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The research and studies forming the basis for this report were conduc
ted pursuant to a contract with the Department of Housing and Urban De
velopment (HOD). The statements and conclusions contained herein are 
those of the contractor and do not necessarily reflect the views of the 
U. S. Government in general or BUD in particular. Neither the united 
States nor BUD makes any warranty, expressed or implied, or assumes re
sponsibility for the accuracy of completeness of the information herein. 
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Introduction
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Due in large part to the rapid escalation of energy
costs during the past several years, more than 2700
Public Housing Authorities thoughout the country are
confronted with the problem of an ever-widening gap
between income and operating expenses.

The largest factor contributing to the overall operating
cost of PHAs has been energy. Energy costs now average
over $670 per dwelling unit per year, varying sub
stantially between individual projects. In 1980 the
cost of energy for the total pUblic housing stock will
exceed $740 million.

Based on historic price trends it can be estimated that
energy costs in public housing have risen some 400
percent since 1970 -- from $185 million spent for en
ergy in 1970 to $740 million estimated to be spent in
1980. Most of this increase has ocurred during the
last few years and fuel costs are expected to increase
over general inflation for many years to come.

The projects vary from single-family wood frame homes
to steel and concrete high-rise structures. Since the
inception of Public Housing in 1937, almost $20 billion
have been spent on the development of these projects •
The design of most buildings, which were constructed
during the late 1940's through the 1960's, however,
reflects the low energy costs of that time.

In recent years, attention has focused increasingly on
the nation's energy problems and efforts to reduce
energy consumption and costs. Given the magnitude of
these costs many actions that could reduce energy con
sumption by only a small percentage would yield sig
nificant energy cost savings. In addition, any energy
savings would reduce dependence on foreign sources of
fuel and reduce the demand for new power generation
plants. Unfortunately, there are few incentives for
PHA tenants to conserve energy1 significant energy
savings can, therefore, be accomplished only with
energy conservation retrofit at substantial cost,
effort and time.

This part of the study -An Evaluation of the Physical
Condition of Public Housing Stock-, has been prepared
to assess the existing energy consumption and energy
conservation potential in the United States Public
Housing Stock. It presents recommended levels of
energy saving investment costs based on a cost/benefit
analysis.
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1.1.0
Introduction

1.1.1
Analysis Methodology

Volume 4 Energy

The cost of energy in the public housing stock for 1980
is expected to exceed $740 million. This averages over
$670 per dwelling unit. This average varies widely,
more than five to one in some cases, between building
types, climates and user characteristics. It is within
this context that energy conservation retrofit is being
recommended at an investment level of over $2 billion
to save about half of this existing usage. On a per
dwelling unit basis, this investment typically averages
between $500 and $2500, depending on type and loca
tion. Expected return on this investment will be over
15' with a combined payback of about 6 years for all
actions having a payback within 15 years.

An undertaking of this magnitude will require
substantial effort and time, and will be subject to
many additional concerns aside from economic ones.

This section is organized into major topics summarizing
methodology and the major conclusions of this study.

The analysis of the total public housing stock for
existing energy use and potential energy savings was
completed in two phases. Phase I was the survey process
and Phase II the analysis process. The following over
view of these two phases is diagrammed in Illustration
2.1.

During the survey phase three major tasks were completed
before the actual survey could begin. The first was to
research energy use factors and criteria applicable to
public housing. Next, a classification system for
projects was developed to create a manageable number of
housing prototypes for detailed analysis. Finally, the
survey instruments were developed to record utility
data and significant features of a project in order to
calculate energy use. When the survey instruments were
completed and tested, 350 randomly selected projects
were surveyed.

From project data gathered in the field, building types
were analyzed for distribution of dwelling units and
physical characteristics. Ninety-five projects were
selected to represent the public housing stock based on
dwelling unit distribution and representative physical
characteristics. The data on these projects were
entered in the computer for detailed energy analysis.

A set of algorithms were developed to determine exist
ing energy use. Following this, potential energy con
servation opportunities (ECOs) were analyzed and
refined. Energy savings, cost and discounted payback
were estimated for each ECO for all ninety-five
projects producing over 5000 results.

1



1.1.2
Public Housing
Classification

Volume 4 Energy

Based on the results of this analysis, ECOs were ranked
according to greatest benefit-to-cost ratios and
grouped into the following four categories:

1. Operation and maintenance ECOs (No cost BeOs)
2. Less than five-year payback ECOs
3. Less than ten-year payback ECOs
4. Less than fifteen-year payback ECOs.

Since some ECOs are mutually exclusive and others are
interdependent, each payback category was reanalyzed as
a group to shaw diminishing returns of combined BeOs.

These results were then extrapolated to the total
Public Housing stock for each building type and the
United States as a whole.

A more detailed discussion of the approach can be found
in Chapter 2.

In addition to this energy conservation analysis, a
separate but coordinated solar analysis to assess
potential solar retrofit in public housing was also
completed and is presented in Chapter 5.

A method to organize the projects by significant cate
categories of building type and climate was needed for
the following reasons:

1. To shaw the significant energy uses and savings
profiles of the Public Housing Stock

2. To develop a manageable number of theoretical
housing prototypes for detailed analysis of energy
conservation retrofit savings

3. To eliminate and include groups of ECOs for
consideration

4. To extrapolate detailed survey data and analytical
results to the total housing stock.

Based upon available data for the majority of housing
projects, the following four classifications were
developed:

Building Configuration (high-rise or low-rise) (H,L)
Beating System Configuration (space or central)
(S,C)
Beating Energy Source (oil, gas or electric) (O,G,E)
Climate Zone (5 degree day zones) (1,2,3,4,5)

2



When building configuration, heating configuration and
heating fuel are combined in all possible ways, twelve
"building types" are created, each possibly occurring
in all climate zones. This combination of twelve
building types and five climate zones creates a matrix
of sixty cells as illustrated below:

Climatic Zone
,-, .

Building TyPe 1 2 3 4 5
LSO e
LSG e e e e e

:", ,

LSE e e e

LCO e e
LCG e e e
LCE

HSO
HSG
HSE e e

'.' .
HCO e e
HCG e e e
HCE

Total Cells 12 12 12 12 12

.. '." . Building type legend:
L :II Low Rise
H = High Rise
S = Space Heating
C = C.entral Heating
o = Oil Fuel
G = Gas Fuel

E :II Electric

Climate zone legend:
1 ,. 0-2000 heating degree days
2=2000-4000 heating degree days
3=4000-6000 heating degree days
4=6000-8000 heating degree days
5=8000+ heating degree days
e accounts for over 5% of

public housing

Volume 4 Energy

A random sample of approximately 30% of the total
public housing stock provided information on number of
projects, number of dwelling units and building types
for each state. This sample was then extrapolated to
the total for each state for each building type. In
this way estimates of the total number of dwelling
units in each cell was made.

Only cells with a significant number of dwelling units
were chosen (those with more than .5 percent of the
total). These resulting in 22 cells representing the
total public housing stock, indicated by 9 above.

3



1.1.3
Existing Energy Use
in Public Housing

Existing energy use was calculated using standard algor
ithms such as those described in the American Society of
Heating, Refrigeration and Air-Conditioning Engineers'
Handbooks and other engineering manuals. Simplifying
assumptions were made when data were not available for
detailed analysis. weather data were based on average
years and projects were matched to the nearest city
with available weather data. This process is detailed
in the following section, (section 1.2).

The following are the major findings of this analysis:

Public housing uses an estimated 146 million BTUs
of energy per dwelling unit or 162 trillion BTUs
per year for the public housing stock as a whole.
This is equivalent to 28,100,000 barrels of oil.
In 1980 costs this translates into $673 per
dwelling unit or $749 million for the entire
stock. This amount is expected to increase
substantially during the next several years.

The range in usage between high energy-use projects
(ones in severe climates and with high-usage build
ing and system characteristics) and low energy-
use projects is over five to one.

The major categories of energy use as a percent of
total energy dollars are as follows:

End Use Range Average

,- Heating 27-80' 52%
->- Domestic Hot Water 8-38' 18%

Lights and Appliances 8-42% 26'
Miscellaneous 2-10% 4'

Energy usage in public housing is higher on a per
dwelling unit basis than private sector housing.
This can be accounted for in part by the older
housing stock: the lack of energy conservation
measures to date: and the fact that project office
space, site lighting and other pUblic space energy
use has been prorated to the dwelling unit averages.

1.1.4
Energy Conservation
Opportunity
Analysis

Volume 4 Energy

After yearly energy consumption was calculated for each
project and prototype, 58 Energy Conservation Opport
unities (!COs) were analyzed individually for each
project.

4
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The ECOs selected for analysis were divided into the
following two categories:

1. ECOs that are maintenance or no-capital-cost items
(11 EX:Os)

2. EX:Os that require an initial capital cost invest
meni7 (47 PX:Os).

These classifications are referred to as -no cost- and
-cost- PX:Os, a listing of these ECOs can be found in
Chapter 2 of this volume.

Energy savings analyses were performed in two steps to
reflect the -no cost- and -cost- distinction between
ECOs. To enhance the accuracy of the ECO savings
predictions, all of the no cost ECCs were analyzed as a
group. The resulting energy usage with the no cost
EX:Os UDp1emented was used as the base for calculating
the savings of all cost ECCs. It was therefore assumed
that all operational and maintenance ECOs would be
implemented before capital investments were made.

The following is a summary of the major findings of
this analysis:

Because of the relatively high energy usage by
public housing, there is significant potential for
savings. These potential savings are summarized
below:

Energy Conservation Category Potential Cost Savings

Operation and Maintenance 11'
Windows and Door Improvements 13'
Wall/Ceiling!Roof Insulation 6'
Mechanical Equipment Improvements 13'
Electr ical 2'
Other 4'

National Average 48'

Note: The above averages were based on an analysis of
58 Energy Conservtion Opportunities in a randomly
selected representative sample of public housing
projects.

5
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1.1.5
Recommended Levels
of Investment

Volume 4 Energy

A more detailed result of the ECO analysis can be
found in section 1.3 of this volume.

An Economic Analysis of all ECO savings and costs
was performed using a discounted payback method.
All ECOs with a discounted payback of less than
fifteen years were considered.

This level of savings can be accomplished with an
investment in material and labor of typically
between $500 and $2500 depending on building type,
systems types and location. Expected return on
this investment will be over 15' with a combined
payback of about 6 years for all actions having a
payback within 15 years.

In addition to the recommended investment level for
energy conservation retrofit, selective solar
energy retrofit systems are cost effective and are
recommended for funding.

These systems are primarily for domestic hot water only
since active solar space heating retrofit systems were
found to be only marginally economical. It was found
that 5 percent of the public housing stock would have
solar domestic hot water systems that pay back in less
than 15 years, and 17 percent would pay back in 30
years. Energy cost savings to the total public housing
stock would be 1.4% and 4.2% respectively.

Details of the solar energy analysis can be found in
Chapter 5.

Based upon the ECOs analysis, graphs were produced to
illustrate diminishing return of investment. Such a
graph, shown in Illustration 1.5 (Section 1.3), plots
investment cost versus energy savings for the average
dwelling unit. A marginal cost/benefit analysis
suggests a level of investment at the tangent of the
curve equal to a fifteen-year payback. Further energy
savings are possible beyond this point but on a
cost/benefit basis any further reduction in energy
savings would require a capital investment yielding
greater than IS-year payback.

This fifteen-year marginal payback level yields an
average construction investment for a dwelling unit of
$1347 (1980 exclusive of fees, profit, or contingencies)
with a corresponding energy savings of $324 per dwelling
unit. Individual investment and savings for specific
building types or projects will vary widely according
to existing conditions.

6
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This investment would reduce the energy consumption for
the average dwelling unit by 78 million BTUs a year to
68 million BTUs per year.

The variation in investment level and savings between
building types can be seen in Illustration 1.1.

This illustration shows that between the eight major
building/system types energy savings will vary on
average between $117 to $696 with capital costs for
construction ranging from $550 to $2100. When fees,
profits and contingencies are included the investment
costs will increase. Individual projects will vary in
energy savings and investment costs even more then
these building/system type averages, especially in
extreme hot or cold climates and areas with high
utili ty costs.

This investment level per average dwelling unit will be
less than a corresponding private housing sector energy
retrofit because a public housing dwelling unit is
smaller in size and because of the corresponding lower
unit costs of ECO items due to the large number of
dwelling units being retrofitted at one time (quantity
discount).

As an example of the $1750 investment level for a low
rise, space heating, gas heating fuel dwelling unit
(LSG), which represents almost half of the entire u.s.
Public Housing Stock, the following items might be
installed.

Example of Energy Retrofit Needs of a Low Rise, Space
Heated, Gas Fueled, Dewelling Unit

Volume 4 Energy

1. Maintenance and operational items
2. Storm windows w/window weatherstripping
3. Storm door w/door weatherstripping
4. Attic insulation
5. Flow restrictors, shower and faucets
6. Setback thermostat
7. Fluorescent light conversions
8. Flue damper w/electric pilot
9. Timed light switching in public spaces

and site lighting (prorated to D.O.)

Total all items

$ 70*
$ 510
$ 112
$ 530
$ 30
$ 70
$ 72
$ 350

$ 5

$1749

7



Illustration 1.1

Summary of Energy and Dollar Savings for Recommended Energy Conservation
Investment Levels per Building Type

Bldg.
Type

,
Total Million BTU/Dwelling Unit/Yr.

