to EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 20 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 19.80  1,016.93 24.00 1,118.79 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
(4.20) 

     

     

     Home Owner Payments on 20 Year Mortgage with a 8% Fixed Rate Mortgage 

     

PCF Generated Analysis 
Monthly Capital 

Recovery = 0.008364 
 

     No EEUs Applied  
   

     

Energy 

Expenditure 

Per Household 

20 Year 

Mortgage  

Monthly Mortgage 

& Energy Payment                  

(For 20 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 1,159.25 1,280.91   
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EEU's Applied  

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of up 

to 15% 

20 Year Mortgage 

with EEUs Applied  

20 Year 

Mortgage 

Increase Due to 

EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 20 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 19.80  1,187.27 28.02 1,289.13 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
(8.22) 

     

     

     Home Owner Payments on 20 Year Mortgage with a 10% Fixed Rate Mortgage 

     

PCF Generated Analysis 
Monthly Capital 

Recovery = 0.00965 
 

     No EEUs Applied  
   

     

Energy 

Expenditure 

Per Household 

20 Year 

Mortgage  

Monthly Mortgage 

& Energy Payment                  

(For 20 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 1,337.49 1,459.15   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of up 

to 15% 

20 Year Mortgage 

with EEUs Applied  

20 Year 

Mortgage 

Increase Due to 

EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 20 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 19.80  1,369.82 32.33 1,471.68 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
(12.53) 
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     Home Owner Payments on 20 Year Mortgage with a 15% Fixed Rate Mortgage 

     

PCF Generated Analysis 
Monthly Capital 

Recovery = 0.01317 
 

     No EEUs Applied  
   

     

Energy 

Expenditure 

Per Household 

20 Year 

Mortgage  

Monthly Mortgage 

& Energy Payment                  

(For 20 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 1,825.36 1,947.02   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of up 

to 15% 

20 Year Mortgage 

with EEUs Applied  

20 Year 

Mortgage 

Increase Due to 

EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 20 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 19.80  1,869.49 44.13 1,971.35 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
(24.33) 

     

     

      

Home Owner Payments on 20 Year Mortgage with a 20% Fixed Rate Mortgage 

     

PCF Generated Analysis 
Monthly Capital 

Recovery = 0.016988 
 

     No EEUs Applied  
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Energy 

Expenditure 

Per Household 

20 Year 

Mortgage  

Monthly Mortgage 

& Energy Payment                  

(For 20 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 2,354.54 2,476.20   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of up 

to 15% 

20 Year Mortgage 

with EEUs Applied  

20 Year 

Mortgage 

Increase Due to 

EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 20 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 19.80  2,411.45 56.92 2,513.31 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
(37.12) 
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Appendix E.2 –15% Improvement in Energy Efficiency – 30 Year Mortgage 

 

Home Owner Payments on 30 Year Mortgage with a 4% Fixed Rate Mortgage 

     

PCF Generated Analysis 
Monthly Capital 

Recovery = 0.004774 
 

     No EEUs Applied  
   

     

Energy 

Expenditure 

Per Household 

30 Year 

Mortgage  

Monthly Mortgage 

& Energy 

Payment                  

(For 30 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 661.68 783.34   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of up 

to 15% 

30 Year Mortgage 

with EEUs 

Applied  

30 Year Mortgage 

Increase Due to 

EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 30 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 19.80  677.67 16.00 779.53 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
3.80  

     

     

     Home Owner Payments on 30 Year Mortgage with a 6% Fixed Rate Mortgage 

     

PCF Generated Analysis 
Monthly Capital 

Recovery = 0.005996 
 

     No EEUs Applied  
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Energy 

Expenditure 

Per Household 

30 Year 

Mortgage  

Monthly Mortgage 

& Energy 

Payment                  

(For 30 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 831.05 952.71   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of up 

to 15% 

30 Year Mortgage 

with EEUs 

Applied  

30 Year Mortgage 

Increase Due to 

EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 30 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 19.80  851.13 20.09 952.99 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
(0.29) 

     

     

     Home Owner Payments on 30 Year Mortgage with a 8% Fixed Rate Mortgage 

     

PCF Generated Analysis 
Monthly Capital 

Recovery = 0.007338 
 

     No EEUs Applied  
   

     

Energy 

Expenditure 

Per Household 

30 Year 

Mortgage  

Monthly Mortgage 

& Energy Payment                  

(For 30 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 1,017.05 1,138.71   
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EEU's Applied  

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of up 

to 15% 

30 Year Mortgage 

with EEUs Applied  

30 Year 

Mortgage 

Increase Due to 

EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 30 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 19.80  1,041.63 24.59 1,143.49 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
(4.79) 

     

     

     Home Owner Payments on 30 Year Mortgage with a 10% Fixed Rate Mortgage 

     

PCF Generated Analysis 
Monthly Capital 

Recovery = 0.008776 
 

     No EEUs Applied  
   

     

Energy 

Expenditure 

Per Household 

30 Year 

Mortgage  

Monthly Mortgage & 

Energy Payment                  

(For 30 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 1,216.35 1,338.01   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of up 

to 15% 

30 Year Mortgage with 

EEUs Applied  

30 Year 

Mortgage 

Increase 

Due to 

EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 30 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 19.80  1,245.76 29.40 1,347.62 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
(9.60) 

     



 

138 

 

     

     Home Owner Payments on 30 Year Mortgage with a 15% Fixed Rate Mortgage 

     

PCF Generated Analysis 
Monthly Capital 

Recovery = 0.01264 
 

     No EEUs Applied  
   

     

Energy 

Expenditure 

Per Household 

30 Year 

Mortgage  

Monthly Mortgage & 

Energy Payment                  

(For 30 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 1,751.90 1,873.56   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of up 

to 15% 

30 Year Mortgage with 

EEUs Applied  

30 Year 

Mortgage 

Increase 

Due to 

EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 30 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 19.80  1,794.25 42.35 1,896.11 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
(22.55) 

     

     

     Home Owner Payments on 30 Year Mortgage with a 20% Fixed Rate Mortgage 

     

PCF Generated Analysis 
Monthly Capital 

Recovery = 0.01671 
 

     No EEUs Applied  
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Energy 

Expenditure 

Per Household 

30 Year 

Mortgage  

Monthly Mortgage & 

Energy Payment                  

(For 30 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 2,316.01 2,437.67   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of up 

to 15% 

30 Year Mortgage with 

EEUs Applied  

30 Year 

Mortgage 

Increase 

Due to 

EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 30 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 19.80  2,371.99 55.99 2,473.85 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
(36.19) 
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Appendix F – Benefit-Cost and Sensitivity Analyses for ASU and Mathis Consulting 

Company Estimate 

Appendix F.1 – 15% Improvement in Energy Efficiency – 20 Year Mortgage 

 

Home Owner Payments on 20 Year Mortgage with a 4% Fixed Rate Mortgage 

     

ASU-Mathis Analysis 
Monthly Capital 

Recovery = 0.00606 
 

     No EEUs Applied  
   

     

Energy 

Expenditure 

Per Household 

20 Year 

Mortgage  

Monthly Mortgage 

& Energy Payment                  

(For 20 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 839.92 961.58   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of 

up to 15% 

20 Year Mortgage 

with EEUs Applied  

20 Year 

Mortgage 

Increase Due to 

EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 20 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 19.80  849.01 9.09 950.87 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
10.71  

     

     

     Home Owner Payments on 20 Year Mortgage with a 6% Fixed Rate Mortgage 

     

ASU-Mathis Analysis 
Monthly Capital 

Recovery = 0.007164 
 

     No EEUs Applied  
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Energy 

Expenditure 

Per Household 

20 Year 

Mortgage  

Monthly Mortgage 

& Energy Payment                  

(For 20 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 992.93 1,114.59   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of 

up to 15% 

20 Year Mortgage 

with EEUs Applied  

20 Year Mortgage 

Increase Due to 

EEUs  

Monthly 

Mortgage & 

Energy 

Payment                  

(For 20 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 19.80  1,003.68 10.75 1,105.54 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
9.05  

     

     

     Home Owner Payments on 20 Year Mortgage with a 8% Fixed Rate Mortgage 

     

ASU-Mathis Analysis 
Monthly Capital 

Recovery = 0.008364 
 

     No EEUs Applied  
   

     

Energy 

Expenditure 

Per Household 

20 Year 

Mortgage  

Monthly Mortgage 

& Energy Payment                  

(For 20 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 1,159.25 1,280.91   
 

      

 

 

 

 

 

    



 

142 

 

EEU's Applied  

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of 

up to 15% 

20 Year Mortgage 

with EEUs Applied  

20 Year 

Mortgage 

Increase Due to 

EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 20 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 19.80  1,171.80 12.55 1,273.66 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
7.25  

     

     

     Home Owner Payments on 20 Year Mortgage with a 10% Fixed Rate Mortgage 

     

ASU-Mathis Analysis 
Monthly Capital 

Recovery = 0.00965 
 

     No EEUs Applied  
   

     

Energy 

Expenditure 

Per Household 

20 Year 

Mortgage  

Monthly Mortgage 

& Energy Payment                  

(For 20 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 1,337.49 1,459.15   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of 

up to 15% 

20 Year Mortgage 

with EEUs Applied  

20 Year 

Mortgage 

Increase Due to 

EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 20 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 19.80  1,351.97 14.48 1,453.83 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
5.32  
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     Home Owner Payments on 20 Year Mortgage with a 15% Fixed Rate Mortgage 

     

ASU-Mathis Analysis 
Monthly Capital 

Recovery = 0.01317 
 

     No EEUs Applied  
   

     

Energy 

Expenditure 

Per Household 

20 Year 

Mortgage  

Monthly 

Mortgage & 

Energy Payment                  

(For 20 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 1,825.36 1,947.02   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of 

up to 15% 

20 Year Mortgage 

with EEUs 

Applied  

20 Year 

Mortgage 

Increase Due to 

EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 20 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 19.80  1,845.12 19.76 1,946.98 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
0.04  

     

     

      

Home Owner Payments on 20 Year Mortgage with a 20% Fixed Rate Mortgage 

     

ASU-Mathis Analysis 
Monthly Capital 

Recovery = 0.016988 
 

     No EEUs Applied  
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Energy 

Expenditure 

Per Household 

20 Year 

Mortgage  

Monthly 

Mortgage & 

Energy Payment                  

(For 20 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 2,354.54 2,476.20   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of 

up to 15% 

20 Year Mortgage 

with EEUs 

Applied  

20 Year 

Mortgage 

Increase Due to 

EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 20 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 19.80  2,380.02 25.48 2,481.88 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
(5.68) 
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Appendix F.2 – 30% Improvement in Energy Efficiency – 20 Year Mortgage 

 

Home Owner Payments on 20 Year Mortgage with a 4% Fixed Rate Mortgage 

     

ASU-Mathis Analysis 
Monthly Capital 

Recovery = 0.00606 
 

     No EEUs Applied  
   

     

Energy 

Expenditure 

Per Household 

20 Year 

Mortgage  

Monthly Mortgage 

& Energy Payment                  

(For 20 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 839.92 961.58   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of up 

to 30% 

20 Year Mortgage 

with EEUs Applied  

20 Year 

Mortgage 

Increase Due 

to EEUs  

Monthly 

Mortgage & 

Energy 

Payment                  

(For 20 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 39.60  856.70 16.79 938.76 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
22.81  

     

     

     Home Owner Payments on 20 Year Mortgage with a 6% Fixed Rate Mortgage 

     

ASU-Mathis Analysis 
Monthly Capital 

Recovery = 0.007164 
 

     No EEUs Applied  
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Energy 

Expenditure 

Per Household 

20 Year 

Mortgage  

Monthly Mortgage 

& Energy 

Payment                  

(For 20 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 992.93 1,114.59   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of up 

to 30% 

20 Year Mortgage 

with EEUs 

Applied  

20 Year 

Mortgage 

Increase 

Due to EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 20 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 39.60  1,012.77 19.84 1,094.83 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
19.76  

     

     

     Home Owner Payments on 20 Year Mortgage with a 8% Fixed Rate Mortgage 

     

ASU-Mathis Analysis 
Monthly Capital 

Recovery = 0.008364 
 

     No EEUs Applied  
   

     

Energy 

Expenditure 

Per Household 

20 Year 

Mortgage  

Monthly 

Mortgage & 

Energy Payment                  

(For 20 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 1,159.25 1,280.91   
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EEU's Applied  

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of up 

to 30% 

20 Year 

Mortgage with 

EEUs Applied  

20 Year 

Mortgage 

Increase Due to 

EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 20 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 39.60  1,182.42 23.17 1,264.48 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
16.43  

     

     

     Home Owner Payments on 20 Year Mortgage with a 10% Fixed Rate Mortgage 

     

ASU-Mathis Analysis 
Monthly Capital 

Recovery = 0.00965 
 

     No EEUs Applied  
   

     

Energy 

Expenditure 

Per Household 

20 Year 

Mortgage  

Monthly 

Mortgage & 

Energy Payment                  

(For 20 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 1,337.49 1,459.15   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of up 

to 30% 

20 Year 

Mortgage with 

EEUs Applied  

20 Year 

Mortgage 

Increase Due to 

EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 20 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 39.60  1,364.22 26.73 1,446.28 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
12.87  
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     Home Owner Payments on 20 Year Mortgage with a 15% Fixed Rate Mortgage 

     

ASU-Mathis Analysis 
Monthly Capital 

Recovery = 0.01317 
 

     No EEUs Applied  
   

     

Energy 

Expenditure 

Per Household 

20 Year 

Mortgage  

Monthly Mortgage 

& Energy 

Payment                  

(For 20 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 1,825.36 1,947.02   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of up 

to 30% 

20 Year Mortgage 

with EEUs 

Applied  

20 Year 

Mortgage 

Increase Due 

to EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 20 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 39.60  1,861.84 36.48 1,943.90 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
3.12  

     

     

      

 

 

 

 

 

 

Home Owner Payments on 20 Year Mortgage with a 20% Fixed Rate Mortgage 

     

ASU-Mathis Analysis 
Monthly Capital 

Recovery = 0.016988 
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No EEUs Applied  
   

     

Energy 

Expenditure 

Per Household 

20 Year 

Mortgage  

Monthly 

Mortgage & 

Energy Payment                  

(For 20 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 2,354.54 2,476.20   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of up 

to 30% 

20 Year 

Mortgage with 

EEUs Applied  

20 Year 

Mortgage 

Increase Due 

to EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 20 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 39.60  2,401.59 47.06 2,483.65 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
(7.46) 
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Appendix F.3 – 15% Improvement in Energy Efficiency – 30 Year Mortgage 

 

Home Owner Payments on 30 Year Mortgage with a 4% Fixed Rate Mortgage 

     

ASU-Mathis Analysis 
Monthly Capital 

Recovery = 0.004774 
 

     No EEUs Applied  
   

     

Energy 

Expenditure 

Per Household 

30 Year 

Mortgage  

Monthly 

Mortgage & 

Energy 

Payment                  

(For 30 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 661.68 783.34   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of 

up to 15% 

30 Year 

Mortgage with 

EEUs Applied  

30 Year 

Mortgage 

Increase Due 

to EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 30 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 19.80  668.84 7.16 770.70 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
12.64  

     

     

     Home Owner Payments on 30 Year Mortgage with a 6% Fixed Rate Mortgage 

     

ASU-Mathis Analysis 
Monthly Capital 

Recovery = 0.005996 
 

     No EEUs Applied  
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Energy 

Expenditure 

Per Household 

30 Year 

Mortgage  

Monthly 

Mortgage & 

Energy Payment                  

(For 30 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 831.05 952.71   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of 

up to 15% 

30 Year 

Mortgage with 

EEUs Applied  

30 Year 

Mortgage 

Increase 

Due to 

EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 30 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 19.80  840.04 8.99 941.90 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
10.81  

     

     

     Home Owner Payments on 30 Year Mortgage with a 8% Fixed Rate Mortgage 

     

ASU-Mathis Analysis 
Monthly Capital 

Recovery = 0.007338 
 

     No EEUs Applied  
   

     

Energy 

Expenditure 

Per Household 

30 Year 

Mortgage  

Monthly 

Mortgage & 

Energy 

Payment                  

(For 30 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 1,017.05 1,138.71   
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EEU's Applied  

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of 

up to 15% 

30 Year 

Mortgage with 

EEUs Applied  

30 Year 

Mortgage 

Increase 

Due to EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 30 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 19.80  1,028.05 11.01 1,129.91 

     
Combined Savings on Monthly Mortgage and Energy 

Payments                 ($/Month) 
8.79  

     

     

     Home Owner Payments on 30 Year Mortgage with a 10% Fixed Rate Mortgage 

     

ASU-Mathis Analysis 
Monthly Capital 

Recovery = 0.008776 
 

     No EEUs Applied  
   

     

Energy 

Expenditure 

Per Household 

30 Year 

Mortgage  

Monthly 

Mortgage & 

Energy Payment                  

(For 30 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 1,216.35 1,338.01   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of 

up to 15% 

30 Year 

Mortgage with 

EEUs Applied  

30 Year 

Mortgage 

Increase Due 

to EEUs  

Monthly 

Mortgage & 

Energy 

Payment                  

(For 30 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 19.80  1,229.52 13.16 1,331.38 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
6.64  
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     Home Owner Payments on 30 Year Mortgage with a 15% Fixed Rate Mortgage 

     

ASU-Mathis Analysis 
Monthly Capital 

Recovery = 0.01264 
 

     No EEUs Applied  
   

     

Energy 

Expenditure 

Per Household 

30 Year 

Mortgage  

Monthly 

Mortgage & 

Energy 

Payment                  

(For 30 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 1,751.90 1,873.56   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of 

up to 15% 

30 Year 

Mortgage with 

EEUs Applied  

30 Year 

Mortgage 

Increase 

Due to EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 30 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 19.80  1,770.86 18.96 1,872.72 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
0.84  
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Home Owner Payments on 30 Year Mortgage with a 20% Fixed Rate Mortgage 

     

ASU-Mathis Analysis 
Monthly Capital 

Recovery = 0.01671 
 

      

No EEUs Applied     

     

Energy 

Expenditure 

Per Household 

30 Year 

Mortgage  

Monthly 

Mortgage & 

Energy Payment                  

(For 30 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 2,316.01 2,437.67   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of 

up to 15% 

30 Year Mortgage 

with EEUs 

Applied  

30 Year 

Mortgage 

Increase Due to 

EEUs  

Monthly 

Mortgage 

& Energy 

Payment                  

(For 30 

Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 19.80  2,341.07 25.07 2,442.93 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
(5.26) 
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Appendix F.4 – 30% Improvement in Energy Efficiency – 30 Year Mortgage 

 

 

Home Owner Payments on 30 Year Mortgage with a 4% Fixed Rate Mortgage 

     

ASU-Mathis Analysis 
Monthly Capital 

Recovery = 0.004774 
 

     No EEUs Applied  
   

     

Energy 

Expenditure 

Per Household 

30 Year 

Mortgage  

Monthly 

Mortgage & 

Energy 

Payment                  

(For 30 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 661.68 783.34   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of up 

to 30% 

30 Year 

Mortgage with 

EEUs Applied  

30 Year 

Mortgage 

Increase Due 

to EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 30 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 39.60  674.90 13.22 756.96 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
26.38  

     

     

     Home Owner Payments on 30 Year Mortgage with a 6% Fixed Rate Mortgage 

     

ASU-Mathis Analysis 

Monthly 
Capital 

Recovery = 0.005996 
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No EEUs Applied  

     

Energy 

Expenditure 

Per Household 

30 Year 

Mortgage  

Monthly 

Mortgage & 

Energy 

Payment                  

(For 30 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 831.05 952.71   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of up 

to 30% 

30 Year 

Mortgage 

with EEUs 

Applied  

30 Year 

Mortgage 

Increase Due to 

EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 30 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 39.60  847.65 16.61 929.71 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
22.99  

     

     

     Home Owner Payments on 30 Year Mortgage with a 8% Fixed Rate Mortgage 

     

ASU-Mathis Analysis 
Monthly Capital 

Recovery = 0.007332 
 

     No EEUs Applied  
   

     

Energy 

Expenditure 

Per Household 

30 Year 

Mortgage  

Monthly 

Mortgage & 

Energy 

Payment                  

(For 30 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 1,016.22 1,137.88   
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EEU's Applied  

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of up 

to 30% 

30 Year 

Mortgage with 

EEUs Applied  

30 Year 

Mortgage 

Increase Due 

to EEUs  

Monthly 

Mortgage & 

Energy 

Payment                  

(For 30 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 39.60  1,036.52 20.31 1,118.58 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
19.29  

     

     

     Home Owner Payments on 30 Year Mortgage with a 10% Fixed Rate Mortgage 

     

ASU-Mathis Analysis 
Monthly Capital 

Recovery = 0.008776 
 

     No EEUs Applied  
   

     

Energy 

Expenditure 

Per Household 

30 Year 

Mortgage  

Monthly 

Mortgage & 

Energy Payment                  

(For 30 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 1,216.35 1,338.01   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of up 

to 30% 

30 Year 

Mortgage with 

EEUs Applied  

30 Year 

Mortgage 

Increase Due to 

EEUs  

Monthly 

Mortgage & 

Energy 

Payment                  

(For 30 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 39.60  1,240.66 24.31 1,322.72 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
15.29  
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     Home Owner Payments on 30 Year Mortgage with a 15% Fixed Rate Mortgage 

     

ASU-Mathis Analysis 
Monthly Capital 

Recovery = 0.01264 
 

     No EEUs Applied  
   

     

Energy 

Expenditure 

Per Household 

30 Year 

Mortgage  

Monthly 

Mortgage & 

Energy 

Payment                  

(For 30 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 1,751.90 1,873.56   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of up 

to 30% 

30 Year 

Mortgage with 

EEUs Applied  

30 Year 

Mortgage 

Increase Due 

to EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 30 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 39.60  1,786.92 35.01 1,868.98 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
4.59  

     

     

     Home Owner Payments on 30 Year Mortgage with a 20% Fixed Rate Mortgage 

     

ASU-Mathis Analysis 

Monthly 
Capital 

Recovery = 0.01671 
 

      

 

 

No EEUs Applied  
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Energy 

Expenditure 

Per Household 

30 Year 

Mortgage  

Monthly 

Mortgage & 

Energy 

Payment                  

(For 30 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 2,316.01 2,437.67   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of up 

to 30% 

30 Year 

Mortgage 

with EEUs 

Applied  

30 Year 

Mortgage 

Increase Due 

to EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 30 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 39.60  2,362.29 46.29 2,444.35 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
(6.69) 
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Appendix G – Benefit-Cost and Sensitivity Analyses for NCHBA Estimate 

Appendix G.1 – 15% Improvement in Energy Efficiency – 20 Year Mortgage 

 

Home Owner Payments on 20 Year Mortgage with a 4% Fixed Rate Mortgage 

     

NCHBA 
Analysis 

 

Monthly 
Capital 

Recovery = 0.00606 
 

     No EEUs Applied  
   

     

Energy 

Expenditure 

Per Household 

20 Year 

Mortgage  

Monthly 

Mortgage & 

Energy 

Payment                  

(For 20 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 839.92 961.58   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of 

up to 15% 

20 Year 

Mortgage 

with EEUs 

Applied  

20 Year 

Mortgage 

Increase Due 

to EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 20 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 19.80  858.49 18.57 960.35 

     
Combined Savings on Monthly Mortgage and Energy 

Payments                 ($/Month) 
1.23  

     

     

     Home Owner Payments on 20 Year Mortgage with a 6% Fixed Rate Mortgage 

     
NCHBA 
Analysis 

 

Monthly Capital 
Recovery = 0.007164 

 

     No EEUs Applied  
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Energy 

Expenditure 

Per Household 

20 Year 

Mortgage  

Monthly 

Mortgage & 

Energy 

Payment                  

(For 20 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 992.93 1,114.59   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of 

up to 15% 

20 Year 

Mortgage with 

EEUs Applied  

20 Year 

Mortgage 

Increase 

Due to EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 20 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 19.80  1,014.89 21.96 1,116.75 

     
Combined Savings on Monthly Mortgage and Energy 

Payments                 ($/Month) 
(2.16) 

     

     

     Home Owner Payments on 20 Year Mortgage with a 8% Fixed Rate Mortgage 

     
NCHBA 
Analysis 

 

Monthly Capital 
Recovery = 0.008364 

 

     No EEUs Applied  
   

     

Energy 

Expenditure 

Per Household 

20 Year 

Mortgage  

Monthly 

Mortgage & 

Energy 

Payment                  

(For 20 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 1,159.25 1,280.91   
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EEU's Applied  

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of 

up to 15% 

20 Year 

Mortgage with 

EEUs Applied  

20 Year 

Mortgage 

Increase 

Due to EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 20 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 19.80  1,184.89 25.64 1,286.75 

     
Combined Savings on Monthly Mortgage and Energy 

Payments                 ($/Month) 
(5.84) 

     

     

     Home Owner Payments on 20 Year Mortgage with a 10% Fixed Rate Mortgage 

     
NCHBA 
Analysis 

 

Monthly Capital 
Recovery = 0.00965 

 

     No EEUs Applied  
   

     

Energy 

Expenditure 

Per Household 

20 Year 

Mortgage  

Monthly 

Mortgage & 

Energy 

Payment                  

(For 20 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 1,337.49 1,459.15   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of 

up to 15% 

20 Year 

Mortgage with 

EEUs Applied  

20 Year 

Mortgage 

Increase 

Due to EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 20 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 19.80  1,367.07 29.58 1,468.93 

     
Combined Savings on Monthly Mortgage and Energy 

Payments                 ($/Month) 
(9.78) 
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     Home Owner Payments on 20 Year Mortgage with a 15% Fixed Rate Mortgage 

     

NCHBA 
Analysis 

 

Monthly 
Capital 

Recovery = 0.01317 
 

     No EEUs Applied  
   

     

Energy 

Expenditure 

Per Household 

20 Year 

Mortgage  

Monthly 

Mortgage & 

Energy 

Payment                  

(For 20 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 1,825.36 1,947.02   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of 

up to 15% 

20 Year 

Mortgage 

with EEUs 

Applied  

20 Year 

Mortgage 

Increase Due 

to EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 20 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 19.80  1,865.73 40.37 1,967.59 

     
Combined Savings on Monthly Mortgage and Energy 

Payments                 ($/Month) 
(20.57) 

     

     

     Home Owner Payments on 20 Year Mortgage with a 20% Fixed Rate Mortgage 

     

NCHBA 
Analysis 

 

Monthly 
Capital 

Recovery = 0.016988 
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No EEUs Applied  

     

Energy 

Expenditure 

Per Household 

20 Year 

Mortgage  

Monthly 

Mortgage & 

Energy 

Payment                  

(For 20 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 2,354.54 2,476.20   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of 

up to 15% 

20 Year 

Mortgage 

with EEUs 

Applied  

20 Year 

Mortgage 

Increase 

Due to EEUs  

Monthly Mortgage 

& Energy 

Payment                  

(For 20 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 19.80  2,406.61 52.07 2,508.47 

     
Combined Savings on Monthly Mortgage and Energy 

Payments                 ($/Month) 
(32.27) 
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Appendix G.2 – 30% Improvement in Energy Efficiency – 20 Year Mortgage 

 

Home Owner Payments on 20 Year Mortgage with a 4% Fixed Rate Mortgage 

     
NCHBA 
Analysis 

 

Monthly Capital 
Recovery = 0.00606 

 

     No EEUs Applied  
   

     

Energy 

Expenditure 

Per Household 

20 Year 

Mortgage  

Monthly 

Mortgage & 

Energy Payment                  

(For 20 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 839.92 961.58   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of up 

to 30% 

20 Year 

Mortgage with 

EEUs Applied  

20 Year 

Mortgage 

Increase Due 

to EEUs  

Monthly 

Mortgage & 

Energy 

Payment                  

(For 20 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 39.60  881.80 41.88 963.86 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
(2.28) 

     

     

     Home Owner Payments on 20 Year Mortgage with a 6% Fixed Rate Mortgage 

     
NCHBA 
Analysis 

 

Monthly Capital 
Recovery = 0.007164 
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No EEUs Applied  

     

Energy 

Expenditure 

Per Household 

20 Year 

Mortgage  

Monthly 

Mortgage & 

Energy 

Payment                  

(For 20 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 992.93 1,114.59   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of up 

to 30% 

20 Year 

Mortgage with 

EEUs Applied  

20 Year 

Mortgage 

Increase Due 

to EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 20 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 39.60  1,042.44 49.51 1,124.50 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
(9.91) 

     

     

     Home Owner Payments on 20 Year Mortgage with a 8% Fixed Rate Mortgage 

     
NCHBA 
Analysis 

 

Monthly Capital 
Recovery = 0.008364 

 

     No EEUs Applied  
   

     

Energy 

Expenditure 

Per Household 

20 Year 

Mortgage  

Monthly 

Mortgage & 

Energy 

Payment                  

(For 20 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 1,159.25 1,280.91   
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EEU's Applied  

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of up 

to 30% 

20 Year 

Mortgage with 

EEUs Applied  

20 Year 

Mortgage 

Increase Due 

to EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 20 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 39.60  1,217.06 57.81 1,299.12 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
(18.21) 

     

     

     Home Owner Payments on 20 Year Mortgage with a 10% Fixed Rate Mortgage 

     
NCHBA 
Analysis 

 

Monthly Capital 
Recovery = 0.00965 

 

     No EEUs Applied  
   

     

Energy 

Expenditure 

Per Household 

20 Year 

Mortgage  

Monthly 

Mortgage & 

Energy 

Payment                  

(For 20 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 1,337.49 1,459.15   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of up 

to 30% 

20 Year 

Mortgage with 

EEUs Applied  

20 Year 

Mortgage 

Increase Due 

to EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 20 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 39.60  1,404.18 66.69 1,486.24 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
(27.09) 
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     Home Owner Payments on 20 Year Mortgage with a 15% Fixed Rate Mortgage 

     
NCHBA 
Analysis 

 

Monthly Capital 
Recovery = 0.01317 

 

     No EEUs Applied  
   

     

Energy 

Expenditure 

Per Household 

20 Year 

Mortgage  

Monthly 

Mortgage & 

Energy 

Payment                  

(For 20 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 1,825.36 1,947.02   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of up 

to 30% 

20 Year 

Mortgage with 

EEUs Applied  

20 Year 

Mortgage 

Increase Due to 

EEUs  

Monthly 

Mortgage & 

Energy 

Payment                  

(For 20 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 39.60  1,916.39 91.02 1,998.45 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
(51.42) 

     

     

     Home Owner Payments on 20 Year Mortgage with a 20% Fixed Rate Mortgage 

     
NCHBA 
Analysis 

 

Monthly Capital 
Recovery = 0.016988 
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No EEUs Applied  

     

Energy 

Expenditure 

Per Household 

20 Year 

Mortgage  

Monthly 

Mortgage & 

Energy 

Payment                  

(For 20 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 2,354.54 2,476.20   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of up 

to 30% 

20 Year 

Mortgage with 

EEUs Applied  

20 Year 

Mortgage 

Increase Due 

to EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 20 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 39.60  2,471.95 117.41 2,554.01 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
(77.81) 
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Appendix G.3 – 15% Improvement in Energy Efficiency – 30 Year Mortgage 

 

Home Owner Payments on 30 Year Mortgage with a 4% Fixed Rate Mortgage 

     
NCHBA 
Analysis 

 

Monthly Capital 
Recovery = 0.004774 

 

     No EEUs Applied  
   

     

Energy 

Expenditure 

Per Household 

30 Year 

Mortgage  

Monthly 

Mortgage & 

Energy 

Payment                  

(For 30 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 661.68 783.34   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of 

up to 15% 

30 Year 

Mortgage with 

EEUs Applied  

30 Year 

Mortgage 

Increase 

Due to EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 30 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 19.80  676.31 14.63 778.17 

     
Combined Savings on Monthly Mortgage and Energy 

Payments                 ($/Month) 
5.17  

     

     

     Home Owner Payments on 30 Year Mortgage with a 6% Fixed Rate Mortgage 

     
NCHBA 
Analysis 

 

Monthly Capital 
Recovery = 0.005996 

 

     No EEUs Applied  
   

     



 

171 

 

Energy 

Expenditure 

Per Household 

30 Year 

Mortgage  

Monthly 

Mortgage & 

Energy 

Payment                  

(For 30 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 831.05 952.71   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of 

up to 15% 

30 Year 

Mortgage with 

EEUs Applied  

30 Year 

Mortgage 

Increase 

Due to EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 30 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 19.80  849.42 18.38 951.28 

     
Combined Savings on Monthly Mortgage and Energy 

Payments                 ($/Month) 
1.42  

     

     

     Home Owner Payments on 30 Year Mortgage with a 8% Fixed Rate Mortgage 

     
NCHBA 
Analysis 

 

Monthly Capital 
Recovery = 0.007338 

 

     No EEUs Applied  
   

     

Energy 

Expenditure 

Per Household 

30 Year 

Mortgage  

Monthly 

Mortgage & 

Energy 

Payment                  

(For 30 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 1,017.05 1,138.71   
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EEU's Applied  

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of 

up to 15% 

30 Year 

Mortgage with 

EEUs Applied  

30 Year 

Mortgage 

Increase 

Due to EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 30 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 19.80  1,039.54 22.49 1,141.40 

     
Combined Savings on Monthly Mortgage and Energy 

Payments                 ($/Month) 
(2.69) 

     

     

     Home Owner Payments on 30 Year Mortgage with a 10% Fixed Rate Mortgage 

     
NCHBA 
Analysis 

 

Monthly Capital 
Recovery = 0.008776 

 

     No EEUs Applied  
   

     

Energy 

Expenditure 

Per Household 

30 Year 

Mortgage  

Monthly 

Mortgage & 

Energy 

Payment                  

(For 30 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 1,216.35 1,338.01   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of 

up to 15% 

30 Year 

Mortgage with 

EEUs Applied  

30 Year 

Mortgage 

Increase 

Due to EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 30 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 19.80  1,243.25 26.90 1,345.11 

     
Combined Savings on Monthly Mortgage and Energy 

Payments                 ($/Month) 
(7.10) 
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     Home Owner Payments on 30 Year Mortgage with a 15% Fixed Rate Mortgage 

     

NCHBA 
Analysis 

 

Monthly 
Capital 

Recovery = 0.01264 
 

     No EEUs Applied  
   

     

Energy 

Expenditure 

Per Household 

30 Year 

Mortgage  

Monthly 

Mortgage & 

Energy 

Payment                  

(For 30 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 1,751.90 1,873.56   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of 

up to 15% 

30 Year 

Mortgage 

with EEUs 

Applied  

30 Year 

Mortgage 

Increase 

Due to EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 30 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 19.80  1,790.65 38.74 1,892.51 

     
Combined Savings on Monthly Mortgage and Energy 

Payments                 ($/Month) 
(18.94) 

     

     

     Home Owner Payments on 30 Year Mortgage with a 20% Fixed Rate Mortgage 

     
NCHBA 
Analysis 

 

Monthly Capital 
Recovery = 0.01671 
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No EEUs Applied  

     

Energy 

Expenditure 

Per Household 

30 Year 

Mortgage  

Monthly 

Mortgage & 

Energy 

Payment                  

(For 30 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 2,316.01 2,437.67   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of 

up to 15% 

30 Year 

Mortgage with 

EEUs Applied  

30 Year 

Mortgage 

Increase 

Due to EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 30 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 19.80  2,367.22 51.22 2,469.08 

     
Combined Savings on Monthly Mortgage and Energy 

Payments                 ($/Month) 
(31.42) 
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Appendix G.4 – 30% Improvement in Energy Efficiency – 30 Year Mortgage 

 

 

Home Owner Payments on 30 Year Mortgage with a 4% Fixed Rate Mortgage 

     
NCHBA 
Analysis 

 

Monthly Capital 
Recovery = 0.004774 

 

     No EEUs Applied  
   

     

Energy 

Expenditure 

Per Household 

30 Year 

Mortgage  

Monthly 

Mortgage & 

Energy 

Payment                  

(For 30 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 661.68 783.34   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of up 

to 30% 

30 Year 

Mortgage with 

EEUs Applied  

30 Year 

Mortgage 

Increase Due 

to EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 30 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 39.60  694.67 32.99 776.73 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
6.61  

     

     

     Home Owner Payments on 30 Year Mortgage with a 6% Fixed Rate Mortgage 

     
NCHBA 
Analysis 

 

Monthly Capital 
Recovery = 0.005996 
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No EEUs Applied  

     

Energy 

Expenditure 

Per Household 

30 Year 

Mortgage  

Monthly 

Mortgage & 

Energy 

Payment                  

(For 30 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 831.05 952.71   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of up 

to 30% 

30 Year 

Mortgage with 

EEUs Applied  

30 Year 

Mortgage 

Increase Due 

to EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 30 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 39.60  872.49 41.44 954.55 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
(1.84) 

     

     

     Home Owner Payments on 30 Year Mortgage with a 8% Fixed Rate Mortgage 

     
NCHBA 
Analysis 

 

Monthly Capital 
Recovery = 0.007338 

 

     No EEUs Applied  
   

     

Energy 

Expenditure 

Per Household 

30 Year 

Mortgage  

Monthly 

Mortgage & 

Energy 

Payment                  

(For 30 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 1,017.05 1,138.71   
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EEU's Applied  

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of up 

to 30% 

30 Year 

Mortgage with 

EEUs Applied  

30 Year 

Mortgage 

Increase Due 

to EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 30 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 39.60  1,067.76 50.72 1,149.82 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
(11.12) 

     

     

     Home Owner Payments on 30 Year Mortgage with a 10% Fixed Rate Mortgage 

     
NCHBA 
Analysis 

 

Monthly Capital 
Recovery = 0.008776 

 

     No EEUs Applied  
   

     

Energy 

Expenditure 

Per Household 

30 Year 

Mortgage  

Monthly 

Mortgage & 

Energy 

Payment                  

(For 30 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 1,216.35 1,338.01   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of up 

to 30% 

30 Year 

Mortgage with 

EEUs Applied  

30 Year 

Mortgage 

Increase Due 

to EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 30 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 39.60  1,277.01 60.65 1,359.07 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
(21.05) 
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     Home Owner Payments on 30 Year Mortgage with a 15% Fixed Rate Mortgage 

     
NCHBA 
Analysis 

 

Monthly Capital 
Recovery = 0.01264 

 

     No EEUs Applied  
   

     

Energy 

Expenditure 

Per Household 

30 Year 

Mortgage  

Monthly 

Mortgage & 

Energy Payment                  

(For 30 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 1,751.90 1,873.56   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of up 

to 30% 

30 Year 

Mortgage with 

EEUs Applied  

30 Year 

Mortgage 

Increase Due 

to EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 30 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 39.60  1,839.26 87.36 1,921.32 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
(47.76) 

     

     

      

Home Owner Payments on 30 Year Mortgage with a 20% Fixed Rate Mortgage 

     
NCHBA 
Analysis 

 

Monthly Capital 
Recovery = 0.01671 

 

     No EEUs Applied  
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Energy 

Expenditure 

Per Household 

30 Year 

Mortgage  

Monthly 

Mortgage & 

Energy Payment                  

(For 30 Yrs) 

  
 

($/Month) ($/Month) ($)   
 

121.66 2,316.01 2,437.67   
 

     EEU's Applied  
    

     

Energy 

Expenditure 

Per Household 

Energy 

Savings of up 

to 30% 

30 Year 

Mortgage with 

EEUs Applied  

30 Year 

Mortgage 

Increase 

Due to EEUs  

Monthly 

Mortgage & 

Energy Payment                  

(For 30 Yrs) 

($/Month) ($/Month) ($/Month) ($/Month) ($) 

121.66 39.60  2,431.50 115.49 2,513.56 

     
Combined Savings on Monthly Mortgage and Energy Payments                 

($/Month) 
(75.89) 
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Appendix H – MnDOT CSS Application 

 

U.S. Department of transportation - Federal Highway Association 

 

http://contextsensitivesolutions.org/content/reading/public-involvement-24/ 

Public Involvement Guidelines 

 

 All Mn/DOT employees are involved in some way in public involvement. Even if they do 

not have direct contact with citizens, their actions ultimately have an impact on how our 

transportation system functions and on how Mn/DOT is perceived by our customers. The 

following public involvement guidelines, incorporating what we heard from the focus groups 

on public involvement and other "best practices," were developed to assist all Mn/DOT 

employees in implementing the objectives of public involvement: 

 

 1. For all Mn/DOT plans and projects, public involvement plans should be developed and 

tailored to the complexities of the project. The level of detail of the public involvement plan 

should be commensurate with the project or plan's magnitude and potential impacts. 

 

 2. Solicit public involvement as early as possible. Clearly people do not want to have their 

time wasted by being asked to comment on a project on which they can have little, if any, 

substantive input. By getting people involved as early as possible in the process and by 

framing the issues so that people can understand what the issues are and how their 

communities may be affected, the opportunity for substantive input is maximized. Some 

techniques to accomplish this may include establishing a citizen's advisory committee, doing 

community surveys, and key person interviews. Tools to engage people and inform them 

about project possibilities include using graphic displays, such as computer simulation and 

visualization techniques, printed materials, and traveling displays. Usually what is needed to 

achieve early and continuing participation is a mix of interactive and passive techniques 

chosen to illuminate the issues. 

  

3. When possible, and appropriate, Mn/DOT employees will plan for smaller, more informal 

group meetings and discussion. In doing so, we anticipate that people will feel more 

comfortable asking questions and discussing their opinions regarding transportation plans 

and projects. 

  

4. Mailing lists, including known neighborhood associations, civic and cultural groups, 

environmental organizations, citizens advisory committees, and organizations and 

associations with low-income, minority, elderly, and disabled constituents will be kept up-to-

date as appropriate. When possible, personal invitations will be made, aimed at soliciting 

input from groups and individuals whose voices may not otherwise be heard in the 
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transportation planning and project development process. 

 5. Mn/DOT employees will make an effort to go where the people are, e.g., shopping malls, 

churches, grocery stores, and established community events when appropriate to get 

community input. 

  

6. Communication must be two-way, continuing, and consistent. In two-way communication, 

Mn/DOT employees are committed to not only hearing what the public has to say, but to 

being responsive to their input. Being responsive does not equate to being affirmative; we 

cannot please all people all the time. However, it does mean that we will acknowledge what 

we have heard from an individual, and communicate our decisions and the basis for making 

them. Continuing communication means that we will engage people as early, and for as long, 

as is practical in planning and project development. We will also be consistent about 

communicating the level of potential impact the public can have on a proposed plan or 

project. 

  

7. Mn/DOT is committed to being clear about the process of public involvement and how it 

ties into decision-making. To this end, we are developing informational materials (including 

this document) which will describe Mn/DOT's planning and programming process. These 

materials will detail the opportunities for people to affect decisions and demonstrate the 

points in the process where input will affect the future of Minnesota's transportation system. 

  

8. Innovative tools and media will be used to communicate to our public. These can range 

from "low-tech" highway signs and billboards, to telephone hotlines, internet sites, and 

providing e-mail addresses for public comment on proposed plans of action, as well as 

distributing multi-lingual publications. 

 

 9. Varying types of incentives may be necessary given the type of project, or plan, and the 

people who are invited to the meeting. Incentives can include: child-care, transit or taxi fare, 

refreshments, or other incentives attractive to the individuals invited. Depending on the type 

of project (long-term vs. short-term) and the level of input (in-depth discussion vs. public 

hearing testimony) the need for incentives will vary. Project managers and planners need to 

bear this in mind when they are planning and budgeting for public involvement programs. 

 


