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EXECUTIVE SUMMARY 

Introduction 

This document sets out a multiyear plan for research and development activities to accelerate, 
complement, and support private sector efforts to improve the energy efficiency of the existing 
multifamily housing stock. The plan was developed after extensive review of ongoing and planned 
activities in DOE and the private sector, and consideration of the potential for improved energy 
efficiency of this building stock. The plan will be revised periodically as a result of changes in 
private sector activity and needs, as well as changes in the planning assumptions. 

Sector Characteristics 

The multifamily sector differs from the remainder of the nation's housing stock in certain key 
respects: number and size of units, geographic ·distribution, heating system type, age distribution, 
fuel use, energy end use, and occupancy patterns. Sector characteristics include the following: 

o 27% of the existing U.S. housing stock are in multifamily units-22.3 million households. 
'l 

o Median floor area for multifamily units (790 ft-) is nearly half the floor area of single-family 
') 

units (1520 rt-). . 

o 32% of these multifamily units are in the Northeast. 

o 41% of multifamily buildings are heated by central heating systems. 

o One-third of the multifamily stock is over 40 years old. 

o New multifamily construction is primarily in the south and west-45% of the new multifam-
ily units are located in California, Texas, and Florida. 

o 85% of the multifamily stock is occupied by renters:· 

o Median rental income ($11,400) is about half median homeowner income ($21,800). 

o Almost half of all renters remain in their residence for only one year or less. The same frac
tion of homeowners reside in their homes for more than ten years. 

o The multifamily stock includes 1.25 million units of Public Housing, and about another 1.96 
million units of federally-assisted housing. 

Importance of Multifamily Sector 

Buildings represent 36% of the total U.S. primary energy end use-about 26 quadrillion Btu 
(quads). The multifamily sector accounts for 2.8 quads, or $19.9 billion in 1983 dollars. The 1982 
study conducted by the Office of Technology Assessment on energy efficiency in cities estimates 
that while retrofit activity in the multifamily sector could save 1.0 quad of energy per year by the 
year 2000, (43% of the total sector), the likely savings are only 0.3 quad (13% of the total sector). 
The potential dollar savings are $7.1 billion per year by the year 2000, but the likely savings a,re 
only $2.1 billion (in 1983 dollars). .-. 
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Private Sector Activity 

The limited retrofit activity that has taken place in multifamily buildings by the private sector 
can be broken into four categories: 

o Traditional businesses 

o Utility companies 

o Non-profit energy companies 

o For-profit energy companies , 

Traditional businesses sell to multifamily building owners such products as replacement burners, 
boiler controls, and thermostatic radiator valves. Projects targetted to single-family markets
attic insulation, window replacement-have been less successful. 

Utility companies have recently set up programs to reach multifamily customers. Previous efforts 
by utilities including Pacific Gas and Electric, Consolidated Edison, Northeast Utilities, and Mass 
Save, have reached several thousand multifamily units. 

The non-profit energy service companies are set up to provide a wide range of services directed at 
the tenant and owner of low-income multifamily properties. Individual companies are targetting 
to retrofit several thousand units in their cities over the next few years. 

There are very few for-profit energy service companies in the multifamily sector-most concentrate 
in commercial buildings. A few companies offer one-stop services including audit, retrofit installa
tion, and follow-up ser\rices. Several thousand multifamily households have been retrofit by 
private companies. 

The Institute for Real Estate Management manages about one-third of the units in multifamily 
buildings. They estimate that 10-20% of the large, professionaly managed multifamily buildings 
have received some retrofit activity. This corresponds to a sector wide activity level of only 3-6% 
of the multifamily building stock receiving some capital retrofits. 

Government Activity 

Emphasis on programs specifically dealing with multifamily housing issues is a fairly recent 
occurrence at the federal, state/local, and utility levels. Initially, all residences were treated 
together, and no special emphasis was placed on multifamily buildings or tenants. The earliest 
federal work attempted to understand how investment decisions were made by owners of these 
properties. Except for research done in the late '70s on how to allocate energy costs to tenants in 
master-metered buildings, it has only been in the last three or four years that programs were 
specifically designed to reach both owners and tenants of multifamily dwellings. 

The federal agencies that have played the largest role in multifamily programs are the Depart
ment of Energy (DOE) (primarily technical assistance and weatherization), the Department of 
Housing and Urban Development (I-IUD) (primarily grant programs for the rehabilitation of low
and- moderate-income housing), the Department of Health and Human Services (HHS) (low
income energy assistance) and the various armed services in improving the energy efficiency of 
their housing stock by 20% over 1977 energy consumption. Due to the large portion of lower 
income residents in many multifamily structures, programs have been aimed at reaching owners of 
buildings whi~h house primarily lower income tenants. 

State and local governments, frequently using federal funds, have taken a lead role in this area, 
and have devised a wide variety of programs to address upgrading of multifamily structures. The 
most active have been the states of California, Connecticut, Illinois, Indiana, Maryland, Mas
sachusetts, Michigan, Minnesota, New York, Ohio, Pennsylvania, Wisconsin, and the cities of Bal
timore, Boston, Chicago, :viinneapolis, New York City and Pittsburgh. 
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Barriers 

The barriers to retrofit activity are both technical and non-technical. The technical barriers are 
due to the lack of information on the cost and performance of individual retrofits, as well as the 
more complex issues of how individual retrofits interact with each other and perform over time. 
The non-technical barriers include institutional, financial, informational, and behavioral charac
teristics that have hindered retrofit activity in multifamily buildings. These barriers include the 
split incentives between tenants and owners for saving energy, the limited information on the per
formance of retrofits in multifamily buildings, the diverse characteristics of the multifamily build
ing stock, and the limited channels of communication for transfering the cost, savings, and perfor
mance information to the millions of tenants, owners, and small businesses that could undertake 
retrofit activity in multifamily buildings. 

Federal Role 

Two factors that underly the federal role can be summarized as follows: 

o Even though the potential for making cost-effective energy savings in the multifamily sector 
is great, very little conservation activity is taking place. The need to encourage this sector to 
conserve energy does not appear to be adequately addressed by existing private and govern
ment activities. The privat.e sector has been hampered by a number of institutional, informa
tional, and technical barriers. 

o The federal government has a special role in the multifamily sector, both as an owner of a 
large number of multifamily buildings, and· as supporter of numerous programs directed at 
the multifamily sector. Federally-assisted housing, both in HUD-supported public housing 
and in Section 8 subsidized housing, houses several million low-income and elderly Ameri
cans. Federal agencies need building energy data in order to manage effectively and upgrade 
the energy-efficiency of this iarge number of public-sector multifamily units. Over 25% of 
the residents in multifamily housing are eligible for ~sistance under the DOE Weatherization 
Assistance Program. Federal weatherization and energy assistance programs addressing low
income households all require the knowledge of retrofit performance in multifamily buildings, 
as well as the basic energy-use characteristics of this stock. 

Research Program 

Criteria for establishing Federal role 

The basis for defining the Federal and Divisional role is a necessary first step in the identification 
of specific Federal actions to achieve energy savings through the retrofit of multifamily buildings. 
Based on the criteria and assumptions described below, a full range of program functions and 
activities were identified. These activities were then placed in priority order based on a sys
tematic review process. The end result is the research program described in Section 5.0, and 
summarized here. 

The following specific criteria or objectives were used in developing a definition of the Federal and 
Divisional role in support of the retrofit of multifamily buildings: 

o A potential for significant net energy and economic savings must exist. This criteria 
emphasizes the ultimate objective of any energy conservation research program: the achieve
ment of both energy and economic savings. Unless a significant opportunity exists, no 
Federal action can be considered. 

o Potential savings are not being realized by the private sector because of identifiable market 
imperfections or failures. This criterion emphasizes the importance of avoiding Federal 
actions that duplicate private efforts or which otherwise interfere with normal market forces. 
Market imperfections or failures include, among others, an inability or unwillingness of 
private firms to undertake long term, high risk research (even though the results of such 
research might have major national benefits); especially fragmented or non-existent support 

(~ 
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industries; tenant/landlord conflict; and inadequate market incentives because of depressed 
economic conditions or other constraints. 

o Anticipated benefits should be national or regional in nature, rather than local. Local con
cerns should be generally addressed by State and local governments or other non-Federal 
entities. 

o Federal research support or other actions should not impair the operations of the free market. 
Not only must there be a potential for significant net energy and economic savings, but the 
actions should not adversely affect the operation of the free market system. 

o Retrofit research support or other actions by the Building Services Division should be fully 
consistent with established legislative and organizational responsibilities and should not 
duplicate or conflict with the actions of other DOE offices and Federal agencies. 

o Specific program activities should be identified and reviewed in cooperation with private 
businesses, utilities, State and local 

Criteria for setting project priorities 

Assigning priorities for any research program is not an easy task. It is almost impossible to quan
tify every aspect of a project that could be taken into consideration, and then apply appropriate 
weighting factors to each of those aspects in order to obtain an unequivocal rank order. of all pro
jects considered. Even when such approaches are attempted, professional judgements and budget 
constraints often are the key determinants of the final rankings. 

Probably the most important factors in any ranking system are: the establishment of the particu
lar criteria that projects must meet in ·order to be considered for ranking; the establishment of 
differentiating criteria that will be used to determine the relative importance of the projects that 
are considered; and, the establishment of a· consistent method of presenting information about 
projects that are being ranked. In this way, intelligent discussions can be held among reviewers 
to establish the final ranking of projects. 

The approach used here, after looking at sev~ral simple and computer-based systems, was to 
develop a list of criteria and an extensive description form to be filled out on each project that 
was to be considered for final ranking. 

Specific projects were suggested by experts from DOE, other Federal agencies, DOE laboratories, 
private firms, utilities, state and local governments, and user groups. Using projections of future 
energy consumption developed for DOE by PNL for each existing building sector, DOE labora
tories filled out forms for each project and assigned initial rankings. These initial rankings were 
then reviewed by DOE and by knowledgeable representatives of the groups cited previously and 
final rankings were assigned by DOE. 

The specific criteria which were used in the ranking process were divided into two groups- · 
screening or threshold criteria, and differentiation criteria. Screening criteria are used to deter
mine if a project should receive further consideration, and if so, whether or not it should be 
treated as a support, research and development, technology transfer or basic research project. 
The differentiation criteria were then used on those projects categorized as R&D and/or technol
ogy transfer projects. This provided an in-depth analysis of their potential to produce energy sav
ings in existing buildings. The other project categories-support and basic research-were analyzed 
using fewer and more qualitative factors. It was assumed that over the life of the multi-year plan, 
support proj~cts would receive 5-15% of the allotted funds, advanced technology projects 5-15%, 
and research and development the majority of the funds. 
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Research needs 

The research needs, based on the responses of the forty organizations contacted, are broken down 
as follows: 

Summary or Research Activity Needs in Multifamily Sector 

Analysis and Evaluation: 

- evaluate existing computer models; how useful 
are they for multifamily stock? 

- develop models for electric buildings 
- need improved utility bill analysis techniques 
- what is importance of vacancy /turnover rates? 
- need better air leakage models 
- what are needs of additional groups, e.g., builders, 

investment criteria people, building owners, tenants, managers? 

Characterize Building Stock: 

- need better description of stock, low-rise vs 
high rise, infiltration/ventilation rates 

- need characteristics of owners and rental industry 
- what are energy use patterns? idiosyncrasies? 

Retrofit Performance Data: 

- need monitoring protocols 
- what is performance of heating system retrofits-vent dampers, 

balancing, outdoor resets, etc.? . 
- what is performance of shell retrofits-insulating problem 

buildings, masonry walls, flat attics? 
- what is the performance of hot-water retrofits? 
- what is the performance of cooling retrofits? 
- what are selection criteria? costs and savings? 

Information and Technology Transfer: 

- how can existing organizations be used? 
- what other sources are useful-direct contact, technical 

reports, data bases, workshops? 

Case Studies: 

- demonstrate new technologies for existing buildings 
- show how to retrofit old buildings 
- how to implement major capital improvements 
- show what· works in actual implementation 

Operations and ~faintenance: 

- how effective are energy management systems? 
- what are implications of fuel switching? 
- what are effective temperature controls--thermostats 

vs resets? 

f, 
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1\-Iarketing and Financing: 

- what are long-term effects of shared savings? 
- what are innovative sources of financing? 
- what are building 'owners investment criteria? 

Health and Safety: 

-what are indoor air quality issues related to retrofits? 
- what moisture problems result from retrofits? 

Audits and Design Tools: 

- how to improve audit accuracy and reliability 
- need design tools to estimate costs and paybacks 

Institutional Issues: 

- how to address tenant/owner barriers 
- need for regulatory elements 
- how to increase public awareness 
- how to design retrofits to have non-energy 

benefits as well for owners and tenants 

Behavior and Metering: 

- what is cost-effectiveness of sub-metering? 
- what is effect of metering on future retrofits? 
- what is appropriate feedback for tenants? rebates? 
- what are effective educational tools? 

Special Buildings: 

- what are special needs for Federally-assisted housing? 
- what can be done in oil-heated buildings? 
- what are special needs for small multifamily buildings? 

Research projects 

Specific research projects were developed to address these needs, often combining needs which 
overlapped, and creating new areas where appropriate. Over one-hundred project areas were 
identified. A preliminary screening eliminated projects that did not meet the threshold criteria 
discussed above. The remaining project areas were reviewed and combined into the thirty-eight 
areas presented below. 

The project areas are listed below by their major sub-headings. In addition to the preliminary 
ranking score computed by the criteria above, a review panel made up of fifteen individuals from 
DOE, National Labs, and other institutions gave an initial review score for each project. Where 
the review ranking differed from the preliminary ranking, both are given, with the preliminary 
ranking given first. The numerical rankings have been converted to HIGH, 1\IEDIUM, -and LOW 
scores and are given in the table below: 
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Retrofit Research Project Areas for Multifamily Sector 

A. Planning and DOE Support 
1. Survey user needs (HIGH) 
2. Planning updates (HIGH) 
3. Evaluate ARD projects (HIGH) 
4. Stock characterizations (MEDIUM) 

B. Analysis, Modeling, and Tool Development 
5. Energy end use patterns (MEDIUM) 
6. Peak & diversified load analysis (LOW /MEDIUM) 
7. Evaluate existing multifamily models (~IEDIUM) 
8. Evaluate & develop utility bill analysis (MEDIUM) 
9. Evaluate & develop air infiltration models (HIGH/MEDIUM) 
10. Develop simulation models [included in #i] 
11. Behavioral studies (HIGH/MEDIUM) 
12. Data acquisition system (MEDIUN1) 
13. Audit diagnostics & techniques (HIGH) 
14. Monitoring protocols & techniques (HIGH) 

C. Retrofit Performance 
15. Heating system retrofits (HIGH) 
16. Shell retrofits (HIGH/MEDIUM) 
17. Cooling system retrofits (1v1EDIUMjHIGH) 
18. Hot water retrofits [included in #19] 
19. Hot water systems (HIGH) 
20. Lighting & appliances (:MEDIUM/LOW) 
21. Low cost/no cost (MEDIUM) 

D. Interactions & Strategies 
22. Operation and maintenance (HIGH) 
23. Temperature control strategies (HIGH) 
24. Load management techniques (LOW) 
25 .. Retrofit interactions (HIGH) 
26. Metering strategies (MEDIUM) 
27. Low cost packages [included in #21] 
28. Public housing strategies (HIGH) 

E. Technology Adoption 
29. Marketing strategies (LOW) 
30. Innovative financing (LOW) 
31. Acceptability of retrofits (HIGH) 
32. Air quality and moisture [moved to section D] (MEDIUM) 

F. Technology Transfer 
33. Data Bases.& Information Network (HIGH) 
34. Workshops (HIGH/MEDIUM) 
35. Case studies (HIGH) 

G. Advanced Technology 
36. Advanced window materials & systems (LOW /MEDIUM) 
37. Solar cooling/heating (LOW) 
38. Thermal storage, hybrid systems (LOW /~fEDIU?vf) 



l, 

' 
Xl 

These projects areas provide the basis for the research program. Additional planning will be 
required to select the optimal choice of projects to ensure a balanced program of multifamily 
retrofit research. All of the project areas are consistent with the mission of the Building Services 
Division described in the Introduction. However, a number of the project areas described encom
pass activities which might also be supported by other divisions within the office of Buildings and 
Community Systems, other offices within the Department of Energy, or, in a few cases, other 
federal agencies. For this reason, specific projects to be funded by the Building Services Division 
will be closely coordinated with the other appropriate federal offices. 
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INTRODUCTION 

IN TIDS SECTION: Mission statements for Building Energy Retrofit Research; 
purpose of plan; importance of multifamily sector; overview of planning process. 

1.0 Introduction 

This document sets out a multiyear plan for research and development activities to accelerate, 
complement, and support private sector efforts to improve the energy efficiency of the existing 
multifamily housing stock. The plan was developed after extensive review of ongoing and 

. planned activities in DOE and the private sector, and consideration of the potential for improved 
energy efficiency of this building stock. The plan will be revised periodically as a result of changes 
in private sector activity and needs, as well as changes in the planning assumptions. 

1.1 Mission Statements 

1.1.1 BCS :Mission 

The mission of the Office of Buildings and Community Systems (BCS) is to provide overall direc
tion for a balanced program of technology planning, research and development, and testing and 
evaluation to provide effective support to non-governmental efforts to increase the energy 
efficiency of the Nation's residential, commercial and industrial buildings. BCS encourages 
efficient, cost-effective use of energy in buildings and community systems through the conduct of 
research and development on those technologies ·and programs that will increase the energy 
efficiency of the built environment and the implementation of DOE's statutory responsibilities in 
the building end-use area. 

1.1.2 BSrD ~fission 

The mission of the Building Services Division (BSrD) is to develop and manage a balanced pro
gram of research, development, testing, and evaluation that will advance the efficient delivery and. 
use of energy in community-wide systems, and in single-family, multifamily, and commercial 
buildings. The Division augments and enhances private sector energy conservation activities by 
helping to remove barriers to the use of efficient, community-shared energy systems, developing 
new technologies, determining the impacts of conservation technologies on existing buildings and 
utility loads, and testing new approaches for delivery of energy conservation information and ser
nces. 

1.1.3 ARD 11ission 

The Applications Research and Development Branch (ARD) includes two major areas of responsi
bility: Utility Applications Research and Building Energy Retrofit Research (BERI~.). Utility 
.\pplications Research assesses the impact of building conservation technologies on utility loads 
and economics and develops analytical tools for utilities_ to incorporate the research results into 
their planning processes. BERR identifies technical, financial, behavioral, and other barriers that 
restrict the adoption or use of energy-efficient technologies and practices in existing buildings. 
BERR conducts research to determine methods for overcoming or eliminating these barriers, and 
conveys the results of research to the public and private sector organizations involved in building 
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retrofit. The BERR program covers three broad building categories: single-family residences, mul
tifamily residences, and commercial buildings. 

1.1.4 Multifamily Building Retr.ofit Research Mission 

The mission of multi/am11y building retrofit research is to identify technologies and practices with 
retrofit potential, to test these measures in occupied buildings, and to define the impact on energy 
consumption of the measures, the quality of their installation, and occupant behavior after the 
retrofit. In addition, the program identifies the cost of retrofit measures and correlates this to the 
value of energy savings. For cost-effective retrofits, the program identifies problems which restrict 
their adoption or use, conducts research to determine methods of overcoming or eliminating these 
problems, and conveys the results to public and private organizations involved in the retrofit of 
multifamily buildings. 

1.2 Purpose 

The purpose of this· plan is to set out a multiyear research and development agenda for accelerat
ing and supporting private sector efforts to improve the energy efficiency of the existing multifam
ily building stock. Particular emphasis is given to buildings with low-income and federally
assisted residents (public housing). The plan provides a basis and rationale for funding decisions 
and is intended to solidify and provide direction for the research by integrating the needs of con
stituency groups into the research and development process. 

The residential building stock is not easily split into single-family and multifamily sectors. While 
the 12.2 million households living in buildings having five or more units are clearly identified as 
multifamily, the 10.1 million households living in buildings having two-to-four units share many 
characteristics with single-family houses. \Vhere appropriate, these two-to-four unit buildings are 
included in the plan, chiefly when there is research directed to the institutiomil barriers resulting 
from owner/tenant conflicts. For cases where the retrofits are more characteristic of the single
family sector, the units are included in the plan for the si.ngle-family sector. 

1.3 Importance of Multifamily Sector 

Table 1.1 gives the fraction of total U.S. primary energy use for buildings (residential and com
mercial), industry, and transportation. 

Table 1.1. Total U.S. Energy Use by Sector [1982J 
Quads 

Buildings 25.7 36% 
Industrial 26.1 37% 
Transportation 19.1 27% 

Total 70.9 100% 

source: 1982 Annual Energy Review DOE/EL-\-038-1(82) 
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Breaking the building sector down into its three principle parts, (single-family, multifamily, and 
commercial), and separating fuel use (natural gas, oil, etc.) and electricity shows the multifamily 
sector consuming 2.8 quads of the total sector energy use of 21.6 quads (Table 1.2). 

Table 1.2. Primary Building Energy Use by Sector [April1982- March 1983] 
Fuel Electricity Total (quads) 

Single-family 4.62 1.86 10.2 
:Multifamily 1.42 0.46 2.8. 
Commercial 2.36 2.09 8.6 

Total 21.6 

* NBECS doesn't include all non-residential energy use 

source: 1982 Annual Energy Review DOE/EL-\.-0384{82) 

The energy costs for the building sectors are shown in Table 1.3. The multifamily sector accounts 
for $19.9 billion in 1983 dollars. 

Table 1.3. Total U.S. Energy Costs by Sector [April1982- ~farch 1983] 
Billion $ 

Single-family 
i\'lultifamily 
Commercial 
Total 

64.6 
19.9 
32.5 

117.0 

source: 1982 Annual Energy Review DOE/EL-\.-0384(82) 

The conservation potential in the multifamily sector-perhaps more than any other building 
sector-is determined not only by the technical potential, but by the likelihood of its being 
achieved. The 1982 study conducted by the Office of Technology Assessment on energy efficiency 
in cities estimates that while retrofit activity in the multifamily sector could save 1.0 quad of -
energy per year by the year 2000, ( 43% of the total sector), the likely savings are only 0.3 quad 
(13% of the total sector). This translates to a potential dollar savings of $7.1 billion per year by 
the year 2000, but the likely savings are only $2.1 billion (in 1983 dollars). 

1.4 Overview or Planning Process 

The planning process was initiated by ARD in order to systematically review the need for 
federally-supported research in all building sectors. The goal was to establish comprehensive and 
long-term research programs to address these needs. Individual projects were identified by sector, 
and then analyzed, and ranked. 

In order to review the work that had been done already in multifamily retrofits, LBL contacted 
individuals and organizations ·involved in diverse aspects of multifamily energy conservation 
throughout the country to find out what they were doing, what they perceived were the major 
research needs that could best be accomplished by a. national retrofit research program, and to 
find out by what means the information gained from such a program could be transferred to the 
appropriate parties. Over 30 organizations were contacted by LBL and another seven were 
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reached by researchers at Princeton University. Th~ organizations represented architects and 
engineers, consumer and public interest groups, federal, state and local governments, real estate 
and financial institutions, research and testing labs, trade associations, utilities and their associa
tions, as well as individual consultants. A list of the organizations contacted and a summary of 
their responses are given in Appendix A and Appendix B. The research needs identified by this 
group is given in section 2.6.3. 

Concurrent with the survey work, LBL was also reviewing the available literature characterizing 
the multifamily sector. The data resources are quite limited in this sector, not only in character
izing the physical stock, but in the energy end-use, retrofit potential, and tenant and owner 
characteristics as well. A summary of the available data is presented in section 2.0, Multzfamily 
Sector Profile. Part of the section on retrofit activity in the private sector (section 2;5) was writ
ten by Princeton University. The extensive section reviewing government activities (section 3.0) 
was prepared by ARD. 

Based on the research needs expressed by the contacted organizations, and the characterization of 
the multifamily sector, LBL evaluated the individual projects using the criteria summarized in 
section 4.3. The result of these project evaluations is the multiyear plan for research activities, 
summarized in section 5.0. 

As in any major planning process., this plan will be revised and updated periodically to ensure 
that the research activities are meeting the overall objectives of the program. An earlier version 
of this plan was circulated to a limited number of reviewers for comment in July, 1985. Their 
comments have been incorporated into the present version. 
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Section 2.0 

MULTIFAMILY SECTOR PROFILE 

IN TillS SECTION: Building characteristics--number and size of multifamily 
units, regional distribution, heating system type, age distribution, trends in new 
construction; energy use data and trends-choice of heating fuel, aggregate energy 
use, end-use estimates; occupant and builqing owner characteristics--owners and 
renters, income, education, age, tenancy, behavior, building owners and 
managers; conservation potential; private sector activity; barriers; needs. 

2.0 Multifamily Sector Profile 

This section characterizes the multifamily building sector. It describe the major physical charac
teristics, energy use patterns, conservation potential, private sector retrofit activity, barriers to 
retrofit activity, and identifies research needs to overcome them. 

Data on the physical characteristics of the multifamily stock are drawn from a number of sources, 
principally the American Housing Survey (AHS) and the Residential Energy Consumption Survey 
(RECS). The barriers and needs material are based on the responses of the 40 organizations con
tacted who are actively involved in multifamily retrofit activity. The organizations contacted and 
their complete responses are included as Appendi.'C A and Appendix B, respectively. 

Because the multifamily sector covers a wide range of physical structures-garden apartments, 
low-rises, high-rises-some judgements have been made in how to characterize the units. Previous 
attempts to categorize the sector have used number of stories, heating-system type, and a variety 
of different indices. The tvyo principle data sources listed above, RECS and AHS, divide the sec
tor into two categories of 2-4 units and 5 units and above. Despite its limitations, this usage has 
been followed throughout, except as noted. 

In some instances where there was no information on multifamily housing, data on rental housing 
was used, and indicated in the text when this was done. This information is valid for the 86% of 
the multifamily stock that is renter occupied. The difficulties in defining the multifamily sector 
give some indication of the problems that are associated with all aspects of this sector. 

2.1 Building Characteristics 

The multifamily sector differs from the remainder of the nation's housing stock in certain key 
respects: geographic distribution of units, age of buildings, ownership patterns, type of heating 
system, and principal heating fuel. A detailed discussion of these characterist-ics, both physical 
and demographic, helps to identify the significant retrofit potential of multifamily buildings and 
also highlights some of the key barriers that limit investments in energy-efficient technologies. 

2.1.1 Number and Size of Multifamily Units 

Multifamily buildings vary widely in complexity, from single-family style of construction to large 
office-building type structures. These buildings comprise almost ?.7 percent of the existing U.S. 
housing stock (in terms of household units) although, due to their smaller size, they represent 
approximately 17 percent of tli.e U.S. total heated floor space (see Table 2.1.1). 
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Table 2.1.1. 
Existing Housing Stock* 

[Total Residential Units: 83.8 :Million Households] 

#units %of Total Median Heated 
(millions) Units Floor ~ea 

ft .. 

Single-family detached 53.8 64.2% 1525 
Single-family attached 3.9 4.6% 1513 
2- 4 units 10.1 12.1% 843 
5 or more units 12.2 14.6% 733 
mobile homes 3.8 4.5% 

*Source: Residential Energy Consumption Survey: Housing Characteristics 
1982 DOE/EL\.-0314 (82), August 1984. 

The median size of individual dwelling units tends to decrease as the number of units in a build
ing increases. It is worth noting that the size of individual units is also strongly correlated with 
ownership. Owner-occupied units are larger on average than renter-occupied units (1347 vs i35 
~ . 

ft~ for buildings with five or more units). · 

2.1.2 Regional Distribution 

Nearly one-third of all the nation's multifamily units is located in the Northeast (see Figure 
2.1.1). 
In addition, a significant fraction ( 40%} of the nation's largest multifamily buildings (20 or more 
units) are located in this region. The other three regions (West, North Central, and South) each 
have between 20-24 percent of the nation's multifamily units. In each of these regions, more 
households live in buildings with five or more units. 

2.1.3 Heating System Type 

A large fraction of multifamily buildings (41%) are heated by central heating systems. Typically, 
central systems supply conditioned water, steam, or air through pipes or ducts for heating and 
cooling of individual apartments from a furnace, boiler, chiller, or air conditioner. Larger apart
ment buildings have a higher fraction of central steam and hot water systems (see Table 2.1.2). 
Almost half of the households in buildings with five or more units and roughly one-third of the 
households in buildings with 2-4 units utilize central heating systems. ~·!ost multifamily buildings 
heated by individual heating systems rely on warm air furnaces (55 percent), of which 23 percent 
are electric resistance devices. 

Residents of buildings with central heating or domestic hot water systems often have their energy 
costs included . in the rent; such households do not feel the immediate effect of energy price 
increases or reduced energy consumption. Approximately 62 percent of the 12.7 million house
holds that have the c·ost for one or more fuels included in their rent live in buildings with central 
heating systems. \Vith a central system, special devices are required to measure how much heat 
each of the serviced households is using, further decreasing the likelihood of directly linking the 
household with the energy it uses. 

2.1.-l. Age Distribution of Multifamily Units 
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Figure 2.1.1. Distribution of Multifamily Units by Region 

Table 2.1.2 
Number of units with Central Heating and Hot Water Systems.* 

Central Heating Central Hot 
System Water System 

Millions of Unitsa 

Total Households in 2-or-more 22.4 
. Unit Buildings 

2-4 units 

5 or more units 

3.4 (34%) 

5.7 (47%) 

a Fraction of buildings in that sub-sector. 

3.8 (38%) 

7.1 (58%) 

*Source: RECS: Housing Characteristics, 1982 
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Approximately one-third of the multifamily stock is over 40 years old, having been constructed 
before 1939 (see Figure 2.1.2). 
The multifamily sector has been characterized by sporadic and sometimes intensive periods of 
construction activity. Over 50 percent of the buildings with 2-4 units were constructed before 
1939. During the 1940's and 1950's, relatively few multifamily units were constructed. Construc
tion activity increased again during the 1960-iO's, with approximately 400-500 thousand units of 
new multifamily construction starts each year. 
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Figure 2.1.2. Age Distribution of Multifamily Units 

2.1.5 Trends in New Multifamily Construction 

New privately-owned multifamily construction is concentrated principally in the the southern and 
western regions of the U.S. (see Table 2.1.3). · 

Table 2.1.3. 
1983 Multifamily Building Characteristics* 

Location 

Northeast 
North Central 
South 
West 

% of New units 

8 
13 
57 
22 

*HUD Construction Reports (25-83-13) June 1984 

Much of this activity occurred in just three states (California, Florida, and Texas). For example, 
in 1983, 45 percent of all units built in buildings with five or more units were located in these 
three states. Over the last decade, multifamily housing starts account for a significant fraction 
(30-40%) of total housing starts. Seventy-five percent of all multi-family units built each year are 
in buildings with more than four units. Most newly-constructed multifamily units are equipped 
with air conditioners (89%) and heat pumps are increasingly popular. For example, in 1983, 28% 
of new multifamily units installed heat pumps. 
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2.2.1 Choice of Heating Fuel 
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Choice of principal heating fuels in existing multifamily buildings parallels trends in the existing 
stock of single-family homes. In particular, the fraction of existing multifamily dwellings heated 
by natural gas {52-54%) is similar to that found in single-family dwellings. The share of existing 
multifamily units heated by oil dropped from 25 percent in 1975 to 21 percent in 1981. The fuel 
mix is quite different in new multifamily units, as electricity is the dominant heating source 
(66%). Few newly-constructed units are heated by fuel oil (see Table 2.2.1). 

Table 2.2.1. 
Fuel Mix in New and Existing Multifamily Housing Units* 

(thousands) 

Year Total Gas Oil Electricity 

1975 
Existing 19,428 10,492 (54%) 4,942 (25%) 3,631 (19%) 
New 442 145 (33%) 30 (7%) 260 (59%) 

1981 
Existing 22,387 11,553 (52%) 4,727 (21%) 5,712 (26%) 
New 447 142 (32%) 7 {2%) 293 (66%) 

*Source: EIA Energy Conservation Indicators 1989 Annual Report 

Natural gas is~ particularly popular heating fuel)n buildings with 2-4 units (see Figure 2.2.1). 
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Figure 2.2.1. Heating Fuel in :\Iultifamily Buildings 

Significant changes in the relative mix of principal heating fuels will occur in the next decade if 
the trend towards electrification continues in new multifamily buildings. 

2.2.2 Aggregat~ Energy Use 
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Multifamily buildings consume more than 20 percent of the energy consumed by residential build
ings (see Table 2.2.2). This energy use directly or indirectly cost U.S. households approximately 
$20 billion annually in 1982-83. Over 50 percent of the energy consumed was natural gas, 
although, 55 percent of the $20 billion outlay was for electricity because of the higher $/Btu cost 
of electricity. 

Table 2.2.2. 
U.S. Residential Energy Consumption* 

(1982 - 1983) 

Housing Type 

Single-family detached 
Single-family attached 
2- 4 units 
5 or more units 
Mobile homes 

TOTAL 

Annual Energy 
Usage 
Quads 

6.04 
0.43 
1.00 
0.89 
0.027 

8.6 

Fraction of 
Total 
(%) 

70.0% 
5.0% 

11.6% 
10.3% 
3.1% 

100 

*Source: RECS: Consumption and Expenditures, April 1982 -March 1983. 

The annual average consumption per household is lower in multi-unit buildings than in single
family dwellings but it is important to note that energy use per floor area exceeds that found in 
single-family dwellings (see Table 2.2.3). The average ··expenditure per household was $974 in 
buildings with 2 to 4 units and $818 in buildings with 5 or more units. 

Table 2.2.3 .. 
Average Energy Consumption per Household by Housi~g Type* 

Housing Type 

Total Households 
Single-Family detached 
2-4 units 
5 or more units 

Annual 
Energy Use 

(1fBtu) 

103 
112 

93 
73 

*Source:. Residential Energy Consumption Survey 

Energy 
lntensit~ 
(kBtu/ft~) 

71.1 
65.2 
90.8 
93.1 

. On average, existing multi-family buildings have higher energy intensities despite the fact that 
they typically have a smaller amount of exposed building surface area/household due to shared 
interior walls. Studies that have identified significant potential for cost-effective energy-efficiency 
improvements often point to the relative energy-inefficiency of multi-unit buildings as well as the 
lower saturation of installed measures. 
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2.2.3 Energy Consumption by Region 

Energy consumption patterns differ not only by type of building structure but also according to 
region. For example, multifamily housing in the Northeast consumes more than twice the energy 
per unit than is consumed annually by similar housing in the West. The higher energy use levels 
of the Northeast may be a result of factors such as climate, building size, and age of heating 
equipment. 

2.2.4 End-use estimates 

It is generally accepted that space conditioning accounts for a smaller fraction of total usage in 
multi-unit buildings than single-family dwellings because of their physical configuration (e.g. lower 
exposed building surface/household, common walls). Yet, it is difficult to obtain reliable and accu
rate end-use estimates for multi-unit buildings. The Energy Information Administration used 
regression analysis to develop end-use estimates based on the RECS survey, but the results for 
multi-family buildings suffer from severe data limitations. In particular, the percentage of usable 
fuel records was e."Ctremely low in multi-unit buildings. In buildings with five or more units, none 
of the households that used fuel oil had usable records, only 13% of the households that used 
natural gas, and 52% of the households that used electricity had usable billing data. In these 
cases, consumption data was imputed from results from other building types. 

The Gas Research Institute has also conducted research on this topic for gas-heated dwellings. 
They concluded that space conditioning accounts for roughly 53-55 percent of total energy use in 
multi-unit low and high-rise buildings compared to 65-iO percent in single-family detached struc
tures (see Figure 2.2.2). 

2.3 Occupant & Building Owner Characteristics 

2.3.1 Occupants: Owners and Renters 

The ownership pattern in the multifamily sector is quite different from the rest of the housing 
stock. Eighty-five percent of multifamily units :are renter occupied, in contrast to single-family 
households, where nearly two-thirds of all units are owner-occupied (see Table 2.3.1). The highest 
concentration of renters {93%) is found in buildings with five or more units. Owner-occupied· 
units are concentrated among 2-4 unit buildings in all regions of the nation. 

The rental and multifamily housing stocks are not identical. One-third of the rental households 
in the U.S. (9.8 million) live in single-family units (both attached and detached) .. The Northeast 
has the fewest single-family rentals, the South has the most. 

2.3.2 Income 

Because the Annual Housing Sur.-ey and the RECS data differentiate by owner- and renter
occupied units the following sections will characterize rental housing, not exclusively multifamily. 
The assumption is only valid for the 86% of the multifamily stock that is renter occupied. The 
profile of a typical renter is quite different from the profile of a typical homeowner. Renters tend 
to have much lower annual incomes than owners; in 1981, the median rental income was only 
$11,400, while the median homeowner income was $21,800. The monthly housing cost as a percen
tage of income is also significantly different for renters and owners. Renters in 1981 paid a 
median value of 2i% of their income for housing costs compared to the median values of 12% (no 
mortgage) an~ 19% (with mortgage) for owners. 

2.3.3 Education and Age 

The 1981 Annual Housing Survey showed no significant difference in the median number of years 
of school completed by occupant of renter- or owner-occupied units. The median number of years 
of school completed for renter-occupied households was 12.5, and for owner occupied, 12.7. 

Data from the same survey reported that 26% of the owner-occupied households have one or more 
residents 65 years old or over compared to 1 i% of the rental occupied households. Contrary to 
popular assumptions, the elderly, for the most part, own their own homes. 
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Figure 2.2.2. Functional End-use of Energy By Residential Structure Type 

2.3.4 Tenancy 

Tenants move more· frequently than homeowners. Almost half of all renters remain in their 
residence for only one year or less. The same fraction of homeowners reside in their homes for 
more than ten years. 

2.3.5 Behavior 

There is no national information on the behavioral characteristics that differentiate multifamily 
dwellers from other residents. Anecdotal evidence suggests some differences, but these must be 
taken with caution. Apartment dwellers who do not pay for their centrally heated units fre
quently control the temperatures in over heated units by opening windows. Some studies have 
shown that energy use does go down when tenants pay directly for their energy use, but this, too, 
is a complex phenomenon, and is not well understood. 

2.3.6 Building Owners 



Table 2.3.1 Multifamily Housing Stock, Owners and Renters 

Million Households 

Housing Structure Own Rent TOTAL 

Buildings with 2 to 4 units: 2.1 8.0 10.1 

Buildings with 5 or more: 1.0 11.3 12.2 

TOTAL 

source: RECS 1982 

3.1 (14%) 19.3 (85%) 22.3 

Table 2.3.2 Average Household Tenure 

% 1 year or less 
% 2 to 5 years 
% 6 to 10 years 
%more than ten years 

Rental Units Owner-occupied 

42 
33 
12 
13 

Units 

12 
26· 
18 
44 

Source: U.S. Census quoted in Bleviss et a!. 
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Building owners can be classified in two general categories, those who own units occupied by 
moderate- to high-income residents, and those who own units occupied by low-income residents. 
The distinctions made between these two groups is due in part to the different economic con
straints associated with the two income levels. 

2.3.6.1 Owners of moderate- to high-income housing 

This subsector includes owners of apartments, condominiums, and cooperatives. Ownership types 
include: 

- individuals 
- members of condos and cooperatives 
- local partnerships 
- syndicated partnerships 
- corporations-developers, insurance companies, pension funds 

The ownership trend is toward investment partnerships, especially large syndications, which are 
now the most common form of ownership. Partnerships can support energy retrofit activities, but 
usually only at the time of syndication or refinancing. The short period of time which these 
partnerships hold the buildings (5-7 years), however, means economic payback on investments 
must be rapid. 
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There is stratification in the sector between large building owners and smaller building owners. 
Corporations and syndicates tend to own larger buildings, and have a strong edge in technical 
expertise and financial resources. Smaller building owners tend to be individuals with limited 
access to both of these. 

One of the first energy retrofits sought by owners in this subsector is to install individual unit 
sub-meters in centrally-supplied buildings in order to remove energy costs from their direct 
responsibility. The trend toward tenant metering {almost half of all units) means that the incen
tives for owner investment in energy conservation retrofit are shrinking. 

There is also a trend towards owners in this subsector hiring professional property managers 
(currently managing 30,000 to 40,000 buildings). In professionally managed buildings, building 
managers appear to be the key to implementing low-cost/no-cost measures, and can influence 
owners to make cost-effective capital retrofit measures. 

The most influential organizations of building owners in this subsector appear to be the trade 
associations, such as the Institute for Real Estate Management {ffiEM), with 30,000 to 40,000 
members, who manage about one-third of the privately owned multifamily buildings. 

2.3.6.2 Owners of low-income housing 

The types of low-income housing ownership are equally diverse, falling in four general categories: 

- Established Owner /Manager: this type of landlord purchases 
property as a long-term investment for financial security; 

- Trader: the trader purchases buildings with · 
the idea of making a profitable and often quick resale; 

- Operator: this landlord often cuts back on 
maintenance to increase profits. While the building 
deteriorates, the rents usually remain stable; 

- Rehabilitator: this landlord upgrades deteriorated buildings 
and increases rents as the building improves. 

Of these four, the established owner/manager is the most likely to engage in energy retrofits 
without displacing low-income residents afterwards; this ownership category is the most represen
tative of low-income multifamily housing. 

There are virtually no detailed data on multifamily building ownership. Most of what is known 
about ownership of buildings is known from real estate trade literature and the expertise of real 
estate analysts and operators. In some states ownership is hidden by various devices permissible 
under State law. 

2.3.6.2 Federally-Assisted Housing 

A major owner of multifamily housing is the Federal government. The federally-assisted housing 
stock includes 1.25 million units of public housing, 1.75 million units of subsidized section 8 hous
ing, plus another 0.66 million units covered under other programs. HUD spends approximately $2 
billion each year to pay all or part of the energy bills for these 3.6 million housing units. 

Like the multifamily .sector in general, federally-assisted housing is a mix of low-rise, high-rise, 
family units, centrally-heated systems, individually-metered, new and old building types. Energy 
use, however, is higher on a per dwelling unit basis than private sector housing. This can be 

· accounted for, in part, by the generally older housing stock and the lack of energy conservation 
measures that have been installed to date. 
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2.4.0 Conservation Potential 
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The conservation potential in the multifamily sector-perhaps more than any other building 
sector-is determined not only by the technical potential, but by the likelihood of its being 
achieved. The OTA estimate of the likely energy savings compared to the possible energy sav
ings for this sector underscores the complex barriers to conservation in multifamily buildings (see 
table 2.4.1). 

Table 2.4.1 Conservation Potential in Multifamily Housing 
YEAR 2000 

Multifamily 
Building Type 

Trend 
energy 
use 

Technical 
savings 
potential 

(quads of Btus) 
o Low-income 0.6 0.2 

o Moderate & upper income 
master-metered 0.9 0.4 

o Moderate & upper income 
tenant-metered 0.8 0.4 

Likely 
savmgs 

0.1 

0.1 

0.1 
==================================== 
TOTAL 
source: OTA 

2.3 1.0 0.3 

The assumptions in Table 2.4.1 are that energy use in the multifamily sector remains constant 
through the end of the century due in part to th~ cumulative effect of demolition and addition of 
new stock. Of the total sector (2.3 quads), OTA estimates that current cost-effective retrofit tech
nology could save 1.0 quad (43%) a year by the year 2000. The likely savings, however, are only 
0.3 quads, or 13% of the sector's energy use. (The willingness or lack of willingness on the part of 
owners to carry out retrofits is discussed in section 2.6.) 

Several caveats are in order in presenting the data summarized in the table since there are. few 
data on the actual effects of building retrofits in multifamily buildings. The data that we do have 
show, on average, that considerable savings are possible from low and moderate cost retrofits, but 
that savings achieved in individual buildings may be considerably higher or lower. Because each 
structure is a unique combination of design, siting, construction, and previous retrofits, and due to 
the often unpredictable behavior of occupants and weather, the actual performance of retrofits 
may vary substantially from that predicted. 

While a large potential for energy savings in multifamily buildings does exist, there is less likeli
hood of its being achieved here than in any other building sector, given current conditions of avai
lability of capital, retrofit information, and public programs. 

2.4.1 Saturation of retrofits in the multifamily sector 

The RECS national data on multifamily housing are lacking critical areas with respect to retrofit 
activity. Information is limited to certain shell retrofits-storm windows and doors-with nothing 
on insulation, weatherstripping, or caulking. Nor is there any information on retrofits to mechan
ical systems, as well as low-cost/no-cost measures. Hittman Associates reviewed the limited data 
available on energy conservation activity in the multifamily sector in a report prepared for DOE's 
Office of Conservation Policy in 1981. The report identifies and catalogues the available data 
which can be used to assess the current status of weatherization in multifamily housing and the 
current trends in adding weatherization measures to this housing. The conclusions of this report 
were that the current status and trends of retrofits in multifamily buildings with 2-4 units could 
be estimated from the available data, but to estimate the status of energy conservation in the 
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entire sector would require some questionable assumptions. 

2.4.2 Retrofit options 

Retrofits for multifamily buildings have been grouped in different ways, one of the more 
comprehensive lists was prepared for the International Energy Agency Annex XI: Energy conser
Yation opportunities for multifamily buildings. The retrofits are organized under ten headings: 

- building envelope 
- hvac controls 
- heating plant 
- cooling plant 
- air distribution and ventilation 
- piping for steam and hot water distribution 
- domestic hot water 
-lighting 
- miscellaneous · 
-occupancy 

A list of the retrofits is given in Appendi.x C. OTA, IREM, among others, have estimated costs 
and savings using standard energy calculations for various retrofits that were the basis for their 
calculations. 

2.4.3 Retrofit issues: priorities, interactions, load management, rehab 

Priorities. While each multifamily building will need an audit to determine which retrofits are 
most cost effective, certain characteristics of the buildings will indicate likely strategies. Three 
physical characteristics identified by OTA that are pertinent for retrofit ~election in the multifam
ily stock are building size, wall and roof type, and mechanical system type. Shell retrofits
insulation and window treatment-are generally more cost effective for small buildings than for 
large ones because of the greater surface area through which conditioned air can escape. On the 
other hand, shell retrofits in very large buildings may be cost effective due to economies of scale, 
as in the case of the Housing Authority of New York which recently in.Stalled several thousand 
storm windows in their buildings. 

Wall and roof type will determine the ease of installation for insulation. Features common to 
much of the multifamily stock-masonry walls, flat roofs-are difficult to insulate except at great 
expense. 

Mechanical system types can be either centralized as is common with water or steam systems, or 
decentralized, with individual space heaters. Combinations occur in buildings with centralized 
heating and decentralized cooling such as individual air conditioning units. 

Which retrofits are suited for a given building and in which order they should be performed 
involves a complex series of issues apart from the technical optimum of cost-effective measures. 
Availability of funding for certain measures, other actioris such as rehabilitation, which may 
include specific measures as retrofits, and peculiarities of the given building are all factors that 
may preclude installation of a cost-effective retrofit. 

Interactions. \Vhen individual retrofit options are combined into retrofit packages, the cumulative 
savings can be significantly less than the sum of the savings from individual retrofits. If retrofits 
are installed in a series, the savings of each will depend on which retrofits have already been 
installed. Interactive. effects may result from all types of retrofit measures: 

o Measures that act on the same feature of the building envelope save less when combined than 
the sum of each alone 

o Measures to improve mechanical system efficiency may have a mutually reducing effect 

o Improving the building envelope efficiency may decrease the seasonal efficiency of the heating 
system 
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o Domestic hot water measures may reduce each others' effects. 

These interactive effects, as well as the site-specific nature of retrofits in the multifamily sector, 
make it particularly difficult to accurately estimate energy savings. 

Load Management. Many electric utilities in addition to encouraging energy conservation to 
reduce demand are interested in load management to shift peak load and lower the need for new 
generating capacity. Different utilities face different peak loads for their region, and specific 
retrofits can reduce daily peaks or summer and winter peaks. While retrofit technologies exist for 
multifamily buildings that can shift peak load, e.g., storage space and water heaters, interlock 
devices, heat pump hot water heaters, it is likely that utilities will concentrate on commercial 
buildings and new multifamily construction, especially as new construction in this sector is 
predominantly heated and cooled by electricity. 

Rehabilitation. The choices facing most multifamily building owners or developers are to do noth
ing, retrofit, rehabilitate, or demolish. Rehabilitation refers to the major restoration of a building, 
including structural, mechanical, and architectural features. 1-Iost cities operate programs to 
rehabilitate and conserve existing housing. Usually these programs are tied to code enforcement, 
and are designed to preserve the safety and health of building residents. Rehab programs are gen
erally funded out of federal programs-primarily Community Development Block Grants. Regula
tions encourage the use of such programs in part for energy conservation. Energy is usually not 
the top priority, but is more likely to follow exterior repairs and code enforcement. 

The combination of retrofit and rehab is especially important for multifamily buildings where the 
funding ceiling on rehab financing is much higher than for energy conservation repairs alone. 
Retrofit measures such as upgrading heating systems become feasible under rehab programs 
whereas they could not be attempted with lower level energy loans and grants. More impor
tantly, retrofit activity cannot be isolated from major repairs in some of the most seriously 
deficient housing. What good is insulation or storm doors on a building that has a dilapidated 
roof? Typically, weatherization programs cannot touch such major deficiencies. Ideally, the time 
to install many retrofits is during major building:rehabilitation. 
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2.5 Private Sector Activities 

2.5.0 Overview 

The relatively few documented studies of energy conservation in multifamily buildings indicate 
that retrofits can be very cost effective. Thus conservation investments by landlords should 
represent a good investment and energy conservation companies should be eager to service this 
market. This has not been the case however. While single-family houses and large commercial 
buildings have been serviced traditionally by the conservation industry, multifamily buildings 
have been largely ignored. 

There has been no systematic analysis of pri~ate sector energy conservation activity in multifam
ily buildings; most available information is anecdotal. It is nonetheless clear that most of the 
major energy conservation companies have stayed out of the multifamily building sector. The 
National Association of Energy Service Companies (NAESCo), a group that serves as a focus of 
,major companies in the energy conservation industry, reports that most of its members are 
involved almost entirely with comme:cial (and institutional) buildings. 

The limited conservation effort currently taking place in privately-owned multifamily buildings 
can be broken up into four categories: (a) activities promoted by vendors of specific products 
(traditional businesses); (b) activities of utility companies; (c) activities of non-profit corporations; 
and (d) activities of private for-profit companies. 

2.5.1 Traditional Businesses 

Vendors of specific products typically offer multifamily building owners such items as replacement 
burners, separate boilers for domestic water heating, boiler controls for both steam and hot water 
heat distribution, distribution system controls based on outside temperature, thermostatic radia
tor valves for apartment temperature control for steam and hot water radiators. These are gen
erally the same products available to the commercial building sector. Products generally targeted 
to single family buildings have been less successful in multifamily buildings. Examples include 
attic insulation, replacement of single glazed windows and patio doors with double-pane units, 
replacement boilers, etc. In addition, vendors have suc~essfully sold products and services that 
reduce the landlord's direct costs for energy. Examples include Btu meters or other heat metering 
devices which allow each apartment to be billed according to the amount of heat "used", furnace 
and/or boiler in each apartment to replace a central heating or water heating system, etc. 

Another response to energy cost awareness in multifamily buildings has come from trade and pro
fessional groups. Architects and engineers, both groups with a major impact on building energy 
use, have undertaken to train themselves to provide improved energy design and engineering ser
vices. The American Society of Heating, Refrigeration and Air-Conditioning Engineers (ASHRAE) 
is developing standards for the efficient use of energy in existing buildings. Two proposed stan
dards are of importance to the multifamily sector, Standard lOO.lP-Low Rise Residential, which 
includes multifamily dwellings not more than three stories in height, and Standard 100.2P-High 
Rise Residential, for all multifamily dwellings having more than three stories. Each of the pro
posed ASHRAE standards covers efficient energy use in the building's exterior envelope, heating, 
ventilating, air conditioning, domestic water heating, and lighting systems. 

The Institute for Real Estate Management (IREM) has 30,000-40,000 members who manage about 
one-third of the units in privately owned multifamily buildings. They have produced workbooks 
on energy conservation measures for apartments and handbooks on metering conversion strategies, 
as well as a number of articles for their members on energy-related issues. Their estimate for the 
level of retrofit activity is that 10-20% of the larger, professionally managed buildings have 
received capital retrofits; the rate is much lower in other multifamily buildings.- This corresponds 
to a sector wide activity level of 3-6% of the multifamily building stock receiving some capital 
retrofits. 

2.5.2 Utility Companies 
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[The utilities discussed here are private, i.e., investor-owned utilities. Public, or government utili
ties, are covered in section 3.0] 

Utility companies have been involved in multifamily retrofits at various levels. An increasing 
number of utilities are offering energy audits to apartment tenants and building owners. While 
some of these are related to CACS, some utility companies have already had ongoing programs. In 
Massachusetts, home energy audits of the RCS program are administered by Mass Save in a large 
part of the state. The audit procedure and algorithm were developed by Xenergy, a private com
pany which also carries out the audits for Mass Save. As an example, Xenergy's XENCAP audit 
procedure is a mainframe program that is also in use by other utilities interested in auditing mul
tifamily buildings. These utilities include Pacific Gas and Electric and Northeast Utilities who 
administer the audits in house. Since 1981, PG&E has audited 8,000 units in buildings of five 
units or more, and has weatherized 140,000 units of low-income multifamily housing. 

·In addition to direct involvement in energy conservation, utility companies have also been instru
mental in financing the activities of some non-profit corporations, discussed below. Utility 
involvement in energy conservation in multifamily buildings has, however, been very small com
pared to their activity in the single-family sector. 

2.5.3 Non-profit Energy Service Companies 

A few non-profit corporations have recently become major actors in providing energy conservation 
services to multifamily buildings. They are often formed out of a need to retrofit housing of lower 
income tenants and have been able to generate financial assistance through utilities, state and/or 
federal government funds, or from other private sources. One of the main features of these organ
izations is that they take an integrated approach and provide a one-stop delivery mechanism for 
energy conserVation, thus reducing the marketplace confusion created by the diversity of products 
and services. They look at a wide spectrum of energy conservation opportunities and generally 
address institutional obstacles as well through a number of innovative arrangements such as 
tenant education and rebate programs, and shared savings. Although they hold forth much 
promise, there are only a handful of such non-profit organizations, and none have so far been able 
to break even financially without significant financial assistance. 

Non-profit energy service companies, because they need not worry about generating profits, have 
been able to concentrate on retrofitting lower income and smaller unit housing, areas often 
avoided by the for-profit companies. In addition to the groups described below, active leaders in 
the field are the Community Energy Development Corporation (CEDC) in Philadelphia, Pennsyl
vania, and Action Housing, Inc., in Pittsburgh, Pennsylvania. 

The Citizens Conservation Corporation (CCC) in Boston, Massachusetts, is the oldest non-profit 
energy service company serving multifamily clients in the country. CCC offers a comprehensive 
one-stop shop approach aimed at rental housing with moderate and low-income residents. Their · 
program now covers 2500 lower income housing units, with reported savings between 20 and 50%. 
An important aspect of the CCC program is that it is not oriented just towards landlords, but 
that tenants are recognized as equally important in developing energy conservation strategies. 
Consequently, tenant involvement and education is a large component of their work. 

In 1983, the Energy Resource Center (ERC) in St. Paul, Minnesota, started an energy service 
company similar in many ways to the CCC. The Center incorporated in 1981 as a joint venture 
between the city of St. Paul and .Northern States Power Company to provide conservation ser
vices. The ERC program has two components, one aimed at 1--1 unit housing, the other at 5 units 
or more. The Center relies on RCS audits for the 1 to -1 unit buildings, and uses in-house staff for 
the audits of the larger structures. Several innovative retrofits have been carried out on the heat
ing systems of the buildings involved, but it is too soon to know the effectiveness of all these 
measures. 

The Center for Neighborhood Technology (CNT) in Chicago, Illinois, began in 1978 with the goal 
of ensuring the available and affordability of basic needs among low and moderate income house
holds in Chicago. They offer a range of energy related services which are targetted for the 5 to -19 
unit, centrally heated and metered, low-rise structures, which account for nearly one quarter of 
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the city's housing. CNT has developed their own audit for these buildings, and plans to monitor 
their retrofitted buildings to confirm their accuracy. 

To date they have audited and financed 18 buildings. Retrofit costs average $1500 to $1800 per 
unit, and are expected to result in 30 to 40 percent savings. Plans are already in effect to scale 
the program considerably. They anticipate reaching 7000 units over three years. 

2.5.4 For-profit Energy Service Companies 

There are relatively few private, for-profit, energy conservation companies. Some engineering 
firms do energy audits but offer no follow-up work. Vendors of individual items have already 
been discussed. A very few companies offer one-stop services including audit, conservation imple
mentation, and follow-up service. Although some have had shared savings or guaranteed savings 
programs, we do not know of any for-profit company still offering them. 

An example of a for profit energy service company is Benec Industries in New York City. They 
have been involved in energy conservation in multifamily buildings for many years. They do 
energy audits as well as act as general contractors on retrofit implementation. A Benec represen
tative stated that heating system upgrading and balancing are the two areas where most of the 
energy savings are realized, and reported savings in heating energy ranging from 19 to 60 per 
cent. 

Benec has been working in multifamily buildings ranging in size from 20 units to 100s of units. 
Buildings vary in height from 6 to 30 or more stories. They are currently doing 27 of the smaller 
buildings in a shared savings project for New York City's Department of Housing Preservation 
and Development. 

Energy Retaining Systems (ERS), another energy service company, is located in New Jersey, and 
specializes in saving energy through low-level monitoring of hundreds of boiler rooms throughout 
the state. Their concept is based on sensitizing the right individuals in the buildings to what 
energy is being used and why. Monitoring is limited to energy billing data but the concept is 
based on keeping records of the system configuration in the boiler rooms and mailing postcards to 
ERS whenever settings are changed. Initially, ERS dem6nstrates the settings both to boiler room 
or building operator and the building owner. ERS staff also make site visits to spot check that 
the settings have been correctly reported. ERS is monitoring 300 boiler rooms in this way. Build
ing owners pay a monthly flat fee based on the number of rooms working out to about 1% of the 
annual fuel cost. 

A third for-profit company is Princeton Energy Partners (PEP), an energy conservation services 
company that serves both single-family and multifamily buildings. It is a franchise with a parent 
company and about fifteen franchises, mostly in the Mid-Atlantic states. PEP specializes in 
instrumented energy analysis using blower doors, infrared scanners, furnace analyzers, etc. The 
PEP companies also perform retrofits through their own staff or act as general contractor in 
managing retrofits installed by other contractors according to PEP specifications. Thus PEP acts 
as a one-stop energy audit and retrofit service. So far PEP has performed audits and retrofits on 
several thousand multifamily housing units. 
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2.6.1 Barriers to Retrofits 
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The lack of private sector activity-as summarized in the previous section-is due to a number of 
complex and interrelated barriers. These barriers exist for a variety of reasons, and while there 
are no simple solutions, understanding these barriers and identifying the research needs to over
come these barriers is an essential step in furthering energy conservation for this sector. These 
barriers have been broken down into four general categories: technical, informational, legal and 
regulatory, and economic, behavioral, and institutional. 

Technical barrier& 

Technical problems in retrofitting multifamily buildings tend to be more complex and harder to 
solve than the problems in single-family residences because the multifamily stock on the average 
is older, in poorer condition, and more variable in building technology than the single-family 
stock. A major technical barrier is that owners are unwilling to invest in the costly retrofits to 
their buildings without guaranteed savings, and retrofit installers cannot afford to undertake the 
necessary research to demonstrate the performance of their products. 

Technical expertise on multifamily retrofit performance is less available because technical efforts 
to date have concentrated in the past on the larger single-family and commercial building market. 
Single-family retrofits tend to be shell dominated, i.e., insulation and storm windows, while 

·. retrofits in commercial buildings are usually system dominated, i.e., boiler and burner retrofits. 
Multifamily buildings fall somewhere between the two, and because there has been less demand 
for services from this sector, contractors and energy auditors have less experience with these 
buildings. 

Information barriers 

Information barriers to energy conservation in multifamily buildings exist at several levels. Little 
information about the multifamily stock is available to planners and policy makers for making 
effective programs to further energy conservation. Conflicting information about the performance 
and costs of retrofits prevent building owners from making informed decisions. The lack of reli
able, credible information about financing programs-particulary alternative financing methods
and on the reliability of companies and practitioners is another information barrier. Reliable 
information is required to motivate retrofit investments and this implies reliability with respect to 
particular building types, and not just multifamily buildings in general. 

In addition to the lack of reliable information is the general inadequacy of effective means of 
information transfer. While owners and managers of large properties may read trade journals on 
building management, the large percentage of small building owners are not effectively informed. 
Existing means of information transfer are summarized at the end of this section. 

Legal a~d Regulatory Barrier& 

An apparently important but hard to measure and little discussed barrier to multifamily retrofit is 
the presence of- unenforced building code violations and other illegalities. Owners of buildings with 
building code deficiencies, unassessed and possibly unauthorized improvements, or altered meters 
have reason to fear that energy auditing and retrofit activity will lead to discovery and unfavor
able consequences. It is the stock with the greatest need for retrofit that is most likely to have 
building code deficiencies. 

Other legal and regulatory barriers include rent control laws that do not have provisions for rent 
increases reflecting the value to tenants of energy efficiency improvements, legal restrictions on 
metering individual apartments, and regulations that allow utility declining block rate structures 
that artificially make such metering uneconomic. Time-of-transfer requirements are another regu
latory means for bringing the building stock to meet a higher level of energy performance. Little 
evaluation has been done on the effe.ctiveness of such efforts, particulary where enforcement is not 
vigorous. 



Economic, Behavioral and Institutional Barriers 

Generally, a major barrier to retrofits and energy conservation in multifamily buildings is the split 
in economic interest between landlords and tenants. If the tenant pays for energy, then the land
lord has little incentive to make physical improvements; while if the landlord pays, then tenants 
have little incentive to control usage. This split incentive is often complicated by the independent 
interests of building managers who do not pay energy costs but who wish to lower the effort 
involved in building maintenance and of lenders who get little benefit from successful retrofit pro
jects, but who may incur risks associated with unsuccessful ones. Furthermore, the major split in 
incentives between landlords and tenants sometimes occurs in the context of conflict over other 
issues making cooperation with respect to energy conservation particularly difficult. 

l\fetering is another important institutional barrier. When buildings are converted from master 
meters where the owner pays bills to individual meters where the tenant pays, the resulting reduc
tions in energy costs are not always proportional to the reductions in energy usage due to rate 
structures that favor single large users. Under these circumstances owners may retain the master 
meter and install check meters for each unit and bill the tenant for their usage. This practice is 
illegal in certain states that prohibit individuals from "re-selling" fuel and electricity, the 
rationale being that unscrupulous owners could charge more for the energy than they are paying. 
The physical characteristics of multifamily buildings pose additional complications in metering 
conversions, for example, one unit may be maintaining low thermostat settings in order to borrow 
heat from adjacent units. An interesting question about metering conversions is the impact they 
have on future retrofits. Potenti3.Ily cost-effective measures such as solar hot water and district 
heating schemes are all more amenable to central space conditioning and domestic hot water sys
tems. Perhaps the most significant institutional barrier concerning metering conversions is that it 
is widely regarded as the single panacea for multifamily buildings in spite of its limitations. 

Access to capital for improvements is also a major barrier to multifamily retrofits. A substantial 
fraction of multiunit owners are financially strapped. Lenders are reluctant to absorb the risks
especially long-term risks. 

A large fraction of multifamily buildings are approachin-g the end of their economic life. In order 
to be financially attractive, improvements to buildings that may be approaching a major rehabili
tation due to physical deterioration or abandonment due to physical or neighborhood deteriora
tion or for which destruction to make way for new land uses is a possibility, must pay off more 
rapidly than improvements to otherwise similar buildings. Thus building and neighborhood 
deterioration and changing land use patterns all act as barriers to retrofitting. 

To the extent that the rental housing resale market does not reflect the value to the owner of 
energy conservation improvements, this market failure is also a barrier to energy conservation 
since it limits the liquidity of the owner's retrofit investments and discourages such investment. 

Tax laws also pose a barrier to retrofit activity in multifamily buildings. Energy conservation tax 
credits available for single family homes are not available for multifamily rental buildings. Under 
the U.S. tax code, landlords may deduct the ann'ual energy costs of their properties from their 
income as business expenses. They receive no parallel benefit for investments in energy conserva
tion. In addition, concern about property tax increases based upon reassessments triggered by 
energy efficiency improvements may also deter such improvements. 

Concerns about security and privacy can make both tenants and landlords reluctant to have 
buildings open to strangers associated with retrofit activities. Fear of vandalism-whether aimless 
or a purposeful part of landlord tenant conflict-can act as a barrier to efficiency improvements 
potentially subject to vandalism. 

Finally, property managers can hinder or support energy conservation efforts. Unlike owners or 
tenants, they tend to be isolated from paying energy costs. They define their jobs as working to 
minimize tenant and landlord complaints. A tenant complaint about lack of heat is more likely 
to be addressed by turning up the furnace than by insulatil1g the. apartment. Property managers 
may be reluctant to approach landlords with proposals for energy retrofits lest they appear as 
having failed in their maintenance duties or as adding to owners' expenses. 



Table 2.6.1: Summary of Barriers to Conservation in Multifamily Housing 

Technical Barrier6 

- owners unwilling to invest in retrofits 
with unknown performance and savings 

- retrofit installers unsure how to retrofit 
certain building and equipment types 

- performance of individual retrofits and 
packages of retrofits unknown 

- evaluation and audit uncertainties 
- health and safety issues 

Informational Barriers 

- lack of knowledge about building stock 
and retrofit measures already installed 

- lack of knowledge about retrofit cost and performance 
- lack of knowledge about occupant effects 

on retrofits 
- few channels for dissemination 
- few knowledgeable people 
- conflicting information 

Legal and Regulatory Barriers 

- Existing building code violations 
- rent control without pass-through 
- utility and block-rate structure 

Economic, Behavioral, and Institutional Barriers 

- split incentives 
-tax laws 
- access to capital 
- risk of uncertain savings 
- hidden market value 
- security and privacy 
- property managers' incentives 
- tenant/landlord relationships 
- metering practices 
- high turnover of tenants 
-codes 
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2.6.2 Research Needs 

Research in multifamily retrofits over the past five years, while successfully addressing some prob
lems, has more often uncovered new problems that had not been anticipated. Significant 
advances have come from pioneering efforts of private sector practitioners who have been 
retrofitting buildings, relying on often crude engineering estimates ( a.s well as seat-of-the-pants 
intuition), university studies that have evaluated metering conversions and other behavioral pat
terns, and research labs that have identified appropriate multifamily retrofits as well a.s developed 
instrumentation and analysis techniques for quantifying their energy savings. Nevertheless, the 
consensus of all parties contacted is that we know very little about how to advance the energy 
efficiency of multifamily buildings. 

Research and Measurement 

There are a number of research and measurement activities that can help overcome the barriers 
to multifamily retrofit. Basic to any research efforts would be a full characterization of the mul
tifamily sector, including physical description, installed energy efficiency measures, ownership and 
occupancy. Additional information is needed on energy end-use patterns and trends in future 
energy use. 

In order to reduce the uncertainty that makes multifamily retrofit investments risky, a careful 
program of monitoring and evaluation of retrofit activities is needed. The effectiveness of both 
physical measures and of entire retrofit programs need to be measured under a variety of cir
cumstances. The measurement should be coupled with an effort to model nominal energy require
ments in multifamily buildings. Such models can be used to help identify the most attractive can
didates for retrofit activity, identify economically promising measures, and play a role in landlord-

. tenant dialogue, cooperative efforts, and devising equitable cost-sharing formulas. 

In addition to evaluation and modeling, technical barriei-s can be overcome by research directed 
at developing new ways of dealing with particular problems. Among the candidate technology 
development projects are ones directed at improved ways of metering gas and hot water, at 
developing insulation materials that can be installed on the exterior of buildings, and at measures 
for buil~ing types identified as particularly difficult. 

Possible research activities to overcome technical barriers are listed below. 

Energy Use Patterns: How is the energy budget distributed to meet heating, cooling, domestic 
hot water, cooking, and other appliance needs in different parts of the country? 

Evaluation: Very few retrofit activities have been evaluated as to performance and cost
effectiveness. The evaluations that have been done use different methodologies, so that a com
parison of different projects is nearly impossible. Standard evaluation methods which would allow 
researchers and practitioners to compare and profit from each others' experience need to be 
developed. 

Domestic Hot Water: Although it is suspected that domestic hot water accounts for a larger 
share of energy use in a multifamily building as compared with a single family structure, little is 
known about how domestic hot water is used in such a structure and about which technologies 
deliver hot water with the least waste of energy. 

Tenant Behavior /Check Metering: Tenants play a major role in the energy use of a mul
tifamily bu~lding, yet little is known about how to motivate them to conserve. Moreover, little is 
known about check metering and its implications for giving tenants specific information on their 
individual energy use. 

Measuring Results: It is often quite difficult to determine how much a specific retrofit saves 
because the baseline keeps changing a.s tenants move out, maintenance practices vary, and often 
other retrofits are added in addition to the one being measured. The issue of estimated savings 
then becomes much harder. 



25 

Upgrading vs. Repairing Heating Plants: Determining when a heating plant should be 
scrapped rather than upgraded is an issue that is poorly understood at this point, but has major 
implications for the cost-effectiveness of the measure chosen. 

Maintenance vs retrofit: Many retrofits combine maintenance and hardware installation, deter
mining savings attributable to one or the other is difficult. Yet, once again, this information is 
necessary to determining the cost-effectiveness of the retrofit. 

Building Idiosyncrasy: Are buildings so idiosyncratic that energy savings analyses must by 
their very nature address each building separately when addressing savings potential or are there 
some technologies whose applicability extend to a whole class of multifamily buildings? 

Specificity of Savings Projections: Is it necessary to know the savings attributed to indivi
dual retrofit technologies or is the savings attributed to a group of retrofits generally applied to 
multifamily buildings sufficient? 

Data Analysis Tools for Personal Computers: While predictive and analytic computer pro
grams using main frame computers are useful to researchers who can often take advantage of 
university computers, they are limited in application to field practitioners who have neither the 
sophistication nor the equipment to support such programs. Translating these programs for use on 
personal computers and hand-held calculators has considerable potential for making these pro
grams more useful. 

Predictive Models for Energy Use: Models still do not exist that reasonably predict the heat 
loss characteristics of multifamily buildings. 

Mechanical System Retrofits: Do vent dampers yield cost-effective savings, and, if so, how 
much? Do outdoor resets save energy when used in conjunction with steel-fired boilers, and, if so, 
how much energy do they save? How can systems be balanced to correct for over heating? 

What Works in Actual Implementation: Do technologies and programs that look good in the 
lab or on paper actually work in practice? 

Indoor Air Quality /Moisture: What effects ·do energy efficiency retrofits have on air quality 
and moisture condensation on building materials, and how can these be controlled? 

Central vs. Individual Plants: Is it more energy efficient, particularly in very tight buildings 
to have a central heating, cooling, and/or hot water plant, or separate plants in each unit? 

Property Manager-Compatible Retrofits: Since property managers ultimately will have 
responsibility for building maintenance, how should retrofits be designed to make them compati
ble to manager abilities and needs, and what type of training should accompany installation of 
these retrofits? 

New technologies: How effective are air-to-air heat exchangers in limiting energy loss while 
ventilating as compared with ordinary fans? What is the potential for earth-coupled heat pumps 
in multifamily buildings, particularly in cold climates where conventional heat pumps are not 
v'ery attractive? What is the potential for advanced window materials? Passive and active solar 
retrofits? Thermal storage and hybrid systems? 

Information Dissemination 

Both new and existing technical information on multifamily retrofits needs to be made more avail
able to retrofitters, both those in public sector programs as well as the private sector contractors, 
energy servic.e companies, and A&E firms. Reliable economic information on retrofits is needed 
by owners, lenders and tenants. Building operation information is needed by tenants, building 
managers and owners. Marketing strategy and program management information is needed by 
retrofit program managers. Some state and local government officials could benefit from informa
tion on model provisions for energy efficiency cost pass through for inclusion in rent control laws. 

There is a major need for inexpensive auditing procedures and reliable labeling systems so that 
owners can identify attractive retrofit measures, so that prospective tenants can discriminate 
between energy efficient and energy inefficient apartments, so that building owners can recoup 
retrofit investments from tenants and from building purchasers, and so that risks to lenders are 
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reduced. 

Mechanisms to support information exchange and technology exchange that were identified by 
LBL and others are discussed below: 

Existing Organizations: Information should be disseminated through existing channels: Insti
tute for Real Estate Management (IREM), state apartment associations/housing councils, lending 
institutions, secondary market owners, banks, association of apartment owners, and rent control 
boards are all possible candidates. HUD could handle information on Federally-assisted housing. 

Direct Contact: One-to-one communication is one of the most effective means of transferring 
information. Experienced auditors and neighborhood groups are potential means of facilitating 
on-site information exchange. 

Lending libraries: Practitioners could tum to lending libraries for diagnostic or evaluative 
equipment that they would otherwise not be able to afford, as well as technical advice on specific 
technologies. In exchange, they would provide needed field information on what works (and incor
porate evaluative efforts to assess this informa~ion) to the research community. In addition, hav
ing a pool of consultants to whom program operators can turn for technical consultation and 
exchange would promote technology transfer needs. 

Technical Reports and Case Studies: Documenting the types of retrofits that have been tried, 
where, by whom, and what the results were, if any, would be very helpful to many practitioners 
who find they spend considerable time reinventing the wheel. 

Media: Newspapers, television, utility bill stuffers, accurate mailing lists, are all potential sources 
of information to reach a wide range of users. Newsletters on what types of retrofits are being 
done presently and what types of workable technologies are available could also be helpful. 
Several existing newsletters or publications might already fill some of these needs; these include 
Energy and Housing, Energy Auditor and Retrofitter, and Energy User News. 

Trade Journals: such as Journal of Property Management or lvfu/tifamily Quarterly, Buildings, 
The Wholesaler, Consulting Engineer, and others, are important sources for practitioners, build
ing owners and managers who aren't likely to read journ~ls exclusively on energy concerns. 

Data bases could be expanded to meet some of these needs. The LBL data base, BECA, which 
has compiled information on energy savings resulting from retrofits, is one such data base. 
Though it has· relatively few data points on multiunit structures, BECA could prove increasingly 
useful if the results from in-field retrofits were added to the data ba.Se. Another useful data base is 
the DOE RECON, which is an extended bibliography on conservation-related publications and 
articles. 

Workshops: can involve all the methods discussed above. They provide a setting for one-to-one 
communication which can be complemented by the presentation of technical reports and case stu
dies. 

Unknown: This listing is by no means exhaustive. Several groups contacted felt that· we still 
haven't reached critical sectors, e.g., small building owners, with information because we Jack the 
proper channels for doing so. On-going efforts to determine effective means for information 
exchange should be a high priority. 

Legal and Regulatory Changes 

A number of legal and regulatory changes. could reduce barriers to retrofitting. Among these are 
modifying or eliminating rent control laws that do not contain energy efficiency improvement cost 
pass through provisions, improving the income and property tax treatment of energy efficiency 
improvements in rental housing, and enacting and enforcing minimum standards in local building 
codes. 

Electric utility regulations that allow declining block rates not reflective of cost differences for 
multifamily dwellings, provide a barrier both to retrofitting and to individual metering. Other 
regulations that restrict individual apartment metering also interfere with potential schemes for 
allocating retrofit costs in accordance with benefits. 
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Regulations related to subsidized rehabilitation of multifamily buildings could require that such 
rehabilitation include all cost effective energy conservation measures. 

Vigorous enforcement of existing building codes and assessment laws can help eliminate 
undiscovered illegalities that make building owners reluctant to . allow audits or undertake 
retrofits. 

Financial Incentives 

Financial incentives can reduce or eliminate economic barriers to retrofit and may help overcome 
other barriers. Such incentives could include loans, loan guarantees, loan interest subsidies, tax 
credits, grants or assessment breaks. Case studies on where these have been used successfully 
would be useful. 

Summary of Research Needs 

The table below gives a summary of the research needs based on the literature review and the 
information gathered from the organizations contacted. A more extensive listing of the research 
needs is given in Appendix B. 

Summary of Research Activity Needs in Multifamily Sector 

Analysis and Evaluation: 

c evaluate existing computer models; how useful 
are they for multifamily stock? 

- develop models for electric buildings 
- need improved utility bill analysis techniques 
- what is importance of vacancy /turnover rates? 
- need better air leakage models 
- what are needs of additional groups, e.g., builders, 

investment criteria people, building owners, tenants, managers? 
. . 

Characterize Building Stock: 

- need better description of stock, low-rise vs 
high rise, infiltration/ventilation rates 

- need characteristics of rental industry and building owners 
- what are energy use patterns? idiosyncrasies? 

Retrofit Performance Data: 

- need monitoring protocols 
- what is performance of heating system retrofits-vent dampers, 

balancing, outdoor resets, etc.? 
- what is performance of shell retrofits-insulating problem 

buildings, masonry walls, flat attics? 
- what is the performance of hot-water retrofits? 
- what is the performance of cooling retrofits? 
- what are selection criteria? costs and savings? 

Information and Technology Transfer: 

- how can existing organizations be used? 
- what other sources are useful-direct contact, technical 

reports, data bases, workshops? 

Case Studies: 
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- demonstrate new technologies for existing buildings 
- show how to retrofit old buildings 
- how to implement major capital improvements 
-show what works in actual implementation 

Operations and Maintenance:· 

- how effective are energy management systems? 
- what are implications of fuel switching? 
-what are effective temperature controls-thermostats 

vs resets? 

:Marketing and Financing: 

-what are long-term effects of shared savings? 
- what are innovative sources of financing? 
- what are building owners investment criteria? 

Health and Safety: 

- what are indoor air quality issues related to retrofits? 
- what moisture problems result from retrofits? 

Audits and Design Tools: 

- how to improve audit accuracy and reliability 
- need design tools to estimate costs and pay backs 

Institutional Issues: 

- how to address tenant/owner barriers 
- need for regulatory elements 
- how to increase public awareness 
- how to design retrofits to have non-energy 

benefits as well for owners and tenants 

Behavior and Metering: 

- what is cost-effectiveness of sub-metering? 
- what is effect of metering on future retrofits? 
- what is appropriate feedback for tenants? rebates? 
- what are effective educational tools? 

Special Buildings: 

- what are special needs for Federally-assisted housing? 
- what can be done in oil-heated buildings? 
- what are special needs for small multifamily buildings? 

How these needs have been addressed by government activity is the subject of the following sec
tion. 
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Section 3.0 

GOVERNJvlENT ACTMTY 

IN THIS SECTION: Overview of government activity in multifamily housing: 
sector characterization and analysis; research on existing building measures and 
approaches; research on new retrofit measures; technology transfer and informa
tion dissemination; financial incentives; regulatory activities. 

3.0 Government Activity 

The purpose of this section is to highlight government-supported research and technology transfer 
activities whose main focus is to address barriers that have delayed improved energy efficiency in 
the existing multifamily housing stock. While this is not a comprehensive survey, it is intended to 
cover a broad spectrum of activities which have been supported. The majority of activities that 
will be covered will be federal programs. Exemplary state and local programs and public utility 
programs will be covered, as appropriate. No attempt was made to make a broad search for 
example programs beyond DOE and only readily available materials were used. 

This section will provide an overview of the kinds of activities that have been supported in the 
past, and the major results of those activities. . 

In order to better highlight specific research concerns, this section has been organized around 
major research and technology transfer issues rather than around program descriptions. The 
major issues are: Sector Characterization (3.1); Determining and Monitoring the Impact of Conser
vation Measures (3.2.1); Modeling and Audit Systems (3.2.2); User/Occupant Behavior and 
Decision-Making (3.2.3); Evaluation of Delivery Mechanisms (3.2.4); and Basic Research {3.3). 
Any research work that has been sponsored by programs in these categories will be discussed in 
the sections indicated. Program description information is p~ovided on Technology Transfer (3.4); 
Financial Incentive {3.5); and Regulatory {3.6)•activities in the sections indicated. 

3.0.1 Overview of Government Activities in Multifamily Housing 

Emphasis on programs specifically dealing with multifamily housing issues is a fairly recent 
occurrence at the federal, state/local, and utility levels. Initially, all residences were treated 
together, and no special emphasis was placed on multifamily buildings or tenants. The earliest 
federal work attempted to understand how investment decisions were made by owners of these 
properties. Except for research done in the late '70s on how to allocate energy costs to tenants in 
master-metered buildings, it has only been in the last three or four years that programs were 
specifically designed to reach both owners and tenants of multifamily dwellings. 

Because multifamily buildings cover a wide range of physical structures (garden apartments, low
rises, and high-rises), they can benefit from retrofit measures common to both single-family homes 
and commercial buildings, as well as representing problems and solutions unique to multifamily 
buildings. :\lultifamily building ownership varies from single individuals to large, corporate 
investment funds, to government agencies. The majority of tenants are middle and upper income, 
but multifamily buildings represent a major source of housing for many low-income people. All of 
these factors contribute to the problematic nature of devising programs which address the mul
tifamily sector. 
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The federal agencies that have played the largest role in multifamily programs are the Depart-
ment of Energy (DOE) (primarily technical assistance and weatherization), the Department of 
Housing and Urban Development (HUD) (primarily grant programs for the rehabilitation of low
and- moderate-income housing), the Department of Health and Human Services (HHS) (low
income energy assistance) and the various armed services in improving the energy efficiency of 
their housing stock by 20% over 1977 energy consumption. Due to the large portion of lower 
income residents in many multifamily structures, programs have been aimed at reaching owners of 
buildings which house primarily lower income tenants. 

State and local governments, frequently using federal funds, have taken a lead role in this area, 
and have devised a wide variety of programs to address upgrading of multifamily structures. The 
most active have been the states of California, Connecticut, lllinois; Indiana, Maryland, Mas
sachusetts, 1\fichigan, Minnesota, New York, Ohio, Pennsylvania, \Visconsin, and the cities of Bal
timore, Boston, Chicago, Minneapolis, New York City and Pittsburgh. 

Programs of the four federal utilities and municipal and rural utilities will be covered in this sec
tion. (Activities of private investor owned utilities and their various research arms have been 
covered in the private sector section). Among the major public utilities in the country, the 
Tennessee Valley Authority and the Bonneville Power Administration have been the most active. 

Internationally there has been a greater emphasis on savings in multifamily buildings. Residents 
in countries like Switzerland and Sweden occupy primarily multifamily housing, and the buildings 
sector represents the largest energy use for those countries. Sweden has developed incentives to 
encourage landlords to make improvements that will have mid- to long-term payoffs. Switzerland 
has concentrated on studying improvements to hydronic heating systems. Under the auspices of 
the International Energy Agency's Annex II, a sourcebook is being produced for member countries 
that will provide information on diagnostic procedures, target values for building performance, 
lists of energy conservation opportunities, and the impacts those opportunities represent, either 
singly or in concert with others. This sourcebook should be available in early 1986. 

The following sections will describe work that has been performed by all public sectors to under
stand and address the barriers to improve the efficiency of muitifamily housing {both from a 
structural and a behavioral point of view), the types of technologies that have been developed or 
modified to address multifamily structures, and the types of technology transfer, financial incen
tive, institutional support, and regulatory programs that. have been put in place to make the 
impact of these barriers on greater energy efficiency in multifamily buildings. 

3.1 Sector Characterization and Analysis • 

Activities included under this heading are: 

o Collection of basic statistics on multifamily building stock-number of buildings, square foo
tage, income distribution of residents, type of construction, age, energy consumption, owner
ship, regional distribution. 

o Compilation of specialized data bases (e.g., retrofit performance). 

o Development of simulation models to predict aggregate impacts of different policy 
approaches. 

o Identification of information and incentive needs of occupants and owners. 

This kind of information is used to assist in determining the quantity of energy that could be 
. sayed in the multifamily sector, the potential importance of programs addressing specific areas of 
potential savings, general conservation program planning, evaluation, and utility load and future 
energy demand forecasting. 

Sector characterization has received more attention than other research efTorts regarding mul
tifamily housing, but much of the data is very superficial and not easily comparable. 
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3.L2 Federal Government Activities 

The separation of multifamily issues from residential issues in general did not take place until 
well after most federal energy programs had been underway to respond to the 1973 energy crisis. 
Some early characterization studies were conducted, but the majority of efforts began with the 
1980s. 

o The first attempt to address this sector as a separate issue was a study prepared by Booz
Allen-Hamilton in 1979 for the DOE Buildings and Community Systems Office called Achiev
ing Energy Conservation In Ezisting Apartment Buildings. This was a hurried document 
needed to fulfill requirements of the National Energy Conservation and Policy Act (1\TECPA). 
Much of the data for this study was taken from the 1976 Bureau of the Census housing data. 
The main purposes of the report were to determine the investment criteria of apartment own
ers and ways of providing owners with information on cost-effective energy conservation 
measures. 

o In 1978, Honeywell conducted a study of Automated Energy Management Systems for Small 
Buildings for DOE to determine which types of buildings were most conducive to these types 
of controls and the market acceptability of them. Apartment buildings, schools and small 
commercial buildings under 75,000 square feet were targeted. The study identified the need 
to develop cost-effective integrated control systems and specified the types of controls needed 
for each type of building and a strategy for marketing to them. 

o Between 1978 and 1982, the Energy Information Administration conducted the $1 million 
survey called Residential Energy Consumption Survey on a yearly basis and issued reports on 
household characteristics and national and regional data on energy consumption and expendi
tures. This probability sample of 4500-5500 households includes househqlds that live in mul
tifamily units (approximately 10 percent ·or the sample) but does not provide much separate 
analysis of this sector. The 1981 survey has a larger sample of multifamily respondents and 
more information on apartment buildings, and the 1982 study does provide limited analysis 
of the location, type of mechanical equipme~t, and income of people who live in units where 
energy costs are included in their rent. Data was gathered in 1984 and the results of that 
analysis will be available in 1986. BERD has provided funds for further analysis on a variety 
of multifamily issues. 1987 is the next year that another survey is likely to be conducted. 

o The Residential Utility Billings System project begun in 1979 provided some sector character
ization information. This project is described in more detail in Section 3.2.4.2. 

o In December 1980, the DOE Office of Policy and Evaluation supported a workshop organized 
by the Federation of American Scientists on Multifamily and Rental Housing to address the 
problems in this area through discussions between federal agencies and some local govern
ment representatives. It was concluded that financial barriers (both access to capital and 
lack of financial incentives) were the primary problem, though addressing these alone would 
not be sufficient. Other areas of major importance were: better and more wide-spread availa
bility of technical information, involvement of community groups, identification of cost
effective improvements, determination of the amount of savings possible due to remetering as 
opposed to retrofitting, developing alternatives to expensive retrofit procedures, and guide
lines for when to replace all or part of an IN AC system. Information was tabulated on the 
characteristics of multifamily housing in the jurisdictions of participants. 

o In 1980,· Rittman Associates undertook an Analysis of Institutional Mechanisms Affecting 
Residential and Commer~ial Building Retrofits for the DOE Office of Policy and Evaluation 
to identify and evaluate the impact of barriers for occupants and owners. The main barriers 
identified were fuel pricing policies, high finance costs, inability to evaluate contractor and 
retrofit product performance, lack of one-stop marketing systems, lack of customized infor
mation, lack of non-economic incentives, and use of first-cost criterion as the major basis for 
decision-making. 
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o BECA-B Data Base. Begun in 1980 by BERD funding to Lawrence Berkeley Laboratory 
(LBL ), this effort has gathered in one place as much information as possible regarding the 
measured results of weatherization efforts by utilities, low-income programs, research studies, 
and multifamily retrofit programs. The data base contains information gathered using many 
different methodologies, on approximately 60,000 households regarding level of expenditures, 
types of measures installed, measured changes in energy use, and payback results. This infor
mation is then used to determine the energy savings of different measures. A wide variation 
in savings has been reported, with average sa\ings of about 20-30% above pre- retrofit usage, 
resulting in a real rate of return between 13% and 31%. More information is contained in 
Technical Performance and Cost- Effectiveness of Conservation Retrofits in Existing US 
Residential Buildings: Analysis of the BECA-B Data Base. LBL-17088. 

o In 1981, Market Facts prepared Situation Analysis--1\-fultifamily Housing for DOE, summariz
ing available federal data, disincentives, and opportunities in this sector. It reaffirmed much 
of the anecdotal information on disincentives voiced at the 1980 conference, and identified 
information programs, elimination of energy costs as a tax deduction, and implementation of 
a 20 percent investment tax credit as the most cost-effective approaches for Federal involve
ment in the multifamily area. 

o In 1981, SERI undertook two studies to understand the perception of landlords regarding 
energy conservation and solar energy. One investigation described general real estate invest
ment criteria and how these would affect landlords' investments in energy efficiency. The 
other conducted thirty-five· (35) in-depth interviews with landlords in Boston, Chicago, 
Denver, and San Francisco. In addition to characterizing the rental housing of those cities, 
the study found that the type of metering employed was the single most important indicator 
of a landlords' propensity to invest in energy. conservation measures with those having 
master-metered buildings or subsystems being the most inclined to invest. Other findings 
showed that the size of the landlords' holdings indicated the types of barriers that were per
ceived, with large holders having easier access to information, capital and loans. :-.!ost land
lords preferred to finance measures out of current cishflow which led to primarily inexpensive 
measures being installed. Interest in packaged auditing and installation services was of most 
interest to landlords of master-metered buildings who did not have enough property to 
employ a regular maintenance crew. 

o In 1982, the Office of Technology Assessment issued a seminal report for the House Commit
tee on Banking, Finance and Urban Affairs entitled Energy Efficiency of Buildings in Cities. 
This report covered all types of buildings. It provides information on the total amount of 
energy consumed in multifamily buildings, the structural and mechanical characteristics of 
multifamily buildings, the amount of energy it would be technically feasible to save, the 
amount that is likely to be saved, the types of measures that appear to have the best pay
back, and the types of buildings and building ownership most likely to adopt energy conser
vation measures. It pointed out the very important role of building operation and mainte
nance in achieving savings. Major barriers to increased activity appeared to be the lack of 
data on how retrofits perform in individual buildings; the inability to predict with re3.Sonable 
accuracy how measures would perform in a particular building, making such retrofits appear 
quite risky; and the high cost of borrowing money. It made recommendations on how to over
come those barriers. 

o The Department. of Housing and Urban Development sponsored workshops conducted by the 
Brookings Institution in 1980 and 1981 and subsequent analysis of Energy Costs, Urban 
Development and Housing. This effort was a broad policy look at all forms of energy and how 
their future use and cost would impact the urban environment. A chapter on "Energy and 
the Existing Stock of Housing" looked at the engineering evidence for reducing energy use, 
the effects of rising prices on householders, occupants and owners, and concluded that the 
United States economy can adjust to higher prices without massive Federal programs. In 
another chapter on "Home Energy Costs and the Housing of the Poor and Elderly", informa
tion is provided on weatherization acti .. ·ities and energy expenditures undertaken by this 
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sector, adjustment to price increases, and the impact of public weatherization programs. It 
concluded that in 10-15 years most buildings would be weatherized and that only the poor 
living in individually metered buildings or master-metered buildings in declining neighbor
hoods would still be impacted. 

o In 1984, an in-house DOE task force, with contractor assistance, put together Multifamily 
Buildings: A Draft Technology Transfer Analysis and Plan to define specific target audiences 
within the multifamily sector. It provides information on: number of units, energy consump
tion, characteristics of low-income households, the amount of conservation that has taken 
place already, and barriers to adoption of techniques. The report includes an extensive 
bibliography of information about multifamily housing. 

o Also in 1984, Lawrence Berkeley Laboratory (LBL) undertook a literature and data Review of 
Energy Use and Conservation in Public Housing for BERD/ARD and HUD. This report 
looked at data available which described building characteristics and end uses for public 
housing in different geographic and climatic zones. It also described information available on: 
retrofit activity to data, measured results of some of that activity, review of behavioral and 
institutional issues, methods of choosing conservation measures to be implemented, and 
identified areas that deserved additional research attention. It pointed out several differences 
regarding energy use and tenant profiles of public housing units and other multifamily dwel
lings. 

o As part of the draft (1980) and final (1983) regulatory analysis for the Commercial and 
Apartment Conservation Service (CACS) attempts were made to analyze the energy saving 
potential of five unit plus apartment buildings and provide average data on: ownership 
characteristics, who pays the utility bill, location of buildings within differing climate zones, 
building age, unit square footage, heating fuels, and use of air conditioning. 

o Two conferences were co-sponsored by DOE's Office of Building Energy Research and 
Development's (BERD) Applications Research and Development Branch (ARD) during 1985 
to continue the exploration of issues and solutions to multifamily housing problems. These 
conferences address building owners and managers, city and state public housing agencies, 
utilities, and non-profit agencies. 

The first conference was held in February in Philadelphia to learn about what makes pro
grams successful in the areas of marketing, finance, performance contracting, audits, techno
logies, and how to deal with problem housing. Proceedings will be available later in 1985 and 
will include a series of case studies that will help others replicate successful programs. 

The second conference was held in California in May and will focus on elements of successful 
marketing programs, setting up a multifamily program at the state and/or local level, day
to-day management of conservation programs including resident participation, public housing 
programs, utility programs, financing opportunities, and private sector experience. 

o The BERD Architectural and Engineering Branch has recently awarded a contract to the 
National Association of Homebuilders (NAHB) with the Institute of Real Estate Management 
(ffiEM) to analyze and determine the most important energy conservation strategies in mid
rise and high-rise multifamily buildings. A total of 15 "base case;' buildings will be modeled 
in five climates and for four past and future time periods to assist with providing detailed 
design guidance on major rehabilitation and new construction of such buildings for architects, 
engineers, and developers. The project is expected to be completed by the end of 1985. 

o Military Multifamily Housing: LBL and others are currently developing a computerized stan
dard for new construction for both single-family and multifamily dwellings. It can also be 
used to determine what additional action would be needed to meet a particular standard if 
information on original measures are known. It optimizes .life-cycle cost and calculates net 
present worth. 
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o Also at LBL there is an on-going effort to develop computer models of representative low-rise 
(less than 4 story) multifamily buildings, and to analyze their energy conservation rieeds by 
conducting parametric analyses using DOE 2. 

3.1.3 State/Local Government Programs 

As part of their planning process for multifamily programs, a few states have gathered some infor
mation informally about the characteristics of this housing sector, but we do not have information 
on any major efforts that have been completed. The need for this kind of information may be less 
at the state level, given already in-place information sources such as state housing departments 
and property tax records. The quality and availability of this information is uneven at best, how
ever. Some state utility commissions do maintain their own energy forecasting models, but we 
are not aware of any that focus specifically on this sector. 

Some efforts that have been completed or are about to begin are: 

o A 1985 study by LBL for the California Energy Commission and DOE providing information 
on Low-Income Households and Energy Use in California. While the majority of the informa
tion relates to transportation energy, there is information on the characteristics and home 
energy use of these households including dwelling unit characteristics, type of fuel used, 
saturation of certain appliances and energy conservation measures. The CEC also separates 
multifamily from single-family in their energy forecasting 

o The North Carolina Alternative Energy Corporation (NCAEC) will soon be releasing an RFP 
to conduct market research in rental housing to obtain demographics on the units and their 
owners and tenants, to obtain attitudinal information, and to assist in determining appropri
ate incentives. Results are expected by the end of 1985. 

3.1.4 Public Utility Programs 

There are four major federal utilities-the Tennessee Valley Authority (TVA), the Bonneville 
Power Administration (BPA), the Western Area Power Administration (WAPA), and the 
Southeast Power Administration. In addition, there ar~ a large number of public utilities that 
serve regional, state, and local areas. Many of these started as part of the Rural Electrification 
Program (REP). Almost all of them carry out conservation programs of some kind due to federal, 
state or local mandates or to meet their own load management needs. 

Both TV A and BPA maintain survey and modeling staffs that frequently undertake studies or 
updates of previous studies to understand physical, demographic, and attitudinal aspects of 
residential housing and energy consumption. This kind of information is used to develop informa
tion and other technology transfer programs and to estimate the impact of those programs on sav
ing energy and on peak load requirements. None of these are specifically aimed at multifamily 
housing, but do include relevant information. For instance: 

o BPA is currently compiling a comprehensive data base to support its assessment and load
forecasting activities. It will contain survey data collected from its Pacific Northwest 
Residential Energy Survey (PNWERS), U.S. Census and other federal demographic and 
economic data, as well as using internally generated inputs and out-puts from the model. It 
is expected to be operational by the Spring of 1985. The PNWERS survey was first con
ducted in 1979, and will be conducted every five years. 

o End-Use Load and Conservation Assessment Program (ELCAP): This program will collect 
and analyze hourly electricity loads for each of the major end uses in samples of residential 
and commercial buildings to assist in providing better system-wide forecasts. About 700 
single-family residences, 25 multifamily residences, and 250 commercial buildings will be 
monitored. Instrumentation should be complete by the Spring of 1985. The data gathered 
will be used to: characterize electricity demand and peak by end use; characterize the pene
tration of energy conservation measures and explain the differences in observed savings; and 
support estimates of the costs associated with selected energy conservation measures. 
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3.2 Research on Existing Building Measures and Approaches 

Most building research to date has sought specific answers to specific problems often by finding 
new applications for existing technologies, or seeking improvements in existing technologies. A 
wide range of research approaches has assisted in finding these answers. 

This section covers such activities as: determining and monitoring the impact of potential meas
ures for multifamily housing, improved modeling and auditing systems, occupant behavior and 
user decision-making, and evaluation of delivery mechanisms. The majority of work has been in 
the modeling and auditing areas, and in occupant behavior and user decision-making, especially as 
it regards building owners. 

3.2.1 Determining the Impact and Potential of Retrofit Measures 

Such activities as laboratory testing, monitoring building equipment in operation in the field and 
analysis of utility bills are covered here. Although DOE has sponsored a large amount of research 
directed at determining the impacts of various conservation measures, little has been directed 
specifically toward multifamily buildings. 

3.2.1.1 Federal Activities 

DOE and others have sponsored some programs to monitor performance of retrofits in multifamily 
housing. Sometimes these have looked at specific sectors-low-income housing; or at specific 
measures-added insulation. Most have been very small scale-under 20 units; the number and 
kind of data points monitored have also varied. Much of the work has been done to support the 
needs of CACS. Some examples of activities are: 

o Although no documentation has been found, it appears a study was conducted for DOE in 
1976 of several "twin" apartment buildings around the country of which one was master
metered and the other was individually metered, and consumption comparisons were made. 

o Information gathered under the RUBS program described in Section 3.2.4.2 is the largest data 
set with information on 2600 units. 

o A 1977 effort by the Institute of Real Estate: Management for the Federal Energy Administra
tion, Energy Cost Reduction for Apartment Owners and Afanagers, a combination report and 
workbook, presented data taken from individual apartment projects on the performance of a 
variety of conservation measures-replacement of showerheads, reduction of hot water tem
peratures, timers on hot water circulating pumps, relamping, balancing of heating systems, 
setback thermostats, boiler maintenance, storm windows, pipe and tank insulation, and roof 
insulation. 

o Also in the eighties, Princeton University undertook some work for DOE to monitor the per
formance of retrofit work in multifamily buildings. They selected a small number of several 
different multifamily building styles, conducted an audit aimed primarily at identifying air · 
leakage paths, made improvements to seal off those paths and then measured the energy sav
ings. They also looked at several different types of equipment for monitoring the perfor
mance of multifamily buildings comparing them for cost, installation time, ease of program
ming and flexibility. 

o Starting in 1980, NBS carried out a number of studies aimed at providing a more consistent 
way of measuring the costs and benefits of buildings and building systems. Methodologies 
were developed to address life-cycle costing, benefit/ cost and savings-to-investment ratios, 
net benefits and internal rates-of-return, and simple and discounted paybacks. These tech
niques were developed to help designers and decision-makers select more cost-effective overall 
building designs and a variety of both energy and non-energy building systems. This infor
mation is being used to develop a Building Economics Standard by the American Society for 
Testing and Materials {ASTM). These methods are primarily applicable to large buildings._ 

o NBS work to establish criteria for insulation, vapor barriers, storm windows/ doors, caulking 
and weather-strippin, clock thermostats, replacement windows/glazing which would be used 
in the WAP. 
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o 1978-81 work by LBL for DOE and BPA to understand the impact of retrofits on indoor air 
quality. A mobile lab was developed to measure air quality before and after retrofits. A 
number of pollutants from heating, cooking, and other sources were identified in concentra
tions higher than those recommended for health and comfort. 

o In 1981, Hittman Associates prepared Evaluation of Estimated Energy Conservation Measure 
CostB and Benefits in the Multifamily Sector for DOE's Office of Conservation Policy. This 
literature review tried to quantify the potential impacts of retrofitting multifamily buildings 
and estimating the impacts of occupant behavior on energy use. Using primarily engineering 
estimates, the report developed a classification scheme for multifamily buildings, identified 
per unit energy savings and installation costs associated with retrofits of space and water 
heating and space cooling, and calculated savings-to-cost ratios for retrofitting different build
ing types in different climate regions. 

o Also in 1981, HUD Region I prepared an internal study, Cutting Costs by Cutting Consump
tion: Solving the Energy Problem in Multifamily Housing in New England. The study docu
ments the energy c·onsumption of almost 500 projects in the region according to various fac
tors such as building type, size, age, management and savings from conservation improve
ments in selected projects. 

o In 1982, Argonne National Laboratory (ANL) conducted the Apartment Building (Multifamily) 
UBe Study (ABUS-1) to gather information on the energy use characteristics of multifamily 
buildings that qualify under the CACS program. The information was used to help develop 
an appropriate audit and determine the applicability of various energy conservation and 
renewable energy measures and O&M procedures. ·To do this, energy use surveys were con
ducted at 63 sites in seven cities representing six climate zones. On-site walk-through audits 
were conducted, including determining awareness of energy conservation. The report gives 
information on annual energy use by fuel type, floor area, structural characteristics, equip
ment in use, and the types of energy improvements that could be made. It indicates that 
most had not taken any conservation steps. A 1984 ~tudy took a closer look at seven of these 
buildings and compared audited results with computer-simulated data to determine the most 
appropriate measures for low-rise buildings. ANL is now looking at the impact of vent 
dampers in apartment buildings. 

o Since the first ABUS study, Oak Ridge National Laboratory (ORI\1.), has undertaken more 
in-depth studies (ABUS II) and developed models of one low-rise and one high-rise prototypi
cal building based on the sixty-three (63) sites studied earlier. These buildings have been 
simulated in different climate zones, using three different infiltration rates, and with a variety 
of different utility rate structures. After a base case is established, CACS measures are 
"added" individually or in combination, and energy savings and paybacks calculated. The 
results of this study will be available during 1985. They will be used to provide general 
guidelines and methods for estimating annual energy savings from CACS retrofit measures. 

o For the Weatherization Assistance Program (WAP), the National Bureau of Standards (NBS) 
used existing standards and engineering estimates to determine: the potential impact of con
servation modifications to boilers/furnaces, burners, and controls, energy management sys
tems, tune-ups or repairs, maintenance methods, damper moqifications, turbulators and waste 
heat recovery devices for multifamily buildings. 

o On-going data collection by LI3L under ARD's Retrofit Performance Monitoring Program. 
The two main aspects of this program, which is DOE's first major effort supporting multifam
ily field monitoring, are: 1) establishment of standard monitoring protocols to gather detailed 
data before and after retrofit measures have been installed. DOE hopes to encourage others 
to use this protocol once it has been finalized so that data collected by many different entities 
can be compared easily. 2) on-site monitoring of federally assisted housing projects in San 
Francisco, Denver, and New Jersey. 
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o The BERD /Building Energy Sciences Branch is supporting ongoing research into the develop
ment of inexpensive devices for measuring infiltration and detecting the presence and concen
tration of indoor air pollutants in buildings. Passive samplers, as they are called, have been 
developed to detect formaldehyde (now commercially available), and to measure infiltration 
(a per.fluorocarbon tracer). Refinements have been made to existing radon, nitrogen dioxide, 
and water vapor samplers and work is progressing on a carbon monoxide sampler. These pas
siver samplers require no on-site instrumentation, allowing a large number of sites to be inex
pensively monitored in the field with analysis conducted later in a laboratory. 

o The Navy also carries out an extensive research program aimed at meeting the needs of its 
facilities for reduced energy consumption. Their $7 million yearly budget covers both build
ing and industrial conservation projects and is overseen primarily by the Naval Civil 
Engineering Laboratory (NCEL) at Port Hueneme, California. Their work is primarily appli
cable to multifamily-type buildings and covers such things as: a test and evaluation program 
on the thermal performance of concrete block and metal buildings; instrumented data gather
ing on some multifamily buildings; exploration of moisture problems in exterior walls; 
methods of air infiltration reduction in family housing; compilation of generic information on 
the thermal properties of insulation materials; fire and weather testing of sprayed foam insu
lations; evaluation of infrared, radiometer tracer gas and passive monitors for gathering data 
on insulation coverage, air leakage and moisture penetration; testing of lighting products for 
retrofit; evaluation of high-efficiency space heating, domestic hot water, ventilating and air 
conditioning equipment; impacts of whole house fan installations; evaluation of boiler con
trols; and evaluation of solar domestic hot water systems. Most of their work is published as 
Technical Notes to enable facilities personnel to put the information into practice on indivi
dual bases. 