Avg.
Yearly
Dollar

Savings
/OU

Avq.
Capital

Cost·
Iou

LSG 48.0

LSE 5.9

LCO 5.0

LCG 6.2

HSE 3.1

HCO 14.5

HCG 9.9

378 2100

315 1750

696 1210

432 1510

437 1210

239 965

149 550

117 600

29819758

53

__Iii~ii~i~i~ii~i~i~i~ii~ititit~tt~ii~i~
61 95 197

"_IHIt.i~~!i!i!~!~i~!i!~!t~!~!~!i!i!i;i;i;~;~!~~~;i;i;i:~!~;~;i:i;i:~
68 95 225

~lIIIIIIllllllili~~~~~~~~~
69 100 143

".lllllr::itt~~~it:i
57 87 139

"_lHft!i:~~~:i;i:i:i:i:~t:i:i:i:it:i:i:~:~:~:~:i:~:i:i:i:i:i:~~:~:t~t
73 100 250

1.4LSO

Average
All

Bldg.
Types

._IIIII.:ritIt:i:it:ritI:~:t~
68 92 192

324 1347

100 200 300 400
Legend: _ Reduced Site Energy

111111111 Reduced Source Energy

. ::-
~~~t~tt~~jt: Existing Source Energy

• Exclusive of Fees, Contractor Profit
and Contingencies

Existing energy consumption varies within building types by climate. In
general warmer climates use less energy and .colder climates use more. Energy
savings would be less in warmer climates and more in colder climates, both as
percent of total and in magnitude. Individual projects may exceed these
average.

Volume 4 Energy 8
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*The cost for operation and maintenance items is 
assessed to be equal to the first year savings to 
account for training and increased maintenance efforts. 

When the totals of all building systems are extrapolated 
to the total public housing stock these figures yield 
the following totals: 

Energy conservation opportunity 
installation - $1.50 billion 
Construction management fees @ 15% .23 billion 
AlE fees @ 5% .09 billion 
Contingency fees @ 20% .36 billion 

Total investment $2.18 billion 
Contract authority $199 million 

This total is exclusive of government overhead and 
includes a 20% contingency. Allocating.a time frame of 
five years would have to account for inflation. 

Total energy savings per year would be $324 million 
(1980 dollars) after retrofit. Since energy costs can 
be expected to rise above general inflation for the 
next decade these savings would increase yearly. 

A cost-effectiveness analysis of this program yields a 
combined payback period (for all ECOs with less than 15 
years) of between 6 and 7 years. A discount payback 
analysis would decreaSe payback to about 6 years, 
yielding a return of investment of over 15 percent. 
The discounted analysis takes into account the rising 
cost of energy above inflation and the opportunity cost 
of money (discount rate). 

Savings from this program would accrue annually 
yielding the following totals by the year 2000: 

Energy Savings = 1.5 quads 
Barrels of oil equivalent savings = 250 million 
Total energy cost savings • $8.6 billion 
Total implementation cost • $2.2 billion 
Net dollar savings • $6.4 billion 

(Dollar amounts are 1980 constant dollars.) Illustra
tion 1.2 shows these savings. 

This analysis assumes a three-year implementation 
program starting in 1981 and assumes a 4% replacement 
rate of existing housing. 

Volume 4 Energy 9 ,I
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1.1.6
Solar Energy

Volume 4 Energy

Illustration 1.2 shows how energy costs have risen in
public housing since 1970 and how it is expected to
increase (in 1980 dollars) for the next twenty years.
The lower line shows how energy costs can be expected
to decrease with an energy conservation program with an
implementation period of five years.

In addition to the recommended investment level for
energy conservation retrofit, selective solar energy
retrofit systems are also cost effective and are
recommended for funding.

These systems are primarily for domestic hot water
since active solar space heating retrofit systems were
found to be only marginally economical. It was found
that 5 percent of the public housing stock would have
solar domestic hot water systems that payback in less
than 15 years, and 17 percent would payback in 30 years.

Solar retrofit in public housing depends on unique
building specific characteristics which make any
attempt to generalize about solar potential subject to
numerous assumptions and simplifications. Ultimately,
solar energy feasibility reports must be made individ
ually, at the specific building site, possibly as part
of the comprehensive modernization program.

In any event, solar retrofit must be viewed as inte
grated with energy conservation efforts, since energy
conservation measures will initially be more cost
effective. Solar retrofit should be considered only
after energy conservation is addressed.

Although solar heating retrofit is generally not cost
effective, a number of applications were found to pay
back in less than 30 years. These are generally located
in favorable climates and where fuel prices are high.
In addition to these -active- (requiring mechanical
equipment) solar retrofits for heating, it is recommen
ded that -passive- (utilizing non-mechanical methods)
retrofit be analyzed as part of the comprehensive
energy program.

The following results were obtained by assuming energy
conservation opportunities were already installed and
are based on the best available data.

10



Illustration 1. 2

Twenty-Year Projection of Energy Costs for the Total Public Housing Stock

$1400 Historic Costs
(current dollars)

Projected Costs
(constant dollars)

- 1

"':":'f1!/

:'

".:' .

...

.'.:"

1200

1000

800

....
o
III
l::

.;l 600
.-4
.-4....
X

400

200

Imple
mentation
Period

1264

..,::

:~,,~~~:~~~~~tl
611 630

20001995199019801975 1985

YE.U

Legend: - Energy Conservation Program
--- No Energy Conservation PrQ9ram

Historic Energy Costs

1970

I«>TE: All numbers are based on calculated energy use and savings of a random
sample of pUblic housing projects extrapolated to the universe.
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These recommended investment levels with their
corresponding energy savings are presented for both a
minimum solar retrofit program (all systems with less
than 15 year payback), and a "maximum" program (all
systems with less than 30 year payback).

Summarv of Solar Energy Analysis for Public Housing

Energy Savings MMBTO
Cost Savings - $/yr
Capital Cost - $
Combined payback - yrs.

Less than
15 yr.
payback

642,124
9,884,326
121,125,000
12.1

Less than
30 year
payback

3,140,542
31,013,104
688,921,000
22.2

1.1.7
Limitations of
Energy Conservation
Analysis

Volume 4 Energy

In addition to the savings quantified above, it is
expected that "passive solar" retrofit could reduce
energy use still further cost effectively, but requires
more analysis for quantitative results.

The maximum limit of cost effective energy conservation
retrofit cannot be determined for a specific project
without a detailed survey of its unique physical,
climatic and user characteristics, in addition to its
specific fuel rate structure and local construction
costs. Actual public housing projects vary significant
ly in their need and application of energy conservation
retrofit. A broad overview of the public housing
stock's energy conservation potential, such as this
report, can only begin to suggest this need.

Because every project is unique, a limited sample of
projects, no matter how large, can only be used to
develop regional and national averages. There is no
possibility that these averages represent specific
buildings beyond the most general sense.

Other studies of residential energy conservation
retrofit programs indicate that although energy savings
of over half of the existing use are technically and
economically feasible, results are dependent on
accurate assessments and knowledgable actions for
specific buildings. This level of expertise and
quality is an unknown factor in the analysis.

12
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1.1.8
Additional Benefits

Volume 4 Energy

For these reasons the potential energy savings have
been discounted 10 percent to account for normal
contingencies in implementation. This number, however,
is still only a potential for energy conservation and
assumes that implementation will include an accurate
assessment of individual projects and a well-managed
implementation program with a good quality retrofit
construction.

Energy consumption cost savings are important, but are
not the only reasons to conserve energy. The following
benefits would accrue with energy conservation measures
both to individual projects and to the country as a
whole:

Energy conservation retrofit would increase
occupant comfort by reducing unwanted heat gain
through walls and windows and reducing drafts.

Reduces the need for oil imports and dependency on
foreign governments •

It can increase the reserve capacity of existing
power generating and distributing systems, decreas
ing pressures to build new ones.

Energy conservation conserves limited natural
resources •

It can extend the useful life of existing equipment
in public housing, reducing future replacement
costs.

Energy conservation reduces environmental pollution
by reducing fuel combustion by-products.

Energy conservation can enhance economic opportunity
by providing jobs for building improvements.

Energy conservation can help reduce inflation since
future fuel costs are expected to exceed the general
inflation rate.

Extensive solar retrofit will show government
commitment towards meeting the goal of 20\ solar
for the nation's energy needs by the year 2000.

13
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1.1.9
Additional Concerns

1.1.10
The Implementation
Program

Volume 4 Energy

In addition to dollar costs associated with a national
energy conservation program, there are other potential
costs that must be addressed.

Reducing air infiltration beyond a certain point
could create problems of moisture, odor and com
fort. This point is not precisely understood at
present and should be taken into consideration in
the implementation program.

Health effects of various insulation materials have
to be addressed.
The effects of moisture and humidity on the
durability of materials must be considered as well
as insuring proper ventilation of attic and
condensation control in walls.

Possible conflicts with fire and health codes must
be reviewed.

Highly visible energy conservation retrofits such
as storm windows, exterior wall insulation and
fixture replacements must consider appearance,
durability, and security issues~

Lifestyle changes such as nightime set back
thermostats, lower temperatures, or individual
metering must be introduced with sensitivity to
tenant needs and ability to cooperate with energy
conserving efforts.

Retrofitting the diverse characteristics of the pUblic
housing stock for energy conservation cannot be accom
plished through oversimplified emphasis on anyone
approach such as insulation or individual metering.
What this study has found is that every climate and
building type will have its unique mix and order of
energy conservation measures •

An effective retrofit program must emphasize individual
assessments of specific projects that will identify its
unique needs. For example, the most cost-effective of
all specific measures was found to be the "tune-up"
procedures involving operation and maintenance of the
equipment and building. These "tune-up" procedures
could involve over fifty specific items, each unique to
a specific project.

14
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For this reason it is recommended that a uniform 
analysis procedure be developed that would be based on 
a survey of the project to identify its specific 
needs. In addition to this it is reccommended that 
this effort be coordinated with a multi-year master 
plan for funding and integration with modernization 
efforts. This master plan should take into account the 
start up requirements of the learning curve that will 
be necessary by everyone involved. 

Such a comprehensive uniform plan is being developed by 
this contractor at the present time. 

The following items are suggested to speed up the 
learning cu~ve for energy conservation implementation: 

Create an Energy Task Force within BUD to run a 
five-year energy conservation program in pUblic 
housing. 
Assess the savings, costs and other concerns 
associated with prior energy conservation retrofits 
in public housing such as individual metering, and 
added insulation• 

Implement a pilot program immediately for the 
1980-81 winter in representative projects whose 
results will feed into the comprehensive 
modernization and energy program scheduled for 
completion in 1981. 

The pilot program should assess the following 
issues: 

Management procedures 
Energy audit methods 
Role of professional auditors vs. self-assessment 
by project staff 
Energy monitoring programs 
User/Tenant conflicts 
Administrative and personnel skill levels 
Savings and costs of select ECCs that are most 
promising 

Monitor the progress of energy conservation 
measures being installed in public housing under 
the rules dated May 7, 1980 and June 23, 1980, that 
set aside $5 million and $25 million for testing 
energy conservation measures. 

Volume 4 Energy 15 J 
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Set up a central clearing house of energy informa
tion relevant to public housing. This would include 
creating a monitoring program of energy consumption 
and conservation efforts in public housing with 
regular feedback to housing authorities. 

Test selected passive solar retrofits in representa
tive projects for cost-effectiveness and social 
implications. 

:: ..~ Install solar domestic hot water systems in

. :~.
 selected proj'ects as part of community job training 

programs to determine the extent to which existing 
job assistance programs can be used to reduce costs 
of installing solar systems while providing 
beneficial effects on community employment • 

.-,,~ . 
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1. 2.1
Existing Energy Use
in Public Housing

It was necessary to calculate the existing energy usage
rather than using actual fuel data for two reasons. The
first reason was that a large portion of the projects
surveyed could not provide actual energy consumption
data because of individual tenant billing. The second
reason was that yearly fuel consumption data, even if
available, did not provide a breakdown of energy
consumption by end use such as lighting, heating or
domestic water, which ~s desirable for energy savings
estimates. Calculating energy consumption had the
further benefit of providing a common method of compari
son between projects since the same calculations and
weather data source and use profiles were normalized to
eliminate abberations. Energy consumption calculations
however, were correlated with actual consumption data
where they were available.

Existing energy use was calculated using standard algor
ithms such as those described in the American SOciety
of Heating, Refrigeration and Air-Conditioning
Engineers' Handbooks and other engineering manuals.
simplifying assumptions were made when data were not
available for detailed analysis. Weather data were
based on average years and projects were matched to the
nearest city with available weather data.

It is estimated that the exist~ng yearly energy
consumption for all pUblic housing averages 146.1
million BTUs per dwelling unit. This figure includes
all office/public/community space energy use, allocated
to the dwelling units they serve in addition to the
energy used by the dwelling unit for heating, lights,
etc.

Illustration 1.3 shows the energy profile of the
average dwelling unit. The major categories of energy
use as percent of total energy dollars are as follows:

. '. ~

Heating • • • • • • • • •
DOmestic Hot Water••••••
Lights and Appliances •
Miscellaneous • • •

• 52'
IS'

• • 26'
n

\ .'

Volume 4 Energy

This average varies widely between climates and building
types.

Illustration 1.4 shows how this profile varies between
low rise and high rise buildings. Low rise buildings
use more energy with a greater percentage for heating.
Gas as a heating fuel is used for 75' of low rises and
only in 31' of high rise buildings.
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Average dwelling unit energy use is equal to 192
million BTUs of source energy, that is, the actual
total energy used to deliver the 146.1 million BTUs to
the dwelling unit. This number takes into account
conversion and transmission losses for electricity and
refining and transportation energy use for gas and
oil. The following mUltipliers based on DOE national
averages were used:

Gas. 1.11
Oil • 1.16
Electricity • 3.4

The distinction between the energy used at the building
(site energy) and total energy (source energy) is im
portant as can be seen in the example of an electri
cally heated building.

Two identical dwellng units located next to each other,
one electric and one gas, might use 100 million BTUs
(MMBTUs) and 120 million BTUs respect!vely. The
electric dwelling unit seems to use less energy. When
total energy is taken into account however, it requires
an average of 340 MMBTUs of fuel to deliver 100 MMBTUs
of electricity at the building, and only 132 MMBTUs of
fuel to deliver 120 MMBTUs of gas. It can be seen from
this example that an electric building uses far more
total energy than a gas or oil building when conversion
and distribution losses are taken into account. This
difference is reflected in the much higher cost of
electricity per unit of energy. This analysis is based
on national averages and would differ for electricity
from hydroqeneration.

Conversion to source energy, although based on national
averages, is used here as a common denominator to
compare energy consumption between different fuel types.

Based on collected utility rate data, energy use figures
were converted to dollars. Since utility rates collec
ted ranged from 1977 to 1979 data, all rates were
normalized to first half of 1979. The average energy
cost per dwelling unit for 1979 was $547. Assuming a
23 percent cost increase, this amount is estimated to
increase to $672 per dwelling unit for 1980.

Table 1.1 summarizes total existing energy use in
United States public housing stock.

Among other things, it can be seen from Table 1.1 that
electricity, although accounting for only 11' of the
energy use in a dwelling, accounts for 27 percent of
the energy cost. This is because electricity costs
much more per BTU than oil and gas.

18
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Illustration 1.3

Profile of Existing Energy Use in Public Housing by End Use and Fuel Type

By End Use By Fuel Type

+---T-- Electricity'+---~r---Other 1. 3\

Existing energy use by percent of site energy consumption ('BTU)
,.... Lighting &

Appliances

Average - 146.1 million BTU/D.U./Yr.
Total - 162.7 trillion BTU/Yr.

Total - 17.4 million barrels
of oil equivalent

Existing energy use by percent of energy costs (\$)

---+-----~---Electricity

,....------Cooling 2.11\

+---~:---Other ~. 1\

_+- +-_ Lighting &

Appliances

......
' .....

. : ~'._.... ' .

Average - $672/D.U. - 1980
Total - $749 million - 1980

Average cost of fuel - $4.56/million BTU

.~
..

. "-
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Illustration 1.4

Profile of Energy Use in Low Rise Versus High Rise Public Housing

Low Rise - 70\ Total O.U.s

Site Energy by end use
,.... Lighting &

Appliances

.r-il~::::::"__--- Cooling .7\
\It----~-Other .3\

Total - 164.4 million BTU/O.U./Yr.

Energy Cost by end use

'"'1~:::::::"'~--Cooling 2.6\
I+---~~-Other 1.4\

-+ +-_ Lighting'
Appliances

Total $621.38/D.U./Yr.

Site Energy use by Fuel Type

......;:Ilot--Electricity

Volume 4 Energy

High Rise - 30\ Total O.U.s

~ Lighting &

Appliances

.......~t=::::::..~--- Cooling .5\
Il+----"T--- Other 1.7\

Total - 100.9 million BTU/O.U./Yr.

-n:=::::....,....--- Cooling 1. 6\
4+----:~--Other 6\

To~al S383.000.U./Yr.

-~--Electricity
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Because individual tenant billing data for energy use 
were not available to the project team, the energy use 
and costs estimated here include both project and 
tenant paid energy use. 

It can also be seen that public· housing pays less for 
energy than private housing. This is due primarily to 
larger quantities purchased. 

It should be noted that the figures given above for an 
average dwelling unit do not reflect the great diversity 
that exists between different types of dwelling units 
and climates. The range in usage between the prototype 
dwelling units is over five to one, with individual 
~lling unit variations even greater. 

These differences can be seen in Tables 1.2 and 1.3 
where energy use and energy profile are illustrated by 
building type and climate zone. Table 1.2 illustrates 
the differences in energy consumption and energy cost 
between different building types and climate zones. 

Table 1.3 illustrates the difference in use of the 
energy by showing the percent of total energy dollars 
spent on heating, domestic hot water and electricity 
for lighting and appliances. 

':, 

.j
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Table 1.1

Annual Existing Energy Use and Energy Data

Annual Energy Use

Site Energy
~TU

Barrels of oil equivalent

Gas
Oil
Electricity

Source Energy
MMBTU
Barrels of oil equivalent

Gas
Oil
Electricity

1980 Energy Cost (Est.)
Gas
Oil
Electricity

Energy Data

Cost of Energy - Early 1979
Gas
Oil
Electricity

Cost of Energy - Early 1980
(based on DOE fuel price
escalation factors)

Gas
Oil
Electricity

Dwelling
Unit

146.1
25.2

62'
25'
11%

192
33.1

51.5'
21%

27.5'

$ 672
44.3%
25.9%
29.8%

Unit Cost

$. 285/therm
•46l/gal10n

.04/kilowatt hr.

$. 32/therm
$. 67/gallon
$.042/ki1owatt hr.

Total Housing Stock

162,721,650
28,100,000

1040 million therms
289.1 million gallons
5.3 billion kilowatts

214,000,000
36,896,390

115.4 trillion BTU
47.0 trillion BTU
61.5 trillion BTU

$749 million
$332 million
$194 million
$223 million

Cost Per Million BTU

$3.90/million BTU
$ 2.85/million BTU

3.30/million BTU
11.72/mil1ion BTU

$ 4.56/million BTU

$ 3.l5/mi1lion BTU
4.74/million BTU

l2.20/million BTU

---

Note: Includes both project and tenant paid energy use.
Site energy: Energy used at the project.
Source energy: Takes into account total energy including production

losses, distribution losses, and transportation costs.
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Table 1.2

Annual Energy Use and Cost Per Dwelling Unit

Climatic
Zone:

Bldg Type 1 2 3 4 5

LSO E 160.1
$ 635

LSG E 98.7 E 148.7 E 218.4 E 447.5 E 219.0
$347 $ 534 $ 706 $1221 $ 784

LSE E 92.0 E 174.5 E 122.3
$1221 . $1547 $ 791

LCO E 156.2 E 220.1
$ 451 $1107

LCG E 224.3 E 195.6 E 220.4
$ 684 $ 656 $ 585

LeE

RSO

RSG

RSE E 84.2 E 95.6
$ 302 $1219

RCO E 100.0 E 100.1
$ 389 $ 377

HCG E 97.3 E 95.4 E 103.5 E 109.9
$ 312 $ 397 $ 388 $ 330

HCE

E s Energy Consumption (MMBTO/yr.)
$ s Dollars spent on energy per average dwelling unit per year.
L • Low Rise 0 • Oil Heating
H • High Rise G • Gas Heating
S = Space Heating E • Electric Heating
C =Central Heating
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71.7
16.7
11.6

64.8
13.5
19.5

64.0
15.2
19.5

52.4
22.4
23.2

40.5 42.4
10.3 10.4
39.8 37.1

Table 1.3

End Use Categories as Percent (t) of Total Energy Cost

Climatic
Zone:

Bldg Type 1 2 3

" LSO 57.7
19.8
21.6

LSG 30.0 46.9 62.1
22.4 19.8 11.8
89.5 25.1 20.0

LSE 43.5 71.6 63.6
38.0 16.4 16.6
15.5 7.8 12.1

. , .

LCO 46.4
18.7
34.2

LCG 60.5 62.13
17.9 17.9
21.0 19.5

HSE 53.1
18.8
23.8

HCO 37.7
15.5
40.0

HCG 27.3 41.1
18.1 10.3
37.2 41.8

4

79.0
7.7

11.8

5

58.2
13.3
26.5

..' .

Top number • Heating , of Dollars
Middle number • DHW , of Dollars
Bottom number • Lighting and Appliances , of Dollars

Note:

Lighting and appliances percent is high because electrical costs are much
higher than fossil fuel per energy unit. As percent of total energy use
lighting and appliances are a much smaller percent.
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Table 1.4 presents existing energy use by building type 
and climate zone. For both dwelling unit and for the 
total public housing stock. 

Table 1.5 presents a detailed profile of calculated 
existing energy end use as a percent of total energy 
cost. 

Table 1.6 shows the average cost of fuel obtained from 
the survey of 95 projects • 

· ...• 
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Table 1.4

Existing Energy Use in 1979

AII!:JQGB PER llIfELLING UNIT: TOTAL FOR U.S. PUBLIC HOUSING STQCi(:

Total Total Total Total Total Total Total Total Total Total
MMIITU 1Ci1a- Site source COat MMIITU 1Ci1o- Site SOurce COat
(Oil " watta Energy Energy ($-'79) (Oil " watts Energy Energy ($-'79)

, Gu) (E1ee- (,",TIl) (MMIlTll) Gaa) (E1ec- (*BTU) (*BTU)

tricity) tricity)

LSO 3 148.3 3471 160.1 212.3 635 2248079 52616880 2426955 3218255 9625965

..
LSG 1 86.8 3502 98.7 137.0 347 9021384 363973300 10258187 14238821 36064751

.... 2 135.8 3791 148.7 194.7 534 20370271 568657500 22305297 29205389 80101068
3 207.0 3334 218.4 268.4 706 35274249 568136900 37216888 45737238 120307300
4 436.9 3121 447.5 521.2 1221 23256187 166130800 23820425 27743476 64993830
5 208.9 2945 219.0 266.1 784 1770845 24998673 1856463 2255729 6645968

Average 140.7 3525 152.7 197.1 529 68387235 1713326000 74219835 95800455 257120400

LSE 1 0 26970 92.0 312.9 1221 0 558305900 1904492 6477342 25275921..
2 0 51150 174.5 593.3 1547 0 844537600 2881169 9795976 25542517
3 0 35837 122.3 415.8 791 0 990570500 3380494 11493127 21864031

Average 0 34081 116.3 395.4 1113 0 2210255000 7542403 25642876 72181389

LCO 3 148.1 2382 156.2 199.4 451 5773678 92862270 6089457 7773609 17582235
4 211.5 2517 220.1 274.5 1107 3453372 41097576 3593792 4482036 18075096

Average 169.8 2428 178.1 225.1 676 9392147 134299900 9851245 12450956 37391588

LeG 2 214.9 2768 224.3 270.7 684 1436821 18506848 1499669 1809900 4573224
3 186.7 2604 195.6 237.4 656 8053864 112331300 8437792 10240961 28298528
4 211.2 2684 220.4 265.6 585 1400953 43220452 3549101 4276956 9420255

Average 197.5 2657 206.6 250.0 652 13020582 175168000 13620518 16481750 42984404

HSE 3 0 24682 84.2 286.3 302 0 585975300 1998992 6797048 7169782
4 0 28027 95.6 325.0 1219 0 215920100 907052 3083600 11565872

Average 0 25666 87.6 297.8 572 0 852855500 2910860 9895596 19006988

HCO 3 89.3 3141 100.0 140.0 389 10574280 371935200 11841300 16577820 46062657
4 91.3 2567 100.1 135.7 377 3866737 108717500 4239435 5747166 15966704

Average 89.8 2992 100.0 138.9 383 14436697 481008800 16076500 22330258 61572995

KeG 2 81.6 4607 97.3 144.0 312 1511966 85363103 1802871 2668176 5781048
3 82.8 3688 95.4 134.7 397 3517675 156680400 4052973 5722594 16866148
4 89.9 3976 103.5 146.0 388 2887408 127701100 3324213 4689228 12461784
5 98.7 3276 109.9 147.6 330 1129029 37474164 1257146 1688396 3774870

Average 89.1 3791 102.0 142.9 366 9317187 396424800 10666140 14943053 38272620

ALL BLDG TYPES
Aver_q_ 129.8 4781 146.1 191.8 547 144567200 5324929589 162721650 213620894 609231643

llOTES:
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Table 1.5

Existing Energy Use by End Use

""',

.',: PERCEIlT OF TOTAL EIIEllGY COST ($) BY END USE:
.....

Heating Cool- Venti-co..stic Interior Appli- Site Water Eleva- Total
Hot Lighting Me•• ing lation Light- Supply tors
Water ing

0- ....

LSO 57.70\ 19.75 8.09 13.46 0 0 1.00 0 0 100.00

LSG 1 29.95 22.43 13.54 26.02 5.04 0.03 3.00 0 0 100.00
2 46.93 19.79 7.43 17.72 7.15 0.01 0.97 a a 100.00
3 62.11 11.80 5.85 14.26 1.43 a 4.55 a a 100.00
4 79.04 7.71 3.73 8.05 0.52 a 0.96 0 a 100.00
5 58.15 13.31 9.71 17.80 0.30 a 0.73 0 0 100.00

--; Average 48.72 17.45 8.76 18.67 4.27 0.01 2.12 0 0 100.00

- -

LSE 1 43.47 37.98 4.82 10.70 2.39 a 0.64 0 0 100.00
2 71.55 16.41 2.14 5.66 1.35 0 2.91 0 0 100.00
3 63.58 16.57 3.54 8.52 7.18 0.08 0.53 0 0 100.00

Average 54.93 27.61 3.89 9.02 3.42 0.02 1.11 a 0 100.00

LCO 3 46.36 18.73 9.06 25.21 0.23 0.05 0.36 0 0 100.00
4 71. 72 16.68 2.93 8.57 0 0 0.10 0 a 100.00

Average 60.60 17.58 5.61 15.86 0.10 0.02 0.22 ~
, 100.00

LeG 2 60.50 17.85 6.44 14.61 0.14 0.11 0.35 a 0 100.00
3 62.13 17.92 4.90 14.39 0.15 0.01 0.40 0.10 a 100.00
4 64.83 13.51 4.81 14.72 0.52 0.36 0.91 0.28 0 100.00

Average 62.11 17.27 5.28 14.49 0.20 0.09 0.46 0.10 a 100.00

- .-
53.13 12.09 3.68 100.00HSE 3 18.84 11.71 0 0.04 0.06 0.46

4 63.97 -15.19 9.20 10.32 1.20 a 0.13 0 0 100.00

Average 59.93 16;55 10.26 10.84 0.75 0.01 0.10 0.17 1.37 100.00

HCO 3 37.65 15.50 11.84 28.51 0.27 0.69 1.00 3.24 1.30 100.00
4 52.38 22.41 5.88 17.54 0.05 a 0.41 a 1.34 100.00

'".'.'
,_0

Average 41.31 17.22 10.36 25.78 0.21 0.52 0.85 2.43 1.31 100.00

HCG 2 27.27 18.05 14.37 22.84 10.87 0.89 1.09 1.99 2.62 100.00
3 41.10 10.28 16.02 25.88 2.31 0.88 0.70 0.05 2.78 100.00
4 40.48 10.28 15.85 23.89 1.96 1.43 0.55 0.77 4.78 100.00
5 42.43 10.42 11.58 25.65 0 3.13 1.23 3.37 2.18 100.00

Average 39.72 11.14 14.75 24.81 2.56 1.60 0.81 1.28 3.32 100.00
.', .

ALL BLDG TYPES

···i:. Averaqe 52.15\ 17.60 8.12 17.74 2.11 0.26 1.13 0.37 0.52 100.00
,-.

llOTE5:
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Table 1.6

Existing Energy Cost - Average for 1979 by Building TYPe

EXISTIMG EKEICY COSTS:

Averaqe* Averaqe Averaqe Averaqe Averaqe
SquarerHt Gaa COat Oil Coat Electric Coat Coat ot Enerqy
per DweUinq Unit $/'l'heE1O. $/Gallon $/lCil""att Hour $/MIIIl'1'U

LSO 1,650 0.364 0.499 0.032 3.96

.' LSG 1 845 0.238 0.030 3.51

.. :' 2 802 0.233 0.042 3.59
3 804 0.259 0.047 3.23
4 1,082 0.257 0.045 2.72
5 910 n.278 0.068 3.57

Averag_ 832 0.268 0.047 3.46

LS! 1 912 0.045 13.27
2 803 0.029 8.86
3 557 0.019 6.46

Averag_ 762 0.033 9.57

LCO 3 528 0.417 0.353 0.054 2.88
4 0.284 0.688 0.042 5.02

Average 0.371 0.468 0.050 3.79

LeG 2 797 0.258 0.044 3.04
3 701 0.299 0.039 3.35
4 764 0.203 0.039 2.65

Average 734 0.274 0.040 3.15

HSE 3 795 0.012 3.58
4 736 0.044 12.75

Average 777 0.021 6.52

HCO 3 876 0.352 0.048 3.89
4 454 0.461 0.035 3.76

Average 767 0.380 0.045 3.83

KeG 2 810 0.185 0.033 3.20
3 693 0.276 0.047 4.16
4 789 0.245 0.042 3.74
5 635 0.187 0.041 3.00

Avera9_ 724 0.226 0.042 3.58

ALL BLDG TYPES
Averaqe 850 0.285 0.461 0.040 3.74

llO'l'!S : * Includea public/ottice apace prorated to the dwel1inq units.
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1.3.1
Energy
Conservation
Opportunities in
Public Housing

Volume 4 Energy

There are hundreds of ways to save energy in the resi
dential and non-residential buildings and spaces making
up the United State Public Housing stock. These range
from such widely applicable measures as installing storm
windows to very specific retrofits like installing
hydro-pneumatic pumping systems in high rise buildings
without roof tanks.

Fifty-eight Energy Conservation Opportunities (ECCs)
were found to represent significant energy savings
modifications that can be made to the existing Public
Housing stock. These fifty eight ECCs are not meant to
encompass every possible retrofit, but only those that
are expected to be widely applicable and save substan
tial energy. There is no doubt that there will be
additional ECCs that will save energy on a cost-effec
tive basis in a specific project. These additional
ECOs were not included in the study in the attempt to
analyze only the major !COs within the limitations of
the time and effort available •

It is not the intention of the study to limit funding
to only the ECOs mentioned. It is expected that all
energy-saving retrofits will be considered when indivi
dual projects are surveyed for energy conservation.

The fifty-eight ECOs are grouped into twelve major
categories:

Major ECO Group ECOs

Architectural AR 1; 2, 3, 4, 5, 6, 7, 8, 9, 10
Space Heating SH 1, 2, 3, 4, 5
Space Hot Water SW 1, 2, 3, 4
Space Lighting SL 1, 2, 3, 4, 5
Space Cooling SC 1, 2
Central Radiation CR 1, 2, 3, 4, 5
Central Air CA 1, 2, 3, 4, 5, 7, 9
Central Heating CH 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11
Central Heating

Distribution HD 1
Central Water Supply WS 1, 2, 3
Central Cooling CC 1, 2, 3
Exterior Lighting EL 1, 2, 3

The final list of fifty-eight ECCs underwent further
refining as a result of their use in the energy
analysis. It should be noted that AR 1 and AR 2, as
well as CA 3, 4 and 5 were analyzed in combination and
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will be listed as such in sUbsequent sections of this 
report. Combining these ECOs was necessary because of 
calculation techniques. 

A listing of ECOs is included in Table 1.7. A detailed 
description of each ECO can be found in Chapter 2 of 
this volume. 

Energy Conservation Opportunities (ECOs) were analyzed 
individually to determine savings and capital cost per 
dwelling unit. A discounted payback analysis was made 
of each to determine relative economic value. 

The significant energy-saving ECOs with low payback 
included many modifications to the structure such as 
installing weatherstripping, storm doors and windows 
and increased insulation. Other major ECOs included 
setback thermostats for night time temperature 
reductions and modifications to the central plant to 
increase efficiency of older equipment. Of major 
importance were the energy savings attributable to 
operation and maintenance items (NO Capital Cost). 

Table 1.8 is a summary of the major ECOs with less than 
15 year payback, listed in order of greatest potential 
dollar savings for the entire public housing stock. 
Note that these are only presented for comparison: 
individual projects were found to vary substantially. 

The savings presented here are for ECO analyzed 
individually and are not additive because many of these 
are mutually exclusive of others when installed in the 
same project. Others are affected by combinations with 
other ECOs. For example: weatherstripping savings are 
only applicable if storm windows and storm doors are 
not installed because both of these have weatherstrip
ping built into them therefore separate weatherstripping 
is not necessary. 

Since some ECOs are mutually exclusive of one another 
or are dependent on other ECOs, the total energy 
savings of combined ECOs would therefore result in less 
than the total for the ECOs independently. To take 
this into account, each payback group is reanalyzed to 
show diminished savings of combined ECOs. 

The resulting savings and costs of these three 
categories, in addition to the RNo CostR ECO savings 
are shown in Illustration 1.5 along with the curve of 
diminishing returns that it creates. Note that these 
results are for the national average, and building 
types as well as individual projects may vary widely 
from national averages. 
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Table 1. 7

Energy Conservation Opportunities (ECO)

Architectural Central Air Handling Systems

ARl
AR2
AR3
AR4
ARS
AR6
AR7
ARB
AR9
ARlO

Door Weather Stripping
Window Weather Stripping
Attic Insulation
Floor Insulation
Roof Insulation
Storm Windows
Insulating Glass
Storm Doors
Wall Insulation
Vestibules

CAl Reduce Outdoor Air Intake
CA2 Reduce Supply Air Quantities
CA3 Reduce Outdoor Air Damper Leakage
CA4 Automatic Start and stop
CAS Warm-Up Cycle
CA7 Zone Reset Control
CAB Heat Recovery

Central Heating Boiler

Central Heating Distribution

HOI Refurbish Steam Traps

' ...~", .

Space Heating

SHI Reduce Temperature
SH2 Nightime Set Back Thermostat
SH3 Automatic Flue Damper
SH4 Flue Heat Recovery
SHS Electric Automatic pilots

Space Domestic Hot Water

SWI Reduce Temperature
SW2 Flow Restrictors
SW3 New Domestic Hot Water Heater
SW4 Refurbish/Replace Fixture

CHI
CB2
CB3
CB4
CBS
CB6
cm
CBB
CH9
CBIO
CBll

Boiler Water Maintenance
Burner Adjustment
Boiler Control Adjustment
Automatic Cycling
Lead/Lag Control
Reduce Burner Size
Modulating Burner
Part Load Boiler
Automatic Breeching Damper
Flue Gas Heat Recovery
Fuel Conversion

Space Lighting Central Domestic water/Supply

Space Cooling

SLI Delamping
SL2 Reduce Lighting Level
SL3 Automatic Time Control
SL4 Incandescent to Fluorescent
SLS High Efficiency Ballast

Central Cooling~...

SCI

SC2

Clean Condensors and
Evaporators
Require High EER units

WSI
WS2
WS3

eel
CC2
ee3

Hydro-pneumatic System
Variable Speed Pumping
Separate Domestic Hot Water
Heater

Chiller Control Adjustment
Ambient Control
Timed Control

'.,: Central Radiation/Convector System

CRl Individual Room Control
CR2 Zone Control Retrofit
CR3 Radiation Pump Control
CR4 Hot Water Reset Control
CRS Radiation Part Load Pump

Volume 4 Energy

Exterior Lighting

ELI Timed Switching
EL2 Photocell Switching
EL3 Sodium Vapor Conversion
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It can be seen that at some point the cost of 
installing energy conservation opportunities is beyond 
an incremental fifteen year payback. This point is 

" '. 

shown in Illustration 1.5 as a dotted line. At this 
point investment costs would equal $1347 per dwelling 

...... ';	 unit and would save $324 per year. Individual projects 
and building types would, of course, vary substantially 
depending on their climate and specific Characteristics • 
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Table 1.8

Summary of Major Energy Conservation Opportunities (ECOS) Analyzed Individually·

Actual (2)
,~.. '

Percent

Rank ECO

Expected (1)

Applica
Bility To
Bldg TyPe

Applica
Bility
Found

Percent

Sav~ngs

Energy
Use

Savings
Energy
Cost

1.

2.
3.
4.
5.
6.
7.
8.
9.

10.
11.
12.
13.

14.
15.
16.
17.
18.
19.
20.
21.
22.

Notes:

Operation and
Maintenance ECOs
S.torm Wi ndews
Storm Doors
Weatherstripping
Setback Thermostat
Automatic Flue Damper
Wall Insulation
Upgrade Faucet Plumbing
Flow Restrictors-Shower
Replace D.H.W. Heater
Flue Heat Recovery
Radiator Room Control
Central Heating Flue Heat

Recovery
Roof Insulation
Separate DHW Heater
Conversion to Fluorescent
Electric Automatic Pilots
Vestibules
Floor Insulation
Modulating Burner
Sodium-Vapor Conversion
Automatic Lighting Level

100'
100

70
100
100

48
70

100
100

61
48
39

39
100

39
100

48
30
70
39

100
100

100'
67
52
47
95
45
46
98
98
25

3
13

36
33
23
95
45
18
17

7
71
40

14.4'
10.9
9.2
8.8

10.8
8.5
5.6
4.3
3.4
2.6
2.6
1.4

1.8
1.2

.6

.5

.8

.7

.7

.6

.3

.1
•

11.2'
10.3
8.8
8.2
9.9
7.2
5.2
3.4
3.1
3.1
2.5
1.4

1.8
1.2

.7

.7
.74
.6
.6
.5
.3
.1
•

1. This is the percent of the total public housing stock that an ECO is
targeted for. Example: Radiator room control is only aplicable to central
heating systems which account for 39 percent of the public housing.

2. The percent applicability actually found is the actual number of buildings
that this ECO was found to be applicable, not already having it and is cost
effective.

• Many ECOs are mutually exclusive or affected by combination with other ECOs
which could negate or significantly reduce savings. Because of this individual
EOOs are presented here for comparison only and results are not additive.
Actual energy savings through a comprehensive energy conservation retrofit
program would reflect these combinations and the results are discussed
elsewhere in this report.

All EOO~ listed above have payback periods of less than fifteen years but are
not listed in order of least-to-greatest payback.
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Illustration 1.5

Cost/Benefit Analysis of Combined Energy Conservation Opportunities (ECOs)
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See facing page for reference to Points 1 - 4 on graph.
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Illustration 1.5 (continued)

Cost/Benefit Analysis of Combined Energy Conservation Opportunities (~Os)

Average per DU Site SOurce
Energy Energy Dollar Dollar Capital

Savings Savings Savings Savings Cost***
(MMB'l'U) (MMB'l'U) (t) (t) ($)

1. All 'no cost' ECOs 21.97 27.57 11.2 75.36 (75.36)*

2. All ECCs wi th 5 yr
individual payback 75.64 94.55 43.4 291.79 576.10

3. All ECCs with 10 yr
individual payback 86.13 108.45 50.5 339.95 1068.90

4. All ECCs with 15 yr
individual payback 95.90 120.16 56.0 376.50 1745.27

Marginal payback
analysis
(dotted line •••• ) 78** 100.4** 48 324** 1347.00

Total
Marginal Payback+ 88,880,000 111,822,000 48

***
460,860,000 1,500,240,000

.;-.....

+ These totals are extrapolations of 1,113,769 dwelling units(i.e. total PHA
stock)
* Cost of maintenance ECCs is assumed to be equal to first year savings
**Discounted lOt for implementation contingencies.
*** Exclusive of fees and contingencies
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Table 1.9 shows the applicability found for each energy
conservation opportunity by building types. Major and
minor applicability are shown as well as those that do
not apply at all.

Table 1.10 illustrates the payback category each ECO
was found to belong to by building type.

Table 1.11 presents in more detail the actual results
for each ECO and building in terms of payback.

Table 1.12 presents the ECOs for each building in order
of payback.
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Table 1.11

Energy Conservation Opportunities Discounted Payback in Years
c c co .. co co '"'" 0 0 c co C

@ j > .. .. co c... ... 0 co 0 0 0 0 .. ...
~

.. .. ... co .. ... u ... .. " 1.. .. ..
~

... .. .. ~
... u .... ... -; .. " .. .,

'" .. ... .... " ... 1! .. ... co f< .. .. ...
en .. co ,

'" 8
, .. .. .. 0 .. = ..

c c .. ... .. ... ... , .. .. co .... ... ... c a .. c " u ... .. " ~ ~.. ... .. ... .Q .. .. = oC ..,
'5 u .. e -; e ... III ..... 8 ... ... .. 0 .. u ~

..... ..
~ E .. E ... .. .. .. " " :t g:: .. ... c ., .. .. , ... ... ... "oC .. en ... en a > en oC .. .. ... z

ARlr.2 AR2 AR4 AR5 AR6 AR7 ARB AR9 ARlO 5H2 5H3 5H4 5H5 5M2 5M3 5M4

LSO 7.5 ~.5 16.6 5.4 10.0 0.6 10.7 0.4 7.5 1.9

LSG 1 9.9 21. 3 44.4 11.9 19.2 7.0 22.2 2.2 4.0 32.3 11.5 1.0 17.4 4.0
2 3.8 18.9 4.2 36.0 B.1 14.6 3.6 14.6 1.0 2.7 16.5 9.7 O.B 10.4 3.1
3 2.3 23.1 9.7 6.0 2.7 5.2 1.3 10.6 1.0 1.9 11.3 10.6 0.9 9.7 3.6
4 3.1 15.9 3.3 6.1 0.2 18.2 0.6 1.8 6.6 10.6 O.B 5.0 3.3
5 7.3 6.7 0.9 1.3 10.6 10.0 O.B B.l 3.1

Average 4.4 21.2 11.0 11.3 6.9 11.5 3.2 12.3 1.2 2.5 16.3 10.4 0.9 11.4 3.5

LSE 1 47.6 12.1 2B.5 10.6 10.B 0.4 0.2 6.4 O.B
2 1.0 22.7 1.1 2.1 0.4 19.9 0.4 0.3 4.1 1.3
3 1.6 12.1 6.3 13.6 1.5 3.0 0.6 11.3 O.B 0.9 7.4 3.0

Avera9" 1.2 22.5 6.3 13.6 2.B 5.4 1.0 10.8 0.5 0.3 6.2 1.2.. -

I.CO 3 4.6 10.4 - 25.9 2.B 5.6 0.7 1:0.3 1.3 14.9 1.1 4.5
4 1.1 3.0 3.0 1.7 3.5 0.6 5.9 0.5 5.6 0.5 1.9

Average 2.0 12.2 3.0 5.6 2.0 4.0 0.6 7.6 0.8 9.5 0.8 3.1

LeG 2 2.4 17.6 30.3 2.7 5.1 0.7 10.1 0.7 11.5 1.0 3.9
3 1.5 10.8 9.5 11.1 8.1 22.6 0.7 16.9 1.1 9.9 O.B 3.2
4 2.4 12.3 5.B 12.3 O.B 10.9 1.3 11.5 1.3 4.9

Averaqe 1.9 16.1 9.5 11.3 4.2 B.2 0.7 12.5 1.0 10.5 0.9 3.5

H5E 3 7.1 11.5 4.6 8.0 2.1 3.7 19.0 8.3
4 3.9 2.4 5.3 3.1 0.6 1.1 5.3 2.7

Average 7.1 5.3 3.9 7.2 3.1 1.2 2.1 10.B 5.2

HCO 3 3.4 7.1 4.4 8.2 2.2 2.4 2.0 6.1
4 1.7 3.1 1.5 2.9 1.4 1.7 5.2

Average 3.0 5.1 3.7 6.7 2.2 2.0 1.9 5.B

HeG 2 9.0 10.2 16.9 11.3 3.0 2.6 8.5
3 3.8 6.8 5.0 9.2 5.4 2.7 4.6 10.1
4 13.0 10.0 18.3 B.9 2.6 5.2 11.2
5 16.1 12.0 23.2 8.7 4.5 6.2 12.9

Average 3.8 9.4 B.9 14.7 B.4 3.0 4.7 10.B

ALL 8LDG TYPES
Average 2.4 19.0 B.5 7.7 4.1 7.5 1.3 10.4 3.7 1.1 2.5 11.6 10.4 0.9 3.7 3.9

1I0TES: • Payback over 50 years
- Not applicable
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Table 1.11 (continued)

Energy Conservation Opportunies Discounted Payback in Years
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SL2 SL3 SL4 SL5 CR! CR2 CR3 CR4 CIl5 CA2 CA3-5 CA7 CA9

LSO 16.9 B.O

LSG 1 10.5 5.3 7.0 7.5 7.2
2 11.1 9.3 7.0 8.6 5.7
3 11.2 12.5 6.4 B.3
4 6.6
5 7.1 1.3 4.3 5.2

Average 10.0 6.6 6.2 7.2 6.6

LSE 1 4.0 6.5 2.8
2 16.5 9.5
3 12.0 B.8 11.1 B.8 2.3

Averag. 12.0 7.3 7.7 8.8 2.7

LCO 3 10.1 ,0.9 6.1 4.9 11.3 14.2 17.1 11.6 6.1 13.7 27.5
4 3.4 6.9 13.0 19.8 5.8 11.6

Average 10.1 1.4 6.1 4.9 12.6 26.2 19.1 5.9 6.9 13.7 27.5

LeG 2 10.3 4.9 6.4 B.3 19.9 26.1 7.1 6.1 16.1
3 10.7 5.3 7.1 7.B 10.7 24.4 5.1 13 .4 24.5
4 7.3 19.0 12.7 0 12.0 7.6 26.8

Average 10.5 5.1 6.5 7.8 14.5 21. 7 5.3 11.0 8.7 14.1 35.7

liSE 3 25.3 3.7 15.9 18.0 1.2
4 10.3 3.0 6.4 7.5

Average 17.5 3.3 11.0 13.1 1.2

IiCC 3 9.9 4.5 6.1 7.6 42.2 7.0 6.B 1.3 12.6 6.2 10.3 19.8
4 14.4 6.8 8.1 10.6 16.2 2.7 0.7 19.7

Average 11.0 5.3 6.2 7.9 22.2 4.0 9.8 0.9 12.8 6.2 10.3 19.8

IiCG 2 12.0 3.8 8.4 8.8 42.7 6.4 6.6 2.0 7.9 12.6
3 11.4 3.0 6.3 8.9 14.1 1.5 14.3 7.6 36.1
4 12.5 2.3 6.8 9.9 5.8 3.5 12.8 11.8 22.8 32.9
5 10.8 2.5 7.1 8.3 40.1 6.4 2.2 1.2 15.6 9.5 11.9 21.4

" ,

Average 11.4 2.7 6.5 8.4 34.8 5.06.4 2.3 14.3 10.3 17.9 27.3. ,

" ALL 8LDG TYPES
Average 11.0 4.7 6.5 8.0 12.3 21. 7 15.3 6.2 9.7 7.4 19.7 27.5

llO'l"ES: . Payback over 50 years
- No~ applicable
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Table 1.11 (continued)

Energy Conservation Opportunies Discounted Payback in Years
... N ... ... J ...
2 '" " " > " ... ... '" '" "" ... 8 0 " t ... 0 " " >... ... i ... ... >. " ... ... ... ... "'" " " .a #. • '" ... ... 0 ..: ..: 0

" 8 j ..: ... .. .. " ... u u U... u " " " 8 ... ... ...
., .' .'

... '"
..,

" ... > "
.., = " ... ... ....' u '" .. :: .. " " " 8 :. :.

~'. (; ~ ... oS " 8 ..
~ ~

... '" '"~" " .. 1II = I "0 .., g ... 0 " 1 1 E >
" ... E " ... ... ... I... .. 1 ~

... " "
.., ... '" 1 ,g '8" .! • .i ... " >. .. "oC .. .. .. = > '" Eo< Eo< .. '"

C114 C115 C116 C117 C118 C119 CIllO CII11 WS1 WS2 WS3 CC2 CC3 Ell EL2 ELJ

LSO 3 3.0

LSG 1 1.5 0.5 7.3
2 0.6 3.6 6.7 2.1 7.9
3 10:7 7.6
4 7.7
5 5.0

Averaqe 0.6 3.6 3.9 1.1 6.9

LSE 1 3.5 1.0 15.0
2 23.4 9.0 9.7
3 1.9 9.2 12.4

Averaqe 1.9 9.2 12.7 1.8 12.7

LeO 3 0.6 5.9 2.3 0.2 2.2 9.5
4 0.8 0.1 0.3 8.8

Average 0.7 5.9 2.3 0.2 0.8 8.8

LeG 2 1.3 5.8 0.5 27.4 11. 3 13.4
3 0.5 5.6 0.5 1.5 0.4 0.3 0.5 11. 7
4 0.5 4.2 1.7 6.1 0.8 8.7 10.4

Average 0.6 5.4 0.5 1.7 0.4 0.4 0.8 27.4 11.3 11.2',-" ...

HSE 3 11.9 5.6 18.3
4 9.7

Average 11.9 5.6 11.8

HCO 3 1.7 2.7 3.8 0.6 1.3 0.3 2.0 5.4 5.7
4 0.7 3.2 0.7 2.2 7.8

Average 1.0 2.7 3.8 3.2 0.7 1.3 0.3 2.1 5.4 5.7

HCG 2 3.3 5.8 1.1 2.5 1.3 41.3 0.1 0.3 7.4
3 1.2 3.3 2.3 4.5 1.6 27.7 10.7 8.3 1.0 7.2 6.9
4 10.8 8.0 1.5 2.0 1.0 7.9 8.4
5 1.6 4.4 0.7 1.4 0.6 2.0 6.8

Average 2.1 3.8 3.3 2.2 6.5 1.3 2.1 1.0 7.1 0.1 0.5 6.9

ALL BLDG TrPES
Average 4.2 4.5 1.0 2.4 2.9 0.4 1.6 0.6 1.3 0.2 1.0 6.1 1.7 8.6

llOTES: * Payback over SO years
- Not applicable
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Table 1.12

Energy Conservation Opportunities Listed in Order of Least to Greatest Payback
EOO's With Less Than 5 Year Payback

Bldg Clilllate
Type Zone ECO

LSO SW2, SH2, SlH, ELJ

,:'
.. LSG 1 EL2, SW2, ELl, SH2, SH3, SW4

2 CC2, SW2, SH2, EL2, SH3, SW4, ARe, CC3, ARl'2, AR4
3 SW2, SH2, ARB, SH3, ARl'2, AR6, SW4
4 AR8, SH2, SW2, SH3, ARl,2, AR6, SW4, SW3
5 SW2, SH2, SH3, SL3, SW4, SL4, EL3

.';

LSE

LCO

LeG

HSE

HCO

HCG

!lOTES:

1
2
J

J
4

2
3
4

3
4

J
4

2
3
4
5

SW2, SH2, SW4. EL2. CAJ-5, ELl, SLJ
~,~,~,ARl~,~,SlH,~,~

~, SH2, SW2, ~, ARl'2. CC2, CAJ-5. AR7, SW4

CHlO, CH4. ~. SLJ. SW2. SH2. liSJ. CH7. AR6, SW4, ARl'2, SL5
CHlO, liSJ. SH2, SW2. ~. CH4. ARl~, AR6, SW4, AR4. ARS, SLJ. AR7

CHlO, ~, SH2, SW2, CH4, ARl'2, AR6, SW4, SL3
CHlO, CH9, CH7, CH4, WSJ, ARe, SW2, SH2, CHB, ARl'2, SW4
CH4, CHlO, ARe, SH2, SW2. CH7, ARl'2, CH6, SW4

CAJ-5, SH2. SW2, SLJ. ~
SH2. SH5. AR6. SW4. SLJ. ARlO. ARS

liS2 , CHlO, CR4, WSl. CH4. liSJ. SW2. ARlO, SH2, CH6, ARl'2. CH7. AR6. SLJ
CR4. CH4. CHlO. SH2, AR6. ARl'2. liS2. liS 3, CR2, AR7. AR5. CH9

CC2. CCJ, CHlO. liS2. CR4. liSl. SW2. SH2, CH4, SLJ
CC2. CH6. CR4, CHlO. CHB, SH2, SLJ. CH7, ARl'2. CH9, SW2, AR6
liS2. CHlO, liSl. SLJ. SH2, CR4
~.CHW,~.~.~.~,~.~.~.~

ARl'2 weather Strip'g. ARJ Attic In.ul.tion. AR4 Fleer Inaul.Uon. ARS Rocf In.ul.tion. ~ StOr1ll
Window•• AR7 In.ul.t·g Gl•••• ~ Stor1ll Door•• AR9 wall Inaul.ticn. ARlO Ve.tibule•• SH2 Set B.ck
Ther1llC•• SH3 Auto Flue ~r. SH4 Flue He.t Racey. SHS Bl.., Auto Pilot•• ~ Flew Restrictors. SW3
New IlIIW He.ter•• SlH \1p<Jrade Pl.-bing, SL2 Auto Light Level. SLJ Auto Tt-er Contr. SL4 Cony to
Flucresc. SL5 High Eff B.ll••t. CRl Roas Contrel. CR3 Pusp Centrel. ~ H W Re.et Centr, CR5 Part
Le.d Pusp. CA2. Reduce Sup Air. CAJ-5 Upgr.de Air Sy.t. CA7 ZOne Reset Centr. CA9 H_t Recoyery. CH4
Auto Cycling, CH5 Lead/Lag Centrol, CH6 Reduce Burner Sz. CH7 Modul.t'g Burner, CHB Part Lead Burner.
CH9 Auto Breech Daap, CHlO, Flue He.t RecOY, CHll Fuel Conversion. WSl Hydro-Pneu Syst, liS2 Var Speed
Pusp, liS3 Sep DHW He.ter, CC2 Ambient Control, CCJ Ti8ed Centrol, ELl Ti8ed Switching, EL2 Photo
Switching, ELJ Sed-Vapor ConYer.
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Table 1.12 (continued)

Energy Conservation Opportunities Listed in Order of Least to Greatest Payback
ECO's with 5 Through 10 Year Payback

Bldg Climate
Type ZOne

LSO

LSG 1
2
3
4
5

ECO

ARB, ARS, SW3, AR6, SL4, AR9

SL3, SL4, ARB, CA3-S, EL3, SLS, ARl&2
CA3-S. ELl, SL4, ELJ, AR&, SLS. SL3, SHS
AR7, ARS, SL4, EL3, SLS, AR4, SW3
AR7, SH4, SL4, EL3
SLS, AR9, SL2. ARS. SW3. SHS

LSE 1 SW3, SL4
2 EL2. SL4, EL3
3 AM, SW3, SL3. SLS, CC3

.......

LCO 3 AR7, CII&. SL4. eas, EL3
4 SH4, CII4, All9, SL4, EL3

LeG

HSE

IlCO

HCG

2
3
4

3
4

3
4

2
3
4
5

AR7, CH&, cllS, SL4, CR4. SLS
CR3, SL3, CH&, SL4, SLS. AR&, AR4, SH4
AR6, CHa, SL4. CA3-S, WS3

WS2, ARl&2, AR7, SlI4
SW3, AR7, SL4. SLS, I!:LJ

CC2, EL3, SW4, SL4, CA3-S, CR3. CRl, ARS, SLS, AR7. SL2
SW4, SL3. SL4, ELJ

CH9, 02, CRJ, ELJ, CRS, SL4, 5"4, SLS, AIlS
ARlO. SL4, ARS, EL3, CC3, CA3-S. WS3, SLS. AR7
SW2, CR3. SL4, WS3, CH9, EL3, ARlO, SLS. AR&
SW2' CR2. EL3. SL4, SLS. ARlO, CA3-S
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Table 1.12 (continued)

Energy Conservation Opportunities Listed in Order of Least to Greatest Payback
ECO's With Between 10 to 15 Year Payback

"

Bldq CliaAte
Type ZOne £co

". LSO 3 SH4

LSG 1 SL2, SH5. AR6
2 5M3, SL2, AR7. AR9
3 AR9. SH5, EL2, SL2, SH4. SL3
4 SH5
5 SH4

.

LSI: 1 ARB, AIl.9. AR6. EL3
2
3 SL4. AR9. SL2. AIl.2. EL3. AR5

'''''" ..
....

'. ~. !

. -."

LCO

LeG

HSE

HCO

HCG

3
4

2
3
4

3
4

3
4

2
3
4
5

SL2. AR9. AIl.2. ClU. CR4, 0.3-5. CR2. SH4
05. ClU

AR9, SL2. EL2. SH4. £1.3
SL2, CR!. AIl.2. AR5. EL3, CR4
EL3, AIl.9. SH4. cRS. AR4, A1l7, CR2

AR5. WSl
SL2

0.7. CR5
SLS. SL2

AR6. AItlo. SL2. 0.3-5
SW4. WS2. SL2, CR3, CRS
CH6. SW4. 0.3-5. SL2. 05. AR5
SL2. 0.7. AR6, SW4
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Table 1.13 summarizes the energy savings, costs and 
paybacks for each ECO for the total public housing 
stock. 

Tables 1.14, 1.15, 1.16, 1.17 shaw the results of 
combined ECO analysis for each payback category: 

1. OPeration and Maintenance ECO Savings (no cost) 
2. All ECOs with less than 5 year payback 
3. All ECOs with less than 10 year payback 
4. All ECOs with less than 15 year payback 

Energy savings and capital cost is shown for both the 
average dwelling unit and the total public housing 
stock by building type • 

-'~ 
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Table 1.13

Savings Summaries, Averages for All Building Types

:~ AVEIUlGE SAVIIlGS PEA DIlELLDIG llMIT: ANALYSIS, PAY&\CIt:

....
Averaged Averaged Averaged Averaged Percent Percent. Percent Discounted. "

',' Total Total Total Total Applica- Source Dollar Payback
'.;1 Site Source Dollar Capital bility Energy Savings Period
~)

Energy Energy Savings Cost Pound Savinqs (") (Yeara)
Savinqs savings ($-'79) 1$-'79) I") I")
IMMIITU) IMMIITU)

ARl52 IlZATHER STlUP'G 13.70 16.93 44.98 127.71 47 8.8 8.2 2.4
AR3 ATTIC IIlSULATIOH 1.05 1.24 2.70 109.10 9 0.6 0.5 19.0
AIl4 PLOOR IICSULATIOII 1.21 1.39 3.34 40.14 17 0.7 0.6 8.5
AIlS ROOP IICSULATIOM 1.97 2.29 6.82 73.16 33 1.2 1.2 7.7
AR6 STORM NIWDOlIS 16.49 20.84 56.29 274.56 67 10.9 10.3 4.1
AIl7 INSULAT'G GLASS 14.26 18.09 49.09 509.97 39 9.7 9.0 7.5
ARB STORM DOOJIS 14.42 17.67 48.22 73.82 52 9.2 8.8 1.3
AIl9 lIALL INSULATICfi 9.10 10.68 28.41 452.91 46 5.6 5.2 10.4
ARlO VESTIBULES 1.12 1.36 3.05 13.63 18 0.7 0.6 3.7

SM2 LOWER TDlPnAT 16.95 20.74 53.99 65.00 95 10.8 9.9 1.1
.... Sa3 AUTO FLUE DAMPEA 14.62 16.22 39.17 114.46 45 8.5 7.2 2.5

S84 FLUE HEAT RBCOV 4.48 5.08 13.46 223.24 33 2.6 2.5 11.6
sa5 ELEC AUTO PlLO'l'S 1.33 1.48 9.57 51. 73 45 0.8 0.7 10.4

SIl2 PLOII RESTlUC'l'ORS 5.30 6.46 17.15 17.00 98 3.4 3.1 0.9
SIl3 NEW OW HEATERS 3.74 4.99 17.08 74.81 25 2.6 3.1 3.7
SIl4 UPGIIADE PLUMIIIIlG 6.63 8.17 18.50 88.97 98 4.3 3.4 3.9

S102 AUTO LIGHT LEVEL 0.08 0.28 0.98 15.05 40 0.1 0.2 11.0
SL3 AUTO TIMER CCln'R 0.08 0.26 0.87 4.88 73 0.1 0.2 4.7
SL4 COMV TO PLUORESC 0.29 0.97 3.60 31.08 95 0.5 0.7 6.5
SLS HIGH En' BALLAST 0.04 0.13 0.46 5.14 42 0.1 0.1 8.0

CRl ROOK CON'I'ROL 2.39 2.71 7.58 136.93 13 1.4 1.4 12.3
CR2 ZONE CONTROL 0.72 0.81 1.87 80.86 18 0.4 0.3 21.7
CRJ PUMP CONTROL 0.33 0.37 0.96 23.62 13 0.2 0.2 15.3
CR4 8 W RESET CONTR 0.74 0.85 3.34 25.51 14 0.4 0.6 6.2
CR5 PART LOAD PUMP 0.58 0.67 1.82 24.01 20 0.3 0.3 9.7

CA2 REDUCE SUP AIR 0.01 0.13 0.03 6.63 0 0.1 0.1
0.3-5 UPGRADE AIR SYST 0.13 0.23 0.32 3.02 17 0.1 0.1 7.4
0.7 ZONE RESET COMTR 0.04 0.05 0.10 3.67 4 0.1 0.1 19.7
0.9 HEAT RECOVERY 0.15 0.17 0.36 24.40 0 0.1 0.1 27.5

CH4 AU'l'O CYCLIIlG 0.71 0.81 1.87 9.40 26 0.4 0.3 4.2
CH5 LEAD/LAG CONTROL 0 0 a 0 0 0 0

.... CH6 REDUCE BURNER SZ 0.09 0.10 0.28 1.50 10 0.1 0.1 4.5
CH7 MODULAT' G BURNER 0.98 1.10 2.63 2.87 7 0.6 0.5 1.0
CH8 PART LOAn 8URHER 0.28 0.31 0.76 2.15 9 0.2 0.1 2.4
CH9 AUTO BREECH DAMP 0.11 0.12 0.38 1.27 7 0.1 0.1 2.9
CHl0 FLUE HEAT RECOV 3.31 3.77 9.72 4.72 36 2.0 1.8 0.4
CHll FUEL CONVERSIOM 0 0 0 0 0 0 0

WS1 HYDRO-PNEU SYST 0.07 0.24 0.98 1.83 16 0.1 0.2 1.6
WS2 VAIl SPEED PUMP 0.07 0.23 0.91 0.56 20 0.1 0.2 0.6
WS3 SEP DIi1f HEATER 1.07 1.22 4.04 5.72 23 0.6 0.7 1.3

CC2 AMIIIEH'1' CONTROL 0.03 0.08 0.25 0.05 5 0.1 0.1 0.2
CC3 TIMED CONTROL 0.01 0.03 0.10 0.11 5 0.1 0.1 1.0

, ' ELl TIMED SIlITCHIIlG 0.02 0.02 0.02 0.15 3 0.1 0.1 6.1
" ELl PHOTO SIlITCHIIlG 0.01 0.01 0.02 0.04 4 0.1 0.1 1.7

EL3 SOD-VAPOR COllVER 0.15 0.50 1.69 20.84 71 0.3 0.3 8.6
'0 •

llO'l'ES : Th.s. averages include the results of all dwelling units analyzed including tho.. with no savings and there-
fore. do not reflect the results froa any typical dwelling unit. They are ..ant for u.. as extrapolation to
the total USPHS. Except in the ca.. where applicability is 100". sinc. projects that have no savings are
averaged with tho.. that do. all ...unts are lover than the r.su1ts or any applicable project. Actual
savings and costs vere found to vary widely.
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Table 1.14
. ~

Operation and Maintenance EO) Savings (No Cost)

... :~;:.>;.'"
'''::'j''
..~. ".' AVERllGE PER DllELLING UNIT: TorAL FOR U.S. PUBLIC HOUS ING STOCX: PERCENT SAVINGS:

~

Total Total Total Total Total Total Percent Percent
. " Site Source Dollars Site Source Dollars Savings Savings

Energy Energy Savings Energy Energy Savings (,) (,)

Savings savings ($-'79) Savings Savings ($-'79) Source Dollars
(*B'nJ) (MMBTO) (MMBTIl) (_TO) Energy

, .... :~

,-" .:,i
10.5LSO 9.0 29 136431 159170 439611 4.9 4.6

,
LSG 1 14.2 25.5 38 1475849 2650292 394945 18.6 10.95

2 25.1 28.1 58 3765050 4215056 8700116 14.4 10.9
3 33.1 36.8 83 5640472 6270978 14143781 13.7 11.8
4 76.0 84.4 187 4045480 4492612 9954010 16.2 15.3

.,. 5 33.2 37.1 95 281436 314497 805315 13.9 12.1

Averaq. 24.1 27 .1 60 11713805 13171955 29163000 13.8 11.4

-. "
.. ..,
~

" LSE 1 25.4 86.3 337 525805 1786496 6976237 27.6 27.6
.... : 2 32.8 111.5 277 541561 1840977 4573547 18.8 17.9

3 9.7 32.9 48 268118 909389 132677 7.9 6.1

... Average 20.7 70.5 220 1347457 4572137 14267660 17.8 19.8

LCO 3 7.1 8.5 22 276794 331373 857670 4.2 4.9
4 28.0 32.6 60 457184 532293 979680 11.9 5.4

" Average 25.1 29.3 45 1388356 1620671 2489085 13.0 6.7'.

LCG 2 70.2 78.2 184 469357 522845 1230224 28.9 26.9
3 39.1 43.5 97 1686696 1876503 4184386 18.3 14.8
4 43.0 47.8 99 692429 769723 1594197 17.9 16.9

~.'...
.. Averaqe 48.1 53.5 118 3171089 3527095 7779386 21.4 18.2

:'.-::"
• ,0.

"
~ -: ...... HSE 3 6.5 22.2 23 154317 527050 546043 7.8 7.6

". 4 9.6 32.6 122 91085 309309 1157536 10.0 10.0

.. .::;
:';:. Average 7.4 25.6 52.1 245895 850662 1731231 8.4 8.3

..
'., HCO 3 7.1 8.5 22 840732 1006511 2605086 6.0 5.7

4 18.1 21. 3 69 766571 902098 2922288 15.7 18.3

.' ".
'0 ." Average 10.1 11.9 34 1623727 1913104 5466010 8.6 8.9

'. -
HCG 2 22.6 26.5 52 418755 491019 963508 18.4 16.7

3 16.5 21.2 50 700986 900661 2124200 15.7 12.6
4 10.4 12.2 29 334027 391840 931422 8.4 7.5
5 15.4 17.9 31 176161 204758 354609 12.1 9.4

Average 14.5 19.0 39 1516265 1986830 4078230 13.3 10.6

'.
'.,

ALL BLDG TYPES
.,:ii Averaqe 21.97 27.57 61.27 24469505 30706611 68240627 14.37 11.2

IlOTES:
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Table 1.15

Savings and Cost: Less than 5 Year Payback

AVEJUIGE PER DWELLING UNIT: TOTAL FOR u.s. PUBLIC HOUSING STOCK: StlMIlARy:

Total Total Total Total Total Total Total Total Total
Site SOurce Dollar. Capital Site source Dollar Capital Dollar
Ener-n' Ener-n' Savinq. Coat Enerqy Enerqy Savings Co.t Savings
Savinq. Saving. ($-'79) ($-'79) Savinc;S Saving. ($) ($-'79) (')- ..
(!«BTU) (MMBTO) ('"'TIl) (MMBTU)

',.',

LSO 3 48.73 57.28 172.38 225.29 730698 868307 2613108 3415171 27.1

LSG 1 45.72 48.88 110.26 711.81 31.8
2 46.43 51.98 139.98 598.05 26.2
3 80.49 89.49 222.89 627.06 31.6
4 200.71 223.77 483.54 1775.85 39.6
5 40.05 45.63 120.74 221.64 15.4

AveraCJ_ 52.53 57.98 144.25 617.32 25532207 28181179 70112713 300050000 27.3

LSE 1 23.67 80.46 315.06 195.17 25.8
2 87.41 297.98 774.43 1316.04 50.1
3 53.90 183.26 275.87 418.67 34.9

Average 44.95 152.96 373.24 455.33 2915142 9919914 24205734 2952951 33.5

LCO 3 78.39 91.97 175.57 444.08 18.9
4 103.63 121.42 541.69 1047.21 48.9

Average 87.04 102.06 301.04 650.77 4814443 5645244 16651426 35996041 44.5

LeG 2 95.07 107.65 255.05 686.28 37.2
3 84.07 94.66 246.04 336.58 37.5
4 81.29 97.73 191.19 487.63 32.7

Averaqe 86.30 98.31 239.47 445.89 5689500 6481283 15787539 29396190 36.7

HSE 3 21. 78 74.08 78.22 331.96 25.9
4 23.09 78.48 294.51 734.04 24.2

Averaqe 22.17 75.37 141.84 450.22 736*>86 2504469 4713201 14960360 24.8

HCO 3" 31.29 37.67 85.42 261.10 22.0
4 28.35 33.36 101.02 215.07 26.8

Average 30.53 36.55 89.47 249.15 4908155 5875960 14383645 40054600 23.4

HCG 2 20.89 27.40 55.03 195.74 17.6
3 17.62 20.46 54.00 231.51 13.6
4 13.05 15.34 35.81 96.26 9.2
5 11.89 14.46 29.27 88.27 8.9

Average 15.04 18.09 41.75 145.49 1572732 1891671 4365797 15213889 11.4

ALL BLDG TYPES
A.verage 53.67 66.98 175.96 424.36 59775982 74600248 195980000 472640000 32.2

llOTES:
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Table 1.16

' . Savings and Cost: Less than 10 Year Payback
. ,

AVERAGE PER DWELLING UNIT: TOTAL FOR U.S. PUBLIC HOUSING STOCIt: SUMMARY:

Total Total Total Total Total Total Total Total Total
Site Source Dollars capital Site Source Dollar capital DOllar
Energy Energy Savin~ cost Energy Energy Savin~ COst Savings
Savings Savings ($-'79) ($-'79) savings Savinqs ($-'79) ($-'79) (\)

(1lMBTU) (MMBTO) (MMJITU) (MIlIITO)

LSO 79.07 93.79 282.35 1586.11 1198622 1421762 4280143 24043841 44.4

LSG 1 55.69 64.56 146.35 1237.97 42.2
2 58.99 68.00 187.58 1129.09 35.1

3 87.16 98.33 243.90 766.48 34.5

4 211. 88 238.05 522.09 2249.43 42.8

5 90.45 102.03 269.11 1957.07 34.3

Average 67.23 77.08 194.24 1212.94 32677142 37464734 94410352 589550000 36.7

LSE 1 27.13 92.24 360.87 674.54 29.6

"
".; : 2 87.77 299.00 777 .51 1357.57 50.2

3 60.75 206.54 318.28 940.99 40.2

Averag_ 49.18 167.29 411.03 881. 31 3189470 10849258 26656529 57155597 36.9

- . .~ ". LCO 3 81.99 98.34 188.54 507.46 41.8

4 116.12 137.04 616.11 1620.73 55.7

Average 93.69 111.60 335.07 8ee.98 5182275 6172930 18533727 49172151 49.6

LeG 2 96.07 109.68 261.43 751.02 38.2
3 95.20 106.29 281.17 745.80 42.9
4 95.62 114.90 227.28 650.75 38.9

...
Average 95.48 108.49 267.75 731.88 6294710 7152420 17651954 48250653 41.1

HSE 3 27.77 94.43 99.70 653.22 33.0.. 4 24.17 82.13 308.21 855.66 25.3

Average 26.71 90.81 161.03 712.76 887546 3017525 5350865 23684302 28.2

.,

" HCO 3 37.58 46.12 107.30 445.78 27.6
.'

4 32.60 39.37 113.83 325.15 30.2

Average 36.29 44.37 109.00 414.46 5834161 7133143 17523385 66630662 28.5

HeG 2 23.36 31.53 65.10 306.92 20.9
3 21.60 26.20 70.86 363.02 17.8
4 20.96 25.10 59.44 392.63 15.3

... ' ..... ~ 5 15.73 19.90 42.64 225.84 12.9
-,",.

Average 20.09 24.87 59.08 330.23 2100811 2600655 6177995 34532151 16.1

ALL BLDG TYPES
Average 64.16 80.88 215.11 841.99 71459419 90081637 239580000 937780000 39.3

..

llOTES:

" ;
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Table 1.17

Savings and Cost: Less than 15 Year Payback

AVEllAGB PER DlIELLING llKIT: TOTAL P'OR u.s. PUBLIC HOUSING S'l'OCJC: SU~RY:

'1'otal '1'otal '1'0 tal '1'otal '1'otal Total '1'otal '1'otal Percent

Site Source Dollar. CApital Site source Dollar Capital Dollar
Enerqy Ener9Y Savinqa Co.t Enerqy Enerqy Saving. Co.t Savinq_

Saving. Savings ($-'79) ($-'79) Saving. Saving. ($-'79) ($-'79) (\)

(!IMIlTU) (MIlIlTO) (*BTU) (MIlIlTU)

LSO 3 103.78 123.57 370.86 2268.42 1573201 1873197 5621866 34386979 58.4

LSG 1 65.99 76.40 167.37 1636.15 48.2
2 79.28 91.57 242.42 2796.98 45.4
3 117.10 133.40 333.85 2743.42 47.3
4 221.26 248.89 548.94 3112.59 45.0
5 103.80 118.57 311.38 2836.00 39.7

Average 84.62 97.30 240.87 2390.72 41129551 47292665 117070000 1162000000 45.5

LSE 1 32.77 101.20 436.34 2087.95 35.7
2 87.77 299.22 777.51 1357.57 50.3
3 65.60 223.04 345.71 1452.46 43.7

Average 53.63 177.66 456.76 1737.00 3478066 11521784 29622256 112650000 41.0

LCO 3 94.04 111.43 213.33 1038.58 47.3

4 117.13 138.30 626.25 2428.33 56.6

Averaq. 101.95 120.64 354.84 1514.85 5639160 6672960 19627265 83790898 52.5

LCG 2 109.66 128.45 300.41 1393.96 43.9
3 101. 30 113.76 303.16 1198.83 46.2
4 112.18 132.87 266.77 1447.12 45.6

Average 105.08 120.39 296.67 1286.04 6917609 7936951 19558563 84784759 45.5

KSE 3 28.10 95.53 100.86 676.56 33.4
4 25.08 85.23 319.83 1021.42 26.2

Average 27.21 92.50 165.26 777.99 904161 3073682 5491424 25851830 28.9

KCO 3 37.58 46.12 107.30 445.78 27.6
4 32.67 39.28 114.44 341.62 30.4

Average 36.31 44.34 109.15 418.74 5837377 7128320 17547500 67318736 28.5

RCG 2 28.36 37.70 77.63 510.39 24.9
3 22.81 27.99 75.76 477.74 19.1
4 26.20 31.27 73.01 618.83 18.8
5 24.17 29.74 61.14 585.96 18.5

Average 24.97 30.74 7l.31 556.22 261112 3214481 7456886 58163925 19.5

ALL BLDG TYPES
Averag. 73.93 92.59 244.83 1415.18 82340942 ·103120000 272680000 1576200000 44.8

llOTES:

Vo1tDlle 4 Energy SO
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Individual ECO Table

Volume 4 Energy

Tables 1.18 to 1.62 present the individual results of
the 58 B:OS.

Notes for Tables: * Payback over 50 years
- Not applicable
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Table 1.18

ARl&2 Weatherstripping Door and Window

AVZIlAlZ PER IlrELLIRG llIIl:T. TOTAL POR U.S. PUBLIC HOUSING S'1'OCIt. SAYnIGS PArBAOCS.

TOU! TOU! TOtal TOU! TOtal TOtal TOtal TOU! Percent Di.count-
Site Source Do11er. CApite1 Site Source Dollar. CapiU! Saving. ad

-rgy Energy SeviD9a coat -rgy Energy Savinga Coat ($-'79) Payback
Savinga SaviD9a ($-'79) ($-'79) Savinga Savinga ($-'79) ($-'79) Period
(~) (_TO) (~) (MJe'I'U) (Taare)

LSO 3 0 0 0 0 0 0 0 0 0 0

LSG 1 8.42 9.35 18.42 250.67 875116 972813 1914446 26052885 6.0 9.9
2 8.51 9.44 29.78 132.99 1276517 1416019 4467050 19948766 6.3 3.8
3 34.75 38.57 98.79 269.10 5921643 6572598 16834508 45856524 15.9 2.3
4 129.10 143.30 310.33 1138.09 6871993 7627859 16518866 60580531 30.0 3:1
5 0 0 0 0 0 0 0 0 0

Averaq. 13.01 14.44 36.51 192.90 6323511 7018562 17745686 93759045 7.A 4.4

LSI: 1 0 0 0 0 0 0 0 0 0
, . 2 39.35 133.79 348.42 3".26 649708 2209007 5752763 6344517 27.4 1.0

3 19.37 65.87 ".26 159.83 535406 1820713 2329031 4417861 11.3 1.6

Aver_C)_ 13.40 45.57 86.34 120.00 869030 2955351 5599408 7782360 9.7 1.2

t.CO 3 18.38 21.32 38.47 211.14 716544 831160 1499753 8231293 4.6
4 35.60 41.29 210.13 259.77 581277 674183 3431003 4241525 2.0 1.1

" Average 24.28 28.16 97.30 227.80 1342999 1557614 5381955 12600301 2.0

LCG 2 42.31 46.97 109.82 301. 42 282885 314041 734257 2015294 22.0 2.4
3 29.71 32.98 80.61 137.49 1281630 1422691 3477354 5931044 14.4 1.5
4 45.94 51.00 103.20 289.29 739772 821253 1661830 4658437 21.2 2.4

Avaraqe 35.38 39.27 91.33 201.68 2332497 2588953 6021113 13296157 17.1 1.9

HSE 3 6.82 23.19 24.48 218.57 161914 550554 581180 5189070 8.8 7.1
4 0 0 0 0 0 0 0 0 0

Average 4.81 16.37 17.28 154.29 159831 543959 574197 5126902 3.3 7.1

KCO 3 5.37 6.23 13.10 52.45 635878 737713 1551210 6210762 3.6 3.4
4 1.99 2.31 11." 22.81 84281 87833 501448 . 966049 3.8 1.7

."

Average 4.50 5.22 12.77 44.76 723443 839193 2052969 7195"1 3.7 3.0
.'

KCG 2 0 0 0 0 0 0 0 0 0
3 2.32 2.57 7.61 33.75 98563 109184 323303 1433835 2.9 3.8
4 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0-..

Average 0.67 0.74 2.19 9.70 70062 77382 229008 1014329 0.7 3.8

ALL BLDG TYPES
Average 13.70 16.93 44.98 127.71 15258635 18856109 50097330 142240000 8.8 2.4

....- ,
llOTES:

. '
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Table 1.19

AR3 Attic Insulation

A1IB1lAGB PER IlIlBLI.DIG llHIT I '1'O'1'AL POR u.s. PUBLIC IIOUSIItG STOCXI SAVDlGS PAYBACKS,

Total Total Total Total Total Total Total Total Percent Di8COWlt-
Site source collar. capital site Source COllar. capital Saving_ ecI-
Energy Energy Saving. Coat Energy Energy Saving_ co.t ('I Peybac:Jt
Saving. Saving. ($-'791 1$-'791 Saving_ Saving_ ($-'791 ($-'791 Period
(MIlIITOI (MIlIITOI (MIlIITO) (MIlIITO) (Year_)

LSO 3 0 0 0 0 0 0 0 0 0
~.....

LSG 1 0.29 0.33 0.78 265.00 30141 34298 81068 27542245 0.3,.
2 6.59 7.32 13.51 461.31 988513 1098015 2026527 69197422 2.8 18.9
3 1.33 1.47 4.48 197.09 226641 250498 763423 33585515 0.7 23.1
4 1.18 1.31 3.10 647.04 62811 69731 165013 34441939 0.3
5 0 0 0 0 0 0 0 0 0

Average 2.84 3.15 6.16 306.98 1380382 1531058 2994068 149207620 1.3 21.2

. ... LSE 1 0.45 1.52 6.02 639.35 9315 31466 124620 13235184 0.7 47.6
2 1.01 3.44 8.93 383.30 16676 56798 147443 6328666 0.7 22.7
3 0.92 3.12 9.01 157.91 25430 86240 249045 4364790 1.2 12.1

Averag_ 0.71 2.41 7.59 420.52 46217 156879 494071 27373749 0.8 22.5
~"'I

LCO 3 1.99 2.31 4.19 60.65 77580 90055 163347 2364440 1.0 10.4
'.' 4 0.08 1.00 0.23 48.73 1306 16328 3755 795663 0.1

Averag_ 1.34 1.55 2.83 56.57 74119 85735 156536 3129056 0.4 12.2

LCG 2 1.93 2.14 5.01 178.20 12904 14308 33497 1191445 1.0 17.6
3 1.26 1.39 4.58 69.85 54354 59962 197572 3013189 0.8 10.8
4 0.48 0.53 1.09 259.08 7729 8535 17552 4171965 0.2 •

.' .: ~. ":
Averaqe 1.30 1.44 4.13 126.49 85705 94935 272279 8339106 0.8 16.1

H51!: 3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0

. :,' Averaqe 0 0 0 0 0 0 0 0 0

HCO 3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 ·0 0 0

Average 0 0 0 0 0 0 0 0 0

HCG 2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0

.".-.. - Aver_qe 0 0 0 0 0 0 0 0 0
...

ALL BLDG TYPES. "

Averaqe 1.05 1.24 2.70 1169457 1381074 3007176 121512190109.10 0.6 19.0

.... llOTES •

Volume 4 Energy 53 ,.j
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Table 1.20

AR4 Floor Insulation

..... -
"" . AVZ_ PER IllIEI.LDlG llIIIT I '1'O!'AL P'OR u.s. P~LIC HOllSIHG S'l'OCIC: SAVINGS PAYBACItS:

"

'fOta1 'fOtal Total Total Total Total Total Total Percent Discount-

.. ; Site source Dollars capital Sita SOurce Dollars capital Savings ad

BDergy znergy Savings COst Energy Energy SavinCJs COst (.) Payback

SavinCJ8 savings ($-'79) ($-'79) SavinCJs Savin"s ($-'79) ($-'79) Period

..; (~) (MJerU) (1lIe1'U) (1MI'rU) (Years)

LSO 3 0 0 0 0 0 0 0 0 0

LSG 1 2.02 2.24 4.00 154.78 209944 232809 415732 16086749 1.29 21.3
2 2.40 2.67 6.30 32.83 360004 400505 945012 4924565 1.3 4.2
3 1.10 1.22 3.94 56.49 187447 207896 671403 9626291 0.6 9.7
4 1.59 1.77 3.66 109.99 84635 94217 194821 5854767 0.4 15.9
5 0 0 0 0 0 0 0 0 0

"

Averaqe 1.81 2.01 4.45 76.57 879750 976960 2162922 37216848 0.9 11.0

.... :

LSE 1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0

"" 3 1.16 3.94 5.56 46.55 32063 108905 153683 1286688 0.7 6.3

'f: •
Averaq. 0.43 1.46 2.06 17.24 27886 94685 133597 1118065 0.2 6.3

LCO 3 0 0 0 0 0 0 0 0 0
4 4.73 5.49 13.42 48.73 77231 89640 2190121 795663 1.3 3.0

Average 1.62 1.88 4.60 16.70 89607 103988 254439 923727 0.7 3.0

LeG 2 0 0 0 0 0 0 0 0 0
3 4.78 5.30 14.52 185.61 31959 35435 97080 1240988 2.6 9.5
4 5.02 5.58 11.27 226.80 80837 89854 181480 3652160 2.3 12.3

Averaqe 3.65 4.05 10.46 147.00 240633 267004 689596 9691269 2.0 9.5

HSE 3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0

Averaqe 0 0 0 0 0 0 0 0 0

HCO 3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0

,', Average 0 0 0 0 0 0 0 0 0

H<;G 2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0

.... ,;

Averaqe 0 0 0 0 0 0 0 0 0

ALL 8LDG TYPES
Averaqe 1.21 1.39 3.34 40.14 1347660 1548138 3719988 44706687 0.7 8.5

IlO'rES :
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Table 1.22

AR6 Storm Windows

;': -.-_0. AVERAGB PBR l:IllIlLLI1'G llIIIT. '1'O'l'AL POR U. S. PUBLIC HOUSING S'1'OC1t: SAVl:NGS PAYllACXS I

Tot&! Total Tot&! Total Tot&! Tot&! Tot&! Tot&! Percent Discount-
Site SOurce Dollars capital Site SOurce Dollars Capital Savinga ed
zner<JY Ener<JY Savinqa COat Ener<JY !ner<JY Savinqa Coat ($-'79) Paybaclt
Sevinqa Savinqe ('-'79) <'- '79) Savinqa Savinqa ('-'79) ($-'79) Period
(~) (..-rIl) <_TO) <~) (Years)

.. LSO 3 10.25 11.89 35.93 460.76 155380 180241 544663 6984661 5.9 9.5.,

LSG 1 10.60 11.77 23.38 401.38 1101690 1223291 2429954 41716627 7.6 11.9
2 13.93 15.46 44.32 469.36 2089528 2319031 6648089 70404938 9.3 8.1
3 33.59 37.29 100.19 309.95 5723971 6354477 17073077 52817649 16.1 2.7
4 121.64 135.03 279.50 1090.16 6474897 7187647 14877785 58029216 27.0 3.3
5 0 0 0 0 0 0 0 0 0

~ .
Averaq_ 15.59 17.30 43.64 380.17 7577520 8408665 21211222 184781620 9.3 6.9.,

:.~ .

.. LSI: 1 2.29 7.78 30.18 532.00 47405 161054 624756 11012932 3.4 12.1
2 48.73 167.69 431.49 522.77 804581 2768730 7124331 8631455 34.0 1.1
3 23.62 80.30 102.54 174.05 652880 2219572 2834308 4810916 13.8 1.5

Aver4CJe 17.54 59.63 120.49 397.96 1141766 3881615 7843297 25905206 13.5 2.8
.-- .:

LCO 3 29.19 33.86 61.06 199.85 1137972 1320032 2380424 7791152 14.3 1.8
4 55.54 64.43 292.31 582.06 906857 1052013 4772838 9503876 27.9 1.7

Averaqe 38.22 44.34 140.31 330.83 2114063 2452578 7760967 18299199 22.2 2.0

LeG 2 49.71 55.17 128.99 399.67 332361 368867 862427 2672194 25.8 2.7
3 4.82 5.35 17.46 184.99 207925 230788 753189 7980099 3.1 8.1
4 2.10 2.33 5.25 37.29 33816 37520 84541 600481 1.1 5.8

Averaqe 15.32 17.01 42.67 213.66 1010002 1121418 2813105 14085962 8.0 4.2

RSE 3 12.13 41.26 43.55 239.17 287978 979554 1033921 5678135 15.6 4.6
4 4.14 14.08 52.77 145.60 39280 133591 500682 1381453 4.8 2.4

Aver.C)_ 9.78 33.26 46.26 211.65 324980 1105197 1537174 7032918 8.9 3.9

RCO 3 8.47 9.82 21.51 113.21 1002958 1162816 2547064 13405535 5.9 4.4
4 3.26 3.78 19.42 33.24 138068 160091 822476 1407780 6.3 1.5

Average 7.12 8.26 20.97 92.45 1144647 1327919 3371242 14862724 6.0 3.7

KeG 2 3.53 3.92 6.89 96.91 65407 72634 127665 1795645 2.7 10.2
3 6.21 6.89 18.18 109.18 263826 292715 772359 4638403 5.2 5.0
4 5.96 6.61 14.63 200.86 191423 212300 469887 6451221 4.1 10.0
5 6.38 7.08 12.57 219.19 72981 80988 143788 2507314 4.2 12.0

Aver 4CJe 5.84 6.48 14.15 166.27 610689 677614 1479666 17386853 4.3 8.9

ALL BLDG 'l'l'PES
~- :.: Aver4CJe 16.49 20.84 56.29 274.56 18366050 23210945 62694057 305796410 10.8 4.1

0 •• ,

... l101'ES :
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Table 1. 23

AR7 Insulating Glass

AVERAGII: PER IlIIELLDIG llHIT, Tal'AL FOR U.S. PUBLIC BOUSnIG S'1'OClt SAVDIGS PAYBACICS:

TotAl Total Total Total Total Total Total Total Percent Discount-
Site Source Dollar. capitAl Site SOurce Dollar. capital Saving. ad
Energy Energy Saving. co.t Energy Energy savinge Coat (,) Payback

-. Savinqs Savings ($-'79) ($-'79) Savings Savings ($-'79) ($-'79) Period
(~) (MIlB'l'O) (1IMII'1'O) (1IMII'1'O) (Yean)

' ...-
LSO 3 7.62 8.83 26.69 855.70 115512 133854 404594 12971556 4.4 16.6..

',,' LSG 1 9.66 10.72 21.19 745.43 100399 1114162 2202340 77474776 6.9 19.2
' .. 2 11.44 12.70 37.74 871.67 1716023 1905025 5661075 130650000 7.9 14.6

3 30.38 33.72 51.23 575.61 5176965 5746124 8729951 98087973 14.6 5.2
4 110.06 122.16 252.88 2024.59 5858494 502577 13460802 107737520 24.5 6.1

,." ~

5 0 0 0 0 0 0 0 0 0

Average 13.68 15.18 38.68 706.04 6649164 7378239 18800414 343151300 8.25 11.5

LSE 1 1.26 4.27 16.66 988.00 26083 88393 344879 20452588 1.9 28.5
2 45.83 155.82 405.81 970.85 756699 2572744 6700329 16029704 31.95 2.1

'.
'.: 3 21.69 73.76 94.09 323.23 599533 2038800 2600742 8934400 12.7 3.0

~ -t:.

15.88 106.92 12.0 5.4Averag_ 53.99 739.07 1033709 3514479 6959957 48109761
' .

.. '

..
LeO 3 25.75 29.86 53.87 371.15 1003864 1164092 2100122 14469282 12.6 5.6

4 48.48 56.23 264.16 1080.96 791581 918123 4313204 17649914 25.2 3.5_.

Averaq_ 33.54 38.91 125.94 614.40 1855198 2152229 6966119 33984307 20.0 4.0

LeG 2 45.91 50.96 119.15 742.25 306954 340719 796637 4962683 23.8 5.1
3 2.24 2.49 8.08 343.56 96629 107414 348555 14820491 1.4 22.6
4 1.55 1.72 3.84 69.25 24960 27697 61836 1115133 0.8 12.3

Average 12.77 14.17 34.45 396.80 841888 934186 2271185 26159833 6.5 8.2

,'"
·:... ·t···'\

HSE 3 11.10 37.75 39.85 444.17 263525 896223 946079 10545039 14.3 8.0
4 3.13 10.65 39.90 270.40 29697 101047 378571 2565555 3.6 5.3

...... Average 8.76 29.78 39.86 393.06 291086 989560 1324508 13060990 7.7 7.2

HCO 3 7.73 8.98 19.55 210.25 915332 1063349 2314974 24896333 5.3 8.2
4 3.02 3.51 17.99 61.74 127903 148656 761912 2614812 5.8 2.9

Average 6.51 7.55 19.15 171.69 1046580 1213776 3078650 27601742 5.49 6.7

KCG 2 3.24 3.59 6.30 179.97 60034 66519 116733 3334664 2.4 16.9
3 5.56 6.17 16.41 202.77 236211 262126 697162 8614481 4.7 9.2
4 4.67 5.18 11.46 373.02 149991 166371 368072 11980656 3.2 18.3
5 4.68 5.20 9.23 407.06 53535 59483 105582 4656359 3.1 23.2

.. , Average 4.75 5.27 11.66 308.78 496708 551084 1219286 32289124 3.6 14.7

ALL BLDG TYPES
Avuaqe 14.26 18.09 49.09 509.97 15882345 20148081 54674920 566908420 9.4 7.5

llO'l'ES :
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Table 1. 24

ARB Storm Doors

AIIIlJIAGB PBll DllELLIIIG llIlIT '1'O'1'AL lOR U.S. PUBLIC HOllSIIIG S'1"OCIt: SAVINGS PAY!lACItS :

Total Total Total Total Total TOtal TOtal Total Percent Obcount-
.. " Site SOurc- Do11are Capital Site SOurce Do11are Capital Savinge ed

Bne;f9Y Bne;f9Y Savinge eoet Enerqy I!nU9Y Savinge eoet (') Payback
Savinq8 Savinge ($-'79) ($-'79) Savinge Savinge ($-'79) ($-'79) Period
(~) (~) (~) (~) (Yean)

LSO 3 7.05 8.18 24.72 162.91 106871 124001 374731 2469553 4.1 5.4

LSG 1 9.68 10.74 21.14 188.22 1006071 1116240 2197144 19567269 6.8 7.0

2 9.24 10.26 33.23 141.61 1386019 1539021 4984567 2124178 7.0 3.6

3 38.37 42.60 107.77 160.75 6538517 7259338 18364762 27392925 17.3 1.3
4 96.43 107.03 221.56 59.02 513~969 5697207 11793638 3141635 21.4 0.2
5 0 0 0 0 0 0 0 0 0

Average 13.88 15.41 39.04 144.98 6746374 7490031 18975392 70467529 8.3 3.2

LSE 1 0.62 2.12 7.98 117.64 12835 43886 165194 2435266 0.9 10.6
2 41.lI9 142.41 370.91 166.60 691646 2351332 6124095 2750733 29.2 0.4
3 20.56 69.90 93.69 67.09 568299 1932106 2589685 1854435 12.6 0.6

Aver&ge 14.54 49.42 97.16 106.67 946481 3216995 6324630 6943684 10.9 1.0

LCO 3 19.23 22.31 40.27 29.95 749682 869755 1569926 1167601 9.4 0.7, .
4 41.28 47.88 234.72 144.69 674020 3832508 2362498 22.4781785 0.6

AverAge 26.79 31.08 106.91 69.27 1481835 1719128 5913513 3831532 16.9 0.6
:

LeG 2 44.18 49.04 114.66 90.92 295387 327881 766617 607891 22.9 0.7
3 31. 77 35.26 87.46 63.11 1370494 1521046 3772849 2722439 15.6 0.7
4 48.42 53.75 108.71 90.47 779707 865536 1750557 1456838 22.4 0.8

Average 37.45 41.57 97.48 74.25 2468966 2740585 6426564 4895080 18.25 0.7

HSE 3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0

. "
Averag_ 0 0 0 0 0 0 0 0 0

HCO 3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0

Aver,aq. 0 0 0 0 0 0 0 0 0

~CG 2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0

Averaqe 0 0 0 0 0 0 0 0 0

'. ~" ALL BLDG TYPES
Averaqe 14.42 17.67 48.22 73.82 16060548 19680298 53705941 82218427 9.2 1.3

','
,,;

1I0TES:..::~~ . .-. ~

.,
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Table 1.26

ARlO Vestibules

.... : AVII1UlGII: PBJt 1MBLLIIIG afIT: 'l"01'AL FOR o.S. PtlBLIC HOUSING S'l'OCIt: SAVI1lG& PAYBlICKS:

TotAl TotAl TotAl Total TotAl TotAl TotAl TotAl PerCtlnt Discount-
Site SourCtl Dollars CapitAl Site sourCtl Dollars Cltp1tal Savings ad

,. ',~ - Energy EnIIrqy Savinge eost EnIIrqy Enarqy Savings eo.t (,) Payback
Sav1n<J. Savin<J. ($-'79) ($-'79) Saving. SavinCJ8 ($-'79) ($-'79) Period
(~) (~) (~) (_TO) (Years)

....
LSO 3 0 0 0 0 0 0 0 0 0

LSG 1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0

i.. , Average 0 0 0 0 0 0 0 0 0

LSE 1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0

Average 0 0 0 0 0 0 0 0 0

LCO 3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0

Averag. 0 0 0 0 0 0 0 0 0

LeG 2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0

Average 0 0 0 0 0 0 0 0 0

HSE 3 0 0 0 0 0 0 0 0 0
4 6.50 22.11 82.88 300.00 61672 209779 786365 2846400 7.5 3.1

AverA-q. 1.91 6.50 24.38 88.24 63467 215988 810123 2932126 4.7 3.1

.-;..::
HCO 3 6.49 7.52 15.81 40.83 768500 890465 1872109 4834802 4.3 2.2

4 0 0 0 0 0 0 0 0 0
_...

Average 4.80 5.57 11.71 30.23 771672 895461 1882558 4859925 3.4 2.2",:"
,-.;

HCG 2 1.96 2.17 4.10 65.63 36316 40207 75968 1216058 1.6 11.3
3 0.86 0.95 2.49 16.30 36536 40359 105785 692489 0.7 5.4
4 2.49 2.76 6.08 78.38 79973 88645 195277 2517408 1.7 8.9
5 2.10 2.33 4.14 47.51 24021 26652 47357 543466 1.4 8.7

Average 1.85 2.05 4.30 50.96 193454 214368 449651 5328887 1.3 8.4..

ALI. BLDG TYPES
Averaq. 1.12 1.36 3.05 13.63 1087191 1320161 2960656 13230736 0.6 3.7

llOTES :
. ,,' r
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Table 1.27

SH2 Nighttime Setback Thermostat

AIlERAGE PER DWELLING UNIT: TOTAL FOR U.S. PUBLIC HOUSING STOCK: SAVINGS PAYBACXS:

Total Total Total Total Total Total Total Total Percent Discount-
Site SOurce Dollars Capital Site Source Dollars Capital Savings ad
Energy Energy Savings Cost Energy Energy Savings Cost (t) Payback

1.' Savings Savings ($-'79) ($-'79) Savings Savinqs ($-'79) ($-'79) Period
(MMBTU) (IlMBTO) (1lMBTU) (1lMBTU) (Years)

LSO 3 26.78 31.07 93.87 64.86 405958 470990 1422975 983213 15.5 0.6

LSG 1 11.05 12.27 25.60 66.19 1148460 1275258 2660685 6879325 8.3 2.2
2 20.59 22.85 61.33 66.73 3088541 3427546 9199623 10009633 12.9 1.0
3 19.01 21.10 43.48 50.36 3239437 3595588 7409296 8581697 7.0 1.0
4 45.46 50.46 116.01 72.30 2419836 2685986 6175212 3848529 11.2 0.6
5 24.10 26.75 67.19 64.86 204296 226760 569570 549818 9.8 0.9

Average 17.59 19.52 47.43 63.95 8549620 9487696 23053351 31082897 10.1 1.2
, .

LSE 1 10.09 34.30 133.49 66.27 208873 710044 2763376 1371855 15.1 0.4
2 20.17 68.43 178.34 72.30 333027 1129848 2944572 1193745 14.0 0.4
3 12.24 41.61 75.96 64.82 338326 1150142 2099610 1791690 10.2 0.8

Averaqe 12.47 42.41 119.28 66.69 811735 2760679 7764532 4341186 13.4 0.5

, '

LCO 3 20.93 24.28 43.83 64.93 815956 946556 1708713 2531296 10.2 1.3
4 24.92 28.91 125.66 64.86 406894 472042 2051776 1059034 12.0 0.5

Average 22.30 25.87 71.88 64.91 1233480 1430947 3975898 3590367 11.4 0.8

LeG 2 30.52 33.88 79.19 65.16 204057 226522 529464 435660 15.8 0.7
3 18.12 20.12 53.98 65.05 781661 867937 2328589 2806127 9.7 1.1
4 20.58 22.84 46.73 66.00 331400 367793 752493 1062798 9.6 1.3

Average 21.54 23.91 58.96 65.23 1420068 1576315 3887056 4300418 11.0 1.0
"

,,'

HSE 3 7.53 25.61 27.03 64.86 178770 608007 641719 7680267 9.7 2.1
4 8.41 28.59 107.16 72.30 79794 271262 1016734 3062050 9.8 0.6-,
Average 7.79 26.48 50.60 67.05 258854 879904 1681387 10779293 9.7 1.2

HCO 3 9.19 10.66 23.59 65.24 1088215 1262283 2793363 7725264 6.4 2.4
4 13.10 15.20 40.44 65.81 554811 643750 1712715 2787185 13.1 1.4

Average 10.20 11.83 27.97 65.39 1639803 1901850 4496597 10512423 8.0 2.0

HCG 2 9.73 10.80 18.54 64.86 180287 200113 343528 1201791 7.1 3.0
3 7.39 8.21 21.10 66.01 313957 348794 896412 2804369 6.1 2.7
4 8.86 9.84 21. 79 65.21 284565 316041 699851 2094415 6.1 2.6
5 6.03 6.70 12.13 64.86 68977 76641 138755 741934 4.1 4.5

Average 7.82 8.68 18.69 65.31 817737 907668 1954413 6829467 5.7 3.0

ALL BLDG TYPES
Average 16.95 20.74 53.99 65.00 18878384 23099569 60132388 72394985 10.8 1.1

l/OTES:
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Table 1.28

SH3 Automatic Flue Damper
":..

AVEMGE PER DlELI.ING UNIT: TOTAL FOR u.s. PUBLIC IIOUSI!lC S'l'OCIt: SAVIIlGS PAYBACICS:

Total Total Total Total Total Total Total Total Percent Di.count-
Site Source Dollan Capital Site Source Do11an Capital Saving. ed

Energy Energy Saving. co.t EnU9Y Energy Sa"inqa co.t (,) Period
.' ..

Savinqa Saving. ($-'79) ($-'79) Savinq. Saving. ($-'79) ($-'79) (Year.)..
(~) (~) (~) (~l

LSO 3 0 0 0 0 0 0 0 0 0

LSG 1 47.53 52.76 113.12 539.55 4939935 5483505 11756900 56077050 36.6 4.0
2 78.11 86.70 182.00 562.40 11716656 13005173 27300364 84361124 38.2 2.7
3 101.94 113.16 264.03 568.47 17371289 19283256 44992560 96871267 42.4 1.9
4 111.82 124.12 287.38 613.16 5952178 6606907 15297237 32638506 27.8 1.8
5 126.23 140.11 350.91 532.16 1070051 1187712 2974664 4511120 50.9 1.3

Averaqe 70.59 78.35 189.17 552.78 34310269 38082017 91946078 268678700 40.3 2.5

LSE 1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0

Averag_ 0 0 0 0 0 0 0 0 0

"J ," LCO 3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0

Averag_ 0 0 0 0 0 0 0 0 0

LeG 2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0

Average 0 0 0 0 0 0 0 0 0

HSE 3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0

.. ' Averaqe 0 0 0 0 0 0 0 0 0

HCO 3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0

"~.-

..... ;. 0 0 0 0 0 0 0Averaqe 0 0

'... HCG 2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0

Averaq. 0 0 0 0 0 0 0 0 0

ALL BLDG TYPES
Average 14.62 16.22 39.17 114.46 16283302 18065333 43626331 127482000 8.4 2.5

llO'l'ES :

....,
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Table 1.29

SH4 Flue Heat Recovery

' . '.. .
AVERAGB PER IlIlBLLDlG UNIT: TOTAL FOR U.S. PUBLIC SOUSING STOCK: SAVINGS PAYBACXS:

Total Total Total Total Total Total Total Total Percent Discount-
Site Source Dollar. capital Site Source Dollar. Capitel Saving. ed

Bnerqy Enerqy Saving. co.t Bnerqy Enerqy Saving. Co.t (') Payback
Saving. Saving. ($-'79) ($-'79) SAving. Saving. ($-'79) ($-'79) Period

..'.' (_TU) (MMBTU) (MMBTU) (MMBTU) (Year.)
-.

LSO 3 7.19 8.34 23.09 347.12 108993 126426 350021 5261992 3.8 10.7

LSG 1 2.15 2.39 5.12 356.42 223455 248399 532136 37043799 1.7 32.3

.-;.' .. '
2 5.67 6.30 13.22 366.61 850511 945012 1983026 54992233 2.8 16.5
3 8.93 9.91 23.12 370.53 1521734 1688733 3939809 63140905 3.7 11.3
4 18.77 20.84 48.24 399.62 999127 1109313 2567815 21271772 4.7 6.6
5 8.43 9.36 23.43 347.12 71461 79344 198616 2942536 3.4 10.6

Averaqe 4.99 5.54 13.37 362.00 2425389 2692717 6498488 175950100 2.9 16.3

LSE 1 0 0 0 0 0 0 0 0 0

.' 2 0 0 0 0 0 0 0 0 0
. ~ ..

3 0 0 0 0 0 0 0 00

".;

Average 0 0 0 0 0 0 0 0 0

. ~ ..
LeO 3 5.80 6.73 14.65 347.63 226113 262369 571130 13552355 3.4 14.9

4 10.35 12.01 50.91 347.12 168994 196099 831258 5667775 4.9 5.6

Averaqe 8.09 9.38 27.07 347.46 447482 518835 1497322 19219054 4.2 9.5

LeG 2 8.20 9.10 21.15 349.27 54825 60842 141408 2335219 4.2 11.5
3 8.57 9.51 25.62 348.43 369692 410242 1105195 15030573 4.6 9.9
4 10.62 11.78 21.55 355.06 171013 189693 347019 5717531 4.4 11.5

Average 8.72 9.67 23.88 349.70 574883 637514 1574336 23054671 4.5 10.5

'.' .: HSE 3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0

Average 0 0 0 0 0 0 0 0 0

.. " ..; SCO 3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0

Average 0 0 0 0 0 0 0 0 0

HCG 2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0

Average 0 0 0 0 0 0 0 0 0

ALL BLDG TrPES
Averaqe 4.48 5.08 13.46 223.24 4348767 4931191 13065716 216700600 2.3 11.6

IlOTES:

'. o.
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Table 1.30

SHS Electric Automatic Pilot

AVERAGE PER IlllELLDIG UlIIT: 'l'O'J'AL !'OR u.s. PUBLIC HOUSING S'1'OCX, SAVINGS PAYBACXS:

Total Total Total Total Total Total Total Total Percent Di.count-
Site source Dollar. Capiu1 Site SOurce Dollar. capital saving. ad
Energy Energy saving. Co.t Energy Energy Savinq. co.t (,) Payback
Savinq. Savinq. ($-'79) ($-'79) savin<J. Savin<J. ($-'79) ($-'79) Period
(~) (~) (.m'l'tl) (.m'l'tl) (Year.)

LSO 0 0 0 0 0 0 0 0 0

LSG 1 6.33 7.02 15.06 247.47 657895 729609 1565230 25720299 4.9 11.5
2 8.54 9.48 19.90 250.63 1281017 1422018 2985039 37595001 4.0 9.7
3 6.57 7.29 17.01 253.07 1119573 1242267 2898623 43124899 2.7 10.6
4 6.56 7.28 16.85 250.00 349721 387514 896925 13307500 1.6 10.6
5 6.59 7.31 18.32 250.00 55863 61966 155298 2119250 2.7 10.0

Average 6.43 7.13 17.22 249.82 3125301 3465536 8369781 121425011 3.7 10.4

LSE 1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0

Averag_ 0 0 0 0 0 0 0 0 0

LCO 3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0

Averaqe 0 0 0 0 0 0 0 0 0

LeG 2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0

Average 0 0 0 0 0 0 0 0 0

KSE 3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0

Average 0 0 0 0 0 0 0 0 0

KCO 3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0

Averaq_ 0 0 0 0 0 0 0 0 0

-.

-. KCG 2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0

4 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0

... ~"

Averaqe 0 0 0 0 0 0 0 0 0

ALL 8LDG TrPES
Averag_ 1.33 1.48 3.57 51.73 1481312 1648378 3976155 5715270 0.7 10.4

1l0TES:
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Table 1.31

SW2 Flow Restrictors

AWRAGE PBR lllIELLING IlHIT: TOTAL FOR U.S. PUBLIC HOUSING STOCK: SAVINGS PAYBACXS:

Total Total Total Total Total Total Total Total Percent Discount-
Site Source Dollars Capital Site Source Dollars capital Savings ed
Enerqy Bnerqy Savings COst Enerqy Enerqy s&vings Cost (') Payback
Savings Savings ($-'79) ($-'79) Savings Saving. ($-'79) ($-'79) Period
(MI!ImJ) (_TU) (MIIII'1'U) (MMIl'1'U) (Years)

LSO 3 10.13 11.75 35.52 17.00 153561 178118 538448 257703 5.9 0.4

LSG 1 6.26 6.94 14.61 17.00 650621 721295 1518461 1766861 4.7 1.0

2 6.53 7.25 19.45 17.00 979513 1087515 2917539 2550034 4.1 0.8

3 6.34 7.04 16.14 17.00 1080380 1199665 2750369 2896919 2.6 0.9

4 7.21 8.01 18.56 17.00 383788 426372 987949 904910 1.8 0.8

5 7.02 7.79 19.56 17.00 59509 66036 165810 144109 2.8 0.8

Avera.ge 6.46 7.17 17.26 17.00 3139883 3484979 8389223 8262850 3.7 0.9

LSB 1 5.83 19.81 78.32 17.00 120687 410087 1621302 351917 8.9 0.2
2 5.10 17.33 45.16 17.00 84206 286136 745637 280687 3.6 0.3

.', .. 3 2.77 9.42 17.42 17.00 76566 260378 481506 469897 2.3 0.9

Averaqe 4.58 15.57 50.52 17.00 298135 1013529 3288599 1106615 5.7 0.3

---
LCO 3 6.34 7.35 13.28 17.00 247165 286540 517721 662745 3.1 1.1

4 6.56 7.61 32.65 17.00 107112 124256 533109 277576 3.1 0.5

Average 6.41 7.44 19.92 17.00 354556 411529 1101835 940321 3.2 0.8

LeG 2 6.15 6.82 15.94 17.00 41119 45599 106575 113662 3.2 1.0
3 6.39 7.09 19.14 17.00 275652 305848 825661 733346 3.4 0.8
4 5.24 5.82 11.78 17.00 84380 93719 189693 273751 2.4 1.3

Average 6.15 6.83 17.18 17.00 405451 450281 1132626 1120759 3.2 0.9

HSE 3 1.06 3.60 3.80 17.00 25165 85468 90216 403597 1.4 3.7
4 1.09 3.70 13.88 17.00 10342 35106 131693 161296 1.3 1.1

Average 1.07 3.63 6.76 17.00 35555 120621 224628 564893 1.3 2.1

HCO 3 2.94 3.41 7.33 17.00 348134 403788 867967 2013021 2.0 2.0
4 3.12 3.62 8.78 17.00 132138 153314 371851 719984 2.9 1.7

Average 2.98 3.46 7.70 17.00 479080 556247 1217891 2733005 2.2 1.9

HCG 2 2.67 2.96 5.46 17.00 49472 54846 101168 314993 2.1 2.6
3 1.08 1.19 2.96 17.00 45883 50556 125753 722228 0.9 4.6

.... 4 1.04 1.15 2.55 17.00 33403 36936 81901 546006 0.7 5.2
5 1.05 1.16 2.09 17.00 12011 13269 23908 194463 0.7 6.2

Average 1.26 1.40 2.91 17.00 131758 146398 304299 1777690 0.9 4.7

ALL BLDG TYPES
Average 5.30 6.49 17.15 17.00 5902976 7228361 19101138 18934073 3.4 0.9

llOTES:
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Table 1.32

SW3 New Domestic Hot Water Heater

AVE1UlGE PER DWELLII«> UNIT, TOTAL FOR U.S. PUBLIC HooSII«> S'1'OCIC. SAVII«>S PAYIlACXS:

Total Total Total Total Total Total Total Total Percent Discount-
Site Source Dollar. Capital Site Source Dollar. Capital Saving. ed
Energy Energy Saving. Co.t Energy Energy Saving. Coat (\) Payback
Savinqa Saving. ($-'79) ($'-79) Savinq. Savings ($-'79) ($-'79) Period
(MMllTIl) (_TIl) (_TO) (MtmTO) (Year.)

LSO 13.22 15.34 46.34 448.37 200401 232539 702468 6796840 7.6 7.5

LSG 1 6.52 7.24 14.88 448.37 677643 752474 1546523 46600439 4.8 17.4
2 10.35 11.49 30.95 448.37 1552520 1723523 4642562 67256396 6.5 10.4
3 13.02 14.46 34.16 448.37 2218699 2464085 5821103 76405386 5.5 9.7
4 30.15 33.47 74.57 448.37 1604884 1781608 3969361 23866735 7.2 5.0
5 15.17 16.84 42.29 448.37 128596 142752 358492 3800832 6.1 8.1

Average 10.16 11.28 27.53 448.37 4938268 5482644 13380956 217930200 5.9 11.4

LSE 1 4.23 14.38 55.97 448.37 87565 297680 1158634 9281707 6.3 6.4
2 10.32 35.10 91.42 448.37 170393 579536 1509435 7403037 7.2 4.1
3 7.41 25.20 47.15 448.37 204819 696553 1303273 12393395 6.3 7.4

Averag_ 6.37 21.67 58.31 448.37 413113 1405364 3781578 29078139 6.5 6.2

LCO 3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0

Averaqe 0 0 0 0 0 0 0 0 0

LCG 2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0

Averagre 0 0 0 0 0 0 0 0 0

HSE 3 3.63 12.34 13.02 448.37 86179 292963 309107 1064475 4.7 19.0
4 5.45 18.52 69.40 448.37 51709 175717 658467 4254134 6.3 5.3

Averag_ 4.16 14.15 29.61 448.37 138232 470190 983910 14898886 5.7 10.8

HCO 3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0

Averaq8 0 0 0 0 0 0 0 0 0

' .. HCG 2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 (J 0 0 0 0
5 0 0 0 0 0 0 0 0 0

Average 0 0 0 0 0 0 0 0 0
. ' . ..

ALL BLDG TYPES
Avereqe 3.74 4.99 17.08 74.81 3630444 4843827 16579675 72618590 2.2 3.7

..
'"

IlOTES,

-'
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Table 1.33

SW4 Refurbish/Replace Fixture

AVERl\GE PER DliELLING UNIT: TOTAL FOR U.S. PUBLIC HOUSING STOCK: SAVINGS PAYBAClCS I

Total Total Total Total Total Total Total Total Percent Discount-
Site Source Dollara Capital Site Source Dollars capital Savinqa ed
Energy Energy Saving_ Coat Energy Enerqy Savinqa Coat (~) PaybAck
Savings Savinga ($-'79) ($-'79) Savinqa Savinqa ($-'79) ($-'79) Period
(_TO) (MllBTO) (MMBTO) (_TO) (Yeera)

>. . .
. .....

LSO 3 11.49 13.33 40.28 89.00 174177 202069 610605 1349151 6.6 1.9

I.SG 1 7.74 8.59 18.02 89.00 804441 892784 1872873 9250037 5.8 4.0
2 7.96 8.84 23.73 89.00 1194016 1326018 3559547 13350178 5.0 3.1
3 7.78 8.64 19.84 89.00 1325766 1472316 3380875 15166223 3.2 3.6
4 8.57 9.51 22.03 89.00 456181 506217 1172657 4737470 2.1 3.3
5 8.42 9.35 23.48 89.00 71376 792M 199040 754453 3.4 3.1

Average 7.91 8.78 21.10 89.00 3844656 4267519 10255655 43258450 4.5 3.5

I.SE 1 7.23 24.58 96.82 89.00 149668 508831 2004271 1842389 11.0 0.8
2 6.56 22.31 58.12 89.00 108312 368360 959619 1469479 4.6 1.3
3 3.87 13.17 24.92 89.00 106971 364032 688814 2460049 3.4 3.0

Averag_ 5.88 20.00 64.06 89.00 382759 1301900 4169986 5793455 7.2 1.2

;
LCO 3 7.66 8.88 16.04 89.00 298625 346187 625319 3469666 3.7 4.5

4 7.87 9.12 39.14 89.00 128501 148911 639078 1453192 3.7 1.9

Average 7.72 8.96 23.98 89.00 427016 495604 1326406 4922857 3.8 3.1

LeG 2 7.28 8.08 18.86 89.00 48674 54023 126098 595054 3.8 3.9
3 7.72 8.58 23.15 89.00 333025 370124 998645 3839282 4.1 3.2
4 6.39 7.09 14.37 89.00 102898 114170 231400 1433167 3.0 4.9

Average 7.40 8.n 20.70 89.00 487860 541261 1364689 5867503 3.9 3.5

HSE 3 2.12 1.19 1.59 89.00 50331 170698 180194 2112949 2.7 8.3
4 2.18 7.41 27.76 89.00 20684 70306 263387 844432 2.5 2.7

Average 2.13 7.25 13.52 89.00 70778 240910 449256 2957381 2.6 5.2

HCO 3 4.46 5.18 11.18 89.00 528122 613379 1323857 10538757 3.0 6.1
4 4.56 5.39 13.41 89.00 193125 228277 567940 3169328 4.4 5.2

Average 4.51 5.23 11.76 89.00 725050 840801 1890596 14308085 3.4 5.8

HCG 2 3.74 4.15 1.38 89.00 69298 76895 136744 1649081 2.8 8.5
3 2.12 2.36 5.85 89.00 90066 100262 248531 3781076 1.7 10.1
4 2.06 2.28 5.05 89.00 66163 73229 162196 2858502 1.4 11.2
5 2.07 2.30 4.13 89.00 23679 26310 47243 1018071 1.4 12.9

Average 2.29 2.54 5.33 88.76 239465 265608 557358 9281633 1.6 10.8

ALL BLDG TYPES
Averaq_ 6.63 8.17 18.50 88.97 7384288 9099493 20604726 99092027 4.3 3.9

lIOTES:
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Table 1.34

SL2 Reduce Lighting Level

AVERAGE PER DWELLING UNIT: TOTAL FOR U.S. PUBLIC HOUSING STOCK: SAVINGS PAYBACK:

TOtAl TotAl TotAl Total TotAl Total Total Total Percent Oiseount-
Site Source Dollars Capital Site Source Dollars Capital Savings eel

Energy Energy Savings Cost Energy Energy Savings Cost (') Payback
Savings Savings ($-'79) ($-'79) Savings Savings ($-'79) ($-'79) Period
(MMIlTlJ) (MMIlTlJ) (MIlIlTU) (MIlIlTU) (Vears)

LSO 0 0 0 0 0 0 0 0 0

LSG 1 0.14 0.46 1.71 24.77 14551 47809 177725 2574420 0.6 10.5

2 0.07 0.23 0.78 12.16 10500 34500 117002 1824024 0.2 11.1

3 0.02 0.07 0.23 3.74 3408 11928 39194 637322 0.1 11.2

4 0 0 0 0 0 0 0 0 0

5 0.13 0.44 2.58 23.37 1102 3730 21871 198107 0.4 7.1

Average 0.09 0.31 1.20 16.33 43745 150676 583260 7937197 0.3 10.0

LSI: 1 0 0 0 0 0 0 0 0 0

2 0 0 0 0 0 0 0 0 0

3 0.18 0.61 1.90 32.84 4975 16861 52518 907730 0.3 12.0

Average 0.06 0.23 0.70 12.16 3906 14972 45567 791555 0.1 12.0

LCO 3 0.08 0.26 1.66 14.04 3119 10136 64715 547349 0.4 10.1

4 0 0 0 0 0 0 0 0 0

Average 0.05 0.17 1.09 9.23 2766 9403 60291 510539 0.2 10.1

LeG 2 0.11 0.37 1.39 19.93 735 2474 9294 133252 0.3 10.3

3 0.01 0.03 0.13 1.87 431 1294 5608 80668 0.1 10.7

4 0 0 0 0 0 0 0 0 0 0

Average 0.03 0.11 0.41 5.97 1978 7252 27030 393584 0.1 10.5

NSE 3 1.08 3.67 3.88 196.00 25640 87129 92115 4653236 1.4 25.3
4 0.91 3.10 11.62 165.76 8634 29413 110251 1572731 1.1 10.3

Average 1.03 3.50 6.16 187.11 34226 116302 204691 6217478 1.2 17 .5

NCO 3 0.05 0.17 0.69 9.24 5921 20130 81705 1094136 1.4 9.9
4 0.07 0.23 0.55 12.27 2965 9741 23294 519659 1.1 14.4

Average 0.06 0.19 0.65 10.02 9646 30545 104497 1610865 1.2 11.0

NCG 2 0.18 0.61 1.88 32.73 3335 11303 34835 606454 0.7 12.0

3 0.22 0.78 2.57 41.47 9346 33138 109184 1761811 0.7 11.4

4 0.04 0.15 0.42 7.85 1285 4818 13490 252126 0.1 12.5

5 0.17 0.58 2.05 31.00 1945 6635 23450 354609 0.7 10.8

Average 0.15 0.50 1.64 26.61 15686 52285 171495 2782608 0.5 11.4

ALL BLDG TYPES
Average 0.08 0.28 0.98 15.05 89102 311855 1091494 16762223 0.1 11.0

-"\-

IlO1'ES :
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Table 1.35

SL3 Automatic Timed Control

" .
'-,".:

AVERAGE PER DlIELLIIIG tlMl:T: TOTAL FOR U.S. PUBLIC HOOSIIIG STOC1t: SAVINGS PA'lIll\CXS I

Total Total TOtal TOtal TOtal TOtal TOtal TOtal Percent Discount-
Site Source Dollar. Capital Site Source Dollar. Capital Saving. ed
Energy Energy Savinge Co.t Energy Energy Saving. Coat (') Period

.. Saving. Saving. ($-'79) ($-'79) Saving. Saving. ($-'79) ($-'79) (Year.)...~. (_TO) (_TO) (_TO) (_TO)

.<:'.'.:'

"':-. LSO 3 0.01 0.03 0.09 2.50 152 455 1364 37898 0.1 16.9

LSG 1 0.10 0.33 1.27 8.15 10393 34298 131995 847054 0.4 5.3
2 0.06 0.20 0.70 8.69 9000 30000 10500 1303517 0.1 9.3
3 0.04 0.13 0.51 9.49 6816 22153 86908 1617162 0.1 12.5
4 0 0 0 0 0 0 0 0 0
5 0.08 0.26 1.52 2.28 678 2204 12885 19328 0.2 1.3

Average 0.07 0.24 0.95 7.85 34024 116652 461748 3815493 0.2 6.6

LSI!: 1 0.13 0.45 1.79 8.45 2691 9316 37055 174924 0.2 4.0
2 0.10 0.35 0.91 25.17 1651 5779 15025 415582 0.1 16.5
3 0.19 0.65 1.39 16.13 5252 17967 38421 445849 0.2 8.8..

Average 0.15 0.51 1.50 13.94 9728 33075 97280 904051 0.2 7.3

LCO 3 0.05 0.15 0.98 0.99 1949 5848 38205 38595 0.2 0.9
4 0.03 0.11 0.47 1.90 653 1796 7674 31023 0.1 3.4

Averaq_ 0.04 0.14 0.80 1.30 2213 7744 44250 21226 0.1 1.4

LeG 2 0.06 0.22 0.82 4.84 401 1471 5483 32360 0.2 4.9
3 0.04 0.13 0.46 2.96 1726 5608 19844 127688 0.1 5.3
4 0 0 0 0 0 0 0 0 0

5.1
Average 0.04 0.13 0.48 2.95 2637 8571 31645 194485 0.1

HSI!: 3 0.64 2.16 2.28 9.86 15194 51281 54130 234086 0.8 3.7
4 0.54 1.82 6.84 23.66 4124 17268 64898 224486 0.6 3.0

Averaqe 0.61 2.06 3.62 13.92 20270 68452 120289 462548 0.7 3.3

HCO 3 0.04 0.13 0.53 2.84 4737 15394 62759 336293 0.1 4.5
4 0.07 0.23 0.63 5.40 2965 9741 26682 228701 0.2 6.8

,,.
Aver·eJ· 0.05 0.16 0.55 3.51 8038 25722 88421 564285 0.2 5.3

KeG 2 0.17 0.58 1.64 7.39 3150 10747 30388 136929 0.6 3.8
3 0.22 0.75 2.80 9.64 9347 31863 118955 409546 0.8 3.0
4 0.21 0.72 2.64 7.02 6745 23125 84792 225468 0.7 2.3

" 5 0.10 0.34 1.21 3.57 1144 3889 13841 40837 0.4 2.5

Aver.C)_ 0.18 0.62 2.19 6.93 18823 64833 229008 724670 0.7 2.7

ALL BLDG TYPES
Averaqe 0.08 0.26 0.87 4.88 89102 289580 968979 543519 0.1 4.7

lJOTES :
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Table 1.36

SL4 Incandescent to Fluorescent

AVEAAGE PER DWELLING UNIT: TOTAL FOR u.s. PUBLIC HOUSING STOCX: SAVINGS PAYBACXS:

Total Total Total Total Total Total Total Total Percent Discount-. , Site Sourc. Dollars Capital Site Source Dollars Capital Savings ed
Energy Energy Savings Cost Energy Energy Savings Cost (\) Payback
Savings Savings ($-'79) ($-'79) Savings Savings ($-'79) ($-'79) Period
(MMBTU) (*BTU) (*BTU) (MMBTU) (Years)

1.50 0.30 1.01 2.79 31.00 4548 15311 42294 469929 0.5 8.0

1.5G 1 0.40 1.37 3.55 31.11 41573 142388 368962 3233356 1.1 7.0
2 0.29 0.98 3.53 31.17 43501 147002 529507 4675562 0.7 7.0
3 0.29 0.97 3.95 31. 33 49418 165295 673108 5338851 0.6 6.4
4 0.29 0.99 3.84 31.66 15437 52698 204403 1685262 0.4 6.6
5 0.29 0.99 5.79 31.00 2458 8392 49082 262787 0.8 4.3

Average 0.28 0.95 3.84 31.16 136094 461748 186643 15145318 0.8 6.2

1.5E 1 0.29 0.99 3.83 31.00 6003 20494 79285 641731 0.4 6.5
2 0.30 1.03 2.57 33.00 4953 17006 42433 544863 0.2 9.5
3 0.36 1.21 1.98 31.18 9951 33446 54729 861846 0.3 11.1

Averaq_ 0.31 1.04 2.95 31. 38 20179 67699 192030 2042681 0.3 7.7

LeO 3 0.26 0.89 4.14 31.13 10136 34697 161398 1213603 1.0 6.1
4 0.29 0.99 3.57 31.00 4735 16165 58291 506168 0.3 6.9

AverAge 0.27 0.91 3.94 31.08 14935 50335 217933 1719128 0.6 6.1

LeG 2 0.30 1.03 3.92 31.08 2006 6887 26209 207801 0.8 6.4
3 0.30 1.04 3.48 31.05 12941 44864 150120 1339435 0.6 7.1
4 0.29 1.00 3.35 31. 28 4669 16103 53945 503702 0.7 7.3

Averag. 0.30 1.04 3.57 31.09 19778 68564 235359 2049670 0.7 6.5

HSE 3 0.30 1.01 1.04 31.00 7122 23978 24691 735971 0.4 15.9
4 0.29 0.97 3.69 31.00 2752 9203 35011 294128 0.3 6.4

Average 0.30 1.01 1.82 31.00 9969 33561 60477 1030099 0.4 11.0

HCO 3 0.29 1.00 4.13 31.00 34340 118413 489046 3670803 1.1 6.1
.... 4 0.29 0.97 2.93 31.00 12282 41081 124091 1312912 1.0 8.1

Average 0.29 0.98 3.81 31.00 46622 157550 612515 4983715 1.1 6.2

HCG 2 0.29 0.99 2.83 31.00 5373 18344 52437 574399 1.0 8.4
3 0.29 0.98 3.99 31.00 12320 41634 169511 1317004 1.1 6.3.. 4 0.29 1.00 3.61 31.00 9314 32118 115946 995658 1.0 6.8..
5 0.28 0.96 3.39 31.00 3203 10981 38778 354609 1.1 6.6

Average 0.29 0.98 3.56 31.03 30325 102479 372269 3244807 1.1 6.5

ALL BLDG TYPES
Averaq. 0.29 .97 3.60 31.08 322993 1080356 4009568 34615940 0.5 6.5

.'
tlO'l'ES:
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Table 1.37

SLS High Efficiency Ballast

AVE1lAGB PER Dlll!LLDlG UHIT: TOTAL FOR u.s. PUBLIC HOUSDIG STOClt: SAVINGS PA'lBACXS:

Total Total Total Total Total Total Total Total Percent Diacount-

Siu source Dollar. capital Site Source Dollars Capital Savinqa ad

.. Enerqy Enerqy Savinqs Cost Enerqy Enarqy Savinqs Cost (\) Payback

Savinqs Savinqs ($-'79) ($-'79) Savinq. SAvinqs ($-'79) ($-'79) Period

(-U) ( MIlIl'1'U) (MMBTO) (MIlIl'1'U ) (Years)

'.' LSD 3 0 0 0 0 0 0 0 0 0

LSG 1 0.06 0.22 0.80 8.20 6236 22865 83146 852251 0.3 7.5

2 0.03 0.11 0.37 4.18 4500 16500 55501 627008 0.1 8.6

3 0.01 0.03 0.11 1.28 1704 5112 18745 218121 0.1 8.:

4 0 0 0 0 0 0 0 0 0
5 0.06 0.21 1.21 8.03 509 1780 10257 68070 0.2 5.2

Averaqe 0.04 0.14 0.56 5.50 19442 68047 272188 2673275 0.1 7.2

LSE 1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0

" 3 0.09 0.29 0.89 11.27 2488 8016 24600 311514 0 8.8

Averaq_ 0.03 0.11 0.33 4.18 1953 7160 21481 272097 0.1 8.8

LeO 3 0.04 0.12 0.78 4.81 1559 4678 30408 187518 0.2 4.9

4 0 0 0 0 0 0 0 0 0

Averillge 0.02 0.08 0.51 3.16 1106 4425 28210 174789 0.1 4.9

LeG 2 0.05 0.18 0.66 6.84 334 1203 4413 45732 0.1 8.3

3 2.01 0.02 0.06 0.64 86707 863 2588 27608 0.1 7.8

4 0 0 0 0 0 0 0 0 0

Average 0.02 0.05 0.19 2.05 1319 3296 12526 135150 0.1 7.8

HSE 3 0.51 1.73 1.83 67.20 12108 41072 43446 1595395 0.7 18.0

4 0.43 1.46 5.47 56.64 4080 13852 51899 537400 0.5 7.5

Averaqe 0.49 1.65 2.90 64.09 16282 54828 96364 2129647 0.6 13.1

, , ..

HCO 3 0.02 0.08 0.32 3.16 2368 9473 37892 374185 0.1 7.6

4 0.03 0.11 0.26 4.20 1271 4659 11012 177878 0.1 10.t'>

',' Averaqe 0.03 0.09 0.31 3.43 4823 14469 49837 551424 0.1 7.9

HCG 2 0.08 0.29 0.88 11.25 1482 5373 16306 208451 oJ.3 8.8

3 0.11 0.37 1.21 14.22 4673 15719 51406 604122 0.3 8.9

4 0.02 0.07 0.20 2.70 642 2248 6424 86719 0.1 9.9
" '. 5 0.08 0.27 0.96 10.62 915 3089 10981 121482 0.3 8.3

Averag_ 0.07 0.24 0.77 9.13 7320 25097 80519 54724 0.2 8.4

ALL BLDG TYPES
Averaqe 0.04 0.13 0.46 5.14 44551 144790 512334 5724773 0.1 8.0

flOTES:
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Table 1.38

CRl' Individual Room Control

AVERAGE PER DWELLING UNIT: TOTAL FOR U.S. PUBLIC HOUSING STOC!C: SAVINGS PAYBACXS:

Total Total Total Total Total Total Total Total Percent Oiscount-
Site SOurce Dollars capital Site SOurce Dollars capital Savings ed
Energy Energy Savings Cost Energy Energy Savings Cost (,) Payback
Savings Savings ($-'79) ($-'79) Savings Savings ($-'79) ($-'79) Period
(MIlBoro) (MMBTO) (MIlBoro) (MMBoro) (Years)

LSO 0 0 0 0 0 0 0 0 0

LSG 1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0

Average: 0 0 0 0 0 0 0 0 0

LSE 1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0

Averag. 0 0 0 0 0 0 0 0 0

LCO 3 3.12 3.62 6.56 105.03 121633 141125 255741 4094594 1.5 11.3
4 8.56 9.93 41.69 807.60 139767 162137 680714 13186492 4.0 13.0

Average 4.98 5.78 18.60 345.80 275458 319709 1028821 19127235 2.9 12.6

LeG 2 8.01 8.89 20.79 774.57 53554 59438 139000 5178775 4.2 19.9
3 7.88 8.75 23.67 352.93 339927 377457 1021076 15224694 4.2 10.7
4 8.98 9.96 20.14 694.39 144604 160385 324314 11181762 4.1 19.0

Averaqe 8.09 8.98 22.40 510.20 533349 592024 1476764 33635955 4.2 14.5

HSE 3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0

Average 0 0 0 0 0 0 0 0 0

HCO 3 0.42 0.48 1. 37 128.67 49733 56838 162225 15236200 0.4 42.2
4 3.22 3.7J 10.52 283.10 136373 151972 445543 11989851 3.4 16.2

Average 1.14 1.27 3.74 168.77 183272 204171 601261 27132309 1.1 22.2

IICG 2 2.09 2.32 3.80 361.44 38725 42987 70410 6697121 1.5 42.7

3 0.69 0.77 2.17 247.99 29313 32712 92190 10535607 0.6
4 0.77 0.85 1.90 292.54 24730 27300 61024 9395799 0.5

5 1.07 1.18 ~.20 197.33 12239 13498 25165 2257257 0.7 40.1

Averag_ 0.99 1.10 2.29 263.70 103524 115027 239465 27575109 0.7 34.8

ALL BLDG TYPES
Averaqe 2.39 2.71 7.58 136.93 2661907 3018313 8442369 152508300 1.4 12.3

llOTES:
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Table 1.39

CR2 Zone Control Retrofit

AVERAGE PER DIiELLIHG mlIT, TOTAL FOR U.S. PUBLIC HOUSING STOCIt: SAVINGS PAYBAC1tS,

Total Total Total Total Total Total Total Total Percent Diacount-
Site Source Do11ara Capital Site Source Do11an Capital Saving. ed
Energy Energy savinga Coat Energy Energy Savinga Coat (,,) Paybac:l<
Savinga Savinga ($-'79) ($-'79) Savinga Savinga ($-'79) ($-'79) Period
(MIlIl1'UI (_TO) (MMBTO) (MIlIl1'U) (Yeara)

LSO 3 0 0 0 0 0 0 0 0 0

LSG 1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0

Average 0 0 0 0 0 0 0 0 0

LSE 1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0

-- Averaq_ 0 0 0 0 0 0 0 0 0
--

LeO 3 1.07 1.24 2.25 49.57 41713 48341 87716 1932486 0.5 14.2
4 0.96 1.11 2.71 337.57 15675 18125 44248 5511842 0.3

Average 1.03 1.19 2.41 148.27 56972 65822 133304 8201258 0.4 26.2

LeG 2 2.38 2.64 6.18 326.33 15912 17651 41320 2181842 1.2 26.1
3 3.07 3.40 9.24 440.12 132433 146670 398595 18985896 1.7 24.4
4 4.48 4.97 10.05 189.50 72141 80032 161835 3051518 2.1 12.7

Average 3.13 3.47 8.62 372.35 206351 228766 568290 24547918 1.6 21.7

RSE 3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0

Averaqe 0 0 0 0 0 0 0 0 0

RCO 3 0.12 0.14 0.38 3.36 14209 16577 44996 397867 0.1 7.0
4 1.11 1.28 2.84 8.96 47010 54210 120279 379473 0.9 2.7

AverAqe 0.37 0.43 1.02 4.82 59483 69128 163980 774887 0.3 4.0

HCG 2 0.51 0.56 0.77 6.13 9449 10376 14267 113582 0.3 6.4
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0
5 0.38 0.42 0.79 6.33 4346 4804 9036 72408 0.3 6.4

Aver.qe 0.16 0.18 0.30 2.41 16731 18822 31371 252013 0.1 6.4

,- ALL 8LDG TYPES
Aver&qe 0.72 0.81 1.87 80.86 801913 902152 2082748 90059361 0.4 21.7

llOTES:
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Table 1.41

CR4 Hot Water Reset Control

AVERAGE PllR llIlELIoING UNIT, TOTAL FOR U.S. PUBLIC HOUSING S'I'OClt, SAVINGS PAYBACIt'

: Total Total Total Total Total Total Total Total Percent D1acount-
Site SOurce Dollar_ capital Site SOurce Dollars capital Savinq_ ed
Enerqy Energy Savin,,_ Co_t Enerqy Energy Savin,,_ Co_t (,) Payback
Savinqs Savinq_ ($-'79) ($-'79) Savinqs Savinqs ($-'79) ($-'79\ Period

-.(
(1lMB'l'U) (MIIIlTU) (MIIIlTU) U9IIlTU) (Year_)

LSO 3 0 0 0 0 0 0 0 0 0
- ,

LSG 1 0 0 0 0 0 0 0 0 0

2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0

Averaqe 0 0 0 0 0 0 0 0 0

LSE 1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0

Averag. 0 0 0 0 0 0 0 0 0

LCO 3 0.02 0.02 0.04 0.59 779 779 1559 23000 0.1 11.6
4 6.64 7.70 36.25 259.60 108417 125725 591890 4238748 3.5 5.8

Average 2.29 2.66 12.4 89.35 126666 147132 685881 4942216 5.9

LeG 2 2.38 2.64 6.18 55.99 15912 17651 41319 374349 1.2 7.1
3 0.95 1.05 3.49 70.91 40981 45294 150551 3058915 0.6 13.4
4 0.01 0.02 0.02 0 161 322 322 0 0.1 0

Average 1.15 1.28 3.59 55.94 75816 84386 236677 3687956 0.7 11.0

HSE 3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0

Average 0 0 0 0 0 0 0 0 0

HCO 3 0.23 0.26 0.75 1.12 27234 30787 88809 132622 0.2 1.3
4 0.66 0.77 3.95 3.21 27952 32611 167290 135949 1.3 0.7

Average 0.34 0.39 1.58 1.66 54660 62698 254008 266869 0.5 0.9

HCG 2 0.86 0.96 1.92 4.39 15934 17787 35575 81342 0.7 2.0
3 0.69 0.77 2.17 3.82 29313 32712 92190 162288 0.6 1.5
4 0.79 0.87 1.94 7.92 25373 27942 69696 254374 0.5 3.5
5 0.38 0.42 0.79 1.06 4346 4804 9036 12125 0.3 1.2

Average 0.66 0.74 1.71 4.52 69016 77381 178814 472656 0.5 2.3
--

ALL BLDG TYPES
Average 0.74 0.85 3.34 25.51 824189 946703 3719988 28412247 0.4 6.2

II000S,
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Table 1.42

CRS Radiation Part Load Pump

AVl!:MG!: PER DlIELLING UlfIT: TOTAL !'OR u.s. PUBLIC HOUSING STOCIC: SAVINGS PAYBACItS:

Total Total Total Total Total Total Total Total Percent Discount-
Site Source Dollars Capital Site Source Dollars capital Savin9s ed
Enar9Y Ener9Y Savi~s cost Ener9Y Ener9Y Savinq8 COst (\) Payback
Savin9s Savin9s ($-'79) ($-'79) Savin9S Savin9s ($-'79) ($-'79) Period
(MIlB'ro) (MMIlTU) (MIlB'ro) (MMBTU) (Years)

LSO 0 0 0 0 0 0 0 0 0 0

LSG 1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0
5 0 0 0 a a 0 0 0 0

Average 0 0 0 a 0 0 0 0 0

LSE 1 0 0 0 a 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0

Averaq_ 0 0 0 0 0 0 0 0 0

LCO 3 3.12 3.62 7.88 59.76 121633 141126 307202 2329744 1.8 6.1
4 0.44 0.51 2.16 35.97 7184 8327 35268 587318 0.2 11.6

I
Averag. 1.77 2.05 5.92 51.61 97904 113392 327453 2854704 0.9 6.9

LeG 2 0.76 0.84 1.95 14.64 5081 5616 13038 97883 0.4 6.1
3 0.01 0.01 0.04 2.17 431 431 1726 93609 0.1 24.5
4 0.48 0.53 0.97 16.87 7729 8535 15620 271658 0.2 12.0

Average 0.24 0.27 0.66 7.56 15822 17800 43512 498408 0.1 8.7

HSE 3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0

Average 0 0 0 0 0 0 0 0 0

HCO 3 0.45 0.52 1.12 20.87 53286 61575 132623 2471279 0.3 12.6
4 0.02 0.03 0.08 2.96 847 1271 3388 125362 0.1 19.7

Average 0.31 0.36 0.85 16.22 49837 57875 136650 2607608 0.2 12.8

HeG 2 0.96 1.07 1. 78 18.32 17788 19826 32982 339451 0.7 7.9
3 0.33 0.37 0.91 20.31 14020 15719 38660 862850 0.3 14.3
4 1.20 1.34 2.95 55.96 38542 43038 94748 1797323 0.8 12.8

.'. 5 4.21 4.67 7.87 199.23 48158 53420 90025 2278992 2.5 15.6
,.

Average 1. 22 1.36 3.49 78.10 127575 142215 364949 8166917 1.1 14. J
':'.

ALL BLDG TYPES
Averag_ 0.58 0.67 1.82 24.01 645986 746225 2027060 26741593 0.3 9.7

.'-, ..
.'

1l000S:
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Table 1.43

CA2 Reduce Supply Air Quantities

AVEIIAGE PER IlIlELLnIG UNIT: TOTAL FOR u.s. PUBLIC HOUSING STOCIC: SAVINGS PAYBACIt:
.;. ~ ".

Total Total Total Total Total Total Total Total Percent Discount-
Site Sour.,., Dollars capital Site SOurce Dollars capital Savings ed
Enerqy Enerqy savinga Coat Enerqy Enerqy Savinga Coat (,) payback
Savinga Savinga ($-'79) ($-'79) Savings Savinqa ($-'79) ($-'79) Period
(*BTU) (*BTU) I)_GlTtl) (_Ttl) (Years)

,"

LSO 3 0 0 0 0 0 0 0 0 0

LSG 1 0.01 0.01 0.01 3.34 1039 1039 1039 347136 0.1
2 0.01 0.01 0.01 1.14 1500 1500 1500 171002 0.1
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0

Averaqe 0.01 0.01 0.01 1.61 4860 4860 4860 782540 0.1

LSE 1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0.01 0.01 0.01 6.61 276 276 276 182707 0.1 •
Aver_C)e 0.01 0.01 0.01 2.45 648 648 648 158889 0.1

" LCO 3 0.01 0.01 0.01 1.83 389 389 389 71342 0.1 •,"

4 0 0 0 0 0 0 0 0 0

, .-
0.01 553 66375

" Average 0.01 0.01 1.20 553 553 0.1

LCG 2 0.01 0.01 0.01 5.94 66 66 66 39714 0.1
3 0.01 0.01 0.01 1.82 431 431 431 78511 0.1
4 0.01 0.01 0.04 6.79 161 161 644 109339 0.1

Average 0.01 0.01 0.01 3.62 659 659 659 239655 0.1

HSE 3 0.01 0.01 0.01 6.06 237 237 237 143870 0.1
4 0 0 0 0 0 0 0 0 0

Average 0.01 0.01 0.01 4.62 332 332 332 141887 0.1
, '

:t·
HCO 0.01 0.01 1184 15843653 0.04 13.38 1184 4736 0.1

4 0 0 0 0 0 0 0 0 0

..". Average 0.01 0.01 0.03 9.91 1607 1607 4822 1593181 0.1

HCG 2 0.01 0.03 0.09 18.17 185 555 1667 336671 0.1
3 0.01 0.01 0.08 19.74 424 424 3398 838634 0.1
4 0.01 0.04 0.14 27.61 321 1284 4496 886777 0.1
5 0.02 0.07 0.22 40.55 228 800 2516 463851 0.1

Average 0.01 0.04 0.14 27.52 1045 4182 14639 2877766 0.1

ALL BLDG TYPES
Average 0.01 0.13 0.03 6.63 11137 144789 33413 7384288 0.1

::.

" " " 1I0TES:
"
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Table 1.44

CA3-5 Reduce Outdoor Damper Ledge, Automatic Start and Stop, Warm-up Cycle

AVERAGE PER llllELI.nIG UNIT' TOTAL FOR U.S. PUBLIC HOUSING STOCIC: SAVINGS PAYlIACJtS :

.-- Total Total Total Total Total Total Total Total Percent Diaoount-
Site Source Dollar. Capital Site Source Dollare capital Savinq. ed
Enerqy Enerqy Savinqe Con Enerqy Enerqy Savinq. Co.t (') Paybac:l<
Savinqa Savinqe ($-'79) ($-'79) Savinq. Savinqe ($-'79) ($-'79) period
(IlMBTV) (MMBTV) (MIlBTV) (MMBTV) (Year.)

LSO 3 0 0 0 0 0 0 0 0 0

LSG 1 0.14 0.15 0.24 2.26 14551 15590 24944 234889 0.1 7.2
2 0.07 0.08 0.20 1.36 10500 12000 30000 204003 0.1 5.7
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0

Average 0.08 0.09 0.16 1.32 38884 43745 77768 641586 0.1 6.6

LSI!: 1 0.36 1.22 4.30 14.04 7452 25255 89014 290642 0.5 2.8
2 0 0 0 0 0 0 0 0 0
3 0.19 0.65 2.23 5.96 5252 17967 61639 164740 0.3 2.3

Ave rag_ 0.24 0.82 2.85 8.83 15623 53378 185521 574789 0.3 2.7

LCO 3 0.05 0.06 0.10 2.19 1949 2339 3899 85377 0.1 1!.7
4 0 0 0 0 0 0 0 0 0

Averag. 0.03 0.04 0.07 1.44 1659 2213 3872 19651 0.1 13.7

LeG 2 0.04 0.04 0.10 2.68 261 267 669 11918 0.1 16.23
3 0.01 0.01 0.01 1.09 431 431 431 47020 0.1
4 0.17 0.19 0.41 4.08 2138 3060 6602 65100 0.1 1.6

Average 0.04 0.04 0.09 1.96 2638 2637 5933 129211 0.1 14.1

HSE 3 2.24 1.61 8.03 10.93 53180 180670 190640 259489 2.9 1.2
4 0 0 0 0 0 0 0 0 0

Average 1. 57 5.37 5.61 7.71 52110 118440 188408 256196 1.1 1.2

HCO 3 0.21 0.23 0.54 4.20 24867 27235 63943 491335 0.1 6.2
4 0 0 0 0 0 0 0 0 0

-,
Average 0.16 0.19 0.40 3.11 25722 30545 64306 499979 0.1 6.2

HCG 2 0.24 0.24 0.44 8.20 4447 4441 8153 151938 0.2 12.6
3 0.17 0.19 0.55 5.34 7222 8072 23366 226865 0.2 7.6
4 0.34 0.37 0.83 14.02 10920 11884 26658 450294 0.2 11.8
5 0.24 0.26 0.46 5.93 2745 2914 5262 61833 0.2 9.5

Average 0.25 0.21 0.61 8.10 26143 28234 63188 909759 0.2 10.3

ALL BLDG TYPES
Averaqe 0.13 0.23 0.31 3.02 144190 256161 345268 3363582 0.1 7.4... '

1I0TES:

--
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Table 1.45

CA7 Zone Reset Control

AVERAGE PER DllELLING UNIT: TOTAL FOR U.S. PUBLIC HOUSING STOCIC: SAVINGS PAYBACI(:

Total Total Total Total Total Total Total Total Percent Discount-
Site Source Dollars Capital Site Source Dollars Capital Savinqs ed

.' Ene~ Energy Savings Cost Energy Enerqy Savinqs Coat (,) Payback
Savinqa Savinqs ($-'79) ($-'79) Savings Savings ($-'79) ($-'79) Period
(MHBTtI) (MHBTtI) (_Ttl) (MMBTtI) (Yeara)

LSO 3 0 0 0 0 0 0 0 0 0

LSG 1 0.01 0.01 0.01 6.09 1039 1039 1039 632950 0.1
2 0.01 0.01 0.01 6.45 1500 1500 1500 967515 0.1
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0

Average 0.01 0.01 0.01 3.55 4860 4860 4860 1725477 0.1

LSE 1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0

. ,.,.. Average 0 0 0 0 0 0 0 0 0

LCO 3 0.05 0.06 0.10 5.93 1949 2339 3898 231181 0.1 27.5
4 0 0 0 0 0 0 0 0 0

A.verage 0.03 0.04 0.07 3.90 1659 2212 3872 215720 0.1 27.5

LeG 2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0

Average 0 0 0 0 0 0 0 0 0

HSE 3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0

Average 0 0 0 0 0 0 0 0 0

Heo 3 0.06 0.07 0.20 2.83 7104 8288 23682 335108 0.1 10.3
4 0 0 0 0 0 0 0 0 0

Average 0.04 0.05 0.15 2.10 6430 8038 24114 337606 0.1 10.3

HCG 2 0 0 0 0 0 0 0 0 0
3 0.01 0.01 0.03 4.80 424 424 1274 203923 0.1
4 0.24 0.26 0.59 25.20 7708 8350 18949 809373 0.2 22.8
5 0.47 0.52 0.93 16.00 5376 5948 10638 183024 0.3 11.9

Average 0.20 0.22 0.44 13.81 20914 23005 46010 1444111 0.1 17.9

ALL 8LDG TYPES
Average 0.04 0.05 0.10 3.67 44550 55688 111376 4087532 0.1 19.7

1l000S:

..
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Table 1.46

eA9 Heat Recovery

AVERAGE P!:R DllZLLING CHIT: TOTAL FOR U.S. PUBLIC HOUSING STOCX: SAVINGS PAYBACKS:

Total Total Total Total Total Total Total Total Percent Discount-
Site SOur.,. Dollars ~apita1 Site Source Dollars Capital Savings ed
Energy Energy Savings Cost Energy Energy Savings Cost (\) Payback
Savings Saving_ ($-'79) ($-'79) Savings Savings ($-'79) ($-'79) Period
(MMBTU) (MMBTU) (IIMBTU) (MMBTU) (Years)

LSO 3 0 0 0 0 0 0 0 0 0

LSG 1 0.01 0.01 0.01 9.92 1039 1039 1039 1031015 0.1
2 0.01 0.01 0.01 7.70 1500 1500 1500 1155015 0.1
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0

Average 0.01 0.01 0.01 6.42 4860 4860 4860 3120441 0.1

LSE 1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0.01 0.03 0.15 66.67 276 830 4146 1842825 0.1

Averaq. 0.01 0.01 0.06 24.69 648 648 3891 1601220 0.1

LCO 3 0.05 0.06 0.10 12.29 1949 2339 3898 479125 0.1
4 0 0 0 0 0 0 0 0 0

Averaqe 0.03 0.04 0.07 8.08 1659 2212 3872 446929 0.1

LeG 2 0.08 0.09 0.20 35.32 534 601 1337 236149 0.1
3 0.01 0.01 0.01 12.24 431 431 431 528009 0.1
4 0.35 0.39 0.83 45.69 5636 6280 13365 735746 0.2 26.8

Averaqe 0.08 0.09 0.19 23.21 5274 5933 1~26 1530165 0.1 35.7

HSE 3 0 0 a 0 0 0 0 0 a
4 0 0 a 0 0 0 0 0 0

Average 0 0 0 0 0 0 0 0 0

HCO 3 0.38 0.44 1.01 37.56 44996 52101 119597 4447592 0.2 19.8
4 0 0 a 0 0 a 0 0 0

Averaqe 0.28 0.32 0.75 27.81 45014 51444 120573 4470874 0.2 19.8

HeG 2 0.29 0.32 0.54 99.81 5373 5929 10005 1849379 0.2
3 0.33 0.37 1.01 80.13 14019 15719 42908 3404242 0.3 36.1
4 0.66 0.74 1.65 117.25 21197 23767 52994 3765835 0.5 32.9
5 0.98 1.09 1.94 75.27 11210 12468 22191 861013 0.6 21.4

Average 0.60 0.67 1.40 93.54 62742 70062 146398 .9781477 0.4 27.3

ALL BLDG TYPES
Averaqe 0.15 0.17 0.36 24.40 167065 189340 400956 27175963 0.1 27.5

lIOTES:
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Table 1.47

CH4 Automatic Cycling

AVERAGE PER DWELLING UNIT: TOTAL FOR U.S. PUBLIC HOUSING STOCJC: SAVINGS PAYBJl.CI(S :

-- Total Total Total Total Total Total Total Total Percent Oi.count-
.- -

Site Source Dollars capital Site SOurce Dollars capital Saving8 ad
Energy Energy Savinq. Cost Energy Energy Savings Cost (\1 Payback
Savings Savings ($-'79) ($-'79) Saving'S Savings ($-'79) ($-'19) Period
(MMBTIl) (_TIl) (MMBTIl) (MMBTIlI (Years)

LSO 0 0 0 0 0 0 0 0 0

LSG 1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0

Averaqe 0 0 0 0 0 0 0 0 0

LSE 1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0

AveraC)_ 0 0 0 0 0 0 0 0 0

LCO 3 1.01 1.24 2.25 1.59 41n4 48341 87716 li1986 1.4 0.6
4 0.96 loll 2.71 2.29 15675 18124 44249 31391 0.2 0.8

Aver.C)_ 1.03 1.19 2.41 1.83 56972 65823 133304 101223 0.4 0.7

LeG 2 2.39 2.65 6.19 8.74 15980 17718 41386 58436 1.2 1.3
3 3.01 3.41 9.25 5.16 132434 141101 399021 222592 1.7 0.5
4 4.48 4.97 10.05 5.92 '2141 80032 161835 95330 3.3 0.5

Avera.ge 3.13 3.47 8.62 &.15 203712 225901 5&1188 400384 1.6 0.6

HSE 3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0

Average 0 0 0 0 0 0 0 0 0

HCO 3 0.12 0.14 0.38 0.76 14210 16578 44991 89994 0.1 1.7
4 1.11 1.28 2.84 2.16 47011 54211 120280 91480 0.9 0.7

Average 0.37 0.43 1.02 1.13 59483 69129 163980 181665 0.3 1.0

HCG 2 0.51 0.56 0.77 2.91 9450 10376 14261 55031 0.3 3.3
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0
5 0.38 0.42 0.79 1.44 4347 4804 9031 16412 0.2 1.6

Averaqe 0 ..10 0.18 0.30 0.74 10457 18823 31311 77382 0.1 2.1

ALL BLDG TYPES
Average 0.71 0.81 1.87 9.40 790776 902153 2082748 10469429 0.4 4.2

llOTES:..
,-

---
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Table 1.49

CH6 Reduce Burner Size

AVERllGE PER IlIlELLING UNIT: TOTAL FOR U.S. PUBLIC HOUSING STOCK: SAVINGS PAYBACXS:

Total Total Total Total Total Total Total Total Percent: Discount-
Site Source Dollars Capital Site Source Dollars Capital Savings ed
Ener9Y Energy Savings Cost Ener9Y Ener9Y S&vinqs Cost (,) Payback
Savings Savings (S-'79) (S-'79) Saving_ Savings ($-'79) ($-'79) Period
(MMllTO) (MMllTO) (_TO) (MMIITU) (Years)

LSD a a a a a a a a a

LSG 1 a a a a a a a a a
2 a a a a a a a a a
3 a a a 0 a 0 a 0 0
4 a a a 0 a 0 a a a
5 a a a a a 0 a 0 0

Average a a 0 0 a 0 a 0 a

.,
LSE 1 0 0 0 0 0 0 0 0 0

. ~ :
2 0 0 a 0 a 0 0 a a
3 a a a a a a a a a

Average a a a 0 0 a a a a

LCO 3 0.04 0.04 0.07 .53 1559 1559 2729 206"2 0.1 5.9

4 a 0 0 0 a a 0 0 a

Average 0.02 0.02 0.05 .35 1106 1106 2766 19360 0.1 5.9

LeG 2 0.66 0.74 1.72 12.18 4413 4948 11500 81435 0.) 5.8
3 0.16 0.17 0.58 3.97 6902 7333 25020 1712511 0.1 5.6
4 0.56 0.62 1.50 7.41 9018 9984 24155 119323 0.3 4.2

Average 0.26 0.29 1.00 6.51 17141 19119 65927 429185 0.2 5.4

HSE 3 a a a a n 0 a c a
4 0 a a a () Q a a a

Average a a a 0 n 0 a a 0

I:.

HCO 3 0.10 0.11 0.31 1.01 11841 13025 36708 119597 0.1 2.7
"',," ..,..

4 a a a a (l n a a a.'
'-"

12861 118966 0.1 2.7Average 0.07 0.08 0.23 .74 11254 36976

HCG 2 0 0 0 0 0 0 0 a 0
3 0.42 0.47 1.23 1.62 17843 ).9967 52255 68824 0.3 1.2
4 0.15 0.17 0.32 5.65 4819 5460 10279 181467 0.1 10.8
5 0.44 0.48 0.85 2.69 5033 5491 9723 30771 0.3 4.4

Average 0.28 0.32 0.68 3.02 29290 33462 71108 315901 0.2 3.~

ALL BLDG TYPES
Averaqe 0.09 0.10 0.28 1.50 10239 111376 311B55 1670654 0.1 4.5

":,.

flOTES:

<,
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Table 1.51

CHS Part Load Boiler

-. AVERAGE PER DWELLING UNIT: TOTAL FOR U.S. PUBLIC HOUSING STOCX: SAVINGS PAYBACICS:.-,

Total Total Total Total Total Total Total Total Percent Discount-
Site Source Dollars Capital Site source Dollars Capital Savings ed
Energy Energy Savings Cost Energy Energy Savings cost (,) Payback
SaVings Savings ($-'79) ($-'79) Savings Savings ($-'79) ($-'79) Period
(HMBTU) (MMBTUl (_TIl) (MMBTIl) (Years)

.-..

LSO 0 0 0 0 0 0 0 0 0

LSG 1 a 0 0 a 0 0 0 a 0

2 a a 0 a 0 a a 0 0
3 0 a 0 0 a a a a 0
4 0 0 0 a a a a 0 0
5 0 0 0 0 a a a 0 0

Average a a 0 0 a a a 0 0

LSE 1 0 0 0 a 0 0 0 0 0
;

2 a 0 0 0 0 0 a 0 a
3 0 0 0 0 0 0 a a a

;....
Average a 0 0 a a 0 a 0 0

LeO 3 a a a 0 0 0 a 0 0
4 0 a 0 0 0 0 0 0 0

Average 0 0 0 a a a a a a

LeG 2 0 0 0 a 0 0 0 0 0.,
3 4.55 5.05 12.73 21.7.8 196278 217847 549147 917977 2.2 1.5
4 0.77 0.85 1.92 19.44 12399 13688 30918 313042 0.4 6.1

Average 1.67 1.85 4.59 13.16 110098 121965 3~605 867599 0.9 1.7

HSE 3 0 0 0 0 0 a 0 0 0
4 0 0 0 0 tl 0 0 0 0

Average 0 0 0 0 0 0 0 0

HCO 3 0 0 0 0 0 0 0 0 0
"\.~ 4 0 0 0 0 0 0 0 0 0

Average 0 0 0 0 a 0 a 0 0

HCG 2 0 0 0 a 0 0 0 0 0
3 1.31 1.45 3.28 8.48 0.9 2.3
4 0 0 0 a 0 a a a a
5 0 0 0 a a a a a 0

Average 0.38 0.42 0.94 2.44 0.3 2.2

ALL BLDG TYPES
Average 0.28 0.31 0.76 2.15 311855 345268 B46464 2394603 0.1 2.4

1I0TES:
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Table 1.52

CB9 Automatic Breeching Damper

AVERAGE PER DWELLING UNIT: TOTAL FOR U.S. PUBLIC HOUSING S'1'OCIC: SAVINGS PAYllACJI:S:

Total Total Total Total Total Total Total Total Percent Discount-
Site Source Dollars Capital Site Source Dollars capital Savinqs ed
Enerqy Enerqy Savinqs COst Enerqy Enerqy Savinqs COst (') Payback
Savinqa Savinqa ($-'79) ($-'79) Savinqa Savinqs ($-'79) (4-'79) Period
(MMBTU) (MIlBTO) (HMBTU) (IIMBTO) (Years).... ;

:": -~.'

LSO 0 0 0 0 0 0 0 0 0

.:. ~ LSG 1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0

Ayerage 0 0 0 0 0 0 0 0 0

=.- •

LSE 1 0 0 0 0 0 0 0 0 0
, 2 0 0 0 0 0 0 0 0 0

" 3 0 0 0 0 0 0 0 0 0

Averaqe 0 0 0 0 0 0 0 0 0

LeO 3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0

Average 0 0 0 0 0 0 0 0 0

LeG 2 0 0 0 0 0 0 0 0 0
3 0.66 0.73 2.35 1.07 2847-1 31491 101374 46158 0.4 0.4
4 0 0 0 0 0 0 0 0 0

Average 0.39 0.43 1.40 0.64 25712 28349 92298 42193 0.3 0.4

HSE 3 0 0 0 0 0 0 0 0 0
,,' 4 0 0 0 0 0 0 0 0 0

Average 0 0 0 0 0 0 0 0 0

HCO 3 0 0 0 0 0 0 0 0 0
4 0.28 0.33 1.69 6.30 11859 13976 71575 266818 0.5 3.2

Average 0.07 0.08 0.44 1.64 11254 12861 70737 263655 0.1 3.2

HCG 2 0.54 0.60 1.21 8.62 10006 11117 22420 159720 0.4 5.8
3 0.30 0.34 0.98 5.20 12745 14445 41634 220917 0.3 4.5
4 0.49 0.55 1.22 12.67 15738 17665 39184 406935 0.3 8.0
5 0 0 0 0 0 0 0 0 0

Average 0.31 0.35 0.83 6.73 32417 36600 86793 703756 0.3 6.5

ALL BLDG TYPES
Average 0.11 0.12 0.38 1.27 122515 133652 423232 1414487 0.1 2.9

. "

'.
flOTES:

,.':

"
"
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Table 1.53

CHIO Flue Gas Heat

AVERAGE PER DWELLING UNIT: TOTAL FOR u.s. PUBLIC HOUSING STOCK: SAVINGS PAYBAClCS:

Total Total Total Total Total Total Total Total Percent Discount-
Site Source Dollars Capital Site SOurce Dollars capital Savings ed
Enerqy Energy Savings COst Energy Energy Savings COst (') Payback
Savings Savings ($-'19) ($-'19) Savings Savings ($-'19) ($-'19) Period
(IMITU) (HMlITU) (MMBTU) (HMBTU) (Years)

LSO 3 0 0 0 0 0 0 0 0 0

LSG 1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0

Averaqe 0 0 0 0 0 0 0 0 0

LSE 1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0

" Average 0 0 0 0 0 0 0 0 0

LCO 3 5.84 6.11 12.22 2.11 221612 263929 416391 101989 2.8 0.2
4 8.39 9.13 42.42 5.11 126992 158871 692634 93233 4.1 0.1

Average 6.71 1.18 22.56 3.78 371150 430335 _1241861 209083 3.6 0.2
'-

LCG 2 6.81 7.56 11.66 10.95 45532 50546 142947 73212 3.5 0.5

" 3 7.19 1.98 21. 38 7.38 310162 344241 922290 318358 3.8 0.3
4 7.92 8.79 11.96 16.47 127536 141545 289210 265216 3.7 0.8

Average 7.20 1.99 19.90 9.10 474674 526757 1311947 639492 3.7 0.4

HSE 3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0

Average 0 0 0 0 0 0 0 "0 0

.. ~

HCO 3 3.11 4.31 9.48 6.69 439312 510360 1122555 192183 2.5 0.6
..

',-.' 4 3.25 3.11 10.75 8.28 137644 159667 455284 350615 3.5 0.7

Average 3.59 4.16 9.80 1.10 577146 668782 1575497 1141432 2.1l 0.7

" HCG 2 2.57 2.85 4.87 6.02 47620 52808 90236 111545 1.8 1.1
3 2.58 2.86 1.21 12.82 109609 121504 306310 544645 2.0 1.6
4 3.59 3.99 8.79 14.75 115304 128151 282311 413141 2.5 1.5

, ; 5 3.45 3.83 6.90 5.36 39465 43811 18929 61313 2.3 0.7

~veraqe 3.13 3.48 1.36 10.61 321304 363904 169635 1115162 2.3 1.3

ALL BLDG TYPES
'. Average 3.31 3.11 9.12 4.12 3686515 4198909 10825835 5256990 1.9 0.4

llOTES:
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Table 1.54

CHll Fuel Conversion

AVl:AAGE PER DWELLING UNIT: TOTAL FOR u.s. PUBLIC HOUSING STOCX: SAVINGS PAYBAClCS :

Total Total Total Total Total Total Total TotAl Percent Di scoW>ted
Site Source DollArs Capital Site SOurce DollArs CapitAl Savings Payback
Energy Energy Saving. Coat Energy Energy SAvings Cost (,) Period
Savings Saving_ ($-'79) ($-'79) Saving_ Savings ($-'79) ($-'79) (OU.ra)
(MMBTU) (HMllTUI (MMBTU) (HMBTU)

LSO 0 0 0 0 0 0 0 0 0 0

LSG 1 0 0 0 0 0 0 0 0 0 0

2 0 0 0 0 0 0 0 0 0 0

3 0 0 0 0 0 0 0 0 0 0

4 0 0 0 0 0 0 0 0 0 0

5 0 0 0 0 0 0 0 0 0 0

AverAqe 0 0 0 0 0 0 0 0 0 0

LSE 1 0 0 0 0 0 0 0 0 0 0

2 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0

AverAq_ 0 0 0 0 0 0 0 0 0 0

LeO 3 0 0 <l 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 <)

AverAge 0 0 0 0 0 0 0 0 0 0

LeG 2 0 0 0 t1 0 0 0 0 0 0

3 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0

Averaq. 0 0 0 0 0 0 0 0 0 0

HSE 3 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0

Average 0 0 0 0 0 0 0 0 0 0

HCO 3 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0

Averaqe 0 0 0 0 0 0 0 0 0 0

HCG 2 0 0 0 0 0 0 0 o. 0 0
3 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0

Averaqe 0 0 0 0 0 0 0 0 0 0

ALL BLDG TYPES
Averaqe 0 0 0 0 0 0 0 0 0 0

1I0TES:
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Table 1. 55

WSI Hydro-Pneumatic System

AVEMGI! PER DlIELLiliG ll!IIT: TOTAL FOR u.s. PUBLIC HOUSING STOCIC: SAVINGS PAYIlACXS:
....

.... " Total Total Total Total Total Total Total Total Percent Discount-
Site Source Dollars Capital Site SOurce Dollars capital Savings ed

. '.". Energy Energy Savings Coat Enerqy Enerqy Savinqs Cost (" P_ybaclc
, " Saving_ Savings ($-'79) ($-'79) Savinqs Savinqs ($-'791 ($-'791 Period

" (IIMBTOI (IIMBTU) (IIMBTUI lllMBTUl (Years)..

':,.

LSO 0 0 0 0 0 0 0 0 0

..
LSG 1 0 0 0 0 0 0 0 0 0

2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0

Average 0 0 0 0 0 0 0 0 0

LSE 1 0 0 0 0 0 '0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0

Averag_ 0 0 0 0 0 0 0 0 0

LCO 3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0

Average 0 0 0 0 0 0 0 0 0

LeG 2 0 0 0 0 0 0 0 0 0
.J 0) 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 Q; 0 0

AverJlqe 0 0 0 0 0 0 0 0 0

HSE 3 0.16 0.55 0.58 10.13 3799 13058 13770 240496 0.2 11.9
4 0 0 0 0 0 0 0 0 0

Average 0.11 0.39 0.41 7.15 3655 12959 13624 237587 0.1 11.9

KCO 3 0.36 1.24 5.25 7.89 42629 146832 621668 934279 1.4 1.3
4 0 0 0 0 0 0 0 0 0 0

, Average 0.27 0.92 3.88 5.77 43407 147904 623769 927614 1.1 1.3
".

KCG 2 0.28 0.97 2.58 7.60 5188 17973 47805. 140820 1.0 2.5
3 0.01 0.03 0.86 4.95 425 1275 36536 210296 27.7
4 0.09 0.32 1.25 2.88 2891 10278 40148 92500 0.3 2.0
5 0.35 1.20 4.64 7.34 4004 13727 53077 83962 1.5 1.4

Averaqe 0.16 0.54 2.18 5.22 16731 56468 227963 545855 0.7 2.1

ALL BLDG TYPES
Average 0.07 0.24 0.98 1.83 77964 267305 1091494 2038197 1.3 1.6

llOTES:
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Table 1.56

WS2 Variable Speed Pumping

AVERAGE PER llNELLIHG UNIT: TOTAL FOR U.S. PUBLIC HOUSING STOCK: SAVINGS PAYlIACXS:

Total Total Total Total Total Total Total Total Percent O!scount-
Sita Source Dollars Capital Sita Source Dollars Capital Savinqs ad
Enerqy Enerqy Savinqs COst Enerqy Enarqy Savinqs Cost (,) Payback
Savinqs Savinqs ($-'79) ($-'79) Savinqs Savinqs ($-'79) ($-'79) Period
(MMBTU) (1lMBTU) (MMBTO) (MMBTO) (Vears)

LSO 3 0 0 0 0 0 0 0 0 0

LSG 1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0

Averaqe 0 0 0 0 0 0 0 0 0

LSE 1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0

Averag. 0 0 0 0 0 0 0 0 0

LCO 3 0 0 0 0 Ii 0 0 0 0
4 0 0 0 0 0 0 0 0 0

Average 0 0 0 0 0 0 0 0 0

LeG 2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0

AU'era.ge o· 0 v 0 0 0 0 0 0

HSE 3 0.15 0.53 0.56 3.83 3561 12583 13295 90928 0.2 5.6
4 0 0 0 a 0 0 0 0 0

Average 0.11 0.37 0.40 2.71 3655 12295 13292 90051 0.1 5.6

HCO 3 0.35 1.19 5.03 1. 78 41446 140911 595617 210775 1.3 0.3
4 0 a 0 a 0 0 0 0 0

Average 0.25 0.88 3.73 1.32 40191 141473 599653 212210 1.1 0.3

HCG 2 0.27 0.93 2.48 3.59 5003 17232 45952 66519 0.9 1.3
3 0.01 0.03 0.08 1.25 425 1275 3399 5U05 0.1 10.7
4 0.09 0.30 1.20 1.36 2891 9635 38542 43680 0.3 1.0
5 0.34 1.15 4.45 3.36 3889 13155 50904 38435 1.5 0.6

Averaqe 0.15 0.52 1.88 2.13 15686 54376 196592 222734 0.6 1.0

ALL 8LDG TYPES
Average 0.07 0.23 0.91 0.56 77964 256167 1013530 623711 0.1 0.6

nOTES:

..
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Table 1.57

WS3 Separate Domestic Hot Water Heater

AVERAGE PER DWELLING UNIT: TOTAL FOR U.S. PUBLIC HOUSING STOCIC: SAVINGS PAYBl\CXS:

.j

'-';.-. .... Total Total Total Total Total Total Total Total Percent Discount-

" .. Site Source Dollars CApital Site Source Dollars Capital savings ed

.. '.. Energy Energy Savings Cost Energy Energy Savings Cost (\) Payback
Savings Savings ($-'79) ($-'79) Savings Savings ($-'79) ($-'79) Period
(MMBTU) (MMBTU) (MMBTU) (MMBTU) (Years)

"

LSO 0 0 0 0 0 0 0 0 0

':."., .. ;

LSG 1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0

".'.'.',' Average 0 0 0 0 0
., .. '-'.

0 0 0 0

LSE 1 0 0 0 0 0 0 0 0 0
. ~. 2 0 0 0 0 0 0 0 0 0

3 0 0 0 0 0 0 0 0 0
~ :

", Averaqe 0 0 0 0 0 0 0 0 0

LCO 3 1. 26 1.46 2.62 3.29 '49121 56918 102141 128261 0.6 2.2 \

... 4 2.83 3.28 16.70 6.32 46208 53556 272678 103193 1.6 0.3

.. Average 1.05 1.23 7.45 4.33 58079 68035 412082 239505 1.2 0.8

LeG 2 0 0 0 0 0 0 0 0 0
3 4.43 4.91 16.29 6.57 191101 211'308 702718 283417 2.9 0.5
4 0.71 0.79 1.59 12.25 1145 1274 25604 197262 0.3 8.7

Average 2.75 3.05 9.96 S.88 181299 201077 656633 387651 1.9 0.8

HSE 3 0 0 0 0 0 0 0 0 0

4 0 0 0 0 0 0 0 0 0

Average 0 0 0 0 0 0 0 0 0

HCO 3 2.18 2.53 5.35 9.45 258140 299585 633510 1119003 1.5 2.0
4 2.39 2.78 7.16 17.96 101221 117739 303240 760642 2.3 2.2

Average 2.23 2.59 5.82 11.66 358506 416381 935652 1874520 1.7 2.1

HCG 2 0.16 0.18 0.26 24.58 2965 3335 4818 455443 0.1 41.3
3 0.47 0.52 1.48 16.03 19967 22092 62876 &81019 0.4 8.3
4 0.75 0.84 1.83 18.68 24089 26979 58776 599964 0.5 7.9
5 1. 28 1.42 2.52 5.93 14642 16243 28826 67833 0.8 2.0

Average 0.73 0.81 1.71 15.36 76336 84702 178815 1606195 0.5 7.1

ALL BLDG TYPES
Average 1.07 1.22 4.04 5.72 1191733 DS8798 4499627 6370759 0.1 1.3

, ..:',
1l0TES:

~

.;
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Table 1.58

CC2 Ambient Control

, -:

AVERAGE PER DliELLING UNIT: TOTAL FOR U. S. PUBLIC HOUSING STOCK: SAVINGS PAYBACXS:

Total Total Total Total Total Total Total Total Percent Oiscount-
Site SOurce Dollars capital Site SOurce Dollars Capital Savinq. ed
Energy Energy Savings cost Energy Energy Savings COst (\) Paybacl<
Savinq8 Savinq8 ($-'79) ($-'79) Savings Savinq. ($-'79) ($-'79) Period
(MMBTU) (MMBTU) (MMBTU) IMMBTU) (Years)

LSO 3 0 0 0 0 0 0 0 0 0

LSG 1 0 0 0 0 0 0 0 0 0
2 0.01 0.03 0.13 0.09 1500.02 4500.06 19500.26 13500.18 0.1 0.6
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0

Averag. 0.01 0.01 0.05 0.03 4860.50 4860.50 24302.50 14581.50 0.1 0.6

LSE 1 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0
3 0.03 0.10 0.33 0.75 829.23 2764.10 9121. 53 20730.75 0.1 1.9

Averag. 0.01 0.04 0.12 0.28 648.53 2594.12 7782.36 18158.84 0.1 1.9

LeO 3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0

A'lferaq_ 0 0 0 0 0 0 0 0 0

LeG 2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0

Average 0 0 0 0 0 0 0 0 0

HSE 3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0

Average 0 0 0 0 0 0 0 0 0

HCO 3 0.01 0.01 0.02 0.13 1184.13 1184.13 2368.26 15393.69 0.1 5.4
4 0 0 0 0 0 0 0 0 0

Average 0.01 0.01 0.01 0.10 1607.65 1607.65 1607.65 16076.50 0.1 5.4

HCG 2 1. 32 4.48 13.73 0.52 24458.28 83009.92 9635.08 5.2 0.1
3 0.02 0.08 0.20 0.22 849.68 3398.72 8496.68 9346.48 0.1 1.0

.. 4 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0

Averaqe 0.17 0.58 1. 77 0.13 17776.90 60650.60 185088.90 13594.10 0.5 0.1

ALL BLDG TYPES
Averag. 0.03 0.08 0.25 0.05 3341. 31 89101.56 27844.2 55688.35 0.1 0.2

~ ','

tlOTES:
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Table 1.59 

CC3 Timed Control 

AVI!:lUIGE PER DWELLING UNIT: TOTAL FOR U.S. PUBLIC HOUSING STOCK: SAVINGS PAYBACICS: 

, 
, . 

Total 
Sita 
Energy 
Saving. 
(MMBTU) 

Total 
Source 
Energy 
Saving. 
(MMllTO) 

Total 
Dollars 
Savinqa 
($-'79) 

Total 
Capital 
Co.t 
($-'79) 

Total 
Site 
Energy 
Savings 
(MMBTO) 

Total 
Source 
Energy 
Savinqa 
(MMIITU) 

Total 
Dollars 
Saving. 
($-'79) 

Total 
Capital 
Cost 
($-'79) 

Percent 
Saving. 
(\) 

Oiscount
ed 
payback 
Period 
(Years) 

, " 

" 

LSO 3 0 0 0 0 0 0 0 0 0 

LSG 1 
2 
3 
4 
5 

0 
0.01 

0 
0 
0 

0 
0.02 

0 
0 
0 

0 
0.06 

0 
• 0 

0 

0 
0.27 

0 
0 
0 

0 
1500.02 

0 
0 
0 

0 
3000.04 

0 
0 
0 

0 
9000.12 

0 
0 
0 

0 
40500.54 

0 
0 
0 

0 
0.1 

0 
0 
0 

3.6 

Average 0.01 0.01 0.02 0.10 4860.50 4860.50 9721.0 48605.0 0.1 3.6 

,,' 

LSE 1 
2 
3 

0 
0 

0.02 

0 
0 

0.06 

0 
0 

0.19 

0 
0 

2.37 

0 
0 

553 

0 
0 

1658 

0 
0 

5252 

0 
0 

65509 

0 
0 

0.1 9.2 

Averag_ 0.01 0.02 0.07 0.88 651 1302 4557 57284 0.1 9.2 

LCO 3 
4 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

: Average 0 0 0 0 0 0 0 0 0 

LCG 2 
3 

,4 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0, 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

Average 0 0 0 0 0 0 0 0 0 

HSE 3 
4 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

Average 0 0 0 0 0 0 0 0 0 

HCO 3 
4 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

Average 0 0 0 0 0 0 0 0 0 

, , 
,', 

HCG 2 
3 
4 
5 

0.52 
0.01 

0 
0 

1. 76 
0.03 

0 
0 

5.38 
0.08 

0 
0 

1.62 
0.71 

0 
0 

9635 
425 

0 
0 

32611 
1275 

0 
0 

99686 
3399 

0 
0 

30017 
30164 

0 
0 

2.0 

0 
0 

0.3 
7.2 

Average 0.07 0.23 0.69 0.41 7320 24051 72153 42874 0.2 0.5 

I\LL BLDG TYPES 
Average 0.01 0.03 0.10 0.11 11138 33413 111377 122515 .01 1.0 

1I0TES: 
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Table 1.60

ELI Timed Switching

AVEIlAGl!: PER DWELLING llNIT : TOTAL FOR U.S. PtlBLIC HOUSING STOCK: SAVINGS PAYBAClCS :

Total Total Total Total Total Total Total Total Percent Oiscount-
Site SOurce Dollars Capital Site SOurce Dollan Capital Savings ed
Enerqy Enerqy Savings COst Enerqy Enerqy Savings COst (\) Payback
Savinqs Savinqs ($-'79) ($-'79) Savings Savinqs ($-'79) ($-'79) Period
(MMBTU) (!IMBTU) (MMBTU) (MMBTU) ('tears)

LSO 0 0 0 0 0 0 0 0 0

LSG 1 0.01 0.03 0.13 0.23 1039.33 3117.99 13511.29 23904.59 0.1 1.5
2 0.01 0.02 0.05 0.42 1500.02 3000.04 7500.10 63000.84 0.1 6.1
3 0.01 0.01 0.01 0.54 1704.07 1704.07 1704.01 92019.78 0.1
4 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0

Averr.ge 0.01 0.01 0.07 0.32 4860.50 4860.50 340n.50 155531;.0 0.1 3.9

LSE 1 0.03 0.10 0.35 1.44 621.03 2010.1 7245.35 29809.44 0.1 3.5
2 0.01 0.04 0.10 4.28 165.11 660.44 1651.10 70667.08 0.1 23.4
3 0 0 0 0 0 0 0 0 0

Averag. 0.02 0.05 0.18 1.35 1297 3242 11673 81551 0.1 12.7

LCO 3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0

Averaqe 0 0 0 0 0 0 0 0 0

LeG 2 0.1 0.1 0.01 0.82 668 668 67 5482 0.1 27.4
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0

Average 0.1 0.1 0.01 0.20 6592 6592 659 13185 0.1 27.4

HSE 3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0

Average 0 0 0 0 0 0 0 0 0

HCO 3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0

Average 0 0 0 0 0 0 0 0 0

HCG 2 0 0 0 0 0 0 0 0 0-- 3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0

Averaga 0 0 0 0 0 0 0 0 0

ALL BLDG TYPES
Average 0.02 0.02 0.02 0.15 22275 22275 22275 167065 0.1 6.1

llOTES:
".
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Table 1.61

EL2 Photocell Switching

AVERAGE PER DIlELLING UNIT: TOTAL FOR U.S. PUBLIC HOUSING STCJCI(: SAVINGS PAYBACICS:

Total Total Total Total Total Total Total Total Percent Discount-
, . , '

Site Source Dollars Capital Site Source Dollars Capital Savings ed
Enerqy Enerqy Saving. Cost Enerqy Enerqy Savinqs Co.t (\) Payback
Saving. Saving. ($-'79) ($-'79) Savinqa Saving. ($-'79) ($-'79) Period
(_Ttl) (HMBTtl) (HMBTU) (MMBTU) (Years)

.;

LSO 0 0 0 0 0 0 0 0 0

LSG 1 0.01 0.03 0.13 0.07 1039.33 3117.99 13511.29 7275.31 0.1 0.5
2 0.01 0.02 0.05 .12 1500.02 3000.04 7500.10 18000.24 0.1 2.1
3 0.01 0.15 1704.07 25561.05 0.1 10.7
4 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0

Averag-e 0.01 0.01 0.07 0.09 4860.5 4860.5 34023.5 43744.5 0.1 1.1

", LSE 1 0.03 0.10 0.35 0.41 &21,03 2070.10 7245.35 8487.41 0.1 1.0
2 0.01 0.04 0.10 1.21 165.11 660.44 1651.10 19978.31 0.1 9.1
3 0 0 0 0 0 0 0 0 0

Average 0.02 0.05 0.18 0.38 1302 3255 11717 24736 0.1 1.8
.,-

LCO 3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 () 0 0 0

Average 0 0 0 0 0 0 0 0 0
, " :

LeG 2 0.01 0.01 0.01 0.23 67 67 67 1538 0.1 11. 3
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0

.> ".-

Average 0.01 0.01 0.01 0.06 659 659 6119 3956 0.1 11.3

.. HSE 3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0

Average 0 0 0 0 0 0 0 0 0

HCO 3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0

Average 0 0 0 0 0 0 0 0 0

HCG 2 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0

Average 0 0 0 0 0 0 0 0 0

ALL BLDG TYPES
Avera,qe 0.01 0.01 0.02 0.04 11138 11138 22275 44551 0.1 1.7

1l0TES:

Volume 4 Energy
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2.1.1
Overview

Volume 4 Energy

The analysis of the total united States Public Housing
stock for existing energy use and potential energy
savings was completed in two phases. Phase I was the
survey process and Phase II the analysis process. The
following overview is diagrammed in Illustration 2.1.

During the survey phase, three major tasks were comple
ted before the actual survey could begin. The first
was to research, analyze and establish energy use
factors and criteria applicable to public housing.
This analysis was then applied to create the survey
instruments. The ~urvey instruments would be usee to
record utility data and the significant features of a
project to calculate energy use. A classification
system for projects was also developed to create a
manageable number of housing prototypes for detailed
analysis. This classification consisted of twelve
building types and five climate zones. These
prototypes would shew the significant energy use and
potential savings profile of the Public Housing stock.
When the survey instruments were complete and tested,
350 randomly selected projects were surveyed.

From project data gathered in the field, prototypes
were analyzed for distribution of dwelling units and
physical characteristics. Of sixty possible proto
types (twelve building types by five climate zones),
only 22 were found to be significant. Ninety-five
projects, based on dwelling unit distribution and
representative physical characteristics, were selected
to represent these prototypes. The data on these
projects were entered in the computer for detailed
energy analysis.

A set of algorithms was developed to determine existing
energy use for each prototype. As projects were sur
veyed and analyzed for energy use, a list of potential
energy conservation opportunities (ECOs), with corre
sponding costs and energy saving algorithms, was
analyzed and refined. Energy savings, cost and
discounted payback were estimated for each applicable
!CO and prototype on a per dwelling unit basis. Based
on the results of the economic analysis, ECOs were
ranked according to greatest benefit-to-cost and
grouped into the following four categories:

1. Operation and maintenance ECOs (No cost ECOs);
2. Less than five-year payback ECOs;
3. Less than ten-year payback ECOs; and
4. Less than fifteen-year payback ECOs.
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Illustration 2.1

Project Methodology Flow Chart

Phase I - Survey Phase II - Analysis
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Illustration 2.1 (continued)

Project Methodology Flow Chart
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2.1. 2
Public Housing
Classification

Since some ECOs are mutually exclusive or interdepend
ent, each payback category was reanalyzed as a group,
to show diminishing returns of combined ECOs. The
results are four final totals of energy savings and
cost, corresponding to the three payback categories and
the "No Capital Cost" maintenance ECOs category. These
results were then extrapolated to the total Public
Housing stock for each prototype and the united States
as a whole.

A more detailed discussion of these following topics
will follow: Classification of the Public Housing
Stock, Survey Instruments, Prototype Development,
Existing Energy Estimates, ECO Development, ECO Savings
and Cost Estimates, Economic Analysis and Combined ECOs
Savings.

Classification of Public Housing Projects is required to
perform the following functions:

1. TO show the significant energy use and savings
'profiles of the Public Housing Stock.

2. Development of a manageable number of theoretical
housing prototypes for detailed analysis of energy
conservation retrofit savings.

3. Elimination and inclusion of groups of ECOs for
consideration.

4. Extrapolation of detailed survey data and
analytical results to the total housing stock.

A classification system must be sufficiently detailed
to describe uniquely the major energy usage and
conservation potential characteristics of a housing
project. It cannot, however, be so detailed that the
population of projects in each cell of the classifica
tion system matrix is restricted. The primary purpose
of a classification system is to provide an organiza
tional link between the projects for which there is
detailed survey data and those projects for which there
are only abbreviated physical characteristics.

Based upon available data for the majority of housing
projects, the following four classifications were
developed:

Building Configuration (high-rise or low-rise)
Heating System Configuration (space or central)
Heating Energy Source (oil, gas or electric)
Climate Zone (5 degree day zones)

Volume 4 Energy Preceding page blank 101



Building configuration was determined primarily by the
presence or absence of an elevator, but other general
distinctions are also present.

',:
. '. '.'

Elevator

System
Complexities

Control

Thermal
Characteristics

ECO Selection

High-Rise

Yes

Air handling systems,
central radiation

Complex central
temperature control

Exterior surface-to
square-footage ratio
of .8 to 1. 2

Central and secondary
systems are
predcminant

Low-Rise

No

Simple,
usually space
heating systems

Simple, local
control

Exterior sur
face-to-square
footage ratio
of 1.3 to 2.0

Architectural
and space heat
are predominant

. ~ " .

.-- ... ',

. "<..~ .•••

Volume 4 Energy

Heating System Configuration was determined primarily
by whether the primary heating source was located within
the dwelling unit and controlled by the tenant (space)
or whether it was centrally located with no or limited
control by the tenants (central). A secondary
characteristic is that space heating systems are
relatively simple and central systems more COMplex,
involving heavy transfer mediums and more sophisticated
controls.

A general division between gas, oil, and electric energy
in conjunction with the two categories above yields a
direct correlation to the cost of supplying heating
energy. Cost of heating energy in turn will help
determine the applicab1i1ity and economic feasibility
of many of the energy conservation opportunities •

The advantage of including climate characteristics in
the classification system is that the primary energy
use in housing is heating, which is directly related to
climate. Since the primary determinant of heating
energy use is outside temperature a climate, classi
fication based on heating degree days was selected.

The five heating degree day zones are established
geographically to cr~e 0 to 2000, 2000 to 4000, 4000
to 6000, 6000 to 8000, and 8000 to 10,000 degree day
ranges (zones 1 through 5 respectively). These zones
are based on weather data from the United States
Weather Bureau.
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When building configuration, heating configuration and
heating fuel are combined in all possible ways, twelve
"building types" are created, each possibly occurring
in all climate zones. This combination of twelve
building types and five climate zones creates a matrix
of sixty cells as illustrated below:

Climatic Zone

Building Type 1 2 3 4 5

Loo x x x x x
LSG x x x x x
LSE x x x x x

LCO x x x x x
LCG x x x x x
LCE x x x x x

ROO x x x x x
RSG x x x x x
RSE x x x x x

RCO x x x x x
".;

HCG x x x x x
' ..

HCE x x x x x

Total Cells 12 12 12 12 12

Building type code:
:". )':; L ,. Low Rise

R = High Rise
S = Space Heatin9
C = Central Heating
0 = Oil Fuel
G = Gas Fuel
E = Electric

2.1. 3
Survey Instrument

Se~eral energy conservation survey instruments were
developed during the early period of building audits.
The purpose of developing these survey instruments or
"building audit questionnaires" was to standardize data
collection and organization in order to collect the
information required for energy and retrofit savings
assessment of the 350 pUblic housing projeets surveyed.

The four types of energy conservation questionnaires
developed were:

1. Original Long Form
2. Revised Long Form
3. Original Short Form
4. Revised Short Form
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2.1. 4
Prototype
Developtlent

Volume 4 Energy

Long and short forms differed in the amount of informa
tion required to be obtained by the building auditor
during site visit. Completion of both of these forms
required the use of building drawings. Revised forms
were developed from the original survey forms as a
result of a refinement in data requirements. See
Chapter 3 for samples of survey forms.

The overall data required in the survey instrument
consists of the following four major groups.

1. utility Data
2. Building Envelope Data
3. Specific Area Data
4. Central Systems Data

Following completion of the survey forms, the data were
transcribed to computer data entry forms which simulate
Hollerith data cards. These data forms were developed
as computer input forms consisting of the essential
data required for energy and economic analysis of
Energy Conservation Opportunities (BeOs).

Based on a classification of projects by building type
and climate characteristics, prototypes were developed
for extrapolation of energy usage, savings and cost to
the total u.S. Public Housing Stock.

This classification system consists of twelve building
characteristics and five climate zones for.ing a matrix
of l2XS and consisting of 60 cells. Although each cell
represents a possible prototype, it was found by analyz
ing the total public housing stock that only twenty-two
cells or prototypes were significant.

This analysis of the total public housing stock estima
ted the total number of dwelling units applicable to
each cell. A random sample of approximately 30% of
total pUblic housing stock provided information on
number of projects, number of dwelling units and
building types on a per state basis. The sample was
extrapolated to the total for each state for each
building type.

In order to determine building type distribution within
climate zones, an estimate was made of the percent of
the state population l~ated in each climate zone.
Population per climate ~one was estimated by referring
to the climate zone map. Building types were assumed
to be distributed by climate zone the same way
population was.
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The results are illustrated in Table 2.1. It can be 
seen that four building types do not occur in the 
sample: LCE, HSO, HSG, HCE. This was expected because 
these combinations, although possible, are not commonly 
used. Most of the other dwelling units fall into the 
remaining eight building types and represent 95% of the 
total. The remaining 5% are abberations that could not 
be classified within this system, but were included in 
the total on the assumption that they have approximately 
the same average energy use as the other 95%. 

Further, it can be noted that not all climate zones 
have a significant percent of dwelling units occurring 
within a building type. Since the sample of surveyed 
buildings was limited, it was decided that all cells 
which have less than one-half percent (.5%) of the 
total dwelling units would not be used. These cells 
total 8 percent of total dwelling units. 

The twenty-two cells remaining were considered to 
represent the significant building type/climate zone 
classifications. These can be seen in Table 2.2. 

Public Housing in Hawaii, Puerto Rico and the O.S. 
Virgin Islands is not included in the analysis due to 
the significant differences in energy usage resulting 
from their unique climate and physical characteristics. 
Public Housing in these locations accounts for 5% of 
the total and requires individual analysis for 
assessment of savings. 

The 350 projects surveyed were classified as'described 
above and were analyzed for dwelling unit (DO) distribu
tion and physical characteristics to determine the 
profile of each significant prototype. Of these 
surveyed projects 95 were selected for detailed energy 
analysis based upon their representative characteristics 
and correlation of DOs to the total public housing 
stock DU distribution. These projects were grouped by 
type and were used to develop the twenty-two prototypes 
for extrapolation. Prototypes are averages of the 
surveyed projects that comprise them. 

Table 2.3 illustrates the distribution of dwelling 
units per prototype for both the total U.S. Public 
Housing Stock, and the surveyed projects used to 
develop the prototypes. Differences in percent 
distribution are attributable to the limited size of 
the sample. 

Extrapolation to the total United States Public Housing 
Stock is accomplished by multiplying the number of 
total dwelling units estimated in the Public Housing 
Stock per prototype by the per dwelling estimated 
energy use or savings. 
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2.1.5
Existinq Energy
Usage Calculations

Volume 4 Energy

Example:
Prototype LSE average energy cost (1979) per dwelling
unit = $1113, estimated LSE dwelling units in the total
USPHS = 64,853. Total yearly energy cost for this
building type: 64,853 dwelling units X $1113/ dwelling
unit = $72,18l,OOO/year.

It was necessary to calculate the existing energy usage
of the BUD projects, as opposed to using actual fuel
data. This approach was required for two reasons. The
first reason was that a large portion of the projects
surveyed could not provide actual energy consumption
data because of incomplete records, or because of
individual tenant billing. The second reason was that
yearly total fuel consumption data, even if available,
did not provide a breakdown of energy consumption by
end use such as lighting, heating or domestic water,
which is required for energy savings calculations.
Calculating energy consumption had the further benefit
of providing a common method of comparison between
projects since all used the same calculations and
weather data source and use profiles were normalized to
eliminate abberations. Energy consumption calculations
were based on standard algorithms and results were
correlated with actual consumption data where they were
available.

All energy calculations were based on standard
algorithms such as those described in the ASHRAE
Handbooks and other engineering manuals. Simplifying
assumptions were made when data were not available for
detailed analysis. Weather data were based on average
years and projects were matched to the nearest city
with available weather data.

Existing energy use was calculated by end use category
for all prototypes selected for analysis. Existing
energy calculations were divided into nine sets of
algorithms corresponding to the nine energy end use
categories

1. Heating
2. Ventilation
3. Domestic Hot Water
4. Cooling
5. Interior Lights
6. Appliances
7. Exterior Lights
8. Wa ter Supply
9. Elevators

The following is a brief overview of the existing
energy use algorithms. All algorithms were programmed
into a computer for analysis.
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Table 2.1

Breakdown of Total Public Housing Units by Building Type and Climate Zone

Climate
Zone:

Bldg Type 1 2 3 4 5 Total

LSO 6,124 2,653 15,159 4,200 767 28,903
.5% .3% 1.36% .4% .1% 2.7%

LSG 103,933 150,002 170,407 53,230 8,477 486,049
9.5% 13.5% 15.5% 4.8% .8% 46.0%

LSE 20,701 16,511 27,641 8,240 3,682 76,775
1.9% 1.5% 2.5% .7% .33% 7.3%

LeO 0 4,259 38,985 16,328 5,599 65,191
0 .4% 3.5% 1.5' .5% 6.2%

LCG 1,568 6,686 43,138 16,103 5,H8 72,843
":. .1% . .6% 4.1% 1.4% • 5' 6.9'

LCE 0 0 0 0 0 0

HSO 0 0 0 0 0 0

HSG 0 0 0 0 0 0
.",

-,.:!:.\

HSE 6,055 9,105 23.,741 9,488 1,148 49,537
.5% .8U 2.1% .9% .1% 4.7%

HCO 0 971 118,413 42,352 5,593 167,329
.1% 10.7% 3.8" .5% 15.8%

HCG 5,606 18,529 42,484 32,118 11,439 llb ,176
.5% 1.7% 3.9% 2.9% 1.0' 10.4%

HCE 0 0 0 0 0 0

Total 1,056,803
Percent of Total ~bliC Housing 95%
TOtal Public Housing (100') 1,113,769*

*This is the number used to extra'pola te to the total U.S. Public Housing Stock
and is exclusive ofH~aii, Puerto Rico and U.s. Virgin Islands but inclusive
of miscel1aneou8 bu~lding types.
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Table 2.2

Significant Building Types / Climate Zones Only

Climate
Zone:

Bldg TyPe 1 2 3 4 5 Total

LSO 15,159 15,159
1.4% 1.41

LSG 103,933 150,002 170,407 53,230 8,477 486,049
9.5% 13.5% 15.5% 4.8% .8% 46%

LSE 20,701 16,511 27,641 64,853
1.9% 1.5% 2.5% * 5.9%

LCO 38,985 16,328 55,313
3.5' 1.5' 5'

LCG 6,686 43,138 16,103 65,927
.6% 4.1% 1.4% 6.2%

LCE

BOO

HSG

HSE * 23,741 9,488 33,229
2.1% .9% 3.1%

HCO 118,413 42,352 160,765
10.7% 3.8% 16%

'. BCG 18,529 42,484 32,118 11,439 104,570
1.7% 3.9% 2.9% 1.0% 9.9%

BCE

., Total 970,707
Percent of Total Public Bousing 87.2%

*This cell was not used because preliminary numbers used to determine
prototypes indicated less than .5 percent of total. Final estimates raised
percentages slightly.
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Table 2.3

Distribution of Significant Building Types/Climate Zone for Total and Sample

Total Public Housing: Sample:

t of % t of
Bldg Type Zone Units Total Units % Total

.."'
, , LSO 3 15,159 1.4 622 4.2
" ,

LSG 1 103,933 9.5 1,696 11.5
2 150,002 13.5 1,913 12.9
3 170,407 15.5 748 5.1
4 53,230 4.8 746 5.0
5 8,477 .8 520 3.5

Total 486,050 46.0 5,623 38.0

LSE 1 20,701 1.9 280 1.9
2 16,511 1.5 94 .6
3 27,641 2.5 382 2.6

: Total 64,853 5.9 1,433 5.1

LeO 3 38,985 3.5 1,193 8.1
4 16,328 1.5 240 1.6

Total 55,313 5.0 1,433 9.7

LeG 2 6,686 .6 489 3.3
3 43,138 4.1 1,198 8.1
4 16,103 1.4 320 2.2

Total 65,927 6.2 2,007 13.6

HSE 3 23,741 2.1 120 .8
4 9,488 .9 70 .5

Total 33,229 3.1 190 1.3

HCO 3 118,413 10.7 1,258 8.5
4 42,352 3.8 438 3.0

Total 160,765 14.5 1,696 11.5

HCG 2 18,529 1.7 321 2.2
3 42,484 3.9 736 5.0
4 32,118 2.9 745 5.0
5 11,439 1.0 663 4.5

: ,- Total 104,570 9.9 2,465 16.7

All Bldg. Types Tot. 970,707 87.2% 14,792 100%

Note: Percent distribution of total DUs and prototype DU differ because of
limi ted sample size.
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Heating
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Heating is the first category of analysis with a set of
algorithms divided into two parts. The first part
estimates the heating demand of the project; the second
part estimates the actual energy consumption by taking
into account the heating equipment efficiencies. This
calculation procedure is diagrammed in Illustration 2.2
below.

The first step is to determine the weather data that
are applicable to a project. Temperature "groups" were
used to represent hours of temperature occurrence.
These take the form of five degrees groups, called
"bins", for which number of hours of occurrence are
assigned. For example, there may be 35 hours of
temperatures between 00 + 50 a year. For
calculating heating energy use, only temperatures below
650 are considered, because internal heat gain from
people, lights and incident solar radiation are
expected to be sufficient to satisfy heating
requirements between 650 F and 700 F (700 F being
considered the desirable indoor temperature). Each
temperature bin is assigned a temperature differential,
called delta temperature, the difference between the
mean of the temperature bin and the base, 650 F. For
example, the delta temperature of the 00_50
temperature bin is 650 - 2.50 = 62.50F.

This temperature differential is used to directly
approximate heat loss of the building(s) through
envelope and infiltration losses. Heat loss is
estimated for eight building components representing
the major areas of building heat loss.

The sum of these eight components comprises the total
heating constant which, when multiplied by the hours of
occurrences for each temperture bin, results in the
total heating demand. Adjusting for the type of
heating control, the heating demand represents the heat
needed to balance the heat loss through the building
envelope and through infiltration•

If the heating system consists of a central boiler that
also provides the ventilation and domestic hot water
requirements for the building, these loads are included
to obtain a total heating demand for all loads.

Equipment efficiencies are estimated based upon percent
load of total capacity. If multiple boilers are used
then efficiency is calculated based on proper sequence
of units. The heating demand is divided by this
percent to obtain the total heat energy used. This
load is expressed in 106 BTUs if the fuel source is
oil or gas and in kilowatts if the fuel source is
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Heating Energy Analysis
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Ventilation

Domestic Hot Water

Cooling

Interior Lights

Volume 4 Energy

electricity. Energy units are mUltiplied by fuel rates
obtained from project fuel bills adjusted for inflation
to 1979 dollars to finally obtain total dollars spent
of heating energy.

Ventilation energy use was calculated only when applic
able. Projects with public space were applicable and
field data determined whether ventilation was used.
Ventilation energy use consisted of the fan energy used
to circulate the air and the energy required to heat
the outdoor air.

Exhaust fans were estimated as increased air
infiltration loads in the heating load section.

Fan energy usage was determined by horsepower data
collected in the field and an approximate schedule of
use. Heating energy use was calculated by the
temperature "bin· method previously described. Outdoor
air requirements were assumed to be those recommended
by ASHRAE since accurate field data were not available.

Domestic hot water energy use was applicable to all
projects. Energy use was dependent on water tempera
ture, gallons of water used per day, and type of
heating equipment.

Domestic hot water energy cons~ption was calculated by
estimating hot water use as a function of type of
occupancy, namely family, elderly, or mixed. Hot water
te.peratuxe aata obtained in the field were then used
to determine the heating load. Equipment efficiency
determined by type, water cbndition, and age was
divided into the load, to determine total consumption.

Cooling energy was calculated for individual dwelling
unit air-conditioners and central chillers for public
spaces. Dwelling unit air-conditioning energy was
estimated by data collected at every project. The data
included the number of air-conditioners and BTUB
ratings by which energy consumption could be estimated.
Central chiller calculations used the temperature "bin"
method and took into account actual field data on
existing chillers and the schedule of operation.

Interior light energy was calculated for both dwelling
units and public areas. Average watts per square foot
of lighting in dwelling unit areas was derived from a

detailed survey of 50 representative projects. Public
area lighting was based on field observations and
estimated watts per square foot.
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Applicance

Exterior Lights

Water Supply

Elevators

2.1.6
Energy Conservation
Opportunities

Appliance energy was based on average watts per square
foot derived from observed field conditions.

Exterior light energy was calculated by multiplying the
number of site lighting fixtures and average watts per
fixture by hours of use per year.

Water supply applied only to high-rise buildings that
did not use city water pressure or a roof tank. The
motor horsepower of the water pumps was multiplied by a
kilowatt conversion factor and the estimated hours of
operation per year.

Elevator energy usage was calculated in the same way as
water supply based upon observed elevator motor
horsepower.

Fifty-eight Energy Conservation Opportunities (ECOs)
were found to represent the significant energy savings
modifications that can be made to the existing Public
Housing. These ECOs are less than the original prelim
inary seventy-seven ECOs established for analyses.
After detailed analyses of calculations, methods, and
required data, in addition to studies on the applicabil
ity of ECOs to the Public Housing stock, eighteen ECOs
were either combined with existing ECOs or eliminated
from the list. ECOs are grouped into twelve major
categories:

Major ECO Group ECOs

~".'. . Architectural AR 1, 2, 3, 4, 5, 6, 7, a, 9, 10
Space Heating sa 1, 2, 3, 4, 5
Space Hot Water SW 1, 2, 3, 4

',' Space Lighting SL 1, 2, 3, 4, 5' '

Space Cooling SC 1, 2
;.' ..

" Central Radiation CR 1, 2, 3, 4, 5
" Central Air CA 1, 2, 3, 4, 5, 7 1 9

Central Heating CH 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11
Central Heating

Distr ibution HD 1
Central Water

Supply WS 1, 2, 3
Central Cooling CC 1, 2, 3
Exterior Lighting EL 1, 2, 3

, ,
\' The final list of fifty-nine ECOs underwent further

refining as a result of their use in the energy
" .: : '.~' analysis. It should be noted that AR 1 and AR 2, as

well as CA 3, 4 and 5 ~~re ar.aly,zed in combination and
,. will be listed as such in subseque'nt sectors of this
. .

report.

A listing of ECOs, Table 2.4, followed by a series-of
ECO descriptions, Table 2.5, is included.
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Table 2.4

Energy Conservation Opportunities (ECO) - Key

Architectural Central Air Handling Systems

Space Domestic Hot Water

Space Heating
Central Heating Boiler

Central Heating Distribution

Reduce Outdoor Air Intake
Reduce Supply Air Quantities
Reduce Outdoor Air Damper Leakage
Automatic Start and Stop
Warm-Up Cycle
Not used
Zone Reset Control
Not used
Heat Recovery

Boiler Water Maintenance
Burner Adjustment
Boiler Control Adjustment
Automatic Cycling
Lead/lag Control
Reduce Burner Size
Modulating Burner
Part Load Boiler
Automatic Breeching Damper
Flue Gas Heat Recovery
Fuel Conversion

* CAl
CA2
CA3
CA4
CAS
CA6
CA7
CAB
CA9

* CHI
* CH2
* CH3

CH4
CHS
CH6
CH7
CBS
CH9
CHIO
CHll

Door Weather-stripping
Window Weather-stripping
Attic Insulation
Floor Insulation
Roof Insulation
Storm Window Retrofit
Insulating Glass
Storm Doors
Wall Insulation
Vestibules

Reduce Temperature
Nighttime Set Back Thermostat
Automatic Flue Damper
Flue Heat Recovery
Electric Automatic pilots

Reduce Temperature
Flow Restrictors
New Hot Water Heaters
Refurbish/Replace Fixtures

ARl
AR2
AR3
AR4
AR5
AR6
AR7
ARB
AR9
ARlO

* SHI
SH2
SH3
SH4
SHS

* SWI
SW2
SW3
SW4

Space Lighting * HOI Refurbish Steam Traps

Central Radiation/Convector System

Space Cooling

* SCI Clean Condensors and
Evaporators

* SC2 Require High EER Units

"...,

SLI
* SL2

SL3
SL4
SLS

Delamping
Reduce Lighting Level
Automatic Time Control
Incandescent to Fluorescent
High Efficiency Ballasts

Central Domestic Water Supply

WSI Hydro-pneumatic System
WS2 Variable Speed Pumping
WS3 Separate Domestic Hot Water

Heater

Central Cooling

* CCI Chiller Control Adjustment
CC2 Ambient Control
CC3 Timed Control
Exterior Lighting

CRl Individual Room Control
CR2 Zone Control Retrofit
CR3 Radiation Pump Control
CR4 Hot Water Reset Control
CRS Radiation Part Load Pump

ELI Timed Switching
EL2 Photocell Switching
EL3 Sodium Vapor Conversion

* Operation and Maintenance Items
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Table 2.5

Energy Saving Rationale

EX::O DESCRIPTION

".':',

• y;'" ,"
" .......

'"'.: ....

ARl and 2
Install Door
and Window
Weatherstripping

AR 3, 4 and 5
Add Attic, Floor
or Roof Insulation

AR6
Storm Window
Retrofit

AR7
Insulating Glass
Retrofit

ARS
Install Storm
Doors

AR9
Add Wall
Insulation

ARID
Install
Vestibules

SRI
Reduce Space
Temperatures

SH2
Night Set Back
Thermostats

Volume 4 Energy

Improving weatherstripping at all operable windows and
doors decreases infiltration thereby reducing heating
energy required to bring the infiltrated air to room
temperature.

Addition of insulation in attic, floor and roof spaces
would increase the thermal resistance of the space and
reduce heat transfer during the winter.

Storm windows will reduce thermal and infilatration
losses during the winter months.

New insulating glass window provides for a reduced heat
flow through windows during heating and cooling seasons
and reduces infiltration.

Storm doors will, like storm windows, decrease thermal
and infiltration losses fro~ the space.

Addition of wall insulation would increase the thermal
resistance of the exterior walls and reduce winter heat
transfer through wall surfaces.

Vestibules should be considered in high rise buildings
to reduce heat losses from entrance infiltration where
there is frequent door usage.

Energy savings result from reduced heat transfer through
exterior surfaces and reduced infiltration heating
losses due to the smaller temperature differential
between inside and outside temperatures.

Night set back thermostats allow the space temperature
to fall approximately B to lOOp during normal sleeping
hours. Energy savings result from reduced transmission
and infiltration heating losses due to a smaller
temperature differential between inside and outside
temperatures.
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Table 2.5 (continued)

Energy Saving Rationale

PXX> DESCRIPTION

.,;

SH3
Automatic Flue
Damper

SH4
Flue Heat
Recovery

SH5
Electric
Automatic pilots

SWI
Reduce Domestic
Hot Water
Temperature

SW2
Flow Restrictors
Showers

SW3
New Hot Water
Heaters

Volwne 4 Energy

The flue of a residential furnace or space heater dis
charges unwanted combustion gases to the atmosphere.
However, when the furnace is not operating, the flue
continues to discharge room air from the space
surrounding the furnace because of the stack effect.
This air flow is facilitated by the presence of the
draft diverter in the gas furnace flue and the air lost
has to be replaced by outside air which infiltrates
through the building envelope.

Installation of an automatic flue damper will
essentially eliminate this loss of warm air. When the
furnace shuts off, the damper closes and stops the flow
of heated air. The energy saved is that energy
required to heat cold infiltration air to room
temperature.

Approximately 30 percent of the fuel input to the space
heater or furnace burners is lost in the combustion
gases which go up the flue. Heat exchangers can be
installed in furnace flues to recover a portion of the
heat lost up the stack. This ECO may also apply to
water heaters.

Energy can be saved by using electrically activated
burner pilot lighters in place of gas pilot lights which
burn constantly. This PXX> may also apply to cooking
stoves.

If the hot water supply temperature to lavatories and
showers is reduced, energy can be saved because of the
decrease in temperature rise required through the hot
water heater and reduced heat loss from stored water
through the walls of he heater. Energy savings were
calculated based on a reduction of water temperature to
l200p•

If the present hot water flows are reduced to shower
heads energy saings would result because less water
needs to be heated.

As water heaters age, their efficiency tends to decrease
through the buildup of deposits which are impossible to
remove from the heater. In addition, new hot water
heaters are much more efficient and better insulated.
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Table 2.5 (continued)

Energy Saving Rationale

EO) DESCRIPTION

1-

SW4
Refurbish/Replace
Plumbing

SLl
Reduce Lighting
Levels (De-Lamping)

SL2
Reduce Lighting
Level
(Automatic Control)

SL3
Automatic Timer
Control

SL4
Incandescent to
Fluorescent
Conversion

SL5
High Efficiency
Ballast

SCI
Clean Tenant Air
Conditioners,
Condensers and
Evaporators

Volume 4 Energy

Flow restrictors on kitchen and bathroom sink faucets
will use less water. Sometimes flow restrictors cannot
be retrofited to existing faucets, requiring plumbing
fixtures to be replaced.

New plumbing fixtures will use less water than older,
less efficient fixtures. If booster pumps are in use,
electrical energy will also be saved due to the smaller
pumping load.

Many of the public spaces in housing projects have been
designed with excessive lighting capacity. Much of the
excess lighting can be taken out of service thereby
reducing energy consumption while still maintaining
minlmlDll lighting level requirements.

Inexpensive devices are now available which use photo
cells to control the light output of fluorescent
fixtures. These devices are preset to maintain a given
light level (lower in hallways than offices, for
example). The photocell reduces the power to the
lighting fixture in proportion to the amount of
daylight contribution. Automatic control is applicable
to public areas.

Time clocks can be used to operate lighting only when
required by occupancy. This would prevent lights from
being left on after hours. Lighting circuits must ~e

adaptable for retrofit of timers. This action is
applicable to public areas.

Fluorescent lighting is approximately three times as
efficient in converting electricity to light. Fluores
cent fixtures use 55 to 65 percent less electricity than
the incandescents they replace. Installation is
applicable to both public spaces and dwelling units.

Installation of high efficiency ballasts on existing
fluorescent fixtures will reduce ballast energy consump
tion while maintaining present lighting levels.

Most tenant air conditioners have never had their heat
exchangers cleaned. The heat transfer efficiency is
reduced if this maintenance item is not attended to.

117



Table 2.5 (continued)

Energy Saving Rationale

ECO DESCRIPTION

:~::\

SC2
Replace Window AC
Units with High
Efficiency Units

CRl
Individual
Room Control

CR2
Zone Control
Retrofit

CR3
Radiation Pump
Start/Stop Control

CR4
Rot Water Reset
Control

Volume 4 Energy

If the present standard type window air conditioning
units are replaced with high energy efficient units as
they need replacement, electrical energy could be saved.
This could be accomplished by minimum standards set by
the housing authority.

If automatic control valves are installed at individual
radiators of overheated rooms, heating energy is saved
by controlling the introduction of steam or hot water
to radiators and convectors in proparation to the need
for heat to maintain a set temperature. If there is no
control of radiation, tenants typically open doors and
windows to control space temperature, therby wasting
energy.

The retrofit of central control valves at the base of
distribution risers allows one valve to control heat
distribution to the dwelling units and public spaces
served by that riser. This retrofit will not provide
as accurate control of temperature as individual room
control would (CRl), but may be comparable in overall
economic benefit if central control valve retrofit is
less costly than individual room temperature control.

Buildings with central radiation systems will often have
only manual start/stop control of the central radiation
pumps. Pumps controlled in this manner will continue
to operate during outdoor conditions which do not
require hot water supply to radiation. An outdoor air
temperature controller can be interlocked to the pump
starter which will stop the pump(s) when the outdoor
air temperature exceeds a preset temperature. The
controller's sensing element may be mounted so that it
senses both the air temperature and the effect of solar
radiation further increasing the number of hours for
which the pumps may be stopped.

The temperature of hot water supplied to the radiator
need only be warm enough to satisfy the building zone
with the greatest heating requirement. Supplying
heating water at a temperature higher than that causes
unnecessary thermal loss through the piping system and
contributes to overheating of the building. In
addition, excessive supply temperature inhibits the
proper control action of room control or zone control
systems which may have been installed.
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Table 2.5 (continued)

Energy Saving Rationale

!XX) DESCRIPTION

.....

. . ~

......

'.".

CR5
Radiation
Part-Load Pump

CAl
Reduce Outdoor Air
Intake

CA2
Reduce Air Supply
Quantities

CA3
Reduce Outdoor Air
Damper Leakage

CA4
Automatic
Start/Stop

CAS
Warm-Up Cycle

Volume 4 Energy

It is possible to reduce the annual pumping energy
requirements by installing pumps of reduced capacity
(part-load pumps) which will deliver less supply water
during periods of partial heating requirements
(typically between 35 and 650 F in temperate climates).
When the radiation heating load begins to exceed the
capacity of the part-load pump the associated pump
controller stops the part-load pump(s) and starts the
existing radiation pump(s).

The heating and cooling of outdoor air brought into a
building is a significant building load. If the amount
of outside air brought in can be reduced, energy savings
will result in proportion to the reduction in air.
This reduction in outdoor air quantity often can be
accomplished through an adjustment of existing
temperature control systems.

Energy savings result from reductions in fan power for
both supply and return/exhaust fans when air supply
quantities can be reduced within code limitations.
This action is accomplished by reducing the speed of
both fans through pulley replacement or adjustment.
Heating and coolin~ coils should be cleaned befor~

performing these changes •

Heating energy will be saved if outside air intake
dampers close tightly when outdoor air is not required.
Outdoor air leakage can be reduced in most installations
by replacing the damper blade seals and caulking and
flashing around the damper frame. Outdoor air dampers
which are irreparable should be replaced.

Savings from an automatic supply fan start/stop retrofit
arise from timed starting and stopping of fan systems,
reducing periods when fans run unnecessarily. This
results in savings of fan power and heating and cooling
energy.

Implementation of a warm-up cycle will reduce outdoor
air intake during fan start up on cold mornings. Energy
savings will result from heating indoor air instead of
colder outdoor air to bring' the building up to
temperature.
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Table 2.5 (continued)

Energy Saving Rationale

ED) DESCRIPTION

CA7
Zone Reset Control

CA9

Rea t Recovery

CHI, 2, and 3
Boiler Water and
Fireside
Maintenance (CHI)
Burner
Adjustment (CH2)
Boiler Control
Adjustment (CH3)

Volume 4 Energy

Air handling systems which use simultaneous heating and
cooling to control temperature can use a zone reset
system to limit amount of heating and cooling energy
required. Zone thermostat signals are used to adjust
the Cooling coil temperature so that no more cooling
energy is expended than required for the hottest
building zone. The same zone signals are also used to
adjust the heating coil temperature(s) so that no more
heating energy is expended than required for the
coolest building zone. When cooling is not in operation
(or nonexistent) the zone signals are used to adjust
the mixed air temperature.

Heat from exhaust air will be recovered and transferred
to the supply air to reduce energy consumption by
installing a coil run around cycle, heat recovery
wheel, cross flow heat exchanger or heat pipe recovery.

In the coil run around cycle, a coil is placed in the
exhaust air stream and a similar coil is placed in the
make-up supply air stream. A pump circulates water or
antifreeze through a piping loop between both coils to
accomplish heat transfer, when the make-up air tempera
ture is lower than the fan discharge air temperature
setting. The heating energy savings are slightly
offset by the heat recovery system fan loss and the
pump enery usage.

Heat recovery wheels, cross flow heat exchanges and
heat pipe systems all operate on an air-to-air cycle,
eliminating the need for a pump. They require,
however, that the supply and exhaust duct work be
directly adjacent.

Energy can be saved by operating boilers at their peak
efficiency. The annual cleaning of boiler heat transfer
surfaces, boiler blow down, proper adjustment of fuel
oil or gas-to-air mixtures, and water treatment will
each improve boiler efficiency. Boiler efficiency
should be monitored by C02 and temperature measure
ments of stack gases. These actions are assumed to have
been implemented before any of the other Central
Heating EOOs are evaluated.
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Table 2.5 (continued)

Energy Saving Rationale

ElCO DESCRIPTION
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CH4
Automatic Cycling

CHS
Lead Lag Control

CH6
Reduced Burner Size

CH7
Modulating Burner

Volume 4 Energy

The heat load on a boiler is dependent on numerous
factors, such as outdoor air temperature, building and
system mass and occupancy. The heat output of the
boiler should vary as the load changes. If it does not
do so, space conditions will deteriorate and energy
will be wasted. A boiler (especially a steam boiler)
with only internal (i.e, steam pressure) controls will
tend to overheat spaces when the weather gets warmer,
wasting energy in the process.

Installation of a boiler cycling control system can
minimize this problem. The control system senses
outdoor air temperature and the presence of condensate
return at a point in the system that may be remote from
the 'boiler. The control then cycles the boiler on a
timed basis according to outdoot air temperature and
the condensate sensor ensures that heat reaches all
parts of the building.

Energy savings will depend on reduction of the degree
of overheating, thermal losses from the boiler and the
distribution system and to some degree on the higher
le¥el of firiAC} efficiency due to a somewhat higher
load on the boiler with less frequent firing.

A lead lag control sequences multiple boilers so that
only the number of boilers needed to satisfy heating
demand are in operation. The energy savings result
from minimizing standby losses caused by boilers
running unnecessarily and from operating boilers close
to their full load capacities.

If an existing burner on a boiler is oversized, it will
operate below full capacity more often than a smaller
burner. At low loads, efficiency of a burner decreases.
Therefore, the oversized burner will be less efficient
than a properly sized burner •

As the heat load on a boiler decreases below full load,
the firing rate of the burner should decrease accord
ingly. One way to do this is with a modulating burner.
This type burner will burn less fuel at part load than
will a conventional on-off or high-low-off burner. As
the load decreases, the conventional burner continues
to burn full fuel while the modulating burner will be
burning fuel at a rate that more closely matches the
load.
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Table 2.5 (continued)

Energy Saving Rationale

EO) DESCRIPTION

.,' .

CH8
Part Load Boiler

CB9
Automatic
Breeching Damper

CHIO
Flue Gas Heat
Recovery

CHll
Burner Fuel
Conversion

Volume 4 Energy

In a system with large boilers, there may be light load
conditions when the boilers are running at small
percentages of their full-load capacities. Radiative
and convective losses remain near full load levels and
become a larger percentage of the energy input. If such
part load operation is frequent throughout the year,
installation of a small boiler to handle the reduced
loads will save energy by allowing the larger boilers
to be shut down, reducing losses and inefficiencies.

When a boiler is not being fired, breeching and stack
become excellent natural ventilators. They promote the
flow of warm air up the stack and out of the building.
The cold infiltration air replacing it must then be
heated, wasting energy. This air flow up the stack may
be stopped by installation of automatic breeching
dampers. When the boilers are not operating, the
dampers automatically close, sealing room air from the
stack. This action applies to boilers which are
located in conditioned building spaces.

The exhaust gases from a boiler are normally at fairly
high temperatures. This high temperature gas, when
exhausted to the atmosphere, carries a significant
amount of energy with it. It is possible to install a
heat exchanger to recover some of this waste heat and
use it to preheat incoming combustion air, returning
boiler water and/or DHW. The energy savings would be
the amount of preheating that is not already done by
the boiler.

A drawback of installing such a device is that it
presents a flow restriction. This may require stack
alterations or mechanical draft generation.

In buildings which heat with oil and have gas available
to them, conversion of the burner from oil to gas firing
may be considered if local gas costs are less than oil
costs. Heating energy may also be saved through poten
tially higher boiler operating efficiencies achievable
when burning gas.
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Table 2.5 (continued)

Energy Saving Rationale

Er:O DESCRIPTION

Note: Although this ECO has the potential for reducing
energy costs in some projects, this study found that it
could not be fully analyzed at this time. The follow
ing factors contributed to this situation:

In many cases conversion to gas burners within an
oil combustion chamber might decrease e~ficiency

thereby increasing total energy use. This is not
considered energy conservation even it it might
save money.

Accurate cost estimation of this retrofit is very
difficult to assess because of the many unknown
factors not attainable from the site survey
including cost of installing a gas line to a
central plant and exact combustion chamber type.

Cost of gas per unit of energy (BTU) is expected to
rise faster than oil with some estimates predicting
gas will equal oil pric~s in five years because of
deregulation. This fast rise of gas prices would
make fuel conversion not cost-effective.

.;.- .
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HDl
Refurbish
Steam Traps

WSI and 2
Hydro-Pneumatic
System (WS1)
Variable Speed
Pumping (WS2)

Volume 4 Energy

Faulty steam traps reduce a heating system's efficiency
by allowing steam to pass into the condensate return
system. Steam in the condensate lines causes/higher
condensate temperature than normal, which causes
greater heat loss from the condensate piping and
receivers. Faulty steam traps also cause higher steam
consumption by not controlling the flow of steam at the
individual radiators. Energy savings will result from
lower steam consumption and smaller heat losses from
the condensate return system.

High-rise projects require pumping systems to deliver
domestic water to the upper floors. Many of these sys
tems run constantly, using the s~e amount of energy in
put during both conditions of low or high water demand.
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Table 2.5 (continued)

Energy Saving Rationale

!XX> DESCRIPTION

It is possible to reduce the pumping energy requirements
by initiating one of the following retrofits:

1. Hydro-pneumatic systems pump domestic water into a
pressurized tank. The tank pressure provides the
force required to deliver water to the upper
floors. During the periods of low demand the pumps
are not required and may be turned off.

2. Variable speed pumping adjusts the pump speed to
match the demand for water.

WS3
Separate Domestic
Hot Water Heater

CCI
Chiller Control
Adjustment

CC2
Ambient Control

CC3
Timed Control

Volume 4 Energy

In a system where heat for domestic hot water heating
is supplied from large heating system boilers, the
boilers must remain in operation at all times when
domestic hot water is needed. In the summer this may
mean that a large boiler is running only to supply
domestic hot water. Operation in this manner is
wasteful. As the output of a boiler drops to fr~ctional

load levels, say 10 percent of full loads, boiler losses
increase an additional 10 to 20 percent of the total
energy used by the boiler. At these low load
percentages, burner combustion efficiency is also
decreased, further increasing unnecessary energy
losses. For these reasons, installation of a separate
domestic hot water heater should be considered.

Chiller control adjustments will result in energy
savings due to increased chiller efficiency.

Cooling systems without ambient control will circulate
cooling media at a constant temperature regardless of
outside air temperature. Installing an ambient control
will allow adjustment of the cooling media temperature
to supply only the amount of cooling needed to meet
loads based on outside temperature.

Timed control of public area central cooling will allow
the system to run only during periods of occupancy.
Energy savings will result proportional to the cutback
in running time of the system.
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Table 2.5 (continued)

Energy Saving Rationale

EXX> DESCRIPTION
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ELI
Time Switching

EL2
Photocell
Switching

EL3
Sodium Vapor
Conversion of
Fixtures

Volume 4 Energy

If exterior lighting is manually controlled, additional
electrical energy is required to operate those lights
which remain on longer than required. Time clocks may
be installed to more accurately control the periods
during which the lights are turned on. An astrological
timer which continually resets its own starting and
stopping times according to the day of the year may be
used for this operation. The timer installation may
also require the installation of contactors to switch
the power to the lighting circuits •

A photocell actuated controller can be installed to
replace manual switching of exterior lighting. This
retrofit may not save quite as much energy as an
astrological timer (ELI), for the photocell may cause
additional operation of the lights during periods of
inclement weather.

Sodium vapor fixtures produce approximately twice as
much light per watt as mercury vapor lighting and
approximately five times as much light per watt as
incondescent lighting.
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2.1.7
Energy Conservation
Opportunity
Analysis

Volume 4 Energy

After yearly energy consumption was calculated for each
project and prototype, ECCs were analyzed individually.

The ECOs selected for analysis were divided into the
following two categories:

1. ECOs that are maintenance or no capital cost items
(11 ECOs)

2. ECOs that require an initial capital cost (47 ECOs).

These classifications are referred to as "no cost" and
"cost" ECOs. "No cost" ECOs are noted in Table 2.6.
Energy savings analyses were performed in two steps to
reflect the "no cost" and "cost" distinction between
ECOs. It is assumed that all operational and
maintenance ECCs (no cost) would be implemented before
capital investments were made.

ECO savings analysis was based on the existing energy
usage calculations outlined previously. Energy savings
estimates were computed by creating temporary data sets
with selected data points modified to reflect the imple
mentation of the ECO being analyzed. The predicted
savings were the difference between the existing usage
and the usage resulting from the ECO (temporary data).

It was possible that an existing project would have
some or all of the energy conservation opportunities
implemented. Thus, the existing energy program was
written to account for the occurrence of most ECOs.
With discrete modifications to project data, the
performance of most of the ECOs could be simulated.

For example, the "Un value of a window is used to
calculate existing use - i.e., 1.13 for single glazing.
This is changed to .6 to simulate retrofit of storm
windows.

To permit maximum flexibility, the existing energy
programs were not altered to calculate ECO savings. A
short program was written for each ECO that would
create a temporary data set with appropriate changes to
the data, run the existing energy program using the
temporary data set, and compare the new output to the
original existing energy output to find the savings.

Certain ECOs could not be analyzed by changing data.
In these cases a direct savings calculation was done.

To enhance the accuracy of the ECO savings predictions,
all of the no cost ECOs were analyzed as a group. The
resulting energy usage with the no cost ECOs implement
ed was used as the base for calculating the savings of
all cost ECOs.
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Cost ECOs were analyzed individually except where 
experience or physical constraints dictated that more 
than one ECO would be implemented at the same time. In 
those cases the designation of the ECOs are shown 
together, for example, ARl/AR2. 

Table 2.6 gives the applicability of the ECOs, 
indicating compatibility to building type and fuel 
source, and whether an ECO is to be analyzed 
independently or not. Table 2.7 shows the relationship 
of dependent ECOs for beneficial or reduced energy 
savings effects on one another if implemented together • . ... . ~ 
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Table 2.6

ECO Characteristics

: .. Applicable ECO Characteristics:

No Indep- Building Type: Heating System: Heating Fuel: Electricity
Capital dent Low High Space Central Oil Gas
Cost Rise Rise Heating Heating

ARl&2 Weather Strip'g e e e e e e e
AR3 Attic Insulation e .. .. e e e
Ali.4 Floor Insulation e e e e e e
ARS Roof Insulation e e e
AR6 Storm Windows e e e e e e e
AR7 Insulating Glass e e e e e e e
AR8 Storm Doors e e e e e e
ARS Wall Insulation e e e e e e
ARlO Vestibules e e e e e e
SHl Reduce Temperature e e .. e e e e e..
SH2 Set Back Thermostat e .. e .. e e e
SH3 Auto Flue Damper e e e e
SH4 Flue Heat Recovery e e e e e
SHS Elec Auto Pilots e e e e e
SWl Reduce Temperature e e e e e e e e

',. SW2 Flow Restrictors e e e e e e e
SW3 New D.H.W. Heaters e e e e e e
SW4 Upgrade Plumbing e e e e e e e
SLl Delamping e e e e e e e e
SL2 Auto Light Level e e e e e e e e
SL3 Auto Timer Control e e e e e e e e
SL4 Conv To Fluorescent e e e e e e e e
SLS High Eff Ballast e e e e e e e e
SCl Clean Cooling System e e e e e
SC2 Require High Eer Units e e e e e
CRl Room Control e e e e e
CR2 ZOne Control e e e e e
CR3 Pump Control e e e e e
CR4 H.W. Reset Control e e e e e
CRS Part Load Pump e e e e e
CAl Reduce Out Air Intake e e e e e

.CA2 Reduce Supply Air e e e e
CA3-S Upgrade Air System e e e e
CA7 Zone Reset Control e e e e
CAS Heat Recovery e e e e
CHl Boiler Water Maint'ce e e e e e e
CH2 Adjust Burner e e e e e e
CH3 Adjust Burner Control e e e e e e
CH4 Auto Cycling e e e e e
CHS Lead/Lag Control e e
CH6 Reduce Burner Size e e e e e

".' CH7 Modulating Burner e e e e e
CHB Part Load Burner e e e e e
CH9 Auto Breech Damper e e e e e
CHlO Flue Heat Recovery e e e e e
CHll Fuel Conversion e e e e e
HDl upgrade Stem Traps e e e e e e
WSl Hydro-Pneu System e e e e e e
WS2 Var Speed Pump e e e e e e
WS3 Sep D.H.W. Heater e e e e e e e
CCl Adjust Chiller Control e e e e e e e e
CC2 Ambient Control e e e e e e e e
CC3 Timed Control e e e e e e e e
ELl Timed Switching e e e e e e e e
EL2 Photo Switching e e e e e e e e
EL3 Sod-Vapor Conversion e e e e e e e e
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Table 2.7

Energy Conservation Opportunity Relationship Matrix
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2.1. 8
Economic Analysis

Based upon the information gathered and analyzed as
indicated in previous sections, an economic evaluation
was performed for each applicable ECD to determine
whether it provided adequate economic benefit or whether
it was only marginally effective in reducing energy
consumption and costs.

There were a number of investment decision methods
considered to determine ECO economic feasibility,
including simple and discounted payback, net present
worth and internal rate of return. The discounted
payback method was selected for economic evaluation of
energy conservation opportunities. This method takes
into account the time value of cash flows and is used
as an indicator for prioritizing investment decisions.
This method is also used in existing BUD policy to
determine economic worth. Its diasdvantage is that it
ignores benefits which accrue after the payback date
and therefore does not reflect the total net benefit
for the life of the project.

The discounted payback period is the number of years,
k, it takes for the following conditions to be
satisfied:

Co =
k
1:

t=l
(1 .) t+ ld

t
M x (1 + i )

o g
t

where
Co = Initial capital cost of ECO including material

and labor costs

c.

~~ .. -'-

Volume 4 Energy

k s Number of years to payback

t = Year

Fuel savings in first year

= (Annual BTUH saved) x (Rate) + (Annual KWH
saved) x (Rate)

Fuel escalation factor

Inflation rate

Maintenance costs in first year

Discount rate
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In other words, it is the time period in years for an 
investment to pay for itself through yearly savings 
taking into consideration yearly fuel escalation, 
maintenance costs, general inflation, and the discount 
rate. An Energy Conervation Opportunity (ECO) is 
considered feasible if its payback is less than its 
useful life. 

cIt should be noted that this algorithm is a simplifica
tion~f a complete discounted payback analysis which 
takes into aQCOunt'~income..tax, "tax credits and energy 
credits. It was decided that .. since tbe'Public Housing 
Stock is an ongoing HU9 administered program not 
subject to taxes, sale or eligible for tax credits, 
these features did not apply. In addition, salvage 
value was ignored, since by definit~on discounted 
payback only considers ECOs feasible if they paybaek in 
less than their useful life. 

If in certain cases, such as wall insulation, there 
were no annual maintenance costs, the equation 
simplifies as follows: solving for k, 

k 
1: 

Bt (1 + l~) 
t .. 1 

(1 .. id)t 

To reflect short-term and long-term projections of fuel 
escalation and general inflation, the following values 
were used: 

Fuel escalation .. 12% above inflation for the first 
two years of analysis, 
8.8% thereafter 

General inflation .. 11% for the first two years, 
9% thereafter 

Discount rate = 10% constant 

Due to the rapidly changing economic and fuel cost 
picture, these rates might not coincide exactly with 
recent rates, but it is felt that they represent an 
adequate forecast for the analysis. 

In general, if fuel escalation was less than used in 
this analysis the discounted payback of the ECOs would 
be longer than shown. This would pu t some of the 
marginal ECOs, those with 13 or 14 year paybacks, over 
the 15 year cutoff and would tend to shift the energy 
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savings and capital costs of each payback category
lower. This, however, would produce approximately the
same curve as obtained in this analysis showing the
effect of savings versus capital investment. This
curve would then produce the same relationships of cost
to benefits and a similar recommended level of invest
ment would be derived.

Detailed energy savings and capital cost analyses were
performed on each prototype (22) for applicable ECOs
(58). Resulting savings and cost with corresponding
payback period for each ECO are arranged by prototype
in order of best-to-worst payback. These individual
ECOs are then grouped in the following three categories:

1. Less than 5 years discounted payback
2. Less than 10 years discounted payback
3. Less than 15 years discounted payback

Since some ECOs are mutually exclusive and interdepend
ent, total energy savings and cost would therefore
result in less than a total for the ECOs taken indepen
dently. To take this into account, each payback group
is reanalyzed to show diminishing returns of combined
ECOs resulting in three final totals for each prototype
corresponding to the payback groupings.

The final results of this analysis can be plotted on a
graph with capital cost investment per dwelling on the
bottom axis and dollar savings per dwelling unit on the
vertical axis as shown in Illustration 2.3.
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Curve of Diminishing Return
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By connecting these points through an approximate
linear regression a curve can be derived illustrating
the function of capital cost investment to energy
savings. This curve will show diminishing return as
higher capital cost investments yield smaller energy
savings. The magnitude of this curve will vary between
prototypes, illustrating their unique cost/benefit
relationships. From these curves the appropriate level
of investment can be estimated.
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2.2
Cost Data

This section consists of tables listing all the
ECOs that require some amount of initial capital
outlay for implementation. Maintenance items are not
considered in these tables.

Each capital ECO is listed and described along with
the work items required to complete the installation.
Work items include the necessary materials and the
labor required for installation. Pricing units are
listed along with labor and material estimates for
installation of various quantities of a particular
item, thereby reflecting any quantity discounts
available. The cost estimates were developed by
Berger & Associates Cost Consultants, Inc., New York,
New York.

Note that these costs do not include AlE fees,
construction management fees, contractor profit, or
contingencies. Prices are for 1979.

The major group of ECOs presented in these tables and
the SPeCific ECOs describedin each group are the
following:

" ~. '. ~:.\

.;" ','

'" '"

.....

Volmne 4 Energy

Major ECO Group

Architectural

Space Heating

Space Hot Water

Space Lighting

Space Cooling

Central Radiation

Central Air

Central Heating Boiler

Central Water Supply

Central Cooling

Exterior Lighting

Power Distribution

Preceding page blank

B:Os Described

AR 1, 2, 3, 4, SA, 5B, 6A,
6B, 6C, 7, 8, 9, 10

SH 2, 3, 4, 5

SW 2, 3, 4

SL 2, 3, 4, 5

SC2

CR 1, 2 , 3, 4, 5

CA 2, 3, 4, 5, 6, 7, 9

CHI, 2,3,4,6,7,8,9,
10, 11

WS 1, 2, 3

CC 2, 3

EL 1, 2, 3

PW 1, 3
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Energy Cost File

"'

Installed Unit Price

ECO' Description Units Qty Material Labor Total
.':

ARl DESCRIPTION: Door LF 10 5.00
....: ... '': weather stripping 84 2.50

150 2.45
....... LABOR: Install.

:--, ,

",

AR2 DESCRIPTION: Window LF 10 5.00
weather stripping 84 2.50

150 2.45
LABOR: Install.

AR3 DESCRIPTION: Attic SF 500 .70
insulation

,EQUIPMENT: 4" Batt

LABOR: Cut & install.

AR4 DESCRIPTION: Floor SF 500 .70
insulation

, ' EQUIPMENT: 4" Batt

LABOR: Cut & install.

AR5A DESCRIPTION: Roof SF 50 2.10
insulation 300 .51

1000 .47
EQUIPMENT: 1" Rigid,
Flat roof

LABOR: Cut & install.

AR6A DESCRIPTION: Storm window EA
retrofit

EQUIPMENT: 2'2" X 3'4" 8 70.00
Aluminum storm

..

2'10" x 3'4" Aluminum 8 80.00
storm

LABOR: Fit & install.
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Installed Unit Price

: .~ . ~~:: :'.. ,\ .:~
En)t Description Units Qty Material Labor Total

..:':J' ',_ .? 0,1

AR6B DESCRIPTION: Storm window EA
retrofit

EQUIPMENT: 2'2" x 3'4" 1 250.00
Aluminum, double hung 4 142.00

. '.' with storm & screen 25 130.00

2'10" x 3'4" Aluminum, 1 270.00
: "

double hung with 4 160.00.... storm,-' ..~ -
"

& screen 25 152.00-" "
':.:.' .

"', '-,". IABOR: Remove old window,
". " fit & install."

. , "

.",

" AR6C DESCRIPTION: Storm window EA
retrofit

EQUIPMENT: 3'0" x 2'0" 1 221.00
, ,

"

Aluminum, sliding with 4 125.00
storm & screen 25 118.00

.. ,

LABOR: old window,
,C""

Remove
fit & install.

.. .-.:::.
,';" ::, AR7 DESCRIPTION: Insulating EA 10 12.60

glass 25 9.33..
60 9.28

EQUIPMENT: Clear, 1/2"
air space

LABOR: Remove old windows,
.~ i fit & install.

ARB DESCRIPTION: Storm doors EA.-
,~ .

, .
EQUIPMENT: 3'0" x 7'0" 1 140.00

.. ' ' AluminlDD 4 90.00
20 95.00

3'0" x 7'0" Wood 1 150.00
4 100.00

LABOR: Fit & install. 20 81.00
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_.

Installed Unit Price
-.'

EX:O' Description Units Qty Material Labor Total

........ AR9 DESCRIPTION: Wall in- SF 500 1.25
sulation

EQUIPMENT: Foam

LABOR: Install.

ARlO DESCRIPTION: Vestibule EA

EQUIPMENT: 4'0- x 6'0-, 2 1 500.00
sides, door, roof, s.o.g., 1 1500.00
steps , tailing, wood frame,
metal frame

LABOR: Install.

SH2 DESCRIPTION: Setback per Stat 1 49.62 25.16 74.70
thermostat 20 47.14 25.16 72.30

'. - - 80 44.65 25.16 69.80
EQUIPMENT: Honeywell 100 39.70 25.16 64.80
Chronothurm T882A or

Penn Bass Timetrol ASlAA-l or

White Rogers Automatic
Comfort Set lF70-l

LABOR: Mount new thermo-
stat, rewire.

:
".. " -

SH3 DESCRIPTION: Automatic per 1 540.00 100.16 640.10
flue damper on space furnace 20 513.00 100.16 613.10
heaters or furnace or space 80 486.00 100.16 586.10

heater 100 432.00 100.16 532.10
EQUIPMENT: Johnson Control
-Mizer-·, Johnson Controls,
Milwaukee or

Advent Stack Master, Advent
Industries, Norriston, Pa. or
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ECOt Description

Trionic Heating System
Sentinel, Trionic In
dustries, Harrisburg, Pa.

LABOR: Cutsection from flue
& install device, Wire
device to burner controls.

Units Qty
Installed Unit Price

Material Labor Total

'.:':..... ::

..

..'-..

SH4

SH5

DESCRIPTION: Flue heat re
covery on space heaters
& furnaces

EQUIPMENT: "Save 0 Heat",
Atlanta Store Works

LABOR: Cut section from
flue & install device:
wire device to 100.A.

DESCRIPTION: Electric
autanatic pilot

EQUIPMENT: Johnson Control
"Mizer"·, Johnson Controls,
Milwaukee, Wise.

per
furnace
or space
heater

per
furnace
or space
heater

1
20
80

100

1
20

340.00
324.50
306.00
272.00

75.12
75.12
75.12
75.12

415.10
399.60
381.00
347.00

300.00
250.00

......
:~.,.' .

..
..' • - "Mizer" includes flue

damper & electric pilot in
one kit

, .. ",

.'

',. "I.."
..

. " :

..
" ',,"

.; .

SW2 DESCRIPTION: Flow re
strictors

EQUIPMENT: 1 GPM screwed
connection both basin
bubbler & gaskets

3 GPM screwed connection
shower head & required
fittings

LABOR: Mounting.

per
basin

per
shower

1
20
80

400
1

20
80

400

212.66
453.20

1812.80
9064.00

22.66

25.16
503.20

2012.80
10064.00

25.16

47.80
956.40

3825.60
19128.00

47.80
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ECO' Description

SW3 DESCRIPTION: New hot
water

Units Qty
Installed Unit Price

Material Labor Total

- .....

,:.", I

" .;,.

. , ..... ,..
-:'"

..-......

... ' ~ : .... 'I •

'," "

. :.' .~ ~

." ":'-,

-.,' ~

"

'-',

-.... ", '.

EQUIPