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I.  Introduction – HP and DOE Programmatic Agreement 

 

 

One of the major initiatives of the Obama Administration is energy independence. In 

order to further this initiative of energy independence, the President supported the 

passage of the American Recovery and Reinvestment Act (ARRA), which included 

several budgetary items to reduce energy consumption. One of the energy efficiency 

programs that received a large increase was the Weatherization Assistance Program. The 

Weatherization Assistance Program is a low-income energy efficiency program operated 

by the U.S. Department of Energy that has been in existence for over 33 years. In recent 

years, the program operated with a budget of $250 Million; ARRA allocated $5 billion to 

this effort, a 1900% increase in funding over the previous fiscal year allocation.  Prior to 

ARRA, the program had an average expenditure requirement of $2500 per unit on energy 

efficiency measures; ARRA increased the expenditure average to $6500.  The increase 

for each unit allows local providers the ability to install a wider portfolio of energy 

efficiency measures.  

Due to the increase in allowable expenditures and the sheer volume of residential 

units able to be served with ARRA funds, the historic preservation community became 

concerned about potential disturbance to historic fabric and deterioration issues in homes 
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being weatherized. The Weatherization Program exclusively works on existing housing. 

Generally a structure can be considered historic based on the age of 50 years or older.
1
 

This basic historic significance designation is rooted in the National Historic Preservation 

Act, which allows the Secretary of the Interior the ability to determine historic eligibility 

criterion.
2
   According to the U.S. Energy Information Administration‟s 2005 Residential 

Energy Consumption Survey, a total of 32% of the US housing stock was built prior to 

1959.
3
 Of that 32% only 37% of those structures are considered eligible for the 

Weatherization Assistance Program. 
4
The table below shows the breakdown of eligible 

units nationally, and by region.   

 

Table – 1 Breakdown of Eligible Historic Homes
5
  

% Eligible and Other Homes covered by Historic 
Preservation rules in 2010* 
 

Other homes 28% 

 

Weatherization Assistance Program -eligible homes 

37% 

% Eligible Homes covered by Historic Preservation 

rules in 2010 by region* 
 

*Built Before 1959 

Northeast 59% 

Midwest 42% 

South 25% 

West 29% 

 

The intent of the Weatherization Assistance Program is to increase energy 

efficiency (lowering the occupant‟s utility bills) while improving health and safety, 

                                                 
1
 National Register of Historic Places Brochure.  U.S. Department of the Interior, National Park Service. 

accessed 13 February 2011, available from 

http://www.nps.gov/nr/publications/bulletins/pdfs/NRBroch.pdf, 20. 
2
 National Historic Preservation Act of 1966, Title I Section 101 (16 U.S.C. 470a), accessed 13 February 

2011, available from http://www.nps.gov/history/local-law/nhpa1966.htm.  
3
 2005 Residential Energy Consumption Survey, United States Department of Energy, Energy Information 

Administration, accessed 13 February 2011, available from 

http://www.eia.doe.gov/emeu/recs/recs2005/hc2005_tables/hc1housingunit/pdf/tablehc5.1.pdf 
4
 FACT SHEET: An Estimate of WAP-Eligible Homes Subject to Historic Preservation Review and Lead-

Safe Work Rules.  Washington, DC: Economic Opportunity Studies, 2009,  accessed 13 February 2011, 

available from 

http://www.opportunitystudies.org/repository/File/weatherization/Fact_Sheet_Historic_Lead.pdf 
5
 Ibid. 

http://www.nps.gov/nr/publications/bulletins/pdfs/NRBroch.pdf
http://www.nps.gov/history/local-law/nhpa1966.htm
http://www.opportunitystudies.org/repository/File/weatherization/Fact_Sheet_Historic_Lead.pdf
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comfort, durability, and indoor air quality of the residence receiving work. The folks 

performing this work do not want to exacerbate any issues that could damage the 

structure beyond repair. This is similar to the desire of the historic preservation 

community to preserve the historic fabric of structures deemed historic.  In addition, the 

historic preservation community recognizes the advantages of energy efficiency in 

historic buildings, and highlights the inherent energy efficient components of historic 

buildings‟ designs.
6
 

On the surface it appears as though the historic preservation community and the 

weatherization community have the same interest.  However there are some outstanding 

issues that still need to be resolved so both communities can continue to sustain and 

improve the nation‟s housing stock.  

 Through ARRA, the Department of Energy (DOE) and the National Association 

of State Historic Preservation Officials (NASHPO) negotiated a model Programmatic 

Agreement in order to allow weatherization work to go forward on residential units. 

Negotiated language included in the Programmatic Agreement allowed weatherization to 

continue without going through the four step Section 106 review process.  Section 106 of 

the National Historic Preservation Act requires entities doing work with federal funds to 

analyze the potential effects of their actions on historic structures, especially if they are 

deemed “adverse” (damaging historic fabric). The goal of Section 106 is to “consider 

alternatives to avoid, minimize or mitigate undertaking‟s adverse effects on historic 

                                                 
6
 Burns, John A. Energy Conserving Features Inherent in Older Homes, U.S. Department of Housing and 

Urban Development with the U.S. Department of the Interior, 1982. 
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properties.” 
7
 In this thesis, an undertaking is considered weatherization work performed 

on a house. 

 Although both national organizations agreed on the final programmatic 

agreement, each individual state and territory had to negotiate and independently sign the 

agreement. As of February 2011, 39 agreements were signed. An analysis of these 

agreements done for this thesis shows that many SHPOs had concerns about window 

replacements, a finding not surprising given the preservation community‟s emphasis on 

retaining existing historic windows. Several National Park Service standards and 

guidance documents encourage the preservation of existing historic windows due to the 

effect replacement windows have on the design aesthetics of residential structures. The 

final agreements between SHPOs and DOE also showed concerns with wall insulation, 

usually referencing National Park Service Preservation Briefs and Department of Energy 

documents that were developed for homeowners doing work themselves. Analyses of 

these agreements are contained in Appendix A.  

 DOE would agree with the National Park Service and the SHPOs with respect to 

windows, since replacement windows are not a recommended energy efficiency measure.  

However, DOE was caught off guard with the outcry over wall insulation. DOE had no 

problem with the SHPOs‟ concern with windows, as replacement windows are generally 

not cost effective.  That is, they do not meet the regulatory requirement that 

weatherization measures have a savings to investment ratio of 1.0 or greater.  However, 

dense packed sidewall insulation is one of the most cost effective measures that the 

                                                 
7
 36 CFR Part 800.1 (c) Protection of Historic Properties, accessed 13 February 2011, available from 

http://www.waptac.org/data/files/website_docs/government/guidance/2010/wpn%2010-

12%20attach%202%20-%20historic%20preservation%2036cfr800.pdf  

http://www.waptac.org/data/files/website_docs/government/guidance/2010/wpn%2010-12%20attach%202%20-%20historic%20preservation%2036cfr800.pdf
http://www.waptac.org/data/files/website_docs/government/guidance/2010/wpn%2010-12%20attach%202%20-%20historic%20preservation%2036cfr800.pdf
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Weatherization program performs.  Moreover, wall insulation does not have a visual 

affect on a historic structure. 

The prototype programmatic agreement negotiated at the federal level with the 

Department of Energy, National Conference for State Historic Preservation Officers, and 

the Advisory Council for Historic Preservation included wall insulation as a measure 

exempt from further review under Section 106.  The prototype agreement specifically 

states the following: 

 Allowed: “Blown in wall insulation where no holes are drilled through 

exterior siding, or where holes have no permanent visible alteration to the 

structure” 

 Allowed: “Blown in wall insulation where no decorative plaster is damaged.”
8
 

During my review of the executed programmatic agreements in September 2010, I 

found 11 out of the 39 agreements reviewed had limited or removed wall insulation as an 

allowable measure without a 106 review. In the case of Michigan, Texas, and California, 

the actual programmatic agreement justified not using wall insulation based on National 

Park Service Guidance Documents such as Preservation Brief 3.    

 These modified programmatic agreements allude to the fact that weatherization 

work will cause long term structural damage to historic structures, though they present no 

scientific research or evaluation procedures to back up that claim. Contrast this with the 

guide produced in 2007 by the City of Boulder, entitled “Making Your Historic Building 

More Energy Efficient,” which recommends “insulation of exterior walls with tightly-

                                                 
8
 Appendix A – WAP Undertakings Exempt from Section 106 Review, U.S. Department of Energy, 

Weatherization Program Notice 10-12 Historic Preservation Implementation, February 11, 2010, 9. 
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blown cellulose to stop air flow in and through walls.”
9
  Clearly, there is a disagreement 

between some, but not all, of the historic preservation community and the weatherization 

community on what weatherization measures are acceptable.  Furthermore, as highlighted 

in the Boulder document quoted above, there is conflicting guidance available to the 

historic preservation community which has resulted in differing perspectives between 

historic preservation groups on the same weatherization measures.  Some historic 

preservation groups, especially technical ones, have begun to explore and accept building 

science, but it appears that historic preservation policy makers are relying on out dated 

information. 

This thesis is going to analyze National Park Service‟s energy-related guidance 

documents, analyze approved programmatic agreements between DOE and NASHPO, 

and examine weatherization field guides with the intent of seeing how each specifically 

addresses the concerns of the historic preservation community. The goal is to find a 

resolution that not only meets historic preservation standards, but also increases energy 

efficiency in residential units.    

Assumptions 

The author looked for examples of wood framed structures that were damaged 

due to the introduction of wall insulation.  None were located.  Conversations with long 

time DOE personnel revealed that in the program‟s 34 year history there was never any 

complaint of wood framed structures damaged by insulation.  A conversation with the 

National Park Service could not specifically indentify any specific cases of damage 

                                                 
9
 Synertech Systems Corporation, Making You Historic Building Energy Efficient: Volume 2 Technical 

Details, City of Boulder Office of Environmental Affairs, August 2007, B-12.  
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either.  Therefore, it is assumed that there are no documented cases of damage to historic 

wood framed structures caused by the introduction of wall insulation. 

Limits 

This study focuses on historic single family residential wood framed structures.  

Other building types such as multi-family and masonry structures are not covered in this 

project. 

Research Methodology 

All of the programmatic agreements that were executed between the Department 

of Energy‟s Weatherization program and State Historic Preservation Offices were 

reviewed.  The programmatic agreements that removed wall insulation as an approved 

measure were studied in order to determine what information the individual states were 

using in order to support their argument that wall insulation should not be allowed.  

These sources were investigated and reviewed.  In addition, the author reviewed all 

known national policy and guidance regarding weatherization of homes from both the 

weatherization/building science community and historic preservation community. 

Review of Literature 

Programmatic agreements executed by the DOE and SHPO‟s were reviewed.  The 

code of federal regulations covering the weatherization program and the National 

Historic Preservation Act was reviewed.  Other literature reviewed from the historic 

preservation community included National Park Service Preservation Briefs and 

Technical Preservation Services website, the Secretary of the Interior‟s Standards, and 

articles in the APT Bulletin covering this subject.  Literature reviewed from the 

weatherization community included building science books and publications, DOE 
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guidance documents, DOE weatherization training documents, and weatherization field 

guides for installation.  



 

 

 

 

 

 

II.   Energy Efficiency Guidance from the Historic Preservation Community 

 

Through the National Historic Preservation Act of 1966, the Secretary of the 

Interior was delegated several responsibilities in the implementation of the Act. Pursuant 

to this Act, the National Park Service, under the direction of the Secretary of the Interior, 

established an interpretive set of rules that should be followed before commencing work 

on a historic structure.  These regulations are called the Secretary of Interior’s Standards 

for the Treatment of Historic Properties. Although these Standards were established to 

preserve the character defining features of historic properties, some of the guidelines 

provide provisions for energy saving strategies for historic structures.  

 “The intent of the Secretary of the Interior’s Standards – now referred to as “the 

Standards” – is to assist in the long-term preservation of a property‟s significance through 

the preservation of historic materials.”
10

 These Standards refer to four different levels of 

treatment: Preservation, Rehabilitation, Restoration, and Reconstruction.  

                                                 
10

 Weeks, Kay D. and Anne E. Grimmer. The Secretary of the Interior’s Standards for the Treatment of 

Historic Properties: With Guidelines for Preserving, Rehabilitating, Restoring, and Reconstructing 

Historic Buildings, Washington, D.C.: US Department of the Interior, National Park Service, Cultural 

Stewardship and Partnerships, and Heritage Preservation Services, 1995.  
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The Standards provide specific standards and guidelines for each of these four 

treatments. Each treatment approach is broken into sub areas such as building exterior – 

materials, building exterior – features, building interior, building site, setting, and special 

requirements. Energy efficiency is addressed in the special requirements section. These 

guidelines provide “recommended” and “not recommended” approaches to individual 

treatments. The energy efficiency section is divided into sub categories based on building 

components. Appendix B identifies the recommended and not recommended approaches 

identified in the Standards with respect to energy efficiency. 

 The National Park Service, Technical Preservation Services Division is 

responsible for developing guidance documents for the historic preservation community. 

These guidance documents include Preservation Briefs, and a variety of other materials 

including their website, videos, pamphlets, etc. These materials are used by a vast 

audience including homeowners, preservation professionals, organizations, and 

government agencies seeking information on how best to preserve historic buildings 

through “improving quality of work, promoting long-term preservation, and fostering 

responsible use of both traditional and innovative techniques.”
11

  

The documents reviewed in this chapter were frequently referenced in the 

programmatic agreements signed by states, specifically when measures such as wall 

insulation were removed from the nationally negotiated programmatic agreement.   

The guidelines in the Secretary of the Interior’s Standards tend to influence the 

additional documents published by the National Park Service‟s Technical Preservation 

                                                 
11

 Technical Preservation Services: Program in Brief, U.S. Department of the Interior, National Park 

Service, accessed 13 February 2011, available from http://www.nps.gov/history/hps/tps/tps_p.htm.  

http://www.nps.gov/history/hps/tps/tps_p.htm
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Services group. These documents contain the basic standards and guidelines that should 

be followed when renovating a historic property. These guidelines are purposely vague to 

allow for interpretation by the preservation community. Due, perhaps, to a lack of 

awareness of building science (defined and further discussed in the next chapter), historic 

preservation officials at several state agencies are leery of some weatherization 

techniques that are commonly used to properly insulate walls.  

Preservation Brief 3 is titled “Conserving Energy in Historic Buildings.”  Its 

primary focus is to “describe ways to achieve the maximum energy savings in historic 

buildings without jeopardizing the architectural, cultural and historic qualities”
12

 of the 

properties. The document recognizes the need to improve thermal performance and 

“recommends measures that will achieve the greatest energy savings with the least 

alteration to the historic building, while using materials that do not cause damage, and 

that represent sound economic investments.”
13

 

The brief begins by identifying inherent energy saving characteristics within 

historic buildings, describes passive energy efficiency measures, and then moves into a 

summary of the energy efficient recommendations called “preservation retrofitting,” and 

ends with specific details of preservation retrofitting measures.  

Preservation Brief 3 claims that buildings that consume the most energy were 

constructed between 1940 and 1975. It describes that structures built prior to 1940 tended 

to maximize design features to use “natural sources of heating, lighting, and 

                                                 
12

 Smith, Baird M. Conserving Enegy in Historic Buildings,  Washington, D.C.: United States Department 

of the Interior, National Park Service, 1978, accessed 23 April 2010, formerly available from 

http://www.nps.gov/hps/tps/briefs/brief03.htm.  

13
 Ibid. 

http://www.nps.gov/hps/tps/briefs/brief03.htm


 12 

ventilation.”
14

  Inherent energy qualities of these structures include climate specific 

designs, building materials, and building orientation.  In warm climates buildings were 

built to minimize heat gain by using balconies, porches, large roof overhangs, awnings, 

window shutters, and shade. In colder climates buildings were designed to minimize heat 

loss by using heavy masonry walls, limiting window size and number and using dark 

colors on the outside walls.   

Passive measures focus on the building operation and operational controls. This 

would involve examining how the building consumes energy “by evaluating the monies 

expended for electricity, gas, and fuel oil for a year.”  Recommended passive measures 

include: 

1. Thermostat adjustments based on actual usage 

2. Thermostatic zoning based on usage 

3. Maximizing natural light 

4. Using operable windows and window coverings when necessary 

5. Servicing mechanical equipment regularly 

6. Maintaining distribution systems 

Following passive measures, the second step is preservation retrofitting. 

Preservation retrofitting entails incorporating measures that “will not jeopardize the 

historic character of the building.” 
15

 

The brief identifies three specific problems often associated with preservation 

retrofitting -- inappropriate building alterations, accelerating building deterioration, and 

                                                 
14

 Ibid. 

15
 Ibid. 
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incompatible materials. Inappropriate building materials include removal of historic 

windows, installation of insulating siding, or installing dropped ceilings.  Note that the 

weatherization community also agrees that these actions would be inappropriate.   

Accelerating building deterioration in this case refers to moisture. “In northern 

climates, the moisture may be a problem during the winter when it condenses on cold 

surfaces such as windows. As moisture passes through the walls and roof it may 

condense within these materials, creating the potential for deterioration. The problem is 

avoided if a vapor barrier is added facing in.” “In southern climates, insulation and vapor 

barriers are handled quite differently because moisture problems occur in the summer 

when the moist outside air is migrating to the interior of the building. In these cases, the 

insulation is installed with vapor barrier facing out.”
16

 Both of these recommendations 

are overly simplistic when viewed in light of today‟s understanding of building science.  

Moreover, these recommendations can result in problems in that vapor barriers may trap 

moisture causing structural deterioration. 

Brief 3 is correct in stating that incorporating incompatible materials can also 

cause structural deterioration. An example of incompatible materials includes cellulose 

insulations that use ammonium or aluminum sulfate as a fire retardant. “The sulfates react 

with moisture in the air forming sulfuric acid which can cause damage to most metals, 

building stones, brick and wood.”
17

 

Brief 3 continues by saying that prior to commencing any retrofit work on a 

historic structure, it is important that a building owner do a full assessment of the 

                                                 
16

 Ibid. 

17
 Ibid. 
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building to determine whether there are energy conserving materials present, proper 

moisture retardant treatments in place, and be aware of material compatibility issues. 

Preservation Brief 3 is widely used by State Historic Preservation Offices 

(SHPOs) to validate recommendations on allowable energy saving measures. The brief, 

originally published in 1981, is currently under revision, with what one can only hope 

will be a greater reliance on science.  The current (1981) version of the brief contains no 

scientific evidence to substantiate its recommendations. The main focus of the document, 

as concerns moisture and durability, is to ensure that there is an appropriate vapor barrier.  

There is no discussion of the sources of the moisture, the forces that cause this moisture 

to move, and how each of these needs to be included in any discussion of moisture 

control strategies. 

The Brief also recommends practices that would more than likely not today be 

acceptable preservation practices, such as interior/laminated wall insulation and 

installation of a drop-type ceiling. A preservation minded building owner who follows 

the direction in this brief would certainly be led in the wrong direction by out of date 

weatherization information and rehabilitation advice that is insensitive to historic fabric.  

Another resource that historic preservation officials rely on is the National Park 

Service‟s Technical Preservation Services website home page located at 

http://www.nps.gov/history/hps/tps/ .  It has a new feature highlighted in the middle of 

the page called Weatherizing and Improving the Energy Efficiency of Historic Buildings. 

The purpose of the link is to “learn how to undertake weatherization measures in ways 

that have minimal impact on the historic building‟s design and materials.” The page 

http://www.nps.gov/history/hps/tps/
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defines weatherization as “implementing cost effective measures to make the building‟s 

envelope more energy efficient.”
18

 

The Weatherizing and Improving the Energy Efficiency of Historic Buildings 

website is divided up into nine sections as well as a “did you know” section highlighting 

facts about energy conserving tips and tax incentives.  The areas identified highlight how 

to approach energy efficiency in buildings. 

Although this site does reference a “whole building approach” to assessing the 

energy needs of a historic building, there is still little evidence that anyone from the 

building science community was engaged in the development of the recommended 

weatherization measures and approaches to historic buildings.  The site mentions hiring 

an energy auditor but does not discuss necessary credentials for an auditor or how to 

locate a competent one. 

This resource also questions wall insulation, but does not reference scientific data to 

support its arguments that insulation causes deterioration or moisture damage. The site 

also touches on HVAC systems, addressing location as it may impact historic spaces, but 

does not mention appropriately sizing the heating system, or any other issues with the 

system that should be investigated.  In general, the site echoes the recommendations 

made in Preservation Brief 3 and lacks a “process approach” to building weatherization.  

This process approach will be further explained in the next chapter. 

In 2005 the Association for Preservation Technology (APT) issued an APT 

Bulletin on sustainability and preservation.  APT is a leading historic preservation non-

profit which is considered another source for technical guidance for historic preservation 

                                                 
18

 Technical Preservation Services. 
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issues.  This issue of the Bulletin contains several articles discussing energy efficiency 

and specific building components, but only one of them addressed whole house building 

science.   

Most of the articles focused on independent energy measures, such as wall 

insulation, and that this particular material can further damage the structure of the home. 

William Rose, the author of the article “Should the Walls of Historic Buildings be 

Insulated?” states that “there are two principal reasons for not using insulation.  First, 

thermal insulation will accelerate the degradation of exterior materials and second, out of 

all the energy conserving strategies for historic buildings, thermal insulation in walls may 

be low on the list of likely strategies to have an effective payback.”
19

 This article did not 

take into account the method of installation of the insulation, such as loose filled or dense 

packed in the walls. The author also assumed a natural gas cost of $.10 per therm, while 

the actual average cost per therm in 2005 was $1.27.
20

  A correct assumption on cost 

would show the payback for insulation to be much higher. The article also didn‟t mention 

the impact of driving forces within the residence on insulation performance. Finally, the 

argument that wall insulation causes degradation of exterior materials seems to be 

contradicted with itself in the article.   All of these issues will be addressed in the next 

chapters.  

                                                 
19

 Rose, William B. “Should the Walls of Historic Buildings be Insulated?” APT Bulletin: The Journal of 

Preservation Technology, Volume XXXVI Number 5, 2005, 13.  
20

 Natural Gas Summary, U.S. Department of Energy, Energy Information Administration, accessed 13 

February 2011, available from http://www.eia.doe.gov/dnav/ng/ng_sum_lsum_dcu_nus_a.htm.  

http://www.eia.doe.gov/dnav/ng/ng_sum_lsum_dcu_nus_a.htm
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 The Bulletin did have an article that discussed building science.
21

 The focus of 

this article was three state-owned houses in Galena, Illinois. The author outlined his 

diagnostic approach (based on Home Energy Rating System diagnostic system) by 

analyzing utility bill data, performing blower door tests, assessing the heating system, 

inspecting the integrity of the duct system, and documenting general house 

measurements. After performing this analysis the rater used a software tool to determine 

cost effective measures to install; the recommended measures included air sealing, attic 

insulation, and duct sealing, but did not include wall insulation. It is interesting that the 

article did reference the Illinois Home Weatherization infiltration standard, which is a list 

of goals to reduce air infiltration, but the homes did not achieve this standard, probably in 

large part because the walls were not insulated to the weatherization standard.  We will 

discuss the impact of wall insulation in more detail in the next chapter. 

This article is evidence that the preservation community is beginning to 

investigate the use of building science when it comes to energy efficiency in historic 

homes.  In order to improve historic preservation efforts with respect to energy 

efficiency, the historic preservation community needs to move away from isolated 

recommended measures and develop an understanding of how different energy measures 

interrelate in a structure. For energy efficiency to become successful in historic homes the 

preservation community must begin to support a process that is effective in 

recommending weatherization measures on a case-by-case basis – each historic property 

                                                 
21

 Cavallo, James, “Capturing Energy-Efficiency Opportunities in Historic Houses,” APT Bulletin: The 

Journal of Preservation Technology, Volume XXXVI Number 5, 2005, 19.  
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is unique for a reason, and the retrofit approach should reflect this uniqueness to 

maximize energy reduction potential.  

 

  



 

 

 

 

 

 

III.   Guidance from the Weatherization Community 

 

 Now that we have completed an overview of the advice being dispensed by the 

historic preservation community with regard to building energy efficiency, we will now 

introduce a fundamentally different approach to achieving energy reduction in buildings.  

This energy reduction approach involves some scientific principles, so a special approach 

will be taken in this chapter to explain the scientific principles, and how they relate to the 

thermal and air movement dynamics within a structure.  

Brief History of the DOE Weatherization Assistance Program 

The Department of Energy‟s Weatherization Assistance Program (referred to 

hereinafter as simply Weatherization) was created in 1976. The intent of the program at 

its beginning was to assist low-income families with utility bill affordability by making 

their homes more energy efficient. Early in the program‟s history, volunteers and trainees 

installed low cost energy reduction measures such as plastic over windows and weather-

stripping. In the 1980s the program moved to installing more permanent measures such as 

insulation and mechanical equipment with improved efficiency. Through the program‟s 

long history, “Weatherization has evolved into a sophisticated program, which addresses 
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whole-house energy efficiency and promotes a whole-community approach. 

Weatherization is the nation‟s largest residential energy efficiency program.”
22

 

As technology continued to advance, the program incorporated the use of 

advanced energy audits and diagnostic equipment, and began following the principles of 

building science. Building science “is the collection of scientific knowledge that focuses on 

the analysis and control of the physical phenomena affecting buildings. This includes the 

detailed analysis of building materials and building envelope systems.”23 The use of building 

science principles enables the program to focus on the most cost effective measures that 

is determined by the energy audit.  These principles include:  an understanding of the 

difference between thermal and pressure boundaries, and the importance of proper 

alignment of these boundaries; recognition of air leakage driving forces; an 

understanding of the effect of forced-air heating and cooling systems on pressure 

balances; and an understanding of the connection between air leakage, energy waste, and 

moisture problems.
24

 

 

 

 

 

 

                                                 
22

 Weatherization Assistance Program, Briefing Book,  U.S. Department of Energy, August 2008, accessed 

13 February 2011, available from http://www.waptac.org/WAP-Basics/Briefing-Book.aspx.  
23

 Core Competencies for the Weatherization Assistance Program. Weatherization Assistance Program 

Trainers Consortium, created 27 March 2007, updated 2 December 2009, accessed 13 February 2011, 

available from www.waptac.org, 23. 
24

 Weatherization Standardized Curricula:  Weatherization Installer/Technician Fundamentals – Building 

Science Basics, Weatherization Assistance Program Trainers Consortium, August 2010, accessed 13 

February 2011, available from www.waptac.org.  

http://www.waptac.org/WAP-Basics/Briefing-Book.aspx
http://www.waptac.org/
http://www.waptac.org/
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Alignment of Thermal and Pressure Boundaries 

 A central theory of building science 

related to energy efficiency is the 

alignment of the thermal and pressure 

boundaries of a building.  If these 

boundaries are not aligned, problems will 

occur and energy reduction measures will 

be less effective than intended.  The 

Midwest Weatherization Best Practices 

Field Guide defines the thermal and 

pressure boundaries: 

“The building component that separates the conditioned space 

from the outdoors should be the primary pressure boundary. The pressure 

boundary is often thought of as being the building‟s air barrier and is 

where air sealing should be done during weatherization. The thermal 

boundary is defined by the placement of insulation. In order to maximize 

the effectiveness of the thermal boundary, the pressure boundary must be 

aligned with it. In other words, it‟s very important that the pressure 

boundary be part of the thermal boundary. If the insulation and the air 

barrier are not aligned; that is, located in different building components, 

air is allowed to pass around or through the thermal boundary, making 

insulation less effective.”
25

 

 

To summarize, the thermal boundary of a building is where the occupied space is 

separated from the unoccupied space or outside (attics, crawlspaces, and garages are 

typically outside the thermal boundary).  This is the location in the structure where we 
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 Midwest Weatherization Best Practices Field Guide,  U.S. Department of Energy, Midwest Regional 

Office, May 2007, 21.  

Figure 3-1:  Image detailing the location of a 

thermal boundary. Figure from 

Weatherization Assistance Program 

Standardized Curriculum, www.waptac.org  

http://www.waptac.org/
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don‟t want the conditioned air temperature inside to escape to the outside.  It is where 

insulation is placed when a home is built or weatherized (see Figure 3-1). 

The air boundary limits air flow between inside and outside of a building, air flow 

that also carries heat and moisture (see Figure 3-2). The air boundary is more difficult to 

identify than the thermal boundary because it cannot be determined by visual inspection 

alone. An average homeowner may notice a hole in the air boundary by cold air coming 

in around doors and windows, or electrical 

outlets, during the winter.  But annoyances 

to occupants caused by cold air in these 

spots are only the beginning of problems 

caused by holes in the air barrier. 

Causes of Air Leakage 

 The goal of aligning the thermal 

and pressure boundaries is to stop the 

leakage of warm, moisture-laden air out of 

a house, which results in a loss of energy 

efficiency and can cause damage to the structure.  Before delving into the consequences 

of this, we need an understanding of how air leakage occurs.  Building science explains 

that air leakage occurs through holes in the structure‟s pressure boundary when there are 

driving forces to move the air.
26

   So, it is important to seal holes and have a pressure 
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 Hill, William, Professor of Urban Planning, Ball State University, Muncie, IN,  Lecture for Building 

Performance, PLAN 598, Muncie, IN, Fall 2004. 

Figure 3-2: Image detailing the desired 

location of an air boundary or pressure 

boundary.  Figure from Weatherization 

Assistance Program Standardized 

Curriculum, www.waptac.org 

http://www.waptac.org/
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boundary intact, but driving forces must also be identified and mitigated where possible.  

We will expand on driving forces below. 

Driving Forces 

 Driving forces for air movement in a structure are differences in air pressure. 

They are one of the three “necessary but not sufficient conditions” that cause air leakage 

and the problems of energy loss and moisture problems.  They include: 

Wind - Wind creates a positive pressure on the windward side of the building, 

and a negative pressure on the leeward side. It‟s important when talking about pressure 

differences to carefully state the two points being measured.  Here, the pressure 

difference across a wall on the windward side of the house will be slightly higher than the 

pressure inside the house.  We measure the pressure on the outside with reference to (wrt) 

the inside as positive.  We could also state that the pressure of the inside of the house wrt 

outside is negative on this windward 

side.  The leeward (protected) side of 

the house has negative pressure on the 

outside wrt the inside, a pressure 

difference that, in effect, tries to suck 

air out of the house. 

Stack Effect –  This is the 

driving force where warm buoyant air 

produces a pressure difference inside a 

house, which results in a positive 

Figure 3-3: Example of stack effect.  Air is pulled 

from the bottom of the house and exfiltrates 

from the top.  The blue arrows depict the air 

flow, while the green and red arrows emphasize 

the positive and negative pressure forces on a 

house. Figure from Weatherization Assistance 

Program Standardized Curriculum, 

www.waptac.org 

http://www.waptac.org/
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pressure at the top of the house wrt outside and a negative pressure wrt outside at the 

bottom of the house. 
27

  Somewhere near midpoint of the height of the house is what is 

referred to as the “neutral pressure plane” (NPP) where the pressure between the inside 

and outside is zero, or neutral.  Holes located in the NPP (often holes around windows) 

have no pressure differential due to stack effect, therefore, no air leakage. Figure 3-3 

shows air movement due to stack effect.  It is important here to note common air leakage 

areas in a house.  These are areas of a structure where air movement or leakage most 

commonly occurs due to stack effect:   

 Plumbing chases 

 Plumbing soil stacks 

 Furnace flue chases 

 Fireplace/chimney chases 

 Electrical wire penetrations 

 Ceiling mounted electrical junction boxes 

 Recessed lights 

 Dropped ceilings 

 Attic stairways 

 Exhaust fans 

 Whole house fans 

 Crawl space vents 

 HVAC duct plenums 

 HVAC duct penetrations 

 Balloon framing 

 Missing top plate (interior and exterior walls) 

 Sill plates
28

 

 

HVAC Systems – This is a mechanically induced driving force where unbalanced 

forced air HVAC systems and/or duct leakage can create positive and negative pressures 

in different areas of the house. The air pressures associated with the HVAC system, 
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caused by the air handler (also called the fan 

or blower) are much larger than the air 

pressures resulting from stack effect.  If the 

system is balanced these large air pressures 

are not a problem.  However, if the airflows 

through supply and return ducts are not 

balanced, as a result of either poor design, 

poor installation, or duct leaks, then there 

can be big problems.  Figure 3-4 shows a  balanced duct system with the return air (red 

arrows) and the supply air (green arrows) flowing through a house without causing 

pressure imbalances.  Figure 3-5 shows what happens when an interior door is closed to a 

room which has a supply register but no 

return.  The air supplied to this room has 

difficulty getting back to the furnace for 

redistribution and thus causes the room to 

become pressurized (positive pressure of 

the room wrt outside) while the rest of the 

house is depressurized.   This  results in air 

being sucked into the house on the 

negative side, and forced out of the house 

on the positive side.  

Figure 3-5: Shows a pressure imbalance 

due to a door closed in a unit and the 

increased pressure differences due to the 

struggle for return air. Figure from 

Weatherization Assistance Program 

Standardized Curriculum, 

www.waptac.org 

Figure 3-4: Shows the supply and return 

operating as intended.  Figure from 

Weatherization Assistance Program 

Standardized Curriculum, www.waptac.org 

http://www.waptac.org/
http://www.waptac.org/
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Pressure 

differenti

als are 

very 

common 

in homes 

that have 

single 

return systems.  In order for any forced air HVAC system to work properly, each room‟s 

return air volume must equal the amount of air supplied to that room. If a home occupant 

were to close doors that isolate rooms from the area of the house where the return grille 

exists, this could cause a lack of adequate return air in a single return system, meaning 

that certain rooms in the house would then become negative causing the isolated room(s) 

to become positive. Figure 3-6 highlights how a single return can cause individual room 

imbalances. 

Air Movement 

Now that we have reviewed the three driving forces that can result in air leakage, 

we can examine the impacts of that air leakage. 

Airflow is measured in cubic feet per minute (CFM), also written as ft
3
/min. A cubic 

foot is a little larger than a basketball.  Air leakage is a one-to-one ratio, meaning that for 

every cfm of air that leaks out of a house one cfm must also “leak” in, which will occur at 

Figure 3-6: Show individual room pressure imbalances due to a single return 

duct system.  Figure from Weatherization Assistance Program Standardized 

Curriculum, www.waptac.org 

http://www.waptac.org/
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a different location.  Air will leak in at areas of lower pressure wrt outside, and leak out at 

areas with higher pressure wrt outside. 

Air leakage causes all sorts of problems.  We touched on earlier that it could cause 

comfort problems, such as the homeowner who feels air leaking in at a door or electrical 

outlet.  However air leakage can cause much bigger problems in relation to energy 

efficiency and durability of a structure. 

Consequences of Air Movement Caused by Pressure Differentials 

Preservationists have long been concerned about moisture issues when it comes to 

wall insulation.  However, the presence of wall insulation alone does not cause moisture 

issues. “In order for condensation to occur air must pass from a space with a temperature 

above its dew point through a hole to a space with a temperature below its dew point, and 

must have a driving force to move it through that hole.”
29

 

Air leakage leads to moisture issues when 

warm, relatively moist air leaks into colder areas 

and condenses on building surfaces. Air leakage 

affects energy use because conditioned air 

exfiltrates, or leaks out –and unconditioned air 

infiltrates, or seeps in, increasing the total 

volume of air that must be cooled or heated to 

maintain comfortable indoor temperatures.
30
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 Brown, Peter M. “An Investigation of Unbalanced Forced-Air Heating Systems in Historic Homes and 

Potential for Resultant Moisture Problems in the Building Envelope,” Muncie, IN: Ball State University, 

2001, Master‟s Thesis, 9.  

Figure 3-7 – An example of warm 

moisture laden air condensing on the 

cold surface of the roof framing due to a 

hole in the pressure boundary. Figure 

from Weatherization Assistance 

Program Standardized Curriculum, 

www.waptac.org 

http://www.waptac.org/
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Furthermore, a moisture problem can potentially arise when driving forces cause 

moisture-laden air to be forced into exterior walls and attics of houses. When this warmer 

air hits a cold surface, specifically a surface below its dew point temperature, the 

moisture in the air will condense.   In the case of a house in which the walls are not 

insulated, the wall, including its framing, is the condensing surface. The moisture 

problem is not a result of the insulation, since in this case, as there is no insulation.  The 

problem is caused by the air pressure difference resulting from one of the driving forces 

we discussed earlier.  The presence of this condensed moisture can wet framing and 

cause mold growth, rot, and other issues. 

Introduction to Weatherization Program Procedures 

Now that we have concluded a very basic review of building science principles, 

we will examine the procedures that are used by the Weatherization program and explain 

how building science is put into practice. 

Weatherization funds are disseminated directly to states through a formula 

allocation. Although it is a formula grant program, it is considered a categorical grant; 

therefore there are requirements on the program ensure its integrity. The regulations that 

govern the program identify specifically what the funds are intended to do, where the 

funds go, and the required cost-effectiveness of the funds.   

Weatherization Program Regulations Overview 

The regulation that governs the program is: 10 Code of Federal Regulations 

(CFR) Part 440. The Department of Energy also disseminates guidance documents to 

further clarify the regulations. These guidance documents are referred to as 

                                                                                                                                                 
30
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Weatherization Program Notices (WPN). Specific regulations and guidance documents 

related to this thesis include:   

10 CFR440.21.  “Weatherization Materials, Standards, and Energy Audit 

Procedures.” 

WPN 10-1.  “Program Year 2012 Weatherization Grant Guidance.” 

WPN 01-4.  “Revised Weatherization Program Energy Audit Approval Process.” 

WPN 10-12.  “Historic Preservation Implementation.” 

This chapter highlights the audit and building science guidance and regulations 

for the weatherization program.  Details on other relevant guidance documents listed can 

be found in appendix D. 

Energy Audits 

The most important part of the Weatherization program procedure is the energy 

audit.  The audit provides the road map for determining which energy efficiency 

measures will be delivered [wrong word] to each structure in the Program. DOE‟s 

regulations detail the requirements for acceptable diagnostic energy audits that can be 

used in the program.  According to the regulations the energy audit procedures must: 

1) “Compute the costs of fuel saved per year by taking into account the 

climatic data of the area where the dwelling unit is located, where the 

base temperature that determines the number of heating or cooling 

degree days (if used) reasonably approximates conditions when 

operation of heating and cooling equipment is required to maintain 

comfort, and must otherwise use reasonable energy estimating 

methods and assumptions; 

2) Determine existing energy use and energy requirements of the 

dwelling unit for actual energy bills or by generally accepted 

engineering calculations; 

3) Address significant heating and cooling needs; 
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4) Make provision for the use of advanced diagnostic and assessment 

techniques which DOE has determined are consistent with sound 

engineering practices; 

5) Identify health and safety hazards to be abated with DOE funds in 

compliance with the State‟s DOE approved health and safety 

procedures under §440.16(h); 

6) Treat the dwelling unit as a whole system by examining its heating and 

cooling system, its air exchange system, and its occupants‟ living 

habits and needs, and making necessary adjustments to the priority of 

weatherization materials with adequate documentation of the reasons 

for such an adjustment; 

7) Be specifically approved by DOE for use on each major dwelling type 

that represents a significant portion of the State‟s weatherization 

program in light of the varying energy audit requirements of different 

dwelling types including single-family dwellings, multi-family 

buildings, and mobile homes.”
31

 

 

The audit requirements above begin to identify the process approach that the 

Weatherization community takes to determine proper energy efficiency measures for 

individual buildings.  DOE expects that energy audit packages submitted for review be 

rooted in the principles of building science. 

 The energy audit determines the energy efficiency measures that are allowable 

within the regulations. According to 10 CFR 440.21(c), the weatherization measures 

installed must be deemed cost-effective, meaning “these materials must result in energy 

savings over the lifetime of the measures discounted to present value, that equal or 

exceed the cost of the materials, installation, and on-site supervisory personnel as defined 

by the Department.”
32

 Another way of saying this is, DOE requires that weatherization 

work be shown to be cost effective by demonstrating a savings-to-investment ratio 

(known outside of DOE as a benefit-cost ratio) of 1.0 or greater.  
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 Weatherization Program Notice 01-4 (more details in Appendix D) provides 

direction on the energy audit submission process for the Weatherization Assistance 

Program. The guidance specifically highlights that each audit protocol approved is 

tailored to the climate and house type of each state that receives weatherization funding.  

The notice provides direction on two other important points:  measure interaction and 

field procedures.  Weatherization looks at how different measures interact (such as air 

sealing and heating unit upgrades) to make sure that energy consumption is reduced for 

the building, durability of the building is not compromised, and most importantly, that 

health and safety of the occupants is not jeopardized.  Field procedures are described in 

detail to ensure that weatherization measures are properly installed so that they maintain 

their estimated cost effectiveness. 

Most if not all energy conservation measures are interrelated, which explains why 

DOE requires that the energy audit procedures include a requirement for whole-house 

analysis.  A critical element of the DOE program is to ensure that the measures installed 

work in conjunction to ensure maximum energy efficiency.  For example, insulation and 

air sealing measures must work together to result in  pressure and thermal boundary that 

are aligned. 

Why These Policies are Important 

It is important to highlight all of these federal regulations because it emphasizes 

the process that DOE follows and how building science principles are being used in the 

largest residential energy retrofit program in the nation.  There are residential energy 

programs not regulated by DOE, such as a few exceptional ones run by utility companies, 

which have adopted the DOE model. They do so not because they are required to, but 
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because they trust the outcomes of energy savings, comfort of the occupants, health and 

safety of occupants, and continued or improved durability of the structure.  

The Weatherization Community View on Wall Insulation 

 As we have examined above, the thermal and pressure boundary of a structure is 

paramount in reducing energy loss on a house.  Wall insulation is a key element in 

establishing these boundaries.  If wall insulation is not used in weatherization, no thermal 

or pressure boundary is established, and the other energy reduction measures will be less 

effective. 

 It is important to note here that the type of insulation used in the weatherization 

program is typically dense packed cellulose.  In the late 1980‟s the weatherization 

program began using this technique, which involves drilling a hole into each wall cavity, 

inserting a tube all the way into the top and bottom of the cavity, and blowing in cellulose 

with power blowing machines.  The tube is withdrawn slowly as the cavity is tightly 

packed with insulation, to the density of 3.5 pounds per cubic foot.  The installer must 

carefully install this type of insulation.  It is not the same as loose filled, do it yourself 

type application where a tube is inserted to just inside the cavity and the installer merely 

waits until the insulation fills to the top of the wall.  This has too much potential for 

voids. 

 Weatherization crews found that with this method the air infiltration in some 

houses could be reduced by half without any other air sealing measures.
33

  This was 

further validated by another study, which concluded that the air infiltration rates were 
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reduced much more in houses that included wall insulation in the weatherization 

measures compared to weatherized houses with no wall insulation.
34

    

 Studies conducted in Indiana have produced similar results.  An analysis of homes 

weatherized over a three year period discovered that homes that received wall insulation 

had on average an additional 11% reduction in air infiltration vs. the ones that did not.  

An additional 10% savings in energy bills was also realized on average.
35

 

The reductions in air infiltration illustrate the point that dense packed cellulose 

insulation not only serves as a thermal boundary, but a pressure boundary as well.  We 

refer back to the discussion earlier in this chapter of why the inside of wall cavities get 

wet: air movement due to pressure differentials caused by driving forces.  If we install 

dense packed insulation in wall cavities, it effectively serves as the thermal and pressure 

boundary, eliminating heat transfer and air leakage.  If there is no air leakage, then warm 

moisture laden air cannot get inside the wall cavity, condense, and cause the damage that 

historic preservation circles are concerned about.  It is possible that improperly installed 

insulation can get wet, but if insulation is properly dense packed, it will not get wet, since 

there is no air leakage into the wall cavity. 

We have now examined the basics of building science, how the Weatherization 

community uses them as guidelines for their work to improve the energy efficiency of 

homes, and how the weatherization community views wall insulation.  The next chapter 
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will highlight the fundamental differences between historic preservation 

recommendations and DOE‟s approach to weatherize existing, and often historic, homes.  

 

  



 

 

 

 

 

 

 

 

 

 

 

IV.  Analysis of Differences between Preservation Guidance and DOE Guidance 

 

 

 

Chapter two focused on the historic preservation approach to energy efficiency, and 

chapter three examined the DOE weatherization approach to energy efficiency.  This 

chapter will compare the two approaches, and provide examples of how building science 

techniques were used to analyze and weatherize historic buildings in West Virginia, 

techniques that can be applied elsewhere. 

Fundamental Differences in Approaches 

 The National Park Service (and some other historic preservation circles) approach 

to energy efficiency in buildings is fundamentally different from the Department of 

Energy‟s Weatherization Assistance Program‟s approach.  The National Park Service 

recommends measures in general, without basing these recommendations on any 

diagnostic analysis. The National Park Service policy tends to focus on measures that 

have the potential for energy savings based on common public perception; one example 

of this is attic insulation. It is commonly accepted that insulation has thermal resistance 

properties and will reduce the amount of energy used for heating or cooling. Although 

insulation does have those thermal properties, insulation can be rendered ineffective 

without installation of other measures such as air sealing of major attic air leakage sites. 
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This is only one example of how recommending a measure without performing 

diagnostics can fail to meet the expected energy savings. Refer back to the discussion in 

chapter 3 of the alignment of the thermal and pressure boundaries.   

The National Park Service guidance documents also focus extensively on 

measures that will have little impact on the historic character of the structure, which is 

what the preservation community is most concerned about – maintaining the integrity of 

the historic fabric within a building.  In other words, the National Park Service guidance 

focuses more on preventing adverse effects to historic fabric rather than recommending 

an approach that will reduce energy consumption in a historic building. 

Analysis of Preservation Brief 3 Recommendations vs. Building Science Approach 

Although the National Park Service and some historic preservation groups agree 

Preservation Brief 3 is outdated and are currently working on revisions to the document, 

it is still widely used by State Historic Preservation Offices (SHPO), Historic 

Preservation Commissions at the local municipality level, and some national preservation 

organizations as the basis of policies concerning energy efficiency.  Furthermore, its 

guidance regarding wall insulation has been adopted into other more recent historic 

preservation guidance.  

One example of policy driven by this guidance is the federal regulations for the 

historic preservation tax credit program.  They refer to the National Park Service 

Preservation briefs and specifically cite the “inappropriate use of insulation” as a reason 

to deny certification of a rehabilitation project for tax credits.
 36

  The federal regulations 
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go on to cite the National Park Service Preservation Briefs as the appropriate guidance to 

follow when a building owner is pursuing historic preservation tax credits for their 

rehabilitation project.  The regulations in one case were translated to read the following: 

National Park Service regulations 67.7(b) state that, in nearly all 

instances, the introduction of insulation into cavity walls of historic 

wood frame buildings where damage to historic fabric would result 

will be grounds for denial for tax credit or state/federal funding 

purposes.
37

 

 

More recently, as we discussed in the introduction, several state historic 

preservation offices have cited the National Park Service briefs as their reason for not 

allowing wall insulation in ARRA (the 2009 economic stimulus program) funded 

weatherization activities. 

Unfortunately the recommendations provided by Preservation Brief 3 do not 

follow any building science perspective. In the following section I will highlight air 

infiltration and insulation recommendations from Brief 3 and discuss examples of the 

building science approach.  

 Air Infiltration 

o Brief 3 states that this measure is considered a first priority since 

reducing air infiltration can substantially reduce heat loss. The 

document recommends measures such as adding weather stripping 

to doors and windows and caulking open cracks and joints. The 

brief cautions that “care should be taken not to reduce infiltration 
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the point where the building is completely sealed and moisture 

migration is prevented.”
38

 

o The building science approach is to air seal common air leakage 

areas known as bypasses.  Moreover, it goes beyond this by 

understanding that air movement requires driving forces, as 

discussed above in chapter 3.  Key bypasses are not the windows 

and doors identified in Brief 3.  Cracks around windows and doors 

tend to be located in or near the neutral pressure plane and thus do 

not “see” significant driving forces due to stack effect.  It may still 

be good to seal these air leakage sites for occupant comfort 

purposes, but the energy savings from sealing these types of leaks 

a

r
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Figure 4-1- Primary air leakage locations and their typical percentage of 

total house air leakage.  Figure from Air Sealing and Attic Prep in the 

WAP Standardized Curriculum. 



 39 

 are minimal. Common air leakage sites were examined above in 

Chapter 3, and figure 4-1 further identifies primary air leakage 

sites that need to be sealed. 

o By properly air sealing the air leakage sites, it is possible to 

properly align the pressure boundary and the thermal boundary, as 

discussed above in chapter three.  When the pressure boundary and 

thermal boundary are aligned, the insulation will work as intended.  

 Wall Insulation 

o Preservation Brief 3 states that the insulation of wood frame walls 

is not recommended.  

“The installation of wall insulation in historic frame 

buildings can result in serious technical and preservation 

problems. Introducing insulation in wall cavities, without a 

vapor barrier and some ventilation can be disastrous. The 

insulation would become saturated, losing its thermal 

properties, and actually increasing the heat loss through the 

wall. Additionally, the moisture may condense and begin 

serious deterioration of adjacent building materials such as 

sills, window frames, framing and bracing.”
39

 

 

Brief 3 goes on to say that although installation of wall insulation 

is not recommended, if it were to be installed there are two 

approaches that could be followed.  Brief 3‟s first recommended 

approach would be to completely remove all of the exterior siding, 

then install “batt insulation with the vapor barrier facing in into the 

now accessible wall cavity.” The second allowed approach is to 
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Figure 4-2 – This is an example where, over one 

heating season, 1/3 of a cup of water can be 

collected by diffusion compared to 30 quarts of 

water collected as a result of air leakage through 

a 1-square inch hole.  

blow insulation into the wall cavity with loose fill insulation. In 

this case, Brief 3 states: 

“An equivalent vapor barrier can be created by assuring 

that the interior wall surfaces are covered with an 

impermeable paint layer. Two layers of oil base paint or 

one layer of impermeable latex paint.  In addition to 

providing a vapor barrier, make provisions for some air to 

circulate in the wall cavity to help ventilate the insulation 

and the wall materials. This can be accomplished by 

installing small screened vents at the base of each or by 

assuring that each piece of horizontally lapped siding is 

separated from the other allowing air to pass between 

them.”
40

  

 

o The focus on 

vapor barriers in 

Preservation 

Brief 3 would 

mainly deal 

with vapor 

diffusion.   

From a building 

science 

perspective “air 

movement as a 

moisture 

transport 
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mechanism is typically far more important than vapor diffusion. A 

nice illustration of this is included in Lstiburek‟s Builders Guides, 

and reproduced here.
41

 The movement of water vapor through a 1-

inch square hole as a result of a 10 Pascal air pressure differential 

is 100 times greater than the movement of water vapor through a 

32-square foot sheet of gypsum board under normal heating and 

cooling conditions.”
42

  (Figure 4–2) 

o We discussed in Chapter 3 that dense packed wall insulation can 

serve as the thermal and pressure boundary and therefore eliminate 

air movement moisture transport mechanisms in the wall.  In other 

words, if the walls are properly dense packed, they will not get 

wet.  

Analysis of Audit and HVAC System Recommendations by the National Park Service 

Although Preservation Brief 3 does not mention the use of an energy audit, a new 

list of recommendations developed by the National Park Service Technical Preservation 

Services group (TPS) does recommend performing an energy audit prior to commencing 

energy related work on a building. It appears as though the National Park Service may be 

moving towards a more scientific approach to energy efficiency, though much of the 

specific information highlighted on the website is similar to Preservation Brief 3. Beyond 

the recommendation to have an energy audit performed, the website continues to provide 

a list of recommended measures, again not driven by diagnostics.  
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The TPS site also includes a recommendation to select efficient mechanical 

systems and states that the following considerations should be taken when replacing 

existing mechanical equipment: 

 “Select a mechanical system that will require the least intrusion into the 

building‟s historic fabric that can be updated or altered without major 

intervention into the wall and floor systems. 

 Ensure that the installation of the new equipment and duct work will not 

damage significant features and finishes 

 Ducts should be concealed in wall and floor system in historically finished 

spaces. However, complete invisibility may not always be appropriate for 

historic buildings. If ducts must be exposed, thoughtful placement and 

sizing as well as paint can help. 

 Alternative energy systems such as geothermal, ground-source heat 

pumps, solar heating, and on-site solar electricity generation must be 

installed in a way that does not impact the historic character of the 

building and site.”
43

 

 

The building science response to mechanical system upgrades would include 

proper testing and sizing of the equipment-- not only the mechanical unit but also the 

distribution system.  Often (and the historic preservation guidance does not warn about 

this), HVAC contractors tend to oversize equipment in order to make sure the occupant is 

kept warm (or cool), or to avoid special order products.  When equipment is oversized, it 

tends to run inefficiently and this can potentially result in higher annual energy costs for a 

homeowner, and shorten the life of the equipment.  Therefore, the building science 

approach is to run engineering calculations and tests to ensure the HVAC unit is 

appropriately sized. 

The statement from the TPS site focuses on the potential intrusion of the system 

in historic spaces and suggests that duct sizing and placement should be based on 
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aesthetics if the ducts run exposed in historic spaces.  While it is important to ensure that 

new HVAC systems do not intrude on historic spaces, it is more important that the 

system‟s ductwork is properly sized and balanced.  Proper duct sizing and placement is a 

vital step in the design of an HVAC system to ensure that the proper amount of 

conditioned air is delivered to and returned from the appropriate location.  Following the 

TPS guidance to the letter may lead a contractor to install a single return forced air 

HVAC system.  Chapter three identifies a situation where moisture-laden air can be 

forced into wall system due to driving forces caused by pressure imbalances from a single 

return HVAC system. This can cause moisture to condense inside a wall cavity causing 

potential deterioration of the historic structure.  

Another important building science approach to HVAC systems is to properly 

seal the ductwork.  Leaks in ductwork can cause the system to be unbalanced, again 

leading to pressure differences that can cause damage, as discussed in chapter three. 

Insulation Guidance by the Historic Preservation Community 

 In the analysis of Preservation Brief 3 above, we have already identified that 

historic preservation guidance recommends against wall insulation.  However, historic 

preservation guidance does recommend the installation of attic insulation.  The problem 

with the broad brushed recommendation of attic insulation is that attic insulation can be 

completely ineffective without proper air sealing.  From our discussion in chapter three 

we have seen that air leakage and energy loss can occur through air leakage sites due to 

driving forces such as stack effect.  If an attic is insulated, but air leakage sites are not 

sealed, a structure is still losing energy and we haven‟t accomplished much.  In the worst 

case, the insulation merely filters the air as it escapes from the structure. 
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Since air sealing makes attic insulation effective, we can apply the same principle 

to wall insulation.  More importantly, as discussed in the last chapter, dense packed wall 

insulation is an essential air sealing measure: 

“Wood-frame walls are often leaky, but almost impossible to seal 

effectively with caulking or other materials.  When a home is 

retrofitted with densely packed loose-fill insulation, large air 

leakage reductions are often observed, even when technicians were 

unsuccessful at air sealing by other methods.  Densely packed 

insulation‟s fibers get stuck in the air leaks while the insulation is 

being blown.  The blown insulation fills the cavities and stops 

them from serving as air leakage conduits.  Densely packed 

insulation also is used to plug floor cavities, porch roofs, and other 

inaccessible building cavities.
44

 

 

More guidance by the historic preservation community on wall insulation was 

presented in the APT Bulletin article that was touched on in Chapter 2.  We have already 

discussed that wall insulation does have an effective payback (when the article stated it 

did not), but we need to address the article‟s other claim, that insulation causes 

degradation to exterior wall materials.  The author goes into an explanation of how 

insulated walls are colder than non-insulated walls, and therefore get wetter, through the 

concept of vapor diffusion.  The article focuses on the potential issue of walls getting wet 

from the moisture on the exterior of a building.  We have already examined above that 

vapor diffusion is a smaller problem than air movement. 

Interestingly, the article later introduces other possible sources of deterioration: 

 

Decay of solid wood materials in wood-frame walls is usually associated 

with poor flashing details or soil contact.  Decay is rarely due to the 

presence of insulation as described here.  The most common form of 

damage on wood-frame walls from the combined effects of temperature 
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and ambient vapor pressure is paint peeling.  The principal causes of paint 

peeling are poor substrate conditions, low-quality paint, poor priming, and 

poor detailing where rainwater is channeled.
45

 

 

This statement would indicate that wall insulation is not the issue and that exterior 

moisture problems would be better mitigated by maintaining a good paint job on a house 

and by controlling the path of rainwater around a structure.  In fact, the first step in home 

weatherization, as we will discuss in the next chapter, is to visually inspect the structure 

for problems including bulk moisture, such as inadequate drainage, overflowing gutters, 

etc.  The article does go on to state that the subject of wall insulation needs more 

research, and that there may be instances where it is appropriate. 

A good example of the 

historic preservation 

community following building 

science principles, the city of 

Boulder in conjunction with 

their historic preservation 

officials commissioned the 

development of a guide to 

make historic buildings energy 

efficient without jeopardizing 

the historic character or integrity of 

the building‟s architectural 
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Figure 4-3 – Shows the installation of dense packed 

cellulose using the tube method. Notice the holes to the 

left of the installer packed full of insulation.  After 

completing the insulation, the siding will be 

reinstalled, with no damage to the historic fabric.  

Figure from Making Your Historic Building Energy 

Efficient: Volume 2 Technical Details. 
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significance. In reference to wall insulation the guide specifically states:  

“Carefully installed insulation of exterior walls with tightly-blown 

cellulose has proven to be remarkably effective in stopping air 

flow in and through walls. It is particularly important that no voids 

or air chases be left, and that all insulation is installed to the 

manufacturers‟ specified density or even slightly greater. The 

positive impact on both the convective and conductive losses/gains 

of the building improves the cost effectiveness of sidewall 

insulation beyond conventional calculations.”
46

  

 

Each Building is Different and Needs Its Own Specific List of Measures 

 DOE‟s protocols and requirements are set up to recognize that all buildings are 

different. Although their designs may be similar, the occupants and the systems within 

each building may vary significantly. Therefore DOE believes that energy efficiency 

improvements to a building cannot be achieved by following a list of good ideas that are 

“known” to save energy. Improvements should be guided by an audit and be cost 

effective for the specific situation.  Cost-effectiveness for DOE is based on savings-to-

investment ratio of 1.0 or greater for each individual energy retrofit measure.  

In order to maintain the integrity of the historic character of a building and 

maximize energy efficiency the best approach is to follow a physical diagnostic energy 

audit that also addresses the particular existing conditions within a structure. By 

embracing the building science approach historic preservation officials would not only 

assist historic building owners with continuing to properly preserve their property, but 

also provide them with the benefits of a more energy efficient and comfortable building. 

Case Study – West Virginia Historic Structure Weatherization Guided by Audits 
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  A case study, based on building science, was performed in the state of West 

Virginia funded by the West Virginia State Energy Program. In 2005, the West Virginia 

Weatherization Program was asked by the West Virginia Main Street Organization to 

perform energy audits on businesses within Main Street Districts. These small businesses 

were struggling to stay afloat because of their energy costs. The West Virginia Training 

and Energy Services Center performed audits on seven properties for the Main Street 

group. All of the buildings received a diagnostic energy audit using the national audit tool 

developed by Oak Ridge National Laboratory for the Weatherization Assistance 

Program.   Three of the seven properties studied were historic buildings that were 

originally single-family houses and are now used for small business.  Two were operating 

as bed and breakfast establishments and one was used as a law office. 

Blower door diagnostics assisted with locating air leakage sites that formed the 

basis for the weatherization measures that were recommended.  The recommended 

measures in these three houses provide a good example of the variety of measures that 

are recommended as a result of diagnostic audits; the complete Summary Energy Audit 

Reports are in Appendix F.  The reports called for similar measures in the areas of 

infiltration reduction, dense packed wall insulation, attic insulation, duct sealing, and 

band board insulation.  

While the measures for each independent building were similar, there were 

differing details with respect to the work needing to be accomplished in the different 

buildings, based on the results of the blower door diagnostics.  Furthermore, based on 

duct diagnostic tests, the HVAC system recommendations for each building varied, such 
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as enlarging return ducts and sealing supply duct connections for one house, and 

insulating ductwork in the attic of another. 

An interesting comparison can be made here between the exterior wall 

recommendation for one of the houses, in contrast to the advice in Preservation Brief 3 

that air movement should be provided in the walls: 

Walls are ballooned framed and are not accessible due to interior 

finish and customer concern, therefore the recommendation is to 

air seal the tops and bottoms of interior and exterior walls in the 

attic and basement to restrict air movement within the walls.
47

 

 

Preservation Brief 3 recommends air movement because some historic 

preservation circles believe that air movement will eliminate moisture in walls, while 

building science asserts that eliminating air movement in the walls will reduce energy 

loss and the chance for condensation of moisture. 
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V.   Recommendations: Updates to Preservation Brief 3, Secretary of Interior 

Standards, and TPS website 

 

As we have seen in Chapter four, an approach of “one size fits all” weatherization 

measures for historic structures is faulty.   Do-it-yourself approaches such as installing 

energy efficient appliances and changing light bulbs will reduce energy consumption, but 

weatherization measures that interact with the structure should only be recommended by 

a professional after performing a proper energy audit.  Below, the steps necessary to 

complete this process are identified. 

Diagnostic Auditor Selection.  The selection of the energy auditor is key.  One 

step is seeing if the individual has the proper tools and equipment to analyze the unit. Be 

sure that the auditor has equipment such as a blower door (calibrated fan) and digital 

manometer (device that measures pressure differences).  If the unit has a forced air 

HVAC system a pressure pan (gasketed plastic box used with blower door for duct 

diagnostics) will be necessary. If the home has gas appliances, a carbon monoxide 

analyzer (to measure concentrations of carbon monoxide) and combustion analyzer 

(device that tests efficiency of burning fuel) are needed.  

It is necessary to establish whether the potential auditor has some sort of 

credential or has a list of satisfied customers prior to commencing work.   Credentials 
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include certification by the Building Performance Institute (BPI), or certification by an 

individual state‟s weatherization program.  For a thorough audit it should take an 

individual at least two to three hours to complete the assessment.  

Visual Inspection and Occupant Interviews.  One of the benefits of working 

with existing housing is having the opportunity to talk with the current inhabitants. The 

individuals living in the home often know where some of the problems exist; they can 

identify cold areas, moist areas, odd heating system noises, and other details that can 

provide information to supplement the diagnostic information the auditor derives from 

the tests of the structure.  It is always important to interview the homeowner prior to 

commencing work.  

A walk around of the house is needed to identify any bulk moisture (ie. rainwater) 

issues.  An auditor should look for grading issues, such as the ground sloped towards the 

house, clogged or missing gutters, poor flashing details, etc.  If there are bulk moisture 

issues these need to be corrected prior to any weatherization work being performed. 

Visually inspect the house looking for possible areas of infiltration. If work is in 

the season where frost is beginning to form on the roof, notice if there are patterns of lack 

of frost, possibly indicating the presence of thermal bypasses.  

Visual inspections also assist with defining the thermal and pressure boundaries.  

This inspection can identify if the building construction is ballooned framed, if there are 

porches and or bay windows, are there dormers present, etc.
48
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Blower Door Test.    See Figure 5-

1.  The blower door uses a large calibrated 

fan to generate a pressure difference 

between the inside of a house with respect 

to outside. This difference is generally 50 

pascals.  The fan causes a pressure 

difference, pulling air through holes in the 

shell of the structure.  This makes it easier 

for the energy auditor to identify the holes 

in the structure where air leakage occurs.  

Through further testing, the auditor can 

identify the holes where the most air is 

pulled through, and recommend they be sealed.  The auditor will usually focus on holes 

between conditioned and unconditioned spaces, in an effort to seal up the thermal and 

pressure boundary. 

Figure 5-1.  Negative pressures induced by 

a blower door.  Green arrows indicate the 

blower door blowing air out the door.  Red 

arrows indicate air being pulled into the 

structure by the negative pressure.  Figure 

from Weatherization Assistance Program 

Standardized Curriculum, 

www.waptac.org 

 

http://www.waptac.org/
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Figure 5-2.  Indicates ideal zone pressure test 

with the blower door depressurizing the house 

to 50 Pascals. The manometer reading on the 

right indicates that the porch attic pressure 

with reference to the house reads as a negative 

50 Pascals, the same as the house wrt outside,  

meaning it is completely isolated from the 

conditioned spaces. The manometer on the left 

reads a zero in the wall space, meaning that 

that wall is part of the conditioned space. The 

colored lines indicate the thermal and pressure 

boundaries.  Figure from Weatherization 

Assistance Program Standardized 

Curriculum, www.waptac.org 

 

Figure 5-3.  An un-weatherized house 

under a zone pressure test.  Notice how the 

pressure differences between the house 

and unconditioned space are much less 

than the difference between the house and 

outside.  Arrows indicate the potential 

leakage sites causing this.  Figure from 

Weatherization Assistance Program 

Standardized Curriculum, 

www.waptac.org 

 

Zone Pressure Diagnostics.  Zone diagnostics are more advanced tests but are 

extremely useful. “A zone is an enclosed space that separates a heated space from the 

outdoors. Typical zones include attics, crawl spaces and attached garages.”
49

The test is 

completed using a blower door and digital manometer.  The auditor determines which 

zones in a house are (or should be) outside the conditioned space.  A digital manometer is 

used with hoses reading air pressures inside the conditioned space and in the zone.  

Ideally (see figure 5-2) the difference in pressure between the conditioned space and the 

outside zone will be the same as the house with reference to the outside, i.e., 50 Pascals.  
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More often, the pressure differences will not be the same.   For example, if a zone 

diagnostic test is performed on an unconditioned attic space, the ideal reading for the attic 

will be 50 pascals with reference to the conditioned space, and zero pascals with 

reference to the outside (indicating that the attic is completely outside the conditioned 

space).  If the attic pressure with reference to the conditioned space is 25 pascals, for 

instance, this indicates that there is air leakage between the conditioned space and attic 

that needs to be located and sealed (see Figure 5-3).  The result of the test will indicate 

that the extent to which the particular zone is inside or outside the conditioned space, and 

assist the auditor with aligning the thermal and pressure boundary by identifying air 

leakage sites to seal.  

Duct Leakage Test.  If the house has a forced air system, it is important to test 

the duct system for leaks.  “Duct leakage typically wastes 10% to 30% of the heating or 

cooling energy purchased by the homeowner.”
50

There are generally three ways of 

performing duct leakage tests: 

 Subtraction method – taping off the registers, running the blower door a second 

time and then subtracting that leakage rate from the initial blower door result. 

This method only examines the leakage from the entire duct system. 

 Pressure Pan – Using a gasketed cover over a register with a digital monometer to 

determine if there is duct leakage.  This test will also help find the location of the 

duct leakage.  The higher a register reads the closer you are to the leakage site.  
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 Duct blower – a mini-blower that connects directly to the duct system at a central 

return. This can be used to actually measure the total amount of duct leakage.  

When used in conjunction with a blower door it can also be used to measure the 

amount of duct leakage to outside. 

Furnace and Boiler Test.  Combustion Efficiency Test – “is used to estimate steady 

state efficiency.”
51

 In other words, we want to know how much fuel the furnace or boiler 

wastes during combustion.   

Health & Safety – health and safety test includes: testing smoke detectors for proper 

operation, testing CO detectors for proper operation, a moisture assessment of bathroom 

exhaust fans including venting, exhaust duct, measuring flow, fan controls, and noise.  

This should also be followed for kitchen fans and dryer vents. Furthermore, the health 

and safety test should include a test for any lead based paint present, and any hazards 

caused by the electrical system. 

CO Test – Carbon monoxide testing is done to measure the amount of CO in the 

flue gas. This is not only an important health and safety test, but it also provides 

information as to how well the equipment is operating. 

Draft Test – Test combustion appliances that vent through a traditional flue to 

make sure they meet established minimum draft strength guidelines.
52

 

Gas Leak Test – This test involved using a gas leak detector to check the gas 

distribution line for leaks.
53
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Water Heater – Water heaters should be tested for carbon monoxide and draft, 

similar to furnaces.  Water temperatures are also tested to make sure that the temperature 

is not set too high.  Water heaters should not be set at maximum temperature in order to 

avoid scalding; the operating temperature should be set at the lowest possible level that 

the occupants of the house can tolerate in order to maximize energy efficiency. 

Worst-Case-Draft Testing – This test ensures proper venting of combustion 

appliances. There are two parts to this important test. In the first part of the test the 

auditor establishes the “worst-case” condition for the Combustion Appliance Zone 

(CAZ).  The combustion appliance zone is the area of the house where equipment such as 

the furnace and water heater are located.  The auditor determines the greatest magnitude 

of negative pressure in the CAZ under which the combustion appliance might have to 

operate. This means that every exhaust van, range hood, clothes dryer, furnace fan, and 

any other appliance that sucks air out of the house will be turned on to determine the 

largest amount of negative pressure possible under normal occupied conditions.  In the 

second part of the test, the assessor checks to see if the appliance can establish draft 

under these worst-case conditions, and checks for spillage, measures the draft, and 

measures CO emissions. 

Gas Range Testing – this test analyzes the carbon monoxide emissions of the 

oven and stove top to ensure they are within an appropriate range. 

Analyzing Test Results and Making Recommendations 

By performing the recommended tests above, an auditor has a thorough 

understanding of the pre-Weatherization condition of a house prior to recommending 

energy retrofit items. The auditor can then move forward making weatherization 
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measures based on the test results, in order of cost effectiveness.  The recommended 

measures must have a justification based on the auditor‟s assessment, which is based on 

building science. 

In other words, there should be no general list of recommended measures for 

home weatherization.  There are certain proper ways to perform specific measures, but 

each structure needs a unique weatherization plan that can only be determined by a 

proper energy audit. 

Returning to the discussion of wall insulation, it should not be categorically 

removed from the database of weatherization measures to be considered, which has been 

done up until now in the preservation community.  Dense packed wall insulation should 

be available to recommend, as long as it is installed by a professional.  Loose filled, do it 

yourself type applications should be discouraged. 

To summarize, the best recommended measure is to hire a professional who is 

well versed in building science and weatherization principles to do an energy audit on the 

building and recommend a scope of work for weatherization based on the audit‟s 

findings.  This will ensure that not only will the building achieve energy efficiency, but it 

will also be more comfortable, safe, and durable.  The last point is the one that will 

assuage the fears of historic preservation officials because proper building diagnostics 

and measure installation will ensure the preservation of these historic structures.  

 

 



 

 

 

 

 

 

 

 

 

 

 

VI.   Conclusion 

 

 

 

Current historic preservation literature with respect to energy efficiency tends to 

focus on recommending specific measures. Furthermore, historic preservation officials 

nationwide rely on National Park Service guidance with respect to energy efficiency in 

historic buildings, guidance that was issued almost 30 years ago. This guidance 

recommends against wall insulation, one of the most cost effective measures that is used 

to reduce energy consumption on the household.  Furthermore, the historic preservation 

guidance is based on outdated technological research. The Department of Energy‟s 

Weatherization Assistance Program, whose mission is to reduce energy costs for low-

income families by improving energy efficiency in their homes while ensuring health and 

safety, has guidance materials that mainly focus on the diagnostic analysis to determine 

necessary energy efficient measures in a unit.  

This thesis recommends that the preservation community look more closely at a 

diagnostic approach to energy retrofits. Since each existing building has its own set of 

complicated configurations, it simply does not make sense to recommend and not 

recommend measures on an entire class of building without scientific research to back up 

these conclusions. 
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Historic preservation officials should follow the lead of some historic preservation 

groups that have embraced building science, and should embrace dense packed wall 

insulation as an effective and non-damaging weatherization measure.  The 

Weatherization Assistance Program has been in existence for more than thirty years and 

has yet to receive reports of an incident with structural deterioration due to wall 

insulation.
54

  

In order to be 100% sure that insulation does not cause moisture issues in walls, it 

would be best to perform a structured evaluation. This study should randomly select 

homes that have been weatherized; it would have to ensure that there was solid 

documentation on the pre-weatherization condition of each property with all of the 

necessary documentation to indicate what the pre-weatherization condition of the wall 

system had been. The evaluation phase would have to occur at least one year after the 

energy retrofit was completed. In order to provide the comparative analysis, it would be 

beneficial to examine different homes that have dense pack insulation and insulation not 

professionally installed. Homes weatherized by DOE and homes weatherized by a 

homeowner should be compared because of the different types of insulation installation 

techniques. 

It would be wise for DOE and the historic preservation community to partner on this 

effort.  Historic preservationists do have non-invasive methods for discovering moisture 

in buildings through infrared thermography. This technique has been used to detect 
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moisture diffusion in wood framed buildings.
55

 This technique can also be used during 

the study to see if moisture increases in these buildings.  

It would be best for the National Park Service begin to focus on diagnostics instead of 

specific measure recommendations. Every state and territory in the country operates a 

weatherization program that has specific guidelines and expectations in energy auditing 

and measure installations. The preservation community and weatherization community 

should recognize that they both share the objective of keeping structures durable, among 

other things, and should collaborate to understand their respective viewpoints.  This will 

assuage the fears of some of the historic preservation community and also help the 

Weatherization community keep historic preservation principles in mind as they 

recommend measures on historic structures. 

In these ways, the weatherization and historic preservation communities can unite to 

preserve the integrity, durability, and energy efficiency of America‟s historic housing 

stock. 
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Appendix A:  Department of Energy Negotiated Programmatic Agreement Analysis 

 

Description:  The Department of Energy (DOE) and the National Association of State 

Historic Preservation Officials (NASHPO) negotiated a prototype Programmatic 

Agreement in order to allow weatherization work to go forward on residential units. 

Negotiated measures included in the Programmatic Agreement allowed weatherization to 

continue without going through the four step Section 106 review process.  Section 106 of 

the National Historic Preservation Act requires entities doing work with federal funds to 

analyze the potential effects of their actions on historic structures, especially if they are 

deemed “adverse” (damaging historic fabric). The goal of section 106 is to “consider 

alternatives to avoid, minimize or mitigate undertaking‟s adverse effects on historic 

properties.  

 Although both national organizations agreed on the final prototype programmatic 

agreement, each individual state and territory individually negotiate and executed the 

agreement with the Department of Energy and the State Historic Preservation Offices 

(SHPO). This analysis/review includes executed programmatic agreements through 

February 13, 2011.  Eleven of the 39 executed agreements indicate an issue with wall 

insulation. Three of the eleven specifically reference the National Park Service 

Preservation Brief 3 – that is no longer available on-line.  
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Materials:  This section includes the negotiated prototype Programmatic Agreement 

Appendix A for the Weatherization Assistance Program and a matrix of the analysis of 

the executed agreements by State/Territory. 

Additional Information:   

 DOE Guidance on Historic Preservation - 

http://www1.eere.energy.gov/wip/historic_preservation.html 

 Negotiated Programmatic Agreement full document - 

http://www1.eere.energy.gov/wip/pdfs/historic_preservation_doe_prototype_pa.p

df 

 Executed Programmatic Agreements by State/Territory - 

http://www1.eere.energy.gov/wip/state_historic_ppa.html 

  

http://www1.eere.energy.gov/wip/historic_preservation.html
http://www1.eere.energy.gov/wip/pdfs/historic_preservation_doe_prototype_pa.pdf
http://www1.eere.energy.gov/wip/pdfs/historic_preservation_doe_prototype_pa.pdf
http://www1.eere.energy.gov/wip/state_historic_ppa.html
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WAP UNDERTAKINGS EXEMPT FROM SECTION 106 REVIEW  

All undertakings will be done in accordance with applicable local building codes or the 

International Building Code, where applicable. In accordance with 36 CFR 800.3(a)(1), the 

following undertakings have been determined to have no potential to cause effects on historic 

properties:  

A. Exterior Work  

1) Air sealing of the building shell, including caulking, weather-stripping, and other 

air infiltration control measures on windows and doors, and installing thresholds in a 

manner that does not harm or obscure historic windows or trim.  

2) Thermal insulation, such as non-toxic fiberglass and foil wrapped, in walls, floors, 

ceilings, attics, and foundations in a manner that does not harm or damage historic 

fabric.  

3) Blown in wall insulation where no holes are drilled through exterior siding, or 

where holes have no permanent visible alteration to the structure 4) Removable film 

on windows (if the film is transparent), solar screens, or window louvers, in a manner 

that does not harm or obscure historic windows or trim.  

5) Reflective roof coating in a manner that closely resembles the historic materials 

and form, or with materials that restore the original feature based on historic 

evidence, and in a manner that does not alter the roofline, or where not on a primary 

roof elevation or visible from the public right-of-way.  

6) Storm windows or doors, and wood screen doors in a manner that does not harm or 

obscure historic windows or trim.  

7) In-kind replacement or repair of primary windows, doors and door frames that 

closely resemble existing substrate and framing  
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8) Repair of minor roof and wall leaks prior to insulating attics or walls, provided 

repairs closely resemble existing surface composite  

 

B. Interior Work  

Special Note: Undertakings to interior spaces where the work will not be visible from the 

public right of way; no structural alterations are made; no demolition of walls, ceilings or 

floors occurs; no drop ceilings are added; or no walls are leveled with furring or moved, 

should be automatically excluded from SHPO review. This work includes:  

1. Energy efficiency work within the building shell:  

a. Thermal insulation in walls, floors, ceilings, attics, crawl spaces, ducts and 

foundations 

b. Blown in wall insulation where no decorative plaster is damaged.  

c. Plumbing work, including installation of water heaters  

d. Electrical work, including improving lamp efficiency  

e. Sealing air leaks using weather stripping, door sweeps, and caulk and sealing 

major air leaks associated with bypasses, ducts, air conditioning units, etc.  

f. Repair or replace water heaters  

g. Adding adjustable speed drives such as fans on air handling units, cooling 

tower fans, and pumps  

h. Install insulation on water heater tanks and water heating pipes  

i. Install solar water heating systems, provided the structure is not visible from 

the public right of way  



 64 

j. Install waste heat recovery devices, including desuperheater water heaters, 

condensing heat exchangers, heat pump and water heating heat recovery 

systems, and other energy recovery equipment  

k. Repair or replace electric motors and motor controls like variable speed 

drives  

l. Incorporate other lighting technologies such as dimmable ballasts, day 

lighting controls, and occupant controlled dimming 

2. Work on heating and cooling systems:  

a. Clean, tune, repair or replace heating systems, including furnaces, oilers, heat 

pumps, vented space heaters, and wood stoves  

b. Clean, tune repair or replace cooling systems, including central air 

conditioners, window air conditioners, heat pumps, and evaporative coolers  

c. Install insulation on ducts and heating pipes  

d. Conduct other efficiency improvements on heating and cooling systems, 

including replacing standing pilot lights with electronic ignition devices and 

installing vent dampers  

e. Modify duct and pipe systems so heating and cooling systems operate 

efficiently and effectively, including adding return ducts, replace diffusers 

and registers, replace air filters, install thermostatic radiator controls on steam 

and hot water heating systems  

f. Install programmable thermostats, outdoor reset controls, UL listed energy 

management systems or building automation systems and other HVAC 

control systems 

3.  Energy efficiency work affecting the electric base load of the property:  
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a. Convert incandescent lighting to fluorescent  

b. Add reflectors, LED exist signs, efficient HID fixtures, and occupancy 

(motion) sensors  

c. Replace refrigerators and other appliances  

4.  Health and safety measures:  

a. Installing fire, smoke or carbon dioxide detectors / alarms  

b. Repair or replace vent systems on fossil-fuel-fired heating systems and water 

heaters to ensure that combustion gasses draft safely to outside  

c. Install mechanical ventilation, in a manner not visible from the public right of 

way, to ensure adequate indoor air quality if house is air-sealed to building 

tightness limit  
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State/Territory Follow 
Agreement 

Slight 
Alteration 

Complete 
Deviation 

Details 

Alabama    Followed the negotiated agreement 

Alaska    Allows wall insulation, but does not allow holes drilled from the exterior.  Removed all 
window repair/replacement items. 

Arizona    All exemptions covered completely different format 

California    Specific to wall insulation it states:  Wall insulation - in terms of materials, blown in 
cellulose insulation treated with fire-retardant salts permitted. Spray foams should only be 
used in discrete locations for air sealing and never for filling cavity walls. Urethane foams 
are not to be used. For moisture laden conditions and moisture vapor, more research 
should be conducted at www.ohp.parks.ca.gov select the sustainability tab. This page 
references the NPS Briefs, guidance from the National Trust, and the Association for 
Preservation Technology – all of these groups supports not installing wall insulation to 
date. 

Connecticut    Executed one agreement for all DOE programs, wall insulation is an exempt activity.  Doors 
and Window alterations not an exempt activity. 

Delaware    Followed the negotiated agreement 

District of 
Columbia 

   Only allow window repair, not replacement 

Florida    Followed the negotiated agreement 

Georgia    Just removed replacement of windows. 

Hawaii    Removed adding storm windows and doors, also included the requirement to retain 
historic light fixtures if applicable.  

Iowa    Removed replacement of windows but also added:  Replacement of existing windows 
provided that the windows being replaced are vinyl windows and the new replacement 
windows reflect the period, style, or regional characteristics of the building. 

Illinois    Followed negotiated agreement 

Kansas    Removed replacement windows 

Louisiana    Deleted blown-in wall insulation both interior and exterior applications. 

Maine    Removed reflective roof coatings and replacement/repair of windows. Added: Thermal 
insulation in walls, floors, attics, crawl spaces, ducts, and foundations in a manner that does 
not harm or damage historic fabric, it being understood that all parties in this PA that a 
recipient shall be required to submit undertakings involving the items above to the SHPO 
for 106 review only when the undertaking will harm or damage historic fabric as 
determined by the recipient.  

http://www.ohp.parks.ca.gov/
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Massachusetts    Followed negotiated agreement. 

Maryland    Requires that every structure over 45 years old be reviewed by a qualified professional. 
Removed drilling holes in sidewalls to install insulation. Added replacement of non-historic 
windows, doors, and door frames. Replacement of historic windows, doors and door frames 
when they are deteriorated beyond repair and the replacement features conform to the 
Standards. 

Michigan    Exterior Work: Wall Insulation (no Spray foam insulation), subject to the following 
specifications - 1.  Minor necessary repairs to prepare exterior walls for insulation are 
exempted provided the repairs match the original surface composite; 2.  All wall insulation 
must have an adequate vapor barrier or vapor retardant on the warm (heated) side of the 
wall or consistent of pre-expanded, closed-cell foam insulation. Multiple coats of interior 
wall and ceiling paint are sufficient to meet the criteria of a vapor retardant per the US 
Dept. of Energy. More information is available at 
http://www.energysavers.gov/your_home/insulation_airsealing/index.cfm/mytopic=1810  
No holes are drilled through original exterior (wood, brick, etc.) siding, or holes have no 
permanent visible alteration to the finish materials. Any holes drilled for insulation must be 
finished and returned to condition as close to the original a possible. Access holes in the 
wall must be patched or plugged with materials that match the original (no plastic Plugs) 
Access holes may be patched or plugged with plastic plugs where the original siding was 
replaced with aluminum or vinyl siding prior to the WAP project. 

Minnesota    Removed in-kind replacement or repair of windows/doors. Added: Repairing or upgrading 
electrical or plumbing systems and installing mechanical equipment in a manner that does 
not permanently change the appearance of the interior or exterior of the building. 
Examples of this work could include such items as installation of energy efficient light bulbs 
or installation of energy efficient water heaters. 

Missouri    Overall focused more on rehabilitation items. Would not allow holes to be drilled in 
exterior for insulation installation. Exterior heating, ventilation and air conditioning 
mechanical units that do not require any new venting or new location or venting is on the 
rear of the structure not viewable from any public right of way. 

Montana    Only allow window repair no replacement.  

Nebraska    Removed installation of storm windows and doors. Also removed replacement or in-kind 
repair of windows.  

Nevada    Reflective roof application and window alteration must go through SHPO review.  

New 
Hampshire 

   Added mobile home weatherization. Insulation acceptable as long as historic fabric is 
removed then reinstalled once work is complete. Removed window replacement. Also 
added chimney caps and solar hot water heating. Added replace unsafe wiring such as 
knob-in-tube. Also added install and mechanically fasten plastic sheeting in basements 
and/or crawl spaces in a manner which aids in preventing moisture from evaporating into 
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the building. Installing insulated exterior replacement doors where the existing door is not 
historic or is non-repairable or does not meet energy code, door openings are not altered 
and are not visible from the public right-of-way; replacing historic, character-defining 
doors must proceed through SHPO review. Window or glazing treatments that do not 
change the appearance of the interior or exterior of the building, or if the addition is on the 
exterior of the structure. 

New Mexico    Followed the negotiated agreement. 

North Carolina    Followed the negotiated agreement.  

Ohio    Any wall insulation that does not require the removal or enclosure of any historic plaster or 
wood walls, provided that it has a vapor barrier on the warm (interior) side of the wall; 
wall insulation that consists of pre-expanded foam panel insulation that is installed in  open 
wall cavities, with a vapor barrier. Installation of screens and storm windows provided that 
they: 1. Completely fill the original window opening; 2. Match the meeting rail or other 
major divisions; 3. Interior storms must not cause damage to the original interior trim. 4. 
Interior storms must be designed to seal completely so as to protect the primary window 
from condensation. Installation of Storm doors, if they are undecorated and have a painted 
finish to match existing trim or existing door. Added Purchase and installation of small 
renewable energy sources on existing buildings or at existing facilities. This exemption 
includes:  1. Integrated shingle-style or thin film solar systems on the rear roof of the 
structure, behind the parapet or not visible from the public right of way; 2.  roof-mounted 
solar systems (including photovoltaic and solar thermal) not visible from the public right of 
way that do not require additional roof reinforcement; 3.  Ground mounted wind turbines - 
20kw or less and 40 feet or smaller. Also wind turbines mounted on buildings less than 50 
yrs of age. 

Oklahoma    Followed the negotiated agreement.  

Pennsylvania    Followed the negotiated agreement. 

Puerto Rico    Added: Replace the existing solar water heater with a similar one;  Replace units of air 
conditioning for a new more efficient similar; Minor changes as a substitution of locks, 
lamps and doors that do not change the appearance when historic. 

South Carolina    Removed wall insulation as being exempt so need a 106 review. Added caulking except for 
horizontal joints in siding. Added compatible repair of existing windows-compatible repair 
means matching: the pattern and size of the openings; proportions of the frame and sash; 
configuration of window panes; muntin profiles; characteristics of the glass; and associated 
details such as arched tops, hoods, or other decorative elements. Allows HVAC and 
plumbing work as long as the work is not in areas that are not primary interior spaces 
(entrance halls, parlors, courtrooms, corridors, etc.) Energy efficiency work affecting the 
electric base load of the property (excluding historic light fixtures in primary interior 
spaces (entrance halls, parlors, courtrooms, corridors, etc.) 
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South Dakota    Followed the negotiated agreement. 

Tennessee    Incorporated all of the recommendations from the prototype agreement. Also added energy 
audits, painting of exterior surfaces, replacement of siding, and foundation vent installation. 

Texas    Conducting weatherization or energy conservation activities including insulating attics, 
ceilings, floors, crawl spaces, foundations, exterior walls, water heaters duct work, 
provided repairs are made by a qualified contractor using current best practices and 
methods that are consistent with the preservation techniques in Preservation Brief #3. 
Spray foam insulation is not included in this exemption. For exterior blown-in wall 
insulation, holes shall not be drilled through exterior siding or decorative plasterwork on 
the interior and should result in not permanent visible alteration to the structure. Installing 
interior storm windows or doors or exterior storm or wood screen doors in a manner that 
does not harm or obscure historic windows or trim. Repairing, upgrading or replacing 
existing mechanical equipment, provided that any new equipment is installed in the 
location of existing equipment and no physical alterations to the building are required. 

Utah    Only allows window alterations away from the public right-of-way. 

Virginia    Followed negotiated agreement. 

Washington    Allows wall insulation, but no holes drilled into the exterior siding.  

Wisconsin    Plumbing and electrical allowed as long as original historically significant fixtures or 
building surfaces are not adversely affected by such modifications  

Wyoming    Removed repair or replacement of windows.  

 

  



 

 

 

 

 

Appendix B - Secretary of Interior’s Standards for the Treatment of Historic 

Properties 

 

Treatments: 

1. Preservation – “Is defined as the act or process of applying measures necessary 

to sustain the existing form, integrity, and materials of an historic property. Work, 

including preliminary measures to protect and stabilize the property, generally 

focuses upon the ongoing maintenance and repair of historic materials and 

features rather than extensive replacement and new construction. New exterior 

additions are not within the scope of this treatment; however, the limited and 

sensitive upgrading of mechanical, electrical and plumbing systems and other 

code-required work to make properties functional is appropriate within a 

preservation project.”
56

 

2. Rehabilitation – “is defined as the act or process of making possible a 

compatible use for the property though repair, alterations, and additions while 

preserving those portions or features which convey its historical, cultural, or 

architectural values.”
57

   

                                                 
56

 Weeks,17.  
57

 Ibid, 61. 
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3. Restoration – “is defined as the act or process of accurately depicting the form, 

features and character of a property as it appeared at a particular period of time by 

means of removal of features from other periods in history and reconstruction of 

missing features from the restoration period. The limited sensitive upgrading of 

mechanical, electrical, and plumbing systems and other code-required work to 

make properties function is appropriate within a restoration project.”
58

  

4. Reconstruction – “is defined as the act or process of depicting, by means of new 

construction, the form, features, and detailing of a non-surviving site, landscape, 

building, structure, or object for the purpose of replicating its appearance at a 

specific period of time and in its historic location.”
59

 

Recommended/ Not Recommended Actions related to Energy Efficiency: 

Masonry/Wood/Architectural Metals 

a. Recommended  

i. Installing thermal insulation in attics, in unheated cellars, and 

crawlspaces to increase the efficiency of existing mechanical 

systems. 

ii. Installing insulating material on the inside of masonry walls to 

increase energy efficiency where there is not character-defining 

interior molding around the windows or other interior architectural 

detailing.  

b. Not Recommended 

                                                 
58

 Ibid, 117. 
59

 Ibid, 165. 
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i. Applying thermal insulation with high moisture content in wall 

cavities which may damage historic fabric. 

ii. Installing wall insulation without considering its effect on interior 

molding or other architectural detailing.
60

  

Windows 

a. Recommended 

i. Utilizing the inherent energy conserving features of a building by 

maintaining windows and louvered blinds in good operable 

condition for natural ventilation. 

ii. Improving thermal efficiency with weatherstripping, storm 

windows, caulking, interior shades, and if historically appropriate, 

blinds and awnings. 

iii. Installing interior storm windows with air-tight gaskets, ventilating 

hole, and/or removable clips to insure proper maintenance and to 

avoid condensation damage to historic windows. 

iv. Installing exterior storm windows which do not damage or obscure 

the windows and frames. 

b. Not Recommended 

i. Removing historic shading devices rather than keeping them in an 

operable condition.  

                                                 
60

 Ibid, 110. 
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ii. Replacing historic multi-paned sash with a new thermal sash 

utilizing false muntins. Installing interior storm windows that will 

allow moisture to accumulate and damage the window. 

iii. Installing new exterior storm windows which are inappropriate in 

size or color. 

iv. Replacing windows or transoms with fixed thermal glazing or 

permitting windows and transoms to remain inoperable rather than 

utilizing them for their energy conserving potential.
61

  

Entrances and Porches 

a. Recommended 

i. Maintaining porches and double vestibule entrances so that they 

can retain heat or block the sun and provide natural ventilation. 

b. Not Recommended 

i. Changing the historic appearance of the building by enclosing 

porches.
62

 

Interior Features 

a. Recommended 

i. Retaining historic interior shutters and transoms for their inherent 

energy conserving features. 

b. Not Recommended 

                                                 
61

 Ibid, 110.  
62

 Ibid, 111. 
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i. Removing historic interior features which play an energy 

conserving role.
63

 

Mechanical Systems 

a. Recommended 

i. Improving energy efficiency of existing mechanical systems by 

installing insulation in attics and basements 

b. Not Recommended 

i. Replacing existing mechanical systems that could be repaired for 

continued use.
64

 

Building Site 

a. Recommended 

i. Retaining plant materials, trees, and landscape features which 

perform passive solar energy functions such as sun shading and 

wind breaks. 

b. Not Recommended 

i. Removing plant materials, trees, and landscape features that 

perform passive solar energy functions.
65

  

Setting (District/Neighborhood) 

a. Recommended 

                                                 
63

 Ibid, 111. 
64

 Ibid, 111.  
65

 Ibid, 111. 
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i. Maintaining those existing landscape features which moderate the 

effects of the climate on the setting such as deciduous trees, 

evergreen wind-blocks, and lakes or ponds. 

b. Not Recommended 

i. Stripping the setting of landscape features and landforms so that 

the effects of wind, rain, and sun result in accelerated deterioration 

of the historic building.
66

 

New Additions to Historic Buildings 

a. Recommended 

i. Placing a new additional that may be necessary to increase energy 

efficiency on non-character-defining elevations. 

b. Not Recommended 

i. Designing a new addition which obscures, damages, or destroys 

character-defining features. 
67
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 Ibid, 111.  
67
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Appendix C: Preservation Brief 3 Conserving Energy in Historic Buildings 

 

As identified in Preservation Brief 3, common retrofitting measures include the items 

below; the summary description indicates what is and is not recommended in the brief: 

1. Air Infiltration – this measure is considered a first priority since it reduces 

substantial heat loss by reducing air infiltration. Recommended measures include 

adding weatherstripping to doors and windows, and caulking of open cracks and 

joints. The document cautions that “care should be taken not to reduce infiltration 

to the point where the building is completely sealed and moisture migration is 

prevented.”  

2. Attic Insulation – The brief highlights that attic insulation is beneficial to reduce 

heat loss and is recommended as an effective energy saving measure. The brief 

details placement of the insulation if the attic is or is not conditioned. “If the attic 

is unheated, then the insulation is placed between the floor joists with the vapor 

barrier facing down. If the flooring is present, the insulation is generally placed 

between the roof rafters with the vapor barrier facing in.” It suggests that attic 

needs to be properly ventilated to prevent the insulation from becoming “saturated 

and lose its thermal effectiveness.”  The brief also suggests that if the attic floor or 

roof rafters are not accessible then “consider attaching insulation to the ceilings of 
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the rooms immediately below the attic. Some insulation is manufactured 

specifically for these cases and includes a durable surface which becomes the new 

ceiling.” 

3. Storm Windows – This section states that “windows are the primary source of 

heat loss because they are both a poor thermal barrier and often a source of air 

infiltration.” Adding exterior storm windows to a project is actually better than 

window replacement because an existing window with an appropriate storm 

window have a higher R factor than a replacement energy efficient window. 

Interior storm windows are not recommended since there is the potential to cause 

deterioration to the historic window from condensation.  The brief also 

recommends “if metal frames visually impair the appearance of the building, it 

may be necessary to paint them to match the historic frame.”  

4. Basement and Crawl Space Insulation – Insulation in this area is a high priority 

but it is considered complicated due to the presence of moisture, so this section 

focuses on proper installation. “In crawl spaces and certain unheated basements, 

the insulation is generally place between the first floor joists with the vapor 

barrier facing up.  Use special anchors developed for insulation in moist areas.” 

“In heated basements insulation should be installed against foundation walls. 

Begin the insulation within the first floor joists, and proceed down the wall to a 

point at least 3 feet below the exterior ground level, with the vapor barrier facing 

in. Use either batt or rigid insulation.” This section recommends the presence of 

adequate ventilation in the unheated space.   
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5. Duct and Pipe Insulation – The brief recommends wrapping ducts and hot water 

pipes with insulation. It specifically states “use insulation with the vapor barrier 

facing out, away from the duct.”  

6. Awnings and Shading Devices – These items were historically used to shade the 

building and to reduce the cooling load on historic structures.  It is recommended 

to reintroduce or continue to use these features as an energy efficient measure. 

The goal is to install these features “without damaging the building or visually 

impairing its architectural character.” 

7. Doors and Storm Doors – Historic doors tend to “have fairly good thermal 

properties” and should not be replaced. It is important to ensure that the door 

frame has been well maintained. It has also been identified that “installing a storm 

door is not normally cost effective in residential settings.” The storm door may 

visually impair the view of the original historic door. 

8. Vestibules – A vestibule does create a secondary air space which will reduce air 

infiltration. Adding a vestibule would have an impact on the character of the 

building and will also be cost prohibitive based on the energy savings from the 

measure.  

9. Replacement Windows – The brief states that window installation is “a common 

weatherization measure” using double paned windows. As noted above, PB3 

recommends that, rather than replacing windows exterior storm windows be 

added instead. “If historic windows are severely deteriorated, then replacement 

windows may be warranted. The new windows should closely match the historic 
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windows in size, number of panes, muntin shape, frame, color and reflective 

qualities of the glass.” 

10. Wall Insulation – Wood Frame – Wood frame wall insulation is not 

recommended. “The installation of wall insulation in historic frame buildings can 

result in serious technical and preservation problems. Introducing insulation in 

wall cavities, without a vapor barrier and some ventilation can be disastrous. The 

insulation would become saturated, losing its thermal properties, and actually 

increasing the heat loss through the wall. Additionally, the moisture may 

condense and begin serious deterioration of adjacent building materials such as 

sills, window frames, framing and bracing.” Although installation of wall 

insulation is not recommend, if it were to be installed there are two approaches 

that could be followed.  

One approach would be to completely remove all of the exterior siding, then 

install “batt insulation with the vapor barrier facing in into the now accessible 

wall cavity.” The second approach is blowing insulation into the wall cavity with 

loose fill insulation. In this case and “equivalent vapor barrier can be created by 

assuring that the interior wall surfaces are covered with an impermeable paint 

layer. Two layers of oil base paint or one layer of impermeable latex paint.” “In 

addition to providing a vapor barrier, make provisions for some air to circulate in 

the wall cavity to help ventilate the insulation and the wall materials. This can be 

accomplished by installing small screened vents at the base of each or by assuring 

that each piece of horizontally lapped siding is separated from the other allowing 

air to pass between them.  
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11. Wall Insulation – Masonry Cavity Walls – Masonry wall insulation is not 

recommended. Introducing insulation in the masonry wall cavity results in 

“condensation problems” and “alters the intended function of the cavity.”  It 

changes the function of the air cavity by removing the mechanism to transfer 

moisture within a masonry wall system. The brief highlights that masonry walls 

have “acceptable thermal performance” and the air cavity also plays a role in 

maintaining this.  

12. Wall Insulation – Installed on the Inside – This section of the brief does 

indicate that “insulation could be added to a wall whether it be wooden or 

masonry, but attaching the insulation to furring strips mounted on the interior wall 

faces.” This installation is only recommended in large buildings in cold climates 

as long as interior spaces have no “architectural significance.” The recommended 

material for this practice is rigid insulation and batt insulation with the vapor 

barrier facing in. 

13. Wall Insulation – Installed on the Outside – This type of insulation refers to 

insulated siding. This is considered a “poor practice” from the preservation 

perspective. It has the potential to cover-up decorative features such as window 

and door trim, corner boards, cornices, or roof trim. The brief also highlights that 

the thermal performance is not an effective energy-saving measure. 

14. Waterproof Coating for Masonry – There is a belief that applying a waterproof 

coating on masonry “improves thermal performance of the wall by keeping it 

dry.” This practice actually increases deterioration of the masonry wall due to 



 81 

trapped moisture causing spalling. This practice is not recommended. If masonry 

is painted it is recommended to repaint based on climate location. 
68
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Appendix D: Technical Preservation Services for Historic Buildings Website 

 

Below are excerpts from the Technical Preservation Services website as they relate to 

energy efficiency in historic buildings. 

a. Developing a Weatherization Plan – This section identifies that prior to 

commencing an energy retrofit project it is important to develop a plan 

including the building site, occupancy, and climate; as well as scoping the 

project to include the building envelope, systems, appliances, and lighting. 

The web site identifies that the first step in the energy retrofit process is to 

complete an energy audit and recommends the following measure that 

“should be considered for most historic buildings:” 

i. Eliminate air infiltration. 

ii. Select efficient heating, cooling, and electrical systems with 

programmable controls. 

iii. Select efficient appliances. 

iv. Repair and upgrade windows and doors. 

v. Install insulation in the attic, basement or crawlspace and around 

pipes and ducts. 
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vi. Add shading devices (awnings and trees).
69

   

b. Modify User Behavior – This section recognizes that user behavior has 

an influence on energy efficiency and recommends ways to modify user 

behavior. 

i. Install a timer or motion detector to ensure that lights are off when 

rooms are not in use. 

ii. Attach a self-closing mechanism to doors likely to be left open. 

iii. Install fans to increase comfort instead of lowering the thermostat 

during warm months. 

iv. Lower the thermostat during cold months and raise it during hot 

months. 

v. Program the thermostat to modify temperatures based on 

occupancy patterns. 

vi. Replace incandescent bulbs with compact fluorescent bulbs. 

vii. Use operable window shades or shutters to reduce heat gain during 

the summer. 

viii. Use drapes and curtains to reduce drafts around windows in the 

winter. 

ix. Turn off or remove „vampire‟ devices such as phone chargers and 

DVD players that use electricity in standby mode or whenever they 

are plugged into an outlet. 
70

 

                                                 
69

 Technical Preservation Services, Weatherization and Energy Efficiency. 
70

 Ibid.  
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c. Conduct an Energy Audit – As mentioned above, the site recognizes the 

need to perform an energy audit to determine energy needs. The site 

highlights the intent of the energy audit to “evaluate the building‟s current 

thermal performance and identifies any deficiencies in the building 

envelope or mechanical systems.” It also states that the audit measures the 

“R-value of various components of the building‟s envelope.” Tools used 

during the audit include a blower door test or infrared thermography to 

identify areas of air infiltration. It also indicates that the audit includes 

documentation of existing appliances. The results of the audit identify the 

most cost-effective measures.
71

   

d. Eliminate Air Infiltration – Infiltration is defined as “the exchange of air 

through cracks and gaps in the outside shell of a building.” The site 

identifies that reducing air infiltration is the first “action item of a 

weatherization plan.” Typical places to check for air infiltration include: 

i. Electrical outlets, switches, and ceiling fixtures 

ii. Operable features of windows and doors – check for a loose fit 

iii. Window and door frames where they meet the wall 

iv. Baseboards 

v. Fireplace dampers 

vi. Chimney flashing and flues 

vii. Attic hatches 

                                                 
71

  Ibid. 
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viii. Wall – or window-mounted air conditioners 

ix. Plumbing, electrical, cable, and telephone penetrations 

x. Ducts in unconditioned spaces  

e. The site also indicates that “it is not advisable to seal a historic building 

too tightly.” The reason being it could cause lack of “adequate ventilation 

or, in extreme cases, sick building syndrome.”
72

 

f. Repair and Upgrade Windows & Doors – This section of the website is 

divided into four sections as indicated below: 

i. Windows – It identifies that there is a “common misconception” 

that window replacements are cost effective. Actually retaining 

historic windows that will survive longer with proper maintenance 

is more cost effective than replacement. Also retaining historic 

windows is more practical from a sustainable perspective because 

new window assemblies cannot be repaired, they can only be 

replaced, unlike historic windows.  

ii. Install Storm Windows – Laurence Berkeley National Laboratory 

performed a study in 2002 confirming “that installing a storm 

window over a historic window can achieve a similar thermal 

performance to the new low-E vinyl replacement window.” The 

study also identified that “infiltration around the historic window 

and storm assembly is a matter of occupant comfort rather than 

                                                 
72

 Ibid. 
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energy efficiency.” The National Park Service interprets the study 

by saying that storm windows are recommended as an infiltration 

reduction measure as long as care is taken when installing to 

ensure that there is no damage to the historic window. 

iii. Doors – Historic doors generally have decent thermal properties 

and should be retained and maintained. 

iv. Storm Doors – Installing a storm door is not a recommended 

measure because it is generally not cost effective and has the 

potential of visually masking historic details on a structure. 

Although if a storm door is considered appropriate, the design and 

installation should consider character defining architectural 

features.
73

 

g. Select Efficient Systems with Programmable Controls – This section 

identifies that installation of efficient mechanical systems has a huge 

impact on energy consumption, especially if the system is operated by a 

programmable thermostat, and has little impact on the historic character of 

the structure.  The follow considerations should be taken when replacing 

existing mechanical equipment: 

i. Select a mechanical system that will require the least intrusion into 

the building‟s historic fabric that can be updated or altered without 

major intervention into the wall and floor systems. 

                                                 
73

 Ibid. 
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ii. Ensure that the installation of the new equipment and ductwork 

will not damage significant features and finishes. 

iii. Ducts should be concealed in wall and floor systems in 

historically-finished spaces. However, complete invisibility may 

not always be appropriate for historic buildings. If ducts must be 

exposed, thoughtful placement and sizing as well as paint can help. 

iv. Alternative energy systems such as geothermal, ground-source heat 

pumps, solar heating, and on-site solar electricity generation “must 

be installed in a way that does not impact the historic character of 

the building and site.”
74

 

h. Install Insulation – This section of the site refers to attic insulation as 

“the most cost-effective for insulation.” It does recognize that basements 

and crawlspaces “have value in improving comfort and efficiency.” There 

is a reference to the Department of Energy site to obtain further 

information on what to consider prior to insulating. The insulation section 

also references that wrapping ducts and pipes in insulation assist with 

reducing conduction heat lost. Lastly this section does not recommend 

wall insulation.
75

 “In general, adding insulation to the walls of historic 

buildings is not cost-effective or sensitive treatment. Adding blow-in 

insulation to historic wall assemblies may trap moisture within the wall 

and lead to accelerated and often hidden deterioration of the structure. 
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Proper installation of wall insulation involves the removal of historic 

finishes that can be damaged in the process. If walls are so deteriorated 

that complete replacement is required, insulation can be properly installed 

with a vapor barrier as the wall is repaired. It is best to limit insulation to 

attics and basements where it can be installed with minimal damage to this 

historic building.”
76

 

i. Select Efficient Appliances – Simply references the benefits of energy 

efficient appliances and refers the reader to the Energy Star site. 

j. Add Shading Devices – If shading items such as awnings and trees exist 

and are in good shape, then retaining those features is appropriate. It is 

also appropriate to add awnings if there is evidence that the building had 

these features as long as reintroducing this element does not damage the 

structure.
77
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Appendix E: Weatherization Program Notices 

 

Weatherization Program Notice 10-1 – This Program Notice is used to establish 

the program requirements based on a particular budget period. This particular Program 

Notice defines the regulations and level of detail required in the Grantee application 

submission for funding year 2010. Overall, this program notice describes how the 

Grantee should submit their budget, but it also identifies how a Grantee should develop 

their scope of work for the upcoming Weatherization funding period. The program 

notice includes the following sections: funding; grant application; training and technical 

assistance plan; grantee program oversight, policy, program guidance, and regulatory 

changes; and reporting.  

Section 5 of this guidance highlights the various policy items that must be used 

for program implementation. The areas of this guidance most relevant to this project 

include section 5.5 Energy Audit Criteria;  section 5.14 Energy-Related Mold and 

Moisture Impacts; and section 5.21 Historic Preservation. 

The Energy Audit Criteria section identifies approved energy audit software and 

DOE‟s requirements for energy audit approval. Funding recipients can select to use a 

site-specific computerized energy audit or a priority list based on housing type. This 
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will be further explained in the review on Weatherization Program Notice 01-4 further 

below in this chapter.  

For energy audit approval, DOE requires that Funding recipients submit their 

energy audit procedure, whether computerized energy audit or priority list, every five 

years. “DOE reviews not only how the energy audit software or manual methods 

estimate energy use and potential weatherization savings, but also how a Grantee 

implements energy audit procedures.” 
78

 Although audit software tools assist with 

quantifying energy savings, DOE recognizes that the physical diagnostic approach 

performed at a housing unit is key to determining appropriate cost-effective measures 

in relation to a whole house approach to energy savings. 

Through Oak Ridge National Laboratory, DOE has developed energy audit 

software specifically for the Weatherization Assistance Program. The software package 

is called the Weatherization Assistant; it is available for download at no cost for 

weatherization providers at www.waptac.org. The Weatherization Assistant has two 

energy audit tools, the National Energy Audit Tool (NEAT) and the Mobile Home 

Energy Audit (MHEA). NEAT is primarily for single family homes and multi-family 

buildings with twenty-five units or less. DOE has not developed multi-family specific 

audit software.
79

 The specifics of energy audit approval process will be further 

explained below in the the review of Weatherization Program Notice 01-4.  

Section 5.14 Energy-Related Mold and Moisture Impacts highlights DOE‟s 

approach to mold and moisture in properties to receive Weatherization work. DOE 

                                                 
78
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funds cannot be used to remove existing mold from a unit, although DOE funds “may 

be used to correct energy-related conditions to allow for effective weatherization 

work.”
80

 An example of an energy-related moisture condition is when bulk moisture 

enters a home from a hole in the roof. If the DOE energy audit specifies the installation 

of attic insulation, then DOE funds can pay for the roof repair to ensure the integrity of 

the weatherization measure. 

Submitted health and safety plans must provide a protocol for addressing mold. 

The protocol must include techniques for identifying mold and moisture conditions 

during the energy audit phase, client notification of mold, and appropriate training for 

weatherization workers. DOE developed a mold training that addresses “identification 

and assessment of moisture and mold hazards, methods to alleviate conditions which 

promote mold growth, and protocols for client notification.”
81

 

Finally, Section 5.21Historic Preservation identifies the requirement of 

Weatherization funding recipients to comply with the requirements under Section 106 

of 16 USC 470 the National Historic Preservation Act. 

Weatherization Program Notice 01-4:  Revised Energy Audit Approval 

Procedures. 

This program notice was established to assist the state with submission of their energy 

audit tool and procedures to DOE for approval.  An energy audit tool is a software tool 

that has a set of data inputs to reflect the pre-weatherization condition of the unit. An 

auditor performs a diagnostic energy audit taking certain measurements throughout the 

                                                 
80
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unit, then inputs those measurements in the software.  The software then calculates a 

savings to investment ratio for various wx measures. 

States are required to submit their audit protocol to DOE for approval every 5 

years. States have the option of using the DOE audit tool called NEAT, use another 

computerized program, or establish a priority list based on housing stock type. If States 

choose to use the NEAT audit tool, they are not required to submit a description of the 

energy estimating methodology, measure interaction, or cost-effectiveness 

requirements; however they “still have to list the measures that are typically enabled 

and provide the input data, assumptions, and audit results (recommended measures) for 

two sample dwelling units.”
82

 

The requirements for audit approval submission according to the program notice 

include the following areas: 

1. Analytic Methods – Includes a description of the methodology used to estimate 

annual energy savings. DOE uses this to determine the “soundness” of the 

technical approach. The Grantee should answer the following question: 

a. “What energy estimating method is used (e.g. modified degree-day, 

variable base degree day, ASHRAE bin, ASHRAE modified bin, 

PRISM)?” 

b. “What format of the climatic data is used (e.g. degree-day, bin or hourly 

data)? If degree-day weather data is used, what base temperature is used 
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and why? Which weather data sites are used for different portions of the 

state?” 

c. “Are existing energy use and energy requirements of the dwelling unit 

determined from actual energy bills, by generally accepted calculations, 

or optionally, both?” 

d. “How are conductive, convective, and radiative heat losses (or gains) 

estimated?” 

e. “How does the energy estimating method treat sensible and latent heat 

gains from internal sources?” 

f. “How is energy consumption of heating and cooling equipment 

estimated (e.g. steady-state efficiency, part-load curve)?” 

g. “Are blower door readings and the results of other tests (e.g., duct 

leakage) used by the energy estimating method?” 

h. “Does the energy audit software address domestic hot water and/or 

household appliance measures? If so, how is the energy estimated for 

these end uses?”
83

 

2. Measure Interaction – Identifies how separate components of the unit interact 

with others, for example, the interaction of the heating system with the living 

area of the unit, such as how well the system is balanced. In order to fulfill this 

requirement, states must provide the following detailed information: 

                                                 
83
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a. “Briefly describe how the energy audit accounts for the interaction 

between architectural (e.g. insulation, air sealing) and mechanical (e.g. 

furnace replacement, programmable thermostat) measures.” 

b. “Provide audit results from a sample dwelling unit to document that, 

when moving from an architectural to a mechanical measure, the energy 

audit procedures adjust the estimated fuel cost savings of measures with 

lower, non-interacted savings-to-investment ratios (SIRs).” 

c. “Provide a statement that the energy audit procedures eliminate any 

measure that has an interaction-adjusted SIR of less than one.”
84

 

3. Field Procedures – Funding recipients must submit a description of the energy 

audit procedures as well as a field operations manual, sometimes referred to as a 

field guide. These tools describe the soup to nuts analysis and work performed 

on the unit. The information required for the audit approval process includes: 

a. “How do different audit findings affect the auditor‟s actions and 

recommendations?” 

b. “What advanced diagnostic and assessment techniques are routinely 

used by the auditor and/or crew?” 

c. “What client education is routinely provided by the auditor? By the 

installation crew?” 

d. “Are the audit and installation procedures specifically tailored for the 

building type being investigated in light of the varying energy audit 

                                                 
84
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requirements of single-family dwellings, multi-family buildings, and 

mobile homes?”
85

 

4. Measures Installed – This requirement ensures that the materials used meet the 

minimum standard recognized by DOE. These measures have to meet or exceed 

the standards identified in Appendix A of the regulations that govern the 

Weatherization Assistance Program 10 CFR 440. 

5. General Heat Waste Reduction Measures – these measures are also known as 

low-cost to no cost measures.  DOE has determined these measures to be 

generally cost effective “without the need for a site specific energy audit.” 

Generally, it costs more to collect data and perform analysis than it takes to 

install them. These measures include: 

a. Water Heater Wrap (i.e. insulating blanket); 

b. Water heater pipe insulation (on the first six feet of hot water pipe after 

exiting the water heater);  

c. Faucet aerators; 

d. Low-Flow showerheads; 

e. Limited weatherstripping and caulking to increase comfort (does not 

include major air sealing work, which should be guided by blower door 

testing; and 

f. Furnace or air conditioner filters.
86
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6. Health and Safety – DOE reviews the health and safety plan as submitted during 

the annual funding process. The Grantee may also reference how health and 

safety is implemented in the field referencing appropriate sections of the field 

guide.  

7. Administrative Requirements – Funding recipients are required to submit the 

audit approval request every five years unless there are significant changes to 

protocols and procedures. States are required to adjust material cost and fuel 

prices annually. 

Weatherization Program Notice 10-012  Historic Preservation Implementation.  

This program notice was developed to remind states that they are required to comply 

with the Section 106 review prior to the expenditure of any federal fund on a project. 

“Section 106 of the National Historic Preservation Act requires Federal agencies to take 

into account the effects of their undertakings on historic properties and afford the 

Advisory Council on Historic Preservation (a federal regulatory body) a reasonable 

opportunity to comment on such undertakings.”
87

  

The determination of historic property is defined as on, or eligible for, the 

National Register of Historic Places. According to 36 CFR part 63, the National Park 

Service establishes the criteria for determining the historic eligibility of a site, building, 

or landscape. The minimum requirement for eligibility is fifty years or older. 

 After the huge influx of Recovery Act funds to the Department of Energy, the 

preservation community became concerned with the potential impact that 
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Weatherization work may have on historic properties and areas. “DOE, in coordination 

with the Advisory Council on Historic Preservation (ACHP) and the National 

Conference of State Historic Preservation Officers (NCSHPO), has developed a 

Prototype Programmatic Agreement to address historic preservation requirements for 

the Weatherization Assistance Program.”
88

 Although the prototype agreement was 

negotiated with ACHP and NCSHPO – national organizations representing the State 

Historic Preservation Office (SHPO) – some Funding recipients altered the agreement 

to reflect concerns with respect to weatherization work being done in their states. 

For this project, I analyzed twenty eight executed programmatic agreements for 

the Weatherization Assistance Program. Based on that review, some Funding recipients 

did not use the programmatic agreement template in any way, the Weatherization work 

items identified exempt from Section 106 review were more closely aligned with 

housing rehabilitation projects. Other executed agreements eliminated some measures 

from this list, either requiring that the Funding recipients go through the 106 review 

process for installation, or the Weatherization provider would simply not be able to 

perform the measure.  This commonly occurred with side wall insulation. In the case of 

South Carolina and Michigan, side wall insulation was eliminated from the 

programmatic agreement. Other Funding recipients would not allow drilling exterior 

siding to access a wall cavity. Another item that was also commonly removed had to do 

with windows.  However, the weatherization community and the historic preservation 

community both agree that windows do not have a significant impact on energy 
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efficiency. My analysis of the programmatic agreements is located in Appendix 1 of 

this thesis. The executed programmatic agreements can be found at 

http://www1.eere.energy.gov/wip/state_historic_ppa.html .  

The prototype programmatic agreement not only covers the Weatherization 

Assistance Program (WAP), but it also stipulates acceptable undertakings for the State 

Energy Program and the Energy Efficiency Conservation Block Grant Program.  

Appendix A of the Programmatic Agreement stipulates the WAP Undertakings Exempt 

from Section 106 Review. These exempt undertakings include: 

1. Exterior Work 

a. “Air sealing of the building shell, including caulking, weather-stripping, 

and other air infiltration control measures on windows and doors, and 

installing thresholds in a manner that does not harm or obscure historic 

windows or trim.”
89

  

b. “Thermal insulation, such as non-toxic fiberglass and foil wrapped, in 

walls, floors, ceilings, attics, and foundations in a manner that does not 

harm or  damage historic fabric.” 

c. “Blown in wall insulation where no holes are drilled through exterior 

siding, or where holes have no permanent visible alteration to the 

structure.” 

                                                 
89
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d. “Removable film on windows (if the film is transparent), solar screens, 

or window louvers, in a manner that does not harm or obscure historic 

windows or trim.” 

e. “Reflective roof coating in a manner that closely resembles historic 

materials and form, or with materials that restore the original feature 

based on historic evidence in a manner that does not alter the roofline, or 

where not on a primary roof elevation or visible from the public right-of-

way.” 

f. “Storm windows or doors, and wood screen doors in a manner that does 

not harm or obscure historic windows or trim.” 

g. “In-kind replacement or repair of primary windows, doors and door 

frames that closely resemble exiting substrate and framing.” 

h. “Repair of minor roof and wall leaks prior to insulating attics or walls, 

provided repairs closely resemble existing composite.”
90

 

2. Interior Work 

i. “Energy efficiency work within the building shell:” 

i. “Thermal insulation in walls, floors, ceilings, attics, crawl 

spaces, ducts and foundations.” 

ii. “Blown in wall insulation where no decorative plaster is 

damaged.” 

iii. “Plumbing work, including installation of water heaters.” 

                                                 
90
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iv. “Electrical work, including improving lamp efficiency.” 

v. “Sealing air leaks using weather-stripping, door sweeps, and 

caulk and sealing major air leaks associated with bypasses, ducts, 

air conditioning units, etc.” 

vi. “Repair or replace water heaters” 

vii. “Adding adjustable speed drives such as fans on air handling 

units, cooling tower fans, and pumps” 

viii. “Install insulation on water heater tanks and water heating pipes” 

ix. “Install solar water heating systems, provided the structure is not 

visible from the public right-of-way” 

x. “Install waste heat recovery devices, including desuperheater 

water heaters, condensing heat exchangers, heat pump and water 

heating recovery systems, and other energy recovery equipment” 

xi. “Repair or replace electric motors and motor controls like 

variable speed drives” 

xii. “Incorporate other lighting technologies such as dimmable 

ballasts, day lighting controls, and occupant controlled dimming” 

a. “Work on heating and cooling systems:” 

xiii. “Clean, tune, repair or replace heating systems, including 

furnaces, oilers, heat pumps, vented space heaters, and wood 

stoves” 
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xiv. “Clean, tune, repair or replace cooling systems, including central 

air conditioners, window air conditioners, heat pumps, and 

evaporative coolers” 

xv. “Install insulation on ducts and heating pipes” 

xvi. “Conduct other efficiency improvements on heating and cooling 

systems, including replacing standing pilot lights with electronic 

ignition devices and installing vent dampers” 

xvii. “Modify duct and pipe systems so heating and cooling systems 

operate efficiently and effectively, including adding return ducts, 

replace diffusers and registers, replace air filters, install 

thermostatic radiator controls on steam and hot water heating 

systems” 

xviii. “Install programmable thermostats, outdoor reset controls, UL 

listed energy management systems or building automation 

systems and other HVAC control systems” 

b. “Energy efficiency work affecting the electric base load of the 

property:” 

xix. “Convert incandescent lighting to fluorescent” 

xx. “Add reflectors, LED exit signs, efficient HID fixtures, and 

occupancy (motion) sensors” 

xxi. “Replace refrigerators and other appliances” 

c. “Health and Safety Measures:” 

xxii. “Installing fire, smoke or carbon dioxide detectors/alarms” 
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xxiii. “Repair or replace vent systems on fossil-fuel-fired heating 

systems and water heaters to ensure that combustion gasses draft 

safely to outside” 

xxiv. “Install mechanical ventilation, in a manner not visible from the 

public right-of-way, to ensure adequate indoor air quality if 

house is air-sealed to building tightness limit”
91
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Appendix F: West Virginia Case Study Recommendations 

 

1) Hewitt House, South River 

Street, Bramwell, WV (Bed & 

Breakfast) 

i) Air Sealing and 

Insulation 

(1) Seal all holes, gaps 

and thermal breaks 

located in the attic space using two-part foam 

(2) Insulate dormer area floors and knee walls 

(3) Add additional blown cellulose insulation to R-38 

(4) Seal attic hatch 

(5) Insulate floor of rooms located above porch area if accessible
92

 

(6) Further evaluate second floor skylight which is approximately 6‟ x 10‟ 

(7) Seal all holes in the closet area to reduce air bypasses directly to living 

area 
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ii) Exterior Walls 

Insulate all exterior walls using blown cellulose and employing methods as 

necessary to gain access to stud cavities using the tube method, from attic or drilling 

interior surfaces of exterior walls, then 

sealing holes with plaster patch. 

2) Judge Cox House, Spruce Street, 

Morgantown, WV (law office) 

i) Air Sealing and Insulating 

(1) Seal all holes, gaps and 

thermal bypasses located in 

the attic space using two-part foam, caulking and/or other approved 

infiltration reduction material. 

(2) Install insulated, weather-stripped attic hatch. 

(3) Extend all bathroom and other exhaust vents moisture producing vents to 

outside the attic space. 

(4) Add additional blown cellulose insulation to a total of R-38. 

ii) Exterior Walls 

(1) Insulate all exterior walls using blown cellulose and employing such 

methods as necessary to gain access to stud cavities using the tube 

method, from the attic or drilling interior surfaces of exterior walls, then 

sealing the holes with plaster patch. 

3) Perry House, Main Street, Bramwell, WV (bed and breakfast) 

i) Air Sealing and Insulation 
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(1) Seal all holes, gaps and 

thermal bypasses 

located in the attic space 

using two-part foam, 

caulking, and/or other 

approved infiltration 

reduction material. 

(2) Insulate dormer area floors and knee walls where accessible.   

(3) Add additional blown Cellulose insulation to a total of R-38. 

(4) Seal and insulate attic hatch. 

ii) Exterior Walls 

(1) Walls are ballooned framed and are not accessible due to interior finish 

and customer concern, therefore the recommendation is to air seal the tops 

and bottoms of interior and exterior walls in the attic and basement to 

restrict air movement within the walls.  
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