3.2.1.2 State and Local Government Activities 

Although a few states and cities have been very active in developing programs to address the 
needs of this sector, they have not sponsored much monitoring of the impacts of these programs. 
One exception is the City of Minneapolis, whicli has monitored a number of rental housing units 
to determine which measures work best in 5-50 unit buildings and looked at the savings associated 
with use of outdoor resets in hydronically heated buildings. 

3.2.1.3 Public Utility Programs 

Public utilities have the capacity to obtain a fair amount of information through their billing 
records, and have done so for general customer classes. However, since multifamily buildings are 
usually part of a larger customer class, there has been little separate information gathered on this 
sector. 

BPA does have one project underway which will gather some information specifically on mul
tifamily buildings. As part of its overall End Use Load and Conservation Assessment Program 
(ELCAP) BP A will collect and analyze hourly electricity load data for each of the major end uses 
in samples of residential and commercial buildings. Twenty-five multifamily residences will be 
monitored to characterize electricity demand and peak by end-use; penetration of energy conser
vation measures; savings associated with selected measures; and estimated costs associated with 
selected measures. 

3.2.3 Improved Modeling/ Audit Systems 

Both building models and audits attempt to understand how energy is used in buildings. Models 
are usually employed to simulate energy use for existing buildings or buildings under design on an 
hourly, daily, or yearly basis, whereas audits are used to characterize the energy-related com
ponents of existing buildings and to determine opportunities for more efficient energy use. Both 
activities have developed a variety of tools ranging from mainframe computer programs to simple 
checklists. 
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Many different organizations have developed and used audits. Until the advent of the Residential 
Conservation Service (RCS), most audits were developed by professional engineers or utility 
organizations and were primarily used for larger buildings or industrial processes. With the 
implementation of the RCS and the Commercial and Apartment Conservation Service (CACS) 
and the development of the model audits, both the public and private sector have developed 
audits for multifamily buildings. 

Because of the wide diversity of building characteristics in the multifamily sector, it is hard to 
develop a single model or audit that can apply to all of these situations. Generally, this sector is 
treated in an aggregate manner in models that deal with total residential energy consumption. 
With regard to audits, smaller buildings have been treated as single-family dwellings, and larger 
buildings as commercial buildings requiring professional engineering audits. 

3.2.3.1 Federal Activities 

The main efforts here have been to modify the Residential Conservation Service (RCS) audit to 
accommodate small apartment buildings and to provide validation services to support the Com
mercial and Apartment Conservation Service (CACS). 

Oak Ridge National Laboratory (ORNL) has modified the original RCS audit to apply to build
ings containing four or more units which are individually heated or cooled. The key modifications 
are for estimating infiltration rates, buffer space correction factors for unit dwellings, and estimat
ing heat gain from solar radiation. This is a walk-through audit that can be used by utilities or 
building owners. DOE reviews the programs submitted by private firms, states, and utilities for 
the CACS program to determine their applicability to centrally heated and/or cooled multifamily 
and commercial buildings, the assumptions and calculations used, and their consistency with 
accepted practice. So far, five such audits have been received and two have been validated for 
national use. 

Although there are no building simulation models which address only multifamily buildings, the 
federal government has sponsored the development of a large number of models with different 
purposes. Some are still in use and others have been ·superceded by later efforts. Among the 
better-known modeling efforts are: 

o DOE-2 - Developed by LBL to provide energy-use analysis of residential and commercial 
buildings. This mainframe computer system requires a large amount of computer storage. 
DOE-2 calculates hour-by-hour energy end use of a building by determining the dynamic 
heating, cooling, and lighting loads and simulating the response of primary energy conversion 
and secondary HV AC equipment to those loads. It predicts annual consumption and can be 
used to analyze existing buildings or design new ones, It is intended to be used by architects 
and engineers with a. basic knowledge of the thermal performance of buildings. It can also 
calculate the life- cycle costs of buildings and/or equipment. The latest version is the DOE-
2.1B. 

o In another effort, LBL has developed a Program for Energy Analysis of Residences (PEAR) to 
make the capabilities of DOE-2 more accessible through a microcomputer program. It covers 
5 residential building prototypes in 800 locations, and allows the user to make adjustments 
based on the characteristics of the actual house being analyzed or designed. It can then 
analyze the energy and cost-effectiveness of a variety of conservation and solar measures. 
Additional development will allow a similar analysis of two low-rise apartment building pro
totypes. 

o BLAST 3.0 - Developed by the U.S. Army Construction Engineering Research Laboratory 
(CERL) and LBL. This mainframe computer system can provide sequential hourly calcula
tion of space loads. HV AC system operation, whole building energy costs, and life-cycle 
economics by the interaction of four in-line subprograms. Its main advantage is its capability 
to analyze the energy use of a variety of passive solar systems. 
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o · SERl Residential Energy Simulation (SERIRES) - this hourly simulation program was origi
nally developed at the National Center for Appropriate Technology as SUNCAT and was 
later modified and expanded by SERI. Its main advantage is that it uses much simpler 
inputs than either DOE-2 or BLAST and is particularly suitable to residential-scale buildings. 

o NBS/TARP- Thermal Analysis Research Program is a whole building energy simulation pro
gram used primarily by researchers. It has developed some of the more sophisticated algo
rithms for analyzing the flows of energy within a building. 

o DEROB - Dynamic Energy Response of Buildings was originally developed at the University 
of Arizona and later supported by DOE and SERI to simulate thermal performance of archi
tectural structures. Its main advantage is its ability to assess trade-off questions during the 
design process. It is primarily useful for new building design and for integration of passive 
and active solar features into building design. 

o BEVA - Building Energy Vector Analysis is a new, simplified approach to yearly hour-by
hour building energy simulations. It was developed by SERI for the DOE Passive and Hybrid 
Programs and uses parameters calculated from short-term monitoring of specific building ele
ments or. calculated from a building description. It requires fewer inputs than other simula
tion models and is more useful for analyzing actual building performance data and predicting 
building performance before and after retrofit measures have been installed. 

o Also, the Navy has sponsored the development of two computer simulation programs. One is 
for use in designing or redesigning buildings to take advantage of natural cooling and ventila
tion; the other (CEL-1.1) deals with conservation of electric lighting through daylighting, 
task lighting, and more efficient lighting products. 

o DOE and NBS have sponsored many refinements in the use of infrared thermography which 
has played a large role in providing qualitative images of the sources of heat losses in build
ings. While used extensively as a research tool, utilities and some private energy consultants 
use it as an aid in their auditing programs, either through on-ground inspection of individual 
structures or aerial inspection of a large number of buildings. 

o Another diagnostic technique which has received federal research support has been the 
development of Pressurized Blower Door testing which allows for greater accuracy in deter
mining the sources of air infiltration and leakages, and in assisting contractors to seal off 
those sources. 

3.2.3.2 State and Local Government Activities 

For the most part, state and local governments have not gotten involved in modeling and audit 
development. A few exceptions are: 

o The City of Minneapolis has developed an audit for buildings in the 5-50 unit range as part _ 
of its regulatory requirements that multifamily buildings be upgraded at the time of sale. 

o The New York State Energy Research and Development Administration (l\rySERDA) has 
undertaken a wide range of activities aimed at understanding energy in multifamily build
ings. It has: developed an audit, identified institutional barriers to energy conservation in 
multifamily. housing, determined the cost of undertaking an energy conservation program for 
the 291 state-assisted public housing authorities, demonstrated the use of energy management 
systems in high-rise multifamily complexes, studied the reliability and accuracy of electrical 
submetering systems, and studied the effectiveness and acceptability of low-flow showerheads. 

3.2.3.3 Public Utility Activities 

Many utilities will provide audits to their customers on request, but do not necessarily advertise 
this availability, nor have they developed audits specific to multifamily buildings. A 1983 survey 
by ORNL did not uncover any utilities that h:i.d developed audits specifically for this sector, 
although it appears at least one has been developed since then. 
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With the advent of the CACS program, utilities and states have proposed methods for auditing 
multifamily housing. Many are relying on privately developed audits to address this sector. Each 
state or utility can develop its own list of measures that will be covered by its audits within the 
CACS guidelines. 

3.2.4 Occupant Behavior and User Decision-Making 

Issues covered here are decision-making criteria and information needs of occupants, owners, and 
managers; energy use behavior of occupants; and motivational factors of both tenants and owners. 
This area, relative to multifamily housing, has not been studied to the same degree as have simi
lar issues in single-family housing. Several studies have looked at the investment criteria and 
financing sources available to owners, and a few studies have looked at tenant behavior. In gen
eral, it has been concluded that owners have little incentive and difficult access to capital to make 
improvements, and that tenants use less when they have to pay directly for the energy they use. 

3.2.4.1 Federal Activities 

DOE has sponsored several studies of apartment building owner criteria for investing in energy 
improvements. A typical one was a literature review in 1981 in conjunction with some workshops 
by Market Facts, entitled Energy Retrofit Decision-Making in the Commercial and l\[ulti-Family 
Sectors. The study found: owners and managers have a need for expert unbiased advice on 
energy products and services; product guarantees and assurance of vendor viability were more 
important than current· financial incentives, which were deemed insignificant; many apartment 
owners expected to convert to condos; obtaining funds was a significant hurdle, whether they were 
from banks or from owner associations; energy-efficient retrofits are not perceived as improving 
market value. 

The most extensive study of tenant energy use was conducted as part of the RUBS program 
described below. 

3.2.4.2 Residential Utility· Billing Systems Program (RUBS) 

This eight-year project, conducted by the Institute for Behavioral Sciences at the University of 
Colorado, produced two reports and a variety o{ tenant. in{ormation materials with a variety o{ 

purposes. The primary purpose of the effort was to identify and evaluate methods of encouraging 
energy conservation in master-metered buildings and to inform those involved in multifamily 
housing of these results. The first report, published in 1980, Encouraging Energy Conservation in 
Multifamily Hou11ing: RUBS and Other Methods of Allocating Energy Coats to Resident11, con
tained information about the number of units that are master-metered or sub-metered, their 
energy consumption patterns, results of different approaches to obtaining energy savings in 
master-metered and sub-metered buildings, and problems associated with achieving savings in this 
sector. Pilot projects using the mathematical formula developed by RUBS for allocating costs 
were conducted in Denver, and in Providence, Rhode Island. Similar information was gathered 
from private sector participants in four other cities. Energy use was studied in 2600 units, along 
with resident reactions, cash flow for the property and potential abuses of the program. A Coat 
Allocation and Decision Guide and a RUBS Operation Afanual for property managers and owners 
were also developed. 

Overall average savings were less than had been predicted and varied considerably depending on 
the end-use being addressed, e.g., 5 percent for space heating, and 22 percent for lights and appli
ances. 

Another RUBS report issued in 1983, Tenant-Paid Energy Cost8 In Multifamily Rental Housing: 
Effects on Energy Use, Owner Investment .and the Afarket Value of Energy, is a comprehensive 
look at tenant payment· of energy costs, especially heating costs in multifamily housing by exa
mining records of 83 properties between January 1979 and November 1981 in ten states. In addi
tion, a survey was conducted by the Institute of Real Estate Management showing that: tenants 
who pay separately for energy use less energy; owners of buildings where tenants pay the energy 
bill are only slightly les5 likely to make improvements compared to owners of other properties; 
energy costs are topics of rental advertising; prospective tenants do inquire about energy costs; 
frequently the rents of energy-efficient properties are lower than those of energy-inefficient 
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properties, but not by the full amount of the energy cost difference; mode of payment greatly 
affects how building owners and tenants interact to affect energy use; and that tenant payment for 
energy use can reduce consumption over the long term. The report also examined the implications 
for policy-making regarding: mode of payment, the implications for programs that seek to 
encourage owner investment in energy improvements, and the appropriate role for formula billings 
in distributing tenant energy costs. 

3.2.4.2 State and Local Government Activities 

There has been some work carried out by state and local go...-ernments in this area, although we 
are unaware of any major studies. While there may be some regional differences in building stock 
and the proportion of low-income residents, it is assumed that national studies addressing these 
issues, have widespread applicability. 

NYSERDA and NCAEC have conducted some small projects and NCAEC is currently sponsoring 
a major study of multifamily housing that will address some of these issues, along with many oth
ers. 

3.2.4.3 Public Utility Activities 

Both TVA and BPA have conducted research into user behavior and decision-making. Both 
TVA's and BPA's regular residential surveys include renters and some special analysis on this sec
tor. They have not yet done special studies specifically aimed at the multifamily sector. Gen
erally other public sector utilities have not sponsored this type of research. 

3.2.5 Delivery Mechanisms Research and Evaluation 

Activities covered here are efforts aimed at determining ahead of time which delivery mechanisms 
would be most effective for specific programs or audiences, and at evaluating delivery programs 
already in place. • 

Because there has been relatively little emphasis on separate programs to address this sector until 
recently no one has done a major assessment of the effectiveness of programs that are in place. 

A number of general program reviews such as that conducted for the CACS regulatory analysis 
have pointed out the lack of concerted effort, the fragmentation of the effort between many 
federal and state agencies, and the lack of interest by the pri...-ate sector in these buildings except 
for the largest complexes. 

3.2.5.1 Federal Activities 

Work sponsored by DOE includes: 

o A study that was conducted to look at private sector in...-ol..-ement with multifamily and com
mercial buildings was carried out for DOE in 1981 by Market Facts for the Building Conser
vation Services Division, Situation Analysi'soo£nergy Retrofit Industry. This report character
ized the energy retrofit industry for both the commercial and multifamily sectors and con
cluded that it did not yet provide very convincing services or products to these sectors. 

o As part of the Technology Transfer Working Group on ~Iultifamily Housing described earlier, 
an "Analysis of the State Role" was made underlining the important role states could play, 
especially if support were provided to assist them in: identifying out-of-state resources; shar
ing accomplishments; receiving information on the latest technical developments; translation 
of material for local use; marketing assistance, and assistance in training and staff capability 
building .. 

The overall report further concluded that savings are not being realized due to lack of infor
mation credible to building owners and managers on the effectiveness of conservation measo 
ures, available financing and reliable contractors; lack of an information network to dissem
inate information to owners and managers; poor timing :md expensive availability of financ
ing for retrofit measures; and lack of coordination among agencies involved. The report 
made recommendations for improving efforts in all these areas. 
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It also prepared guidelines for how to develop different kinds of technology transfer programs 
by presenting analytic models for how to effectively carry out technology transfer, and then 
by providing guidelines for product-oriented technology transfer programs, user-oriented pr<r 
grams, and provider-oriented programs. 

3.2.5.2 StatefLocal Government Activities 

None known. 

3.2.5.3 Public Utility Activities 

None known. 

3.3 Research on New Retrofit Measures 

Until recently, there has been little emphasis on research directed towards new retrofit measures 
for multifamily buildings. It has generally been assumed that measures that apply to either single 
family or commercial buildings will also apply to multifamily buildings. 

At the time of the 1973 oil embargo, very little was known about energy use in buildings beyond 
the broadest overview. Although there were a variety of products on the market-primarily insu
lation and storm windows-this was not an area in which industry research dollars were being con
centrated or new products being introduced. 

Since 1973, a large number of new and improved products (as well as some of suspect usefulness} 
have reached the marketplace; n<rcost/low-cost techniques for reducing energy use have been 
refined, and much has been learned about what happens to fuel once it leaYes the distribution 
lines and enters building usage. 

The concept of basic research is usually associated with the understanding of physical processes as 
opposed to the development of specific products which is more in the domain of applied research. 
The construction and operation of buildings incorporate many different technologies, and it is 
difficult to characterize them in terms of a research stage-, It is even more difficult to characterize 
any building's research as being pertinent to a particular building sector. Nonetheless there are 
examples of generic research which is much broader in scope but which will affect the develop
ment of building products. Much of this research has been a joint venture between the govern
ment and private industry. 

3.3.1 Federal Activities 

The Department of Energy has supported major research programs ranging from basic physics 
research on energy phenomena to demonstration programs employing new products or techniques. 
In some cases, research has been carried out by government laboratories, in other cases, by 
private industry or universities. 

Major programs have been carried out in the areas of roof systems, wall systems, infiltration and 
ventilation, window systems, and other building components. Other programs have been more 
product-oriented, concentrating on thermally activated heat pumps, refit of oil furnaces, and 
development of improved insulation materials. Initially, this work concentrated on understanding 
basic energy flows in buildings and how they impacted energy consumption. Current work is 
looking more at impacts such as generation and control of humidity. While much of this work 
has some applicability to multifamily buildings, most of it has concentrated on single-family 
structures. Some examples of the kind of work that has been funded specifically on multifamily 
buildings are: 

o HUD is providing information on indoor air quality in super-insulated multifamily buildings 
to local rehab officials. 

o The DOE Passive and Hybrid Solar Energy Group has had a program for the last several 
years on Retrofit and Multifamily Issues that has looked at hybrid solar systems, active 
charge/passive discharge systems and the use of phase change materials with sensible storage 
for this end use sector. In addition, much of the work in the Solar Thermal Transport area is 
aimed at solving retrofit and multifamily building problems. 
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Some of the broader building and equipment research programs that study issues applicable to all 
building sectors are: 

o Envelope Programs: 

Roof Systems-Improvement in the scientific and technical basis for the development and con
struction of more energy-efficient low slope roof systems, including identification of heat loss 
source and methods of reduction. 

Infiltration and Ventilation-Development of techniques for detecting, monitoring, and model
ing infiltration and air change rates in residential and commercial buildings. 

\Vall Systems-Development and improvement of the scientific and technical basis for the 
development and construction of more efficient wall systems, including identification of heat 
loss sources and establishment of standard test measures. 

o The Energy Conversion Equipment ·Program has provided over $103 million since FY78 to 
develop new heat pump concepts, new lighting devices and ballasts, new refrigeration and 
appliance technology, and study combustion system technology. Some specific accomplish
ments in these programs are: 

Heat Pumps and Refrigeration and Appliance Technologies-Developing of several new 
approaches to improved heat pump performance and alternative heat pump technology. 
Areas of interest have been ground and water coupled heat pumps, dynamic losses and field 
performance of refrigeration systems, novel cycles and refrigerants, absorption heat pumps, 
internal combustion heat pumps, and heat- engine-driven heat pumps. 

Combustion Systems Technology-Developing the technical basis for substantially increased 
energy conservation in gas, liquid, and solid-fueled space heating equipment. A number of 
prototype burner systems with low firing rates for modulating oil burners have been 
developed. Also, corrosion agents have been identified in condensing systems that have seri
ous implications for the longevity of the materials used in these systems. 

Lighting Technology-Developing the technical basis for reducing the electrical energy con
sumption of lighting by SO% by the year 2000 without compromising illumination require
ments through studying such areas as low-pressure and high-pressure lamps, and developing 
lighting controls and efficient lighting system design methods. Several products for both 
.residential and commercial use have been developed, including a solid state ballast for gas 
discharge lighting, which has enjoyed good market success. It also funded the development 
of the CONTROLITE computer program for lighting design. 

Equipment Integration-Looking at improvements that can be made in the distribution of 
energy from the equipment source, interactions among equipment subsystems, and impacts on 
health and productivity. 

Energy Conversion and Utilization Technologies (ECUT)-Conducting research in four discip
lines: thermal sciences, materials sciences, biocatalysis, and tribology in order to improve the 
efficiency of energy conversion and end use for all energy areas. It also solicits proposals for 
development of innovations and has awarded several for developing building materials relat
ing to daylight concentrators, holographic window films, and lightweight insulating concrete . . 
LBLf\Vindows and Daylighting Program since 1977 has undertaken an extensive research 
effort on many aspects of the impact of windows on energy use in buildings and the potential 
for using daylighting in buildings. Work that is particularly applicable to existing buildings 
concerns the thermal performance of insulating systems for windows and regression analysis 
of residential window performance. 

f2~faterials/Components Research An objective of SERis passive research program is to 
develop new materials and mechanisms that will enhance the efficiency of passive components 
(and systems) in residential and commercial buildings. Research is being performed on elec
trocromic windows and solid-phase change materials. The control of light transmission 
through glass panes using electrocromic coatings will allow designers to tune glazing systems 
to changes in light levels. Working to improve the thermal insulation of windows by 



44 

incorporating a vacuum between the glazing layers and by depositing an infrared reflective 
coating on one of the glass surfaces is also being performed. Storage research is aimed at 
improving the control and efficiency of passive components and systems. 

In addition, much of the research carried out by DOE's Solar Thermal and Passive and 
Hybrid Programs has studied issues that are relevant to retrofit in existing buildings. 

3.3.2 State/Local Government Activities 

Most states have not funded much research in the area of developing new conservation measures 
for buildings. There are some major exceptions, however. Widely varied programs doing research 
not only in conservation, but frequently in alternative and traditional energy sources, as well, are 
carried out by the California Energy Commission {CEC), the Florida Solar Energy Center 
(FLSEC}, The Montana Department of Natural Resources (DNR}, several New Mexico research 
institutes associated with universities in the state, the New York State Energy Research and 
Development Administration {NYSERDA}, the North Carolina Alternative Energy Corporation 
(NCAEC}, And the South Carolina Energy Research and Development Corporation (SCERDA). 
It is not known which of these may be addressing multifamily issues. 

3.3.3 Public Utility Activities 

Very little research except as noted below has been carried out by public utilities, and none of 
what has been carried out is specifically oriented to multifamily buildings. 

o BP A has undertaken several major conservation-related research efforts. Their areas of con
centration have been on understanding the sources and impacts of indoor air contamination 
and identifying ways to mitigate this. They have supported space-heating heat pump 
research and testing of energy conservation techniques for water heaters. 

o · TV A has carried out considerable technology-oriented research in the heat pump and solar 
areas. 

3.4 Technology Transfer and Information Disse.mination 

The kinds of activities utilized in this area include workshops, conferences, technical publications, 
user publications, "hot lines", clearing- houses, exhibits, articles in the trade and general press, 
audiovisual presentations, workbooks, public service announcements, personnel exchange, and 
direct technical assistance. It also covers demonstration programs aimed at providing information 
to owners and residents, or building industry participants on how to undertake certain kinds of 
retrofits. 

The major multifamily activity on the federal level has been the co-sponsorship of conferences 
that allow practitioners to learn from each other about designing programs that are more effective 
in meeting the needs of this sector. 

For the most part, a number of state and local governments have been the most active in 
developing programs to address this sector. 

3.4.1 Federal Activities 

The main actors have been DOE and HUD. DOE's activities have consisted of demonstrations, 
practitioner conferences, and dissemination of self- help information. HUD has engaged primarily 
in demonstration pro~rams. 

There are two general DOE technology transfer programs which states have used to undertake 
some activities in the multifamily area. Those programs are: 

o State Energy Conservation Program (SECP}-This program was legislated in 19i5-1976 to 
promote energy efficiency and reduce growth in energy demand by helping states and' terri
tories to implement their comprehensive plans for state operations. 
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o States are provided with energy education materials, training manuals, technical reports, and 
seminars and workshops in general energy topics. 

o Energy Extension Service (EES)-This legislated program kicked off most of the outreach 
efforts undertaken by the states. The program has been active in all states since 1980, and 
was developed to provide small-scale energy users such as homeowners, small businesses, local 
governments, and public institutions with specific information and technical assistance to use 
conservation measures and renewable resources (EES is working to develop new technology 
transfer activities to help promote knowledge about the besT. ways to conduct energy audits 
and provide small business services to low-income groups). 

o In addition, based on Section 509 of the ECPA legislation, DOE had planned to implement 
an Innovative Delivery Mechanism Demonstration project which would provide motivation to 
renters and building owners similar to that provided by the residential energy tax credit. A 
good deal of background work was performed before the project was cancelled. 

In the area of information dissemination, a wide variety of printed materials have been developed 
through DOE and/or HUD sponsorship: 

o The RUBS program produced two reports and a variety of renter materials that were aimed . 
at helping building owners institute effective energy conservation programs, including a 
variety of ways to bill for tenants' share of energy costs. 

o The Federal Energy Management Program (F~!P) has producted books and workshops for 
architects and engineers, Energy Conservation in E:zisting Buildings and, with the AIA, 
Energy in Redesign. These are currently being updated. Although not aimed specifically at 
the multifamily sector, both of these provide generic information useful to retrofit situations. 

o Each of the armed services has carried out extensive programs .to educate their facilities' per
sonnel and contractors on retrofitting the housing on their bases. 

o With DOE funding in 1980, the Greater Washington Board of Trade produced the Energy 
Conservation Manual for MultJfamJ1y Dwellin.gs for use by apartment owners. 

o In 1982, HUD produced the most extensive workbook in this area Energy Conservation for 
Housing covering a step-by-step energy conservation survey that Public Housing Authorities 
should use and a list of energy conservation opportunities which could be considered for mul
tifamily buildings. 

o DOE also sponsored, with ffi.EM, the Energy Cost Control Guide for Multzfamily Properties, 
which provides information on low-cost/no-cost measures, as well as more capital-intensive 
activities. 

o The \Veatherization Assistance Program has produced a handbook for rental property owners 
and managers on effective measures for multifamily buildings. 

o In 1984, the HUD Energy Division undertook an initiative to "Reduce Heating Costs in Mul
tifamily Rental Housing." The purpose of this initiative was to bring greater coordination 
between all HUD programs and other programs in making rental housing more energy 
efficient as part of on-going rehabilitation efforts, HlJD organized a series of meetings in cities 
to help those responsible for assisted housing identify problems and solutions. City and state 
HUD recipients are being encouraged to develop specific programs. Meetings were held in 
New York, Chicago, and Boston. HUD field offices are setting up additional meetings. Cities 
have continued with the following: the development of energy. conservation case studies, 
energy use targets for different building sizes, awards programs, preparation of educational 
materials, testing of energy analysis procedures, training courses for managers, research on 
resident behavior, use of Solar Bank funds to make imprO\·ements, and plans to improve 
audits, explore shared savings potential with energy service companies, and increase loan 
availability. 
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o FEMP has established a Clearinghouse on Federal Energy Shared Savings Contracting to prCF 
vide bibliographies, a referral network, and sample procurement documents to public sector 
organizations interested in using alternative financing for conservation efforts. 

In addition, there are a number of general federal information programs that are used by renters, 
building owners, program managers and researchers. 

o Conservation and Renewable Energy Inquiry and Referral Service (CAREffi.S) - This service 
responds to public inquiries over a toll-free number and provides general information about 
these energy sources. The service develops consumer publications and distributes these, as 
well as providing referral to other programs and people for additional information. 

o Office of .Scientific and Technical Informationf-Technical Information Center (OSTI/TIC) -
Operated by ORNL for DOE, this office maintains a number of national and international 
data bases regarding energy- related technical reports on completed projects as well as 
research in progress. It maintains mailing lists for automatic distribution, responds to 
inquiries, and provides on-line searching capability through RECON. ANL maintains the 
National Energy Software Center for TIC, which provides information and support services 
for and copies of a wide range of energy software. 

o National Technical Information Service (NTS) - This Department of Commerce service sells 
copies of technical reports generated by most federal agencies. Reports are available in either 
microfiche or hard cover. 

o National Energy Information Center (NEIC) - The Energy Information Administration's arm 
for responding to inquiri~s regarding a wide variety of statistics on all aspects of energy use 
and production in the country. · 

o Solar Technical Information Program (STIP) - Operated by SERI, it provides solar and con-
servation information to the scientific and technical communities. 

3.4.2 State and Local Government Activities 

Although most state and local governments have not yet addressed this area, there are a number 
of notable exceptions which have set the standard for effective multifamily programs. Some of 
these are: 

o New York City which has developed brochures and training services for building superinten
dents, lan~lords, and tenants to save some of the $27-million energy bill for 35,000 repos
sessed units managed by the City's Department of Housing Preservation and Development. 
They have also awarded a few "shared savings" contracts for these units. 

o City of Minneapolis which has developed information, research and regulatory programs, as 
well as special financing programs with HUD funding. 

o The States of Minnesota, California, and Connecticut all provide information in conjunction 
with their special financing programs which will be described in Section 3.5.2. In addition, 
several states have been active in providing workshops and counseling to multifamily build
ing owners and managers as part of their EES activities. 

o NYSERDA has an on-going program aimed at demonstrating the energy savings that can be 
achieved through performance contracting at a variety of multifamily buildings in the state. 
It has spent approximately $700,000 on this effort so far and has published some reports on 
the initial phases of the project. 

o In addition, the federally funded, state-run Energy Extension Service kicked off most of the 
outreach efforts undertaken by the states. The program has been active in all states since 
1980, and was developed to provide small-scale energy users such as homeowners, small 
businesSes, local governments, and public institutions with specific information and technical 
assistance to use conservation measures and renewable resources. ~fany states have con
ducted workshops for renters and fo~ multifamily building owners under this umbrella prCF 
gram. 
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o States and localities have formed a number of organizations to a.."Sist them in sharing infor
mation about their programs. Some of the most active are the Council of Local Energy 
Officials, the National Governor's Conference Energy Committee, :md the Housing and Urban 
Development Community Association Directors. 

3.4.3 Public Utility Activities 

Public utilities have not attempted special programs aimed at this sector. A few exceptions are 
described below: 

o TV A has been actively addressing rental units for almost three years. For 1985, this effort has 
targeted the performance of 42,000 audits in the 760,000 rental unit population. TVA is 
working closely with community organizations, PHA's, and property managers to increase 
interest in having audits conducted, and they hope that 27% of those audited will undertake 
recommended measures. The number of rental units in multifamily buildings is unknown. 

o One innovative response to audit delivery for the RCS program h:J.S been ;\l-\SS SAVE. The 
majority of investor-owned and public utilities in the State of 1fa.."Sachusetts set up this non
profit organization to deliver the required audits and to market retrofits to customers 
throughout the state. In 1982, MASS SAVE began a multifamily program and by 1983 had 
reached 484 buildings. 

3.5 Financial Incentives 

This has been the area of greatest activity, particularly at the state and local level. Some are 
expansions of single-family programs, and others are aimed directly at the multifamily sector. 
The types of incentives used are quite varied-e.g., tax credits, loans, grants, reduced-interest 
financing through loan insurance, municipal bonds, "shared savings," and payments for energy 
saved. One often cited problem is the lack of coordination among the pro¥iders of these pro
grams. 

3.5.1 Federal Activities 

Although there are a variety of federal ta."< credits available, their use is severly restricted in the 
case of multifamily buildings. Both DOE and HUD have been active in financing programs which 
can reach multifamily housing. Most DOE programs are extensions of single-family programs 
aimed at meeting the needs of low-income households. Most HUD programs are basic housing and 
urban development financing programs which can be used for energy .purposes if local recipients so 
desire. 

Examples of the tax credits, DOE and non-HUD programs are described below. HUD programs 
are covered in Section 3.5.1.1. 

o Investment tax credits and other tax incentives available to building owners are: 

The regular investment tax credit of 10% (however, this credit does not apply to build
ings and structural components considered to be real property, except for oil and gas boilers, 
(meaning that very few improvements to multifamily buildings would qualify). 

The rehabilitation credit of 15-25% depending on the age, and historical nature of the 
building (only certified historical residential buildings could qualify). 

The energy investment credit of 10-15%, depending on the type of investment. No con
servation measures apply, however, solar and wind properties qualify for a 15% credit. 

Accelerated depreciation {ACRS) of 5 years (because most energy savings measures are 
considered to be real or structural property, they must be depreciated over 15 years or more). 

o Renters can use the residential 15% ta."< credits for energy improve- ments made to their 
apartments, but the ms has not conducted an analysis that would indicate the level of use 
by renters. It is assumed to be fairly small. 
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o Similarly, DOE's Weatherization Assistance Program (WAP), provides funds to furnish cost
effective conservation measures for the dwellings of low-income families, and some of this is 
used in rental and publically-assisted housing. 

To be eligible for this assistance, a household must be at or below 125% of OMB's poverty 
guidelines or meet one of a variety of other federal income tests. Ma.'<imum expenditure per 
household is $1600. There are an estimated 12.6 million households eligible for this assistance. 
For a multifamily building to be eligible, 66% of the units must meet low-income require
ments. The majority of programs are run by non-profit community development org.aniza
tions. 

Through 1984, $1.037 billion had been spent by DOE on this program, reaching over 1.3 mil
lion households. Average cost of weatherizing has been $769 per home. Currently, funding is 
about $190 million per year. An estimated 125,000 multifamily units have been reached by 
this program since its inception at a total estimated expenditure of $96 million. 

o In mid-1984, WAP instituted a weatherization Innovative Financing project to test three 
different approaches to financing retrofits in low-income multifamily housing. These pilots 
are being conducted in New York, Pennsylvania, and Minnesota, and are testing the follow
ing models: 

- Shared savings-State assists landlords in identifying and negotiating agreements with 
shared savings companies and monitors the project during the contract term 

- Bank participation-Reduced interest loans for subgrantee who packages the loan and the 
improvements for eligible landlords 

- Development of energy services companies (ESCo) by a local agency-Local agency estab
lishes an ESCo which performs energy conservation retrofit for a fee or a share of the savings. 
companies establish such businesses by arranging financing for the buildings with the com
panies being paid out of energy savings 

All models will prepare "how-to" guides to assist others who wish to replicate this program. 

o Through state agencies, the Department of Health and Human Services ad~inisters the Low
Income Home Energy Assistance Program, (LlliEAP) which provides direct cash payments to 
people unable to pay their utility bills. Fifteen percent of the money can be used for weath
erization at state discretion. Although there are no restrictions on the use of these funds per 
se, many states have chosen to funnel this money through the W AP program, where restric
tions do apply. An agreement must be reached between the landlord and the tenant as to 
the length of time before the rent can be raised due to weatherization improvements only. 
This has served as a major disincentive for using the funds in the multifa.mily sector. 

o Energy Conservation Investment Program (ECIP)- This program provides funding for energy 
improvements in DOD facilities. The majority of housing is made up of multifamily buildings 
although specific numbers of units are not known. An annual budget of about $210 million 
goes into energy up.~rading all types of buildings. Overall in 1983, DOD claimed an 11.9% 
reduction in Btu/ft~ since 1975 in all buildings and facilities. In addition, DOD has con
ducted several studies of innovative financing and has an aggressive third-party financing 
program underway. 

o National Corporation for Housing Partnerships- A federally chartered, privately owned cor
poration which provides capital and project management to preserve and develop single
family and multifamily housing for low- and moderate-income families. 

3.5.1.1 Department of Housing and Urban Development"(HUD) Programs 

HUD has a number of programs that have been used by states and cities to address multifamily 
housing energy conservation programs. In general, there is nothing to prevent most of BUD's 
housing programs from being used ·for these purposes, as they are broadly aimed at providing 
funds to upgrade the private housing stock or improve public housing facilities. 
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It has been left up to local jurisdictions to request funds for energy conservation purposes. Gen
eral HUD programs that can be used in this fashion are: 

o Multifamily Rental Housing, Section 207 -Provides mortgage insurance to construct or reha
bilitate rental housing with 5 or more units in predesignated areas. 

o Mortgage Guarantee and Home Improvement Loan Insurance-Provides insurance for major 
and minor improvements and most energy improvements are specifically allowed. 

o Multifamily Rental Housing for Low and Moderate Income- Finances construction or major 
rehabilitation for qualifying projects through mortgage insurance. 

o Urban Development Action Grants (UDAG)-Helps cities and counties with severe economic 
distress to stimulate economic recovery in conjunction with the private sector. 

o Community Development Block Grants (CBDG)-Provides annual grants to cities and large 
(over 50,000 population) counties on a formula basis to carry out a wide range of community 
development activities including building retrofit. Small cities are funded on a discretionary 
basis through their states. 

Other HUD programs more specifically aimed at encouraging energy efficiency are: 

0 

0 

0 

0 

0 

Comprehensive Improvement Assistance Program (CIAP)/HUD Modernization-Since 1980, 
this program has worked with public housing agencies to save energy. HUD uses a formula 
to determine how much to reimburse Public Housing Authorities (PHA) for energy costs as 
part of overall operating expenses. Additional costs/savings are split on a 50/50 basis. 
Through 1982, $112.4 million had been spent primarily in the Northeast, Midwest, and 
Southeast to address the $1 billion PHA national energy bill. In 1984, HUD began a $4 mil
lion study as part of this effort to determine the national cost of fixing, adding to, or 
redesigning the 11,000 buildings maintained by PHA's, including energy improvements. A 
sample of 1,000 buildings will be thoroughly studied to calculate these costs. 

Oil Heating Retrofit Program-This program was designed to modernize oil heating systems 
in public housing and to install and test new energy conserving devices. In 1980, $28 million 
had been spent on both of these programs to sixty-one PHAs. · 

Solar Energy and Conservation Bank-Funded in 1983 for almost $30 million, it provides loan 
subsidies or grants to moderate and low- income individuals for conservation and solar 
improvements. States apply for and work with local financial institutions or other qualifying 
organizations to distribute the funds. In twenty-two states, apartment buildings with four 
units or less are included, and in twelve states, complexes with five or more units are 
included. The FY85 funding for this effort is estimated at $15 million. Most programs have 
no specific outreach to multifamily units. If Solar Bank funds are used, the recipient cannot 
also claim the residential or other energy tax credits. 

Energy-Financing Demonstration-In early 1985, HUD worked with sponsors of section 202 
(housing for elderly) to enter into 1()-year shared savings contracts in two high-rise projects. 
HUD hopes to use these examples to encourage others in assisted housing to enter into similar 
arrangements. 

Rental Rehabilitation Program (RRP)-provides cities with 50% of the rehabilitation costs for 
lower income properties and rent subsidy vouchers for Section 8 Certificate housing. Starting 
in 1984 $300 million is available over a two-year period and cities can design programs that 
best meet their needs. 

3.5.2 State/Local Government Activities 

States have developed a wide variety of programs and funding sources for increasing financial 
incentives to improve the energy efficiency of multifamily buildings. Local governments have 
been the most active in using these incentives, primarily in city-owned housing. Some examples 
are: 
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o One of the most often used sources of funding for these programs is what is known as Warner 
Amendment funds or oil overcharge settlement funds. Each state gets a share determined by 
the volume of refined petroleum products consumed in each jurisdiction during the 1973-1981 
time period. The states have wide authority to use the funds through the State Energy Con
servation Program {SECP), the Energy Extension Service (EES), the Institutional Conserva
tion Program (ICP), the Weatherization Assistance Program (WAP) or the Low-Income 
Home Energy Assistance Program (LIHEAP). 

o In 1984, the Michigan Energy Department undertook a survey of energy efficiency financing 
programs in the United States and found that 23 states had or were planning some type of 
energy efficiency financing program, of which 17 served multifamily clients. Eighteen of 
these programs offer financial assistance, while others undertake demonstrations or provide 
written materials and training. 

o The State of New York has chosen to use its oil overcharge allocation to provide low-interest 
loans for multifamily retrofits. Its research arm, NYSERDA, has developed thirty case studies 
of "Performance Contracting", two of which cover multifamily buildings. 

o The City of New York reduces a landlord's city tax obligation if qualifying conservation 
measures are installed. 

o Minneapolis, Baltimore, and Jersey City have all floated municipal bonds to subsidize private 
retrofit expenditures. Minnesota and Connecticut have had similar state programs. 

o Since 1978, :Minneapolis has tried a variety of programs aimed at addressing this sector. It 
currently provides a subsidized audit and financing to landlords to undertake retrofits. It 
uses Solar Bank funds for buildings of five units or more, and has established a special fund 
with UDAG ·and utility backing to finance smaller unit improvements. There has been a 
brisk demand for audits and loans in the larger buildings . 

. o Minnesota has developed a loan insurance program to provide help to properties that meet 
certain requirements to get financing from lending institutions. This effort is currently being 
pilot tested in :Minneapolis. · · 

o California has used $200,000 of its oil overcharge money to allow private and public entities 
to offer energy consulting services for 2-10 unit properties: Another $500,000 is being used in 
a variety of ways to leverage financing for interested landlords. 

o The State of Connecticut provides loans at 4 percent interest (or free, if 50 percent of tenants 
are low income) on conservation improvements up to $10,000 in buildings of 5 units or more. 
The money comes from a bond-financed state loan fund. Loans are depen- dent on a CACS 
audit being performed. Since 1979, interest has been high, and the state expects to reach 
2500 units under current funding before increasing the fund. It has also dedicated a large 
portion of its LIHEAP funds to provide weatherization of multifamily units. 

3.5.4 Public Utility Activities 

A number of financing programs have been attempted by this sector as described below. In addi
tion, many of these utilities provide rebates to people who allow the utilities to use a variety of 
load management devices on their property and equipment. 

o TVA has had an active program in this area since 1977 and has tried a number of approaches 
to get consumers to reduce their electrical consumption. Programs have ranged from 25 per
cent rebates for three months to tenants who saved 25 percent or more of their previous bills, 
to zero or low-interest loans. Of the 760,000 rental units in the TV A service area, 27 percent 
have received audits, and 7 percent have been weatherized using TV A loans. 

o In Hl84, BPA contracted for a study of Financing Conservation Resource Development 
Through A Regional Finance Corporation to help it determine how to provide financing for 
all end-use sectors. The study looked at the market for conservation financing in each sector, 
and made recommendations for the types of financing mechanisms that would be most 
effective for each sector. 
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o In 1983, BP A awarded contracts to demonstrate shared savings in five buildings, two of 
which were multifamily-one privately owned, and one PHA. A volume of case studies on the 
experience of these programs was published in 1984 as Demonstration Financing Field Tests 
for Commercial, Industrial, and l!ttfultifamily Buildings. These studies point to many physical 
and institutional difficulties in the multifamily sector. 

o The Los Angeles Municipal Utility offers below-market financing to individual apartments 
that have electric heating, domestic hot water, or air conditioning. 

o The Springfield lllinois Public Power Association offers a 10% rebate up to $250 for adding 
insulation to multifamily buildings as part of its program to reduce summer peaks. 

3.6 Regulatory Activities 

Most regulatory activities have concentrated on two approaches- requiring the availability and 
promotion of special audits for this sector, or requiring the upgrading of multifamily housing units 
to specified standards by a certain date or at the time of sale of the building. · 

3.6.1 Federal Activities 

The main regulatory activity has been the establishment of the Residential Conservation Service 
(RCS) and the Commercial and Apartment Conservation Program (C.ACS). The requirement for 
DOE to establish these programs was contained in the NECP A '78 legislation and the Energy 
Security Act Amendments. The RCS program, which covers all residences up to four units and 
multifamily buildings with individually heated and cooled units has been in effect since 1982. The 
CACS program is in the process of being implemented. 

The primary purpose of CACS is to provide owners and tenants with energy audits which give 
reliable cost/benefit information on measures and practices with a seven-year payback or less. A 
variety of activities has been carried out in support of establishing such a program. Some of the 
reports covered in earlier sections were supported by the CACS program. To date, some 36 states 
have submitted state plans. Fifteen have been: approved, and at least one (~lichigan) has been 
implement:ed. 

The practices and measures to be covered under the CACS program are: measures such as air con
ditioner replacement; automatic energy control systems; caulking and weatherstripping; energy 
recovery systems; furnace or utility plant modifications such as flue dampers and replacement 
burners; distribution system modifications; ceiling, duct, floor, pipe, wall and water heater insula
tion; replacement or modification of lighting systems; window and door system modifications such 
as storm window and glazing enhancers or retardants; and several active and passive solar sys
tems. In addition, a number of operations and maintenance procedures are covered: maintenance 
of air conditioners, furnace and distribution systems; closing off of unoccupied areas; use of shad- · 
ing; plugging infiltration leaks; furnace and water heater temperature reductions; and use of fiow 
restrictors. 

HUD has required that all PHA's must audit their housing projects. If housing management peo
ple do not comply, they will not get rent increases. In addition, Energy ;\fanagement Require
ments have been promulgated for all HlJD-insured projects, including an annual energy survey 
and a plan for implementation. 

3.6.3 State/~ocal Government Activities 

A small number of states and cities have passed ordinances dealing with energy savings in rental 
units. Some examples are: 

o As part of the Zero Interest Program (ZIP), the California Public Utilities Commission has 
required its member utilities to submit programs for approval to encourage energy saving in 
rental units. 
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o Programs are initiated by the utilities themselves, and a wide variety of approaches have 
been proposed. Several utilities have met with success and are enthusiastically expanding 
their programs; others are petitioning for suspension on the grounds that the programs have 
not been cost-effective for the ratepayer base. 

o In 1976, Minnesota passed a rental code which required that buyers of multifamily buildings 
be given information about the energy efficiency of the buildings they buy, and requiring that 
a series of prescriptive measures with a payback of 10 years or less be implemented at the 
time of sale or by 1983 .. The code has not been well enforced, and its prescriptive nature has 
led to only minor improvements in energy efficiency. The state is moving to a performance 
approach with random inspections and penalties for non-compliance. 

o The cities of Portland, lvfinneapolis, and Madison and the State of Wisconsin have passed 
similar codes. The \Visconsin code, which becomes effective in 1985, requires that measures 
with a five-year pay-back be completed by the time of sale. A certificate of compliance must 
be filed with the deed and appraisers deduct lacking improvements from the value of the 
buildings. All of these codes seem to be experiencing compliance problems. 

o Berkeley and San Francisco, California have a code that applies to all residential property at 
the time of sale. It prescribes 5 measures and uses lenders and realtors as the main source of 
information about the code. Compliance has been difficult to verify. 

o In another arena, Connecticut already had in place a program similar to CACS when the 
Federal legislation was passed. 

3.6.4 Public Utility Programs 

None known. 
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Section 4.0 

FEDERAL ROLE. 
PLANNING ASSUNIPTIONS AJ."\T]) PRIORITY SETTING 

IN THIS SECTION: Criteria for establishing the federal role; multiyear planning 
assumptions; criteria for setting project priorities. 

4.0 Federal Role, Planning Assumptions and Priority Setting 

As part of the multiyear program plan for multifamily retrofit research to be implemented by the 
Building Services Division, it is essential to establish clear criteria upon which the role of the 
Federal government in this area should be based, state the assumptions used in determining the 
scope of this role, and describe the method by which project priorities will be ultimately set. The 
basis for defining the Federal and Divisional role is a necessary first step in the identification of 
specific Federal actions to achieve energy savings through the retrofit of multifamily buildings. 
Based on the criteria and assumptions described in this section, a full range of program functions 
and activities were identified. These activities were then placed in priority order based on a sys
tematic review process and the method outlined in Section 4.3. The end result is the specific pro-
gram plans described in Section 5.0. 

4.1 Criteria for Establishing the Federal Role 

The following specific criteria or objectives were used in developing a definition of the Federal and 
Divisional role in support of the retrofit of multifamily buildings: 

o A potential for significant net energy and economic savings must exist. This criteria 
emphasizes the ultimate objective of any energy conservation research program: the achieve
ment of both energy and economic savings. Unless a significant opportunity exists, no 
Federal action can be considered. 

o Potential savings are not being realized by the private sector because of identifiable market · 
imperfections or failures. This criterion emphasizes the importance of avoiding Federal 
actions that are duplicative of private efforts or which otherwise interfere with normal market 
forces. Market imperfections or failures include, among others, an inability or unwillingness 
of private firms to undertake long term, high risk research (even though the results of such 
research mi"ht have major national benefits); especially fragmented or non-existent support 
industries; tenant/landlord conflict; and inadequate market incentives because of depressed 
economic conditions or other constraints. 

o Anticipated benefits should be national or regional in nature, rather than local. Local con
cerns should be generally addressed by State a?d local governments or other non-Federal 
entities. 

o Federal research support or other actions should not impair the operations of the free market. 
Not only must there be a potential for significant net energy and economic savings, but the 
actions should riot adversely affect the operation of the free market system. 
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o Retrofit research support or other actions by the Building Services Division should be fully 
consistent with established legislative and organizational responsibilities and should not 
duplicate or conflict with the actions of other DOE offices and Federal agencies. 

o Specific program activities should be identified and reviewed in cooperation with private 
businesses, utilities, State and local governments and other researchers and potential users. 

4.2 Multi-Year Planning Assumptions 

In order to ensure that the specific program sub-elements and project areas described in this plan 
might realistically receive Federal support over the next 5 years, a number of assumptions were 
used in their development and review. Specifically, it was assumed that: 

o The annual budget available for Building Energy Retrofit Research during the planning 
period may change from the FY 1985 level, but it will not increase or decrease so substan
tially as to change the character of the activity suggested. 

o The major objectives of the retrofit research program plans must be achieved during the mul
tiyear planning period. 

o The program plan must be able to be implemented effectively on a year-by-year basis, with 
most projects being funded to completion at the time of project start. It must also be 
sufficiently flexible to adjust to significant changes in program priorities or funding levels. 

o No legislative, regulatory, organizational changes are necessary to implement the plan and 
the plan is consistent with the general direction and type of activity envisioned in the Energy 
Conservation Program Planning Document, FY 1986- FY 1990 (May 1984}. 

4.3 Criteria for Setting Project Priorities 

Assigning priorities for any research program is not an easy task. It is almost impossible to quan
tify every aspect of a project that could be taken into consideration, and then apply appropriate 
weighting factors to each of those aspects in order to obtain an unequivocal rank order of all pro
jects considered. Even when such approaches are attempted, professional judgements and budget 
constraints often are the key determinants of the final raD.kings. 

Probably the most important factors in any ranking system are: the establishment of the particu
lar criteria that projects must meet in order to be considered for ranking; the establishment of 
differentiating criteria that will be used to determine the relative importance of the projects that 
are considered; and, the establishment of a consistent method of presenting information about 
projects that are being ranked. In this way, intelligent discussions can be held among reviewers 
to establish the final ranking of projects. 

The approach used here, after looking at several simple and computer-based systems, was to 
develop a list of criteria a:nd an extensive description form to be filled out on each project that 
was to be considered for final ranking. 

Specific projec;ts were suggested by experts from DOE, other Federal agencies, DOE laboratories, 
private firms, utilities, state and local governments, and user groups. Using projections of future 
energy consumption developed for DOE by PNL for each existing building sector, DOE labora
tories filled out forms for each project and assigned initial rankings. These initial rankings were 
then reviewed by DOE and by knowledgeable representatives of the groups cited previously and 
final rankings were assigned by DOE. 

The specific criteria. which were used in the ranking process were divided into two groups
screening or threshold criteria, and differentiation criteria. Screening criteria are used to deter
mine if a project should receive further consideration, and if so, whether or not it should be 
treated as a support, research and development, technology transfer or basic research project. 
The differentiation criteria were then used on those projects categorized as R&D and/or technol
ogy transfer projects. This provided an in-depth analysis of their potential to produce energy sav
ings in existing buildings. The other project categories-support and basic research-were analyzed 
using fewer and more qualitative factors. It was assumed that over the life of the multi-year plan, 
support projects would receive 5-15% of the allotted funds, basic research projects 5-15%, and 
research and development the majority of the funds. 
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Among the most important criteria used were: 

Screening/ Threshold Crt"teria 

o the project meets the criteria for receiving federal support if: 

it primarily accelerates improvements in the energy efficiency of existing buildings 

its be~efits are more than local in scope 

insufficient support is being provided currently 

little is being done in the area due to identifiable market imperfections or barriers 

it doesn't duplicate other Government activities 

o the expected benefits from the project significantly exceed their costs 
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Differentiation Criteria Most of the criteria included here were selected to help quantify in a 
variety of different ways the potential energy savings impact of the project and the combined 
Federal, private and other costs for achieving those savings. This information was used to per
form two calculations-a net present incremental benefit, and a savings to cost ratio. Both of 
these calculations attempt to determine how much impact Federal involvement will have in the 
·project area, and the cost-effectiveness of that involvement, above what would take place under 
"normal market conditions." In general, the more positive both of these factors, the higher prior
ity assigned to the project. 

Other criteria considered were: 

o support for the project by industry and user groups 

o the importance of the project for the completion of other projects 

o the probability that the project will meet its goals 

o the possible secondary impacts of the projec~ on health, safety, and the environment 

o the ability of the project to strengthen market forces and reduce the need for future Federal 
assistance . 
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Section 5.0 

PLANNED RETROFIT RESEARCH PROGRAN1 

IN THIS SECTION: Summary table of project areas with preliminary rank
ing; project area descriptions. 

5.0 Planned Retrofit Research Program 

Over one-hundred project areas were identified, both by the organizations and individuals con
tacted, and by the review of the literature. A preliminary screening eliminated projects that did 
not meet the threshold criteria discussed in the previous section (4.3). The remaining project 
areas were reviewed and combined into the thirty-eight areas presented below. Table 5~1 lists the 
project areas by their major sub-headings. In addition to the preliminary ranking score computed 
by the' criteria given in the previous section {3.4), a review panel made up of fifteen individuals 
from DOE, National Labs, and other institutions gave an initial review score for each project. 
These scores are on a scale from ·1 to 10, with 10 being the highest. Where the review ranking 
differed from the preliminary ranking, both are. given, with the preliminary ranking given first. 
The numerical rankings have been converted to HIGH (9-10), "MEDIUM (7-8), and LOW (1-6) 
scores and are given in the table below: 

Table 5.1 Retrofit Research Project Areas for Multifamily Sector 
A. Planning and DOE Support · 

1. Survey user needs (HIGH) 
2. Planning updates (HIGH) 
3. Evaluate ARD projects (HIGH) 
4. Stock characterizations (MEDIUM) 

B. Analysis, Modeling, and Tool Development 
5. Energy end use patterns (MEDIUM) 
6. Peak & diversified load analysis (LOW /MEDIUM) 
7. Evaluate existing multifamily models ("MEDIUM) 
8. Evaluate & develop utility bill analysis (MED!illvl) 
9. Evaluate & develop air infiltration models (HIGH/1-'IEDIUM) 
10. Develop simulation models [included in #7] 
11. Behavioral studies (HIGH/MEDIUM) 
12. Data acquisition system (1-IEDIUM) 
13. Audit diagnostics & techniques (HIGH) 
14. Monitoring protocols & techniques (HIGH) 

C. Retrofit Performance 
15. Heating system retrofits (HIGH) 
16. Shell retrofits (HIGH/1-IEDIUM) 
17. Cooling system retrofits (MEDIUM/HIGH) 
18. Hot water retrofits [included in #19] 
19. Hot water systems (HIGH) 
20. Lighting & appliances (11EDIL'11jLOW) 
21. Low cost/no cost (~1EDH.J1l) 

.. 



D. Interactions & Strategies 
22. Operation and maintenance (IDGH) 
23. Temperature control strategies (IDGH) 
24. Load management techniques (LOW) 
25. Retrofit interactions (IDGH) 
26. Metering strategies (MEDIUM) 
21. Low cost packages [included in #21] 
28. Public housing strategies (IDGH) 

E. Technology Adoption 
29. Marketing strategies (LOW) 
30. Innovative financing (LOW) 
31. Acceptability of retrofits (IDGH) 
32. Air quality and moisture [moved to section Dj (MEDIUM) 

F. Technology Transfer 
33. Data Bases & Information Network (IDGH) 
34. Workshops (IDGH/MEDIUM) 
35. Case studies (InGH) 

G. Advanced Technology 
36. Advanced window materials & systems (LOW /MEDit.J~f) 
37. Solar cooling/heating (LOW) . 
38. Thermal storage, hybrid systems (LOW /MEDIUM) 
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These projects areas provide the basis for the research. program. Additional planning will be 
required to select the optimal choice of projects to ensure a balanced program of multifamily 
retrofit research. All of the project areas are col).sistent with the mission of the Building Services 
Division described in the Introduction. However, a number of the project areas described encom
pass activities which might also be supported by other divisions within the office of Buildings and 
Community Systems, other offices within the Department of Energy, or, in a few cases, other 
federal agencies. For this reason, specific projects to be funded by the Building Services Division 
will be closely coordinated with the other appropriate federal offices. 

The descriptions of the projects below are summaries of the proposed work with explanations of · 
how they fit into the overall program. Detailed evaluations of the projects and their priority rat
ings are given in Appendix D. 

5.1 Determine User Needs (preliminary score: 10; review score 10) 

This support project consists of ongoing contact with individuals and groups who are involved in 
energy activities in the multifamily sector (e.g., building owners and managers, appliance 
manufacturers and distributors, architects and engineers, contractors, utilities, tenants, and 
federal, state, and local government agencies). These contacts will be used to find out what needs 
to be done in the multifamily sector. The results will provide guidance to DOE policy-makers in 
the multifamily sector. Each year, the results will indicate how effective DOE's programs are by 
seeing how these needs are being met by government programs. 

The primary· audience for the results of this project is DOE. The secondary audiences for project 
results are all groups involved in energy issues in the multifamily sector. This project is impor
tant for it addresses the requests of user groups (e.g., architects and engineers, consumers and 
public interest groups, research and testing groups, government, and utilities) that DOE respond 
to their needs in the government's selection of energy programs in the multifamily sector. It also 
addresses an important barrier to greater energy efficiency in the multifamily sector: the lack of 
understanding of and response to the most critical energy issues facing individuals and groups in 
the multifamily sector. i\o other national effort is planned, and the project is essential for the 
completion and continued support of other ARD projects. 
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5.2 Planning Updates (preliminary score: 10; review score 10) 

This support project updates the DOE's Multiyear Plan in the multifamily sector every year, 
based on user needs and the evaluation of on-going ARD /BERD projects. The results of the 
updates will be used by DOE policy-makers in selecting projects in the multifamily sector for the 
Multiyear Plan. 

The primary audience for the ·results of this project is DOE. The secondary audiences for project 
results are all groups involved in energy issues in the multifamily sector. This project is impor
tant for it addresses the requests of all user groups: that the DOE Multiyear Plan should be 
relevant and responsive to user needs. Also, it addresses an important barrier to greater energy 
efficiency in the multifamily sector: the lack of a comprehensive and systematic review of on
going DOE programs in the multifamily sector on a regular basis (yearly). No other national 
effort is planned, and the project is essential for the completion and continued support of other 
ARD projects. 

5.3 Evaluate ARD projects (preliminary sc?re: 10; review score 10) 

The support project consists of the evaluation of on-going ARD projects in the multifamily sector 
by measuring economic and non-economic costs and benefits of the projects, and by determining 
if DOE's "mission" is being efficiently and effectively supported. The results of this evaluation 
will be used by DOE policy-makers in supporting on-going projects and selecting new projects in 
the multifamily sector for DOE's Five Year Plan. 

The primary audience for the results of this project is DOE. The secondary audiences for project 
results are all groups involved in energy issues in the multifamily sector. This project is impor
tant for it addresses the requests of all user groups: DOE's multifamily projects should be relevant 
and responsive to user needs. Also, it addresses an important barrier to greater energy efficiency 
in the multifamily sectors: the lack of detailed, quantitative information on which DOE projects 
"work" and are "cost-effective" (and, therefore, should be supported) and which DOE projects 
"don't work" and are not cost-effective {and, therefore, should be discontinued). No other 
national effort is planned, and the project is essential for: the completion and continued support of 
other ARD projects. . 

5.4 Stock Characterization {preliminary score: 8; review score 8) 

This support project would provide a baseline portrait of the multifamily housing stock, including 
distribution by building type, age, location, etc. Other characteristics would include 
heating/cooling equipment and level of retrofit activity. Two levels of activity are envisaged, the 
first to collect and analyze existing data, mostly regional or state {e.g., California, Pacific 
Northwest) and the second to work with EIA to over sample multifamily buildings in the next 
RECS {1987) survey to provide the first comprehensive multifamily data on a national level. 

The primary audience for the results of this project is DOE and other government agencies, as 
well as national labs and research institutions. The secondary audiences for project results are 
utilities and their associations. This project is important for it addresses the needs of user groups 
(e.g., A&E firms, AlA, utilities, state energy offices, etc.). It also addresses an important barrier to 
energy efficiency in the multifamily sector: no national effort has characterized this sector, 
hampering marketing and planning efforts. No other national effort is planned, and the project is 
essential for the completion of nearly 25 other projects. 

5.5 Energy End-Use Patterns (preliminary score: 7; review score: 8) 

This support project will develop a portrait of end-use consumption patterns in the multifamily 
housing stock. It will attempt to determine the fraction of total energy use in this sector used for 
space heating, domestic hot water, cooking, lighting, and appliances. Project will include more 
detailed analysis of particular subsectors (e.g., Federally-assisted housing). 

The primary audience for the results of this project are government agencies and researchers. 
The secondary audiences for project results are utilities, and architects and engineers. This pro
ject is important for it addresses the requests of user groups (e.g., community energy groups, utili
ties, and research institutions). It also addresses an important barrier to energy efficiencY in the 
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multifamily sec.tor: limited information, that has hampered retrofit, marketing, and planning 
efforts. Information on energy end-use patterns are needed to plan retrofit efforts and project 
expected savings. 

5.6 Peak and Diversified Load Analysis (preliminary score: 4; review score: 8) 

This R&D project will develop models and analysis tools to examine peak load impacts of various 
energy conservation measures in multifamily buildings. Project will also explore load-shifting stra
tegies, their technical potential and cost-effectiveness. Results include assessment of peak demand 
reductions with implementation of retrofits for utilities with different system characteristics (e.g., 
summer peaking vs winter peaking). 

The primary audiences for the results of this project are utility companies and government agen
cies. The secondary audiences for project results are researchers and building owners. The pro
ject addresses technical and information barriers to greater energy efficiency in multifamily build
ings, namely, the limited knowledge of peak load impacts of various conservation measures. 
There is a need for peak load modelling in order to characterize demand impact of various meas
ures. 

5.7 Evaluate existing multifamily models (preliminary score: 8; review score: 8) 

This R&D project will evaluate existing building energy analysis models that are used on mul
tifamily buildings. The project will review detailed hourly simulation models (e.g., DOE-2) as well 
as simplified building simulation models. The project will help determine the level of need for 
additional modeling and tool development specific to the multifamily sector. 

The primary audiences for the results of this project are government agencies and research insti
tutions. The secondary audiences for project results are utilities and architects and engineers. 
The project addresses technical barriers to greater energy efficiency in multifamily buildings. No 
national effort is otherwise planned, federal or private. 

5.8 Develop U~ility Bill Analysis (preliminary score: 8; review score: 8} 

This R&D project will evaluate and extend techniques used to analyze utility billing data to mul
tifamily buildings. Score-keeping has been used extensively on single-family homes; special prob
lems particular to multifamily buildings need to be examined (e.g., changes in occupants, occu
pancy rates, frequency of O&M actions, metering configuration). Score-keeping provides methods 
to weather-adjust energy use, calculate energy savings attributable to retrofits, and gives parame
ters that provide indicators of the sources of conservation. The effectiveness of retrofit projects in 
many multifamily buildings will be evaluated with utility billing data; thus, it is important to 
determine viability of existing analytic techniques and expand models to handle problems found 
in master-metered buildings. 

The primary audiences for the results of this project are building owners, utilities, government _ 
agencies and research institutions. The secondary audiences for project results are architects and 
engineers. The project addresses technical and information barriers to greater energy efficiency in 
multifamily buildings. Regression analysis can provide more accurate estimates of energy savings 
from retrofit activity. In addition, more detailed knowledge of consumption by various end-uses 
will allow better planning efforts. No national effort is otherwise planned, federal or private and 
the project is important to insure that retrofits are compared using consistent energy analysis 
framework. 

5.9 Develop Air Infiltration Models (preliminary score: 9; review score: 8) 

Air infiltration represents approximately one-third of the energy load on the heating and cooling 
systems in multifamily buildings. Air infiltration also affects the temperature balance (and there
fore temperature control between apartments), and it affects the indoor air quality in the apart
ments, as well. The object of this project is to develop simplified mathematical models for 
predicting the air infiltration in multifamily buildings. The present multi-zone infiltration models 
are excessively complex, and require long, iterative calculations, to determine the flow rates. This 
project would develop and verify models to predict both outdoor air flow and total air flow 
through apartments, using local weather data, and a one-time measurement of air tightness to 
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characterize the building. These flow rates will be used to determine the cost-effectiveness of 
retrofits to improve air tightness, as well as provide input for control strategies that are designed 
to balance the temperatures between apartments. 

5.10 Develop Simulation Models (preliminary score: 8; review score: 8) 

This R&D project will involve the simulation of energy models (e.g., DOE-2) on prototypical mul
tifamily buildings for estimating energy savings and cost-effectiveness of various retrofit measures 
for different buildings in different climates. Results will be used for planning of retrofits, and by 
energy auditors and others interested in estimating energy savings and cost-effectiveness of 
retrofits in multifamily buildings. Microcomputer applications of the methodology will also be 
examined for possible development. 

The primary audiences for the results of this project are utility and energy service companies. 
This project is important for it addresses the requests of several user groups {e.g., architects and 
engineers, utilities, and government). Also, it attempts to overcome an important barrier to 
greater energy efficiency in the multifamily sector: the lack of accurate information on the cost
effectiveness of retrofits in different multifamily buildings in different climate zones. No other 
national effort is planned, and the project is essential for ARD planning of retrofits in the mul
tifamily sector. 

5.11 Behavioral Studies (preliminary score: 9; review score: 8) 

This R&D project will conduct surveys in different types of multifamily buildings (master 
metered, individually metered, and check metered; 2-4 units and 5 or more units; etc.) and with 
different demographic groups (e.g., by income and ethnicity) to. document how people affect the 
performance of energy retrofits. The focus will ·concentrate on key end uses: e.g., space heating, 
space cooling, and water heating. \Vhere energy use data are available, energy use models will be 
developed that examine the direct and indirect effects of tenant behavior. These surveys will 
examine how tenant behavior. affects energy conserving activities and why they do or do not pur
sue such activities. This project is related to #31 Acceptab£/ity of Retrofits, which focuses on the 
decision-making behavior of owners. 

5.12 Data Acquisition Systems (preliminary score: 7; review score: 7) 

The object of this project is to identify and describe data acquisition systems that are appropriate 
for monitoring retrofit perform~ce in multifamily buildings. Systems ranging from single
variable monitoring all the way to multichannel and power line carrier systems would be 
reviewed. The project would match appropriate sensors with data acquisition systems, size sys
tems for various monitoring needs, and provide a list of compatible sensors, data acquisition units 
and data analysis hardware (i.e., printers, plotters, storage mediums). This project would provide 
a compendium of available instrumentation for groups monitoring retrofit performance in mul
tifamily buildings. 

5.13 Audit Diagnostics and Techniques (preliminary score: 10; review score: 10) 

The object of this project is to evaluate current auditing techniques and to identify new auditing 
techniques for evaluating multifamily buildings. Both instrumented ilnd walk-through audits 
would be analyzed. Results of this project will be incorporated into new, more effective, auditing 
procedures, making full use of current technology and _the experience of the public and private 
sectors. Because of the central role of auditing in determining retrofit activity, technology 
transfer would be an important part of this project .. 

5.14 Monitoring Protocols and Techniques (preliminary score: 9; review score: 9) 

The object of this project is to develop a standard set of procedures for evaluating (i.e., monitor
ing) different types of multifamily buildings and retrofits. These protocols would specify the vari
ables to be monitored, provide methods for measuring them, and give techniques for analyzing the 
collected data. It is expected that the results of this project will be used to help develop con
sensus standards for multifamily building monitoring, ~imil:u to standards already developed for 
single-family buildings, e.g., fan-pressurization standards. 

. ' 
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5.15 Heating System Retrofits (preliminary score: 10; review score: 10) 

This R&D project consists of measuring the performance of heating system retrofits as installed in 
multifamily buildings, looking at the whole spectrum of mechanical systems and building types. 
Specific areas of research will cover performance and cost-effectiveness of vent dampers, power 
burners, upgrading vs replacing boilers, etc. The work will be performed in conjunction with 
established retrofit organizations in order to share cost, equipment, and field expertise, as well as 
to further technology transfer. Preliminary planning will determine sites meeting criteria for type 
of construction, retrofit, and geographic location. 

The primary audiences for the results of this project are contractors, energy service companies, 
and A&E firms. The secondary audiences for project results are utilities, apartment owner associ
ations, and government policy makers. It also addresses an important barrier to energy efficiency 
in the multifamily sector: the numerous contractors and retrofit installers do not have the 
resources to evaluate the performance of heating system retrofits installed in buildings. The pro
ject has a high benefit-cost ratio and addresses a need voiced by the user community. 

5.16 Shell Retrofits (preliminary score: 9; review score: 8) 

This R&D project consists of measuring the performance of shell retrofits as installed in multifam
ily buildings, looking at the whole spectrum of building types. Shell retrofits will be evaluated 
using billing data analysis, and where necessary, additional monitoring of interior temperatures. 
Specific areas of research will cover performance and cost-effectiveness of insulating fiat roofs, 
masonry walls, and improved window retrofits. The work will be performed in conjunction with 
established retrofit organizations in order to share cost, equipment, and field expertise, as well as 
to further tech transfer. Preliminary planning will determine which sites meet criteria for type of 
construction, retrofit, and geographic location •. 

The primary audiences for the results of this project are contractors, energy service companies, 
and A&E firms. The secondary audiences for project results are utilities, apartment owner associ
ations, and government policy makers. It also addresses an important barrier to energy efficiency 
in the multifamily sector: the numerous contractors and retrofit installers do not have the 
resources to evaluate the performance or shell retrofits installed in buildings. The project has a 
high benefit-cost ratio and addresses a need ranked high by the user community. 

5.17 Cooling System Retrofits (preliminary score: 8; review score: 9) 

This R&D project examines the performance of retrofits to cooling systems (e.g., ceiling fans, heat 
pumps, etc.) by utility bill analysis, sub-metering, and detailed monitoring of interior tempera
tures and outdoor weather variables including solar radiation. Energy use before and after 
retrofits will be monitored and analyzed (normalizing for weather, occupancy, etc.). 

The primary audiences for the results oC this project are contractors, owners, and utility com
panies. This project is important for it addresses the requests of user groups (e.g., DOE, LBL, 
utility companies, IREM, and Florida Solar Energy Center). It also addresses an important barrier 
to greater energy efficiency in multifamily buildings where cooling demand is great: the lack of 
information on energy savings and cost-effectiveness of cooling retrofits in multifamily buildings. 
Many retrofits in this area are easy to install, appear to be quite favorable {high benefit-cost 
ratios), and should lead to greater tenant and building owner/manager satisfaction. 

5.18 Hot Water Retrofits [combined with #19J 

5.19 Hot Water Systems (preliminary score: 10; review score: 10) 

The object of this project is to evaluate the numerous systems for supplying domestic hot water, 
as well as to evaluate retrofits to improve the energy consumption of these systems. Domestic hot 
water represents a much larger fraction of the total energy consumption for multifamily 
residences compared to single-family residences. The hot water options to be investigated will 
include: continuous circulation loops vs. cold pipe systems, large storage tanks vs. source heaters, 
and separation or integration of space heating and. domestic hot water. The project will also 
evaluate the economics of retrofits such as installing more efficient heaters, installing low-Row 
showerheads, insulating pipes, as well as investigate the interactions of different hot-water retrofit 
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strategies. 

20. Lighting and Appliances (preliminary score: 8; review score: 6). 

This R&D project examines the performance of retrofits to lighting and appliances by careful field 
experimentation, focusing on measured energy savings. In addition to analyzing the energy sav
ings of such lighting retrofits as replacing common area incandescent lighting with higher 
efficiency fluorescent lighting, reducing number of fixtures, etc., additional emphasis will be spent 
on understanding tenant and owner satisfaction with the retrofits and how their behavior affects 
the energy savings. 

The primary audiences for the results of this project are building owners and managers, contrac
tors, and energy service companies. The secondary audiences for project results are government 
and utility groups carrying out retrofit programs on lighting and appliance retrofits in multifamily 
buildings. This project is important for it addresses the requests of user groups (e.g., DOE, LBL, 
and utility companies). It also addresses an important barrier to greater energy efficiency in mul
tifamily buildings: the lack of information on energy savings and cost-effectiveness of lighting and 
appliance retrofits in multifamily buildings. Many retrofits in this area are easy to install, appear 
to be quite favorable (high benefit-cost ratios), and should lead to greater tenant and building 
owner/manager satisfaction. No other national effort is planned, and the project is essential for 
the completion and continued support of other ARD projects in this area. 

5.21 Low Cost Packages (preliminary score: 7; review score: 8) 

This R&D project examines the performance and applicability of low-cost retrofits (e.g., low-flow 
showerheads, furnace tune-up, lighting conversions, O&l\1 actions) to. multifamily sub-sectors. 
This project will also analyze resident involvement in energy cost control as part of low-cost stra
tegies. Results will include appropriate measures for various climate and building types. 

The primary audiences for the results of this project are building owners and tenants, consumers 
and public interest groups, government agencies, and utilities. The project addresses technical and 
information barriers to greater energy efficiency in multifamily buildings. Owners and tenants are 
unwilling to invest in low-cost measures without knowing reliability and expected savings. In 
addition, the project will develop appropriate low-cost measures for particular multifamily build
ing types. No national effort is otherwise planned, federal or private and the project has a very 
favorable cost-benefit ratio. 

5.22 Operations and Maintenance (preliminary score: 9; review score: 9) 

This R&D project looks at the long-term performance of retrofits to understand the effect of 
operation and maintenance procedures. Building managers will be surveyed to determine what 
O&M procedures are standard for different building and equipment types. A sub-set of these pro
cedures will be monitored to show how critical O&M is for retrofit performance. An important 
aspect of this project will be in identifying the most effective means for communicating the 
findings to the building managers and operators. 

5.23 Temperature Control Strategies (preliminary score: 10; review score: 9) 

A widespread problem in multifamily buildings is the poor control of the temperatures in the 
apartments. Because the central system does not provide uniform heating, or because the build
ing envelope is not uniform, or simply because the wind and sun do not affect the building in a 
symmetric manner, temperature control in multifamily buildings is often accomplished by opening 
and closing windows,.resulting in excessive space-heating bills. In addition, the operation of many 
heating plants is optimized solely for considerations such as maintenance and tenant satisfaction, 
often resulting in large inefficiencies from an energy perspective. The object of this project is to 
examine the performance of various temperature control strategies and retrofits. The strategies to 
be examined will include: the addition of outdoor reset and cut-out to buildings heated with hot 
water systems, different types of steam-cycle controllers for steam-heated buildings, one-time 
balancing of steam systems to provide uniform heating, and strategies for extending night setback 
to an optimum length, as well as setting daytime temperatures to meet occupant needs. The 
evaluations will focus on field performance measurements of energy savings, but will also include 
measurements and interviews with tenants to evaluate the thermal comfort (and therefore 
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acceptability) ofeach strategy. 

5.24 Load Management Techniques (preliminary score: 4; review score: 4} 

Retrofits that reduce electricity use will be increasingly important as more multifamily buildings 
are being converted to individually metered apartments, often with electric resistance space 
heaters. This R&D project will evaluate specific retrofits that can shift peak electricity demand 
in either electric space or water heating. Specific retrofits could include interlock systems that 
prevent major electric appliances from operating simultaneously, heat pump hot water heaters, 
heat recovery from air conditioners, and st<>rage water heaters. 

5.25 Retrofit Interactions and Strategies (preliminary score: 8; review score: 9} 

This R&D project consists of two parts, one that looks at the performance of groups of retrofit 
measures, and the other, related, task of determining which groups of retrofits are appropriate for 
different building types. The work would involve developing prototypical multifamily building 
types and modelling these generic types with 'different retrofit packages, using DOE-2 or some 
other simulation program. Field monitoring would be used to validate a subset of these simula
tions. 

5.26 Metering Strategies (preliminary score: 7; review score: 8} 

This R&D project examines the performance of different metering strategies (e.g., master-, sub-, 
and check-metering) by careful field experimentation, focusing on measured energy savings. 
Energy use before and after metering conversion will be monitored and analyzed (normalizing for 
weather, occupancy, energy behavior, etc.). In addition, reactions by tenants and building, 
owners/managers will be examined. Results will be used by government agencies and building 
owners/managers and others interested in converting their metering systems. 

The primary audiences for the results of this project are DOE, HUD, tenants, and building 
owners/managers. The secondary audiences for project results are utility companies, public 
interest groups, and researchers. This project is important for it addresses the requests of user 
groups (e.g., OR;...'L, LBL, PNL, California Energy Commission, New York State ERDA, and 
EPRI). It also addresses two important barriers· to greater energy efficiency in multifamily build
ings: uncertainty in expected energy savings and cost-effectiveness in selecting the appropriate 
metering conversion system, and possible negative reactions by tenants and/ or building 
owners/managers. No other national effort is planned, and there is very little information avail
able on the benefits and costs of meter conversion. · 

5.27 Low Cost Packages [included in #21] 

5.28 Public Housing Strategies (preliminary score: 10; review score: 9) 

This R&D project consists of examining the issues of retrofit performance as they apply to public 
housing, looking specifically at issues of building audit, retrofit selection, financing, installation · 
and quality control, and operation and maintenance. Initial parts of this project would be to 
evaluate the existing billing data on buildings pre- and post-retrofit, and to analyze the existing 
energy-use data from selected multifamily buildings in 115 public housing projects. This data 
would be used in the development of simplified energy analysis methods that would allow HUD 
and local housing authorities better tools for pr~dicting energy use and trends. 

Evaluation of innovative financing and service delivery mechanisms for energy retrofits would 
include case studies of innovative private sector financing, e.g., utility zero interest loans, and 
energy serviC'e company approaches using third-party financing and shared savings. These case 
studies would provide housing authority managers with information on alternate methods of fund
ing retrofits for their projects. Other case studies would be conducted to evaluate the effect of 
different energy management strategies. Such strategies as building temperature control, metering 
conversions, and tenant education, among others. would be evaluated in order to estimate the 
level of energy and cost savings that can be obtained through improvements in energy manage
ment. 
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5.29 Marketing Strategies (preliminary score: 4; review score: 4) 

This R&D project examines appropriate marketing strategies for the multifamily sector. The pro
ject will explore components of marketing strategy, market segmentation of this sector, 
product/service design (e.g., one-stop shopping, warranties, ongoing servicing of equipment), and 
market penetration. Case studies of successful marketing efforts, as well as studies of where such 
efforts have been unsuccessful will be analyzed and made available to organizations involved in 
marketing multifamily retrofits. 

The primary audiences for the results of this project are real estate and finance institutions, and 
government agencies. The secondary audiences for project results are utility companies, and 
trade associations. This project is important for it addresses the requests of user groups (e.g., 
ffi.EM, ACEC, CEC). It also addresses economic and information barriers to retrofit activity in 
multifamily buildings. 

5.30 Innovative Financing (preliminary score: 6; review score: 6) 

This R&D project examines innovative methods for financing retrofits in multifamily buildings 
with different ownership patterns (e.g., privately-owned, cooperatives, federally-assisted). Alterna
tive financing assistance programs will be analyzed and case studies of both successful and unsuc
cessful approaches will be documented. Methods of combining energy conservation with capital 
expenditures for rehabilitation and maintenance will be evaluated. The project will also explore 
ways to overcome economic barriers that prevent owners from implementing conservation meas
ures. 

The primary audiences for the results of this project are building owners. The secondary audi
ences for project results are utility companies and real estate and finance institutions, who need to 
be aware of the issues in cost savings from building retrofits. This project is important for it 
addresses the requests of user groups (e.g., mEM, AlA, NYSERDA, NCLC). It also addresses 
specific economic barriers to greater energy efficiency in multifamily buildings. These include the 
problems of lack of access to capital, inability to absorb risk of uncertain savings, and 'split incen-
tives' that hinder energy-efficient investments. · 

5.31 Acceptability of Retrofits (preliminary score: 9; review score: 9) 

This R&D project has two components. First, surveys of tenants and building owners/managers 
are conducted to learn about their attitudes towards potential retrofits (heating, cooling, hot 
water, etc.) in multifamily buildings, focusing on perceived barriers to the acceptance of retrofits. 
Second, surveys of tenants and building owners/managers are conducted after a retrofit in a. mul
tifamily building to learn about their attitudes and behavioral responses to retrofits. Results will 
be used, along with analysis of energy savings, for determining which retrofits have the best pros
pect of being installed in multifamily buildings. 

The primary audiences for the results of this project are building owners/managers. The secon
dary audiences for project results are utility companies, public interest groups, researchers, con
tractors, and manufacturers. This project is important for it addresses the requests of user groups 
(e.g., LBL, EPRI, utility companies, Office of Technology Assessment, and DOE). It also 
addresses an important barrier to greater energy efficiency in multifamily buildings: retrofit dissa
tisfaction (once installed, the retrofit may be changed by tenant and/or building manager/owner 
to reduce discomfort, etc.). No other national effort is planned, and the project is essential for the 
completion and continued support of other ARD projects. Energy conservation in the multifamily 
sector is critically ·dependent on the acceptability of retrofits by tenants and building 
managers/owners. 

5.32 Air Quality and Moisture (preliminary score: 7; review score: 8) 

This R&D project consists of analyzing the potential health hazards associated with retrofits in 
multifamily houses, specifically those retrofits that reduce air infiltration rates. This project is 
related to the development of air infiltration models for multifamily buildings as well as the moni
toring of shell retrofits in buildings. Past retrofit activity has shown that moisture and air quality 
problems can be significant particularly where air leakage is reduced by the installation of weath
erstripping or storm windows, and where tenants use their gas stove for space heating. In 
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addition to the modelling of potential hazards, specific buildings that are known to have 
developed moisture and air quality problems will be evaluated to determine how such problems 
can be corrected and avoided in future retrofits of other buildings. 

The primary audience for the results of this project are contractors and building owners who need 
to know the potential effects of retrofits on the health of the occupants and the building itself. 
The secondary audiences for project results are housing officials and utilities, as well as federal, 
state, and local health officials, who may be carrying out weatherization projects in multifamily 
buildings. This project is important for it addresses the results of user groups (e.g., non-profit 
energy service companies such as the Citizens Conservation Corp, the National Bureau of Stan
dards, state energy offices, and others. 

5.33 Data Bases (preliminary score: 9; review score: 9} 

This technology transfer project will compile, analyze, and periodically publish data bases on the 
measured energy performance and cost-effectiveness of energy-saving technologies installed· in 
existing multifamily buildings. This project will compare current practice with estimated technical 
potential, examine range of savings and costs in order to identify factors associated with successes 
and failures, and compare measured savings with predicted estimates. The project will maintain 
building and energy data collected as part of building retrofit research project and ensure that 
results are presented in a consistent, analytic framework. The data bases will be publicly accessi
ble and are an important mechanism for making results available to the user community. Con
nections to international data bases through the International Energy Agency's Annex XI activi
ties could also prove valuable. 

The primary audiences for the results Of this project are DOE and other government agencies, 
utilities, and building owners/managers. The secondary audiences for project results are archi
tects and engineers, consumer groups, researchers, and contractors. This project is important for 
it addresses the requests of user groups (e.g., GRI, CNT, HUD, and national laboratories). It also 
addresses an important barrier to greater energy efficiency in multifamily buildings: lack of reli
able information. A recent OTA study concluded that there is very little documented information 
on the results of actual retrofits on different types of buildings. The OTA report stresses that 
improved data on results of individual retrofits, retrofit packages, and actual savings compared to 
predicted estimates could help alleviate building owner's concerns regarding retrofit expense and 
outcome. No other national effort is planned, and the project will help transfer results from 
retrofit performance monitoring. 

5.34 Workshops (preliminary score: 9; review score: 8) 

This technology transfer project addresses the lack of a multifamily network to disseminate infor
mation on energy use and conservation to building owners, managers, tenants, practitioners, 
researchers, etc. Specialized, focused workshops are one of the most effective means of informa
tion transfer. This project would allow for planning, organizing, and carrying out of workshops 
on a national level. 

The primary audience for the results of this project include all parties involved in multifamily 
retrofits. 

5.35 Case Studies (preliminary score: 9; review score: 9) 

This technology transfer project will conduct and report on case studies of retrofit performance in 
multifamily I?uildings. Initial case studies will help primarily in focusing retrofit research issues; 
final studies will transfer and demonstrate important technologies. The project will focus on 
either new technologies for existing buildings, problems in retrofitting specific sub-sectors (e.g., old 
buildings, buildings with clad walls, steam- heated buildings, 'problem' housing), or explore 
important issues (e.g., combining rehabilitation with retrofit activity). Case studies will include 
site visits, building energy diagnostics, occupant surveys, and monitoring, where appropriate. Case 
studies will yield a more thorough understanding of cause-and-effect relationships that influence 
building energy performance. 
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The primary audiences for the results of this project are architects and engineers, government 
agencies, utilities, and building owners/managers. This project is important for it addresses the 
requests of user groups (e.g., AlA). It also helps overcome important barriers to greater energy 
efficiency in multifamily buildings by demonstrating results from retrofits to private sector. Case 
studies are very important to user groups; they guarantee that results are transferred to user com
munity and allow special issues and problems to be examined in sufficient depth. 

5.36 Advanced Window Materials (preliminary score: 5; review score: 8) 

This advanced technology project will explore the potential for developing new window materials 
that have much higher R-values than existing technologies, and determine how such windows can 
be used to replace the poor quality windows presently installed in most multifamily buildings. 
Because windows play such an important part of the energy inefficiency in multifamily buildings 
(representing a large fraction of the shell losses), improvements in this area could have significant 
energy savings. 

The primary audience for the results of this project would be manufacturing companies. The 
secondary audiences for project results are contractors and energy service companies. 

5.37 Solar cooling/heating (preliminary score: 5; review score: 6) 

This advanced technology project will examine the potential for cost-effective solar retrofits in 
multifamily buildings, looking at the feasibility of such strategies as using south-facing masonry 
walls as trombe walls, south-facing porches as sunspaces, etc. 

The primary audience for the results of this project are contractors, architects, and energy service 
companies. The secondary audiences for project .results are building owners and managers. 

5.38 Thermal storage, hybrid systems (preliminary score: 5; review score: i) 

This advanced technology project will examine the potential for cost-effective thermal storage 
retrofits in multifamily buildings, looking at the feasibility of using solar photovoltaics, solar 
ponds, and ice ponds, for generating electricity and/or providing space heating and cooling. 

The primary audience for the results of this project are manufactures and contractors. The secon
dary audiences for project results are building owners and managers. 
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APPENDIX A 

Organizations and Individuals Contacted 

American Consulting Engineers Council (ACEC) 
Alex Willman ................................. 202/347-7474 

American Institute of Architects (AlA) 
M. Eichenberger .............................. 202/626-7300 

Argonne National Lab (ANL) 
K. Patel.. ................................... FTS/972-5267 

Association of Energy Engineers (AEE) 
Romay Rupnow ................................ .404/ 447-5083 

Building Owners and Managers Assoc (BO'MA) 
Alton Penz ................................... 202/289-7000 

California Energy Commission 
Karen Griffin ................................. 916/324-3338 

Center for Neighborhood Technology {CNT, Chicago) 
Michael Freedberg 
John Katrakis ................................ 312/ 454-0126 

Citizen's Conservation Corp (CCC Boston) 
Roland Rowse ................................. 717 /398-7227 

Ecotope 
Larry Palmiter ................................ 206/322-3753 

Energy Resource Center (St Paul) 
Thomas Griffen 
Joyce Kerwin ................................. 612/227-7947. 

Electric Power Research Institute (EPRI) 
Pradeep Gupta ............................... .415/855-2610 

Florida Solar Energy Center 
Subrato Chandra .............................. 305/783-0300 

Gas Research Institute {GRI, Chicago) 
Gerald Pine .................................. 312/399-8308 

Institute of Gas Technology 
Thomas Zawacki 
Robert Macris ................................ 312/890-6444 

Institute for Real Estate Management (IREM) 
Charles Achilles ............................. 312/661-1938 

Los Alamos National Laboratory (LASL) 
Don Neeper ................................... FTS/843-3832 

Minneapolis Energy Office 
Ed Groody 

'· 
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George Peterson 
Martha Hewett ................................ 612/348-4835 

Minnesota Dept. of Energy 
John Armstrong 
Greg Hubinger 
Mary Fagerson ................................ 612/296-I003 

Minnesota Finance Housing Agency 
Susan Haugan ................................. 612/296-9848 

National Bureau of Standards (NBS) 
Esher K weller 
Larry Galowin ................................. 301/921-3293 

National Consumer Law Center 
Steve Ferrey .................................. 617 /523-8010 

National Institute of Building Sciences (NffiS) 
Steve Biegel.. ............................... 202/347-5710 

New York State Energy Research Development (1\'l"SERDA) 
David Wolcott ................. ; .............. 518/465-6257 

Oak Ridge National Laboratory 
Eric Hirst ................................... FTS/624-6304 

Office of Technology Assessment : 
Dick .Rowberg ............... ~ ................. 202/226-2144 

Pacific Northwest Laboratories 
Ray Reilly .................................... 509/3764359 

Pennsylvania Governor's Energy Council 
Dan Desmond 
Jim Gallagher ................................ 717 /783-9976 

Princeton University 
Meg Fels 
David Harrje 
Gautam Dutt .................................. 609/452-4684 

Queens College CB::\S 
Len Rodberg ................................. . 

Seattle City Light 
Ed Holt ...................................... 206/625-3628 

Society of Real Estate Appraisers 
Robert :-.torn .................................. 202/298-8497 

Stockton State College (NJ) 
Lynn Stiles ................................... 609 /652-1776 

83 



84 

Sun Power Consumer Association 
John Proctor ................................. 303 /973-8207 

Technical Development Corp. 
Steve Morgan ................................. 617 /523-7557 

University of Chicago 
John Porterfield ............................. 312/996-4490 

University of Pennsylvania Energy Center 
Bob Wirtshafter .............................. 215/898-7185 

US Dept. of Housing and Urban Development (HUD) 
Bob Groberg 
Bernie Mannheimer 
Mark Wynn .................................... 202/755-557 4 

\Visconsin Gas Company 
Brian Fay ................................... .414/291-7000 

Private Consultants: 

Chaim Gold .609/392-6748 
Charles Haun 717/398-7227 
Gary Nelson 612/92~6949 
David Robinson 612/646-1695. 
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APPENDIXB 
Responses of Individuals and Organizations Contacted 

(December 1984- January 1985) 
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In order to find out what retrofit activity was currently underway in the multifamily sector, and 
to assess research needs, researchers at LBL and Princeton University contacted individuals and 
organizations that were involved in a variety of aspects of multifamily retrofits. A list of the con
tacts is given in Appendix A. Their responses, listed below, are structured by the questions asked 
of each, and grouped by the type of organization, as indicated by the list below. 

Type of Organization Abbreviation Number of Contacts 

Architects & Engineers A&E 4 

Consumer & Public Interest CPI 7 

Government-Federal, State, & local GVT 9 

Real Estate & Finance RFI 1 

Research & Testing R&T 8 

Trade Associations TRD 4 

Utilities and their associations UTL 5 

Other (consultants, etc.) ETC 4 

TOTAL 42 
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II. What work or related work have you done on energy and multifamily buildings? 

(number in parentheses are frequency of responses) 

(16) Site Audits 
{15) Specific Retrofits to Equipment 
{13) Evaluation of Utility Billing Data 
(11) Specific Retrofits to Shell 
(11) Characterization of Physical Stock 
(9) Simulation Models -
(8) Detailed Monitoring 
(7) Characterization of Energy End Use 

(18) Other: 

A&E: 
- DOE-2 runs 
- rank retrofits, optimize conservation package 
CPI: 
- codes, financing, metering, policy, and tax credits 
- set up pilot shared savings programs 
- using CIRA program to predict savings 
ETC: 
- tenant education 
-control systems 
- general, less-detailed monitoring of retrofit performance 
~ research definition and program management 
GVT: 
- study on energy and cities 
- lighting measures 
- technical assistance to owners 
-third party loans, PVEA money for "rental problem;, 
- conferences on multifamily 
- retrofit programs 
- end-use metering 
- innovative financing-shared savings 
-field survey of public housing stock (ABT study for HUD) 
-multifamily solar bank program 
- third party financing, shared savings 
- requirements for standards for mechanical retrofits 
RFI: 
- input to monitoring project 
R&T 
- passive solar retrofits in multifamily buildings 
- modular hybrid systems: active collection, passive storage 
- cogeneration opportunities 
- cooling models 
- programmatic issues 

research needs study for HUD 
-working with neighborhood groups 
TRD: 
- developed educational materials for appraisers 
- published national guidelines, building codes and rehab 

,_ 

,. .. 



.... 

' . 

ill. What work are you currently doing or plan to do in this area? 

(number in parenthesis is frequency of response) 

(13) Site Audits 
(12) Evaluation of Utility Billing Data 
(12) Specific Retrofits to Equipment 
(10) Specific Retrofits to Shell 
(8) Simulation Models 
(8) Characterization of Physical Stock 
(8) Detailed Monitoring 
(6) Characterization of Energy End Use 

(11) Other: 

A&E: 
- spread sheet for savings by component 
- monitoring of 100 units 
- characterization of time of day energy end uses 
CPI: 
- utility financing of multifamily retrofits 
- submetered data collection 
- occup-ant surveys 
-rentals vs co-ops 
ETC: 
- conference for multifamily practitioners 
- control systems 
GVT: 
- update multifamily audits for CACS 
- establish retrofit corp. for multifamily 
- looking at what is cost-effective 
- analyze decision making process on energy saving investments 
-tenant metering study, vent damper study 
TRD: 
- energy rating systems 
UTL: 
- pre, post-retrofit study 
- special financial programs 
- define representative building types, calculate hourly loads, 

technology assessment 
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IV. What data, information, reports, etc. do you have that we can either get copies of or refer
ences to? 

- Seattle City Light reports 
- OTA report 
- audit package (MEO) 
-rental property standards (l\1EO) 
-reports on rental program (CEC) 
- fiv~year R&D plan (NYSERDA) 
- ffiEM reports: 

!)energy cost control guide for multifamily properties ($22) 
2)alternatives to master-metering when you can't retrofit ($12} 
3)no cost/low cost for multifamily housing ($8) 
4)reprints from journal of property management ($8) 

- HUD report on rehabilitation research needs 
- programmatic evaluation, progress reports (ERC) 
- field task proposal (LANL) 
- project description of monitoring new multifamily building (FSEC) 
-research agenda from ACEEE conference (ORNL) 
-Philadelphia Housing Authority reports (Gold) 
- characterization of multifamily sector (GRI) 
- technical reports, research plans (l\1EO) 
- project descriptions (CNT) 
- reports on energy conservation in multifamily 

buildings (CBNS) 
- many small reports (CCC) 
- NBSIR 84-2939: Criteria for mech system options in 

multifamily buildings (NBS) 
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V. What do you perceive are the most critical research needs in promoting energy efficiency in 
multifamily buildings? 

(number in parenthesis is frequency of response) 

(15) What works in actual implementation 
(14) Specification of savings projections 
(10) Tenant behavior/Check metering 
(10) Measuring results 
(8) Energy-use patterns 
(7) Distinguishing between savings due to maintenance and savings 

due to hardware installation 
(6) Developing predictive methods to model 

energy use in multifamily buildings 
(6) Central vs. individual plants 
(5) Building idiosyncrasy 
(5) Domestic hot water 
(5) Balancing 
(4) Evaluation 
( 4) Outdoor resets/Steel fired boilers 
( 4) Indoor air quality /Moisture 
( 4) Designing property manager-compatible retrofits 
(3) Upgrading vs. repairing heating plants 
(3) Vent dampers 
(2) Adapting data analysis tools to personal computers 
(1) Air to air heat exchangers 
(1) Earth-coupled heat pumps 

(20) Other: 

A&E: 
- evaluation of computer models, extent to which static models 

(LBL, Princeton) are good predictors 
-infiltration ventilation rates, what is known?. 
- Princeton model based on gas; need data and models 

for electric buildings 
- need to talk to builders and investment criteria people 
- need description of stock 
- design tools to estimate costs 
- performance data 
- case studies 
- what is actually being done 
- what kinds of investment criteria 
- satisfying developers/ short-term investors vs long-term strategies 
- how to best. integrate new technologies with existing buildings 
- where are information sources 
- long term O&M implications 
- low vs high-rise buildings 
CPI: 
- important needs on the side of landlord-tenant relationship 
- financing market, landlord decision-making 
- regulatory elements 
- heating system retrofits 
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- problems in retrofitting fiat attics 
- overcoming tenant landlord barriers 
- improved temperature controls 
- infiltration research: air flows, retrofits, better models 
- proper ventilation of attics in cold climates, cost of passive vents 
- energy managements systems; demand charges; check metering, need 

tools to shed peak demand 
ETC: 
- marketing, financing 
- energy audits, reliability of predictions 
-tenant education/owner education 
- public housing 
- oil overcharge funds 
-fuel switching from electric heat to gas/oil fired systems 
- #1 need: funds to document what's already been done 
- optimal piping design for heat production vs distribution 
- front-end boilers for spring/fall and DHW 
-lead (Pb) in DHW supplies {from solder joints) 
- temperature controls in buildings (thermostat vs reset) 
-commissioning of retrofits-how do they get implemented 

by contractors; quality control 
GVT: 
- reduce technical uncertainties; reason for under-investment 
- cost savings potential 
- prove payback on retrofit investment 
- what retrofits appropriate 
- accuracy of predictions 
- effect of master vs individual metering on future retrofits 
- what is effective feedback for tenant participation? re~ates? 
- what are most cost effective measures 
- financing-high priority 
- informational and educational aspects 
- cooperation of housing authorities with innovative financing 
- analysis of utility bills and implementing well-proven measures 

more useful than detailed monitoring 
- public housing 
- control strategies in steam buildings 
- legal restrictions on derating gas boilers, stack heat recovery 
-innovations in supplementary heating systems 
- incentives to tenants 
RFI: 
- no cost/low cost retrofits 
- needs for incentives 
- enabling legislation from Federal government 
- building temperature restrictions 
- how to implement major capital improvements 
-how to get retrofits installed: heating, ajc, passive solar 
R&T: 
- better glazing in windows 
- analysis of performance of hybrid systems 
- performance and cost-effectiveness documentation 
- test procedures for rating ceiling fans 
-owners/managers/tenants 
TRD: 
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- demonstrate to owners that property values increase after retrofit 
and that measures are cost effective 

~ dollar return on dollar invested must be shown 
- hardware measures 
UTL: 
- develop technology efficient for end use. 
- relate end use to economics of utility and user. 
- correct approach to help customer understand retrofits and 

energy use. 
- how to estimate savings in multifamily buildings 
- simulation model for multifamily housing , 
- costs of measures per square foot 
-data base on multifamily buildings 
- how to get tenants involved 
- occupant behavior and awareness 
- how to insulate around old wiring-knob and tube type 
- what is decision making process for choice of appliance and 

energy systems 
- characterize nature of appliances in multifamily sector 
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VI. What other research areas do you think are interesting but less critical? 

A&E: 
- economic motives for occupants/landlords 
- vacancy /turnover rate; makes aggregate data inaccurate 
- infiltration 
- DOE-2 predictions for components 
- meaning of model coefficients for electric buildings 
CPI: 
- innovative financing 
- targetting multifamily sectors most conducive to retrofitting 
- appropriate government involvement in brokering energy conservation 

investments 
- oil-heated buildings: harder to reach and more difficult to monitor 
- amenity issue: designing retrofits that have spin off benefits 

for management co., building owners, tenants. People are too myopic 
about energy savings 

GVT: 
- lack of information being disseminated; need to exchange experts 
- understanding balance of heat and energy use in buildings 
- finding and retrofitting small multifamily buildings (2-4 units); 

getting them interested 
- general research into techniques to save energy : 
- cost effectiveness of sub-metering 
- types of energy management systems 
- data collection, feedback to tenants 
- small multifamily-5-8 units, mixed commercial and residential 
- masonry walls 
-heat pipes 
R&T: 
- non-south insolation values for different climates 
TRD: 
- air-to-air heat exchangers, heat pumps 
UTL: 
- how do we make appliance market adopt new technologies? 
- how to convince landlords of large-scale properties to insulate 

when tenants pay the bill 
- how to increase public awareness 
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VII. How do you see this information most usefully disseminated? (workshops, technical reports, 
data bases, home videos, etc.?) 

(16) Workshops 
(12) Technical Reports 
(10) Trade Publications 
(7) Data Bases 
( 2) Direct Mail 

(13) Other: 

A&E: 
-need to find where A&E firms get their information 
- through existing organizations: BOMA 
- private economic incentives; building owners not interested, have 

other problems besides retrofits 
CPI: 
- policy papers 
- on~t<>one communication 

_ - accurate mailing lists 
- fac~to-face contacts 
- technical reports on methods for calculating savings 
ETC: 
- HU'D should disseminate information on federally.;.assisted housing 
-private landlords don't read Trade Journals on energy use 
- association of rent control boards 
GVT: 
- on-site information exchange 
-neighborhood groups 
-auditors 
- workshops and technical reports coupled together 
- credible groups needed; organizations with objective reputation 
- associations of apartment owners 
- focused research meeting 
- demonstrations, person-to-person communication 
- motivate owners (board of directors for co-ops) at local level 
- Ht.TD workbook has been difficult for some housing authorities 
- need hands on practical approach 
- person-to-person with technically competent personnel 
RFI: 
- Journal of Property Management 
- newsletters to managers 
R&T: 
- utility bill stuffers 
TRD: 
- through lending institutions and secondary market owners, bankers 
- TV for mass audience 
UTL:· 
- needs to be found 
- direct one-to-one contact 
-newspaper 
- BO:\-fA asSociations 



'\Til. Would you be willing to participate further in the planning process? (another phone inter
,;ew, fill out a written questionnaire, review draft of planning document, fund research, etc.) 
yes: 38 
no: 1 
no answer: 3 

DC. Can you suggest names of other individuals or organizations whom you think should be con
tacted? 

* Monty Aaker (MFHA) 
Ann Anderson (engineer) 
Charles Ashmore, (HUD) 
Doug Bauer, Tom Morron, (EEl) 
Harvey Bernstein, (A,pplied Management Services) 
pon Boyson, (Columbia S&L) 
Debbie Bleviss (F AS) 

· Ron Ciotti (Pittsburgh} 
Don Clark (engineer) 
Jeff Cook (engineer} 
pave Conover (NCSON) 
* Gautam Dutt (and other Princeton people} 
.~fark Friedrichs (DOE} 
Karen Griffin ( CEC) 

pick Grot (I\TBS) 
.~fartha Hewett (:MEO) 
.Ezic Hirst (ORNL) 
John Katrakis ( CNT) 

Haunani Kekuna (Penn. Power and Light) 
~hris Kopp (l'vfECC) 
Steve Morgan (TDC) 

David Moulton (Energy and Power Subcommittee Staff) 
!,(en Murphy {Energy and Environ. Study Inst., Wash. DC) 
Gary Nelson {researcher) 
~eorge Parsons (Jersey City Housing Auth.) 
.George Peterson (~fEO) 
John Porterfield 

~fary Proctor (OTA} 
Dave Robinson (researcher) 

~fitch Rosenberg (TDC) 
Wally Rouse (CCC) 
~fark Schuldt (United Industries, Bellevue, WA) 
Hannah Shapira (ORNL) 
Wayne Sherwood (CLAPHA) 
Linda Shuck (PGE) 
Steve Sim (Florida Power and Light) 
Tom Smith (Univ. of Wisconsin) 
Barbara Tillman (Grenadier Realty Corp) 
lan Wall ace (engineer) 
Bill Wisner (HUD) 

Jim Wolfe (ASE) 

• 
contacted 

•'; 
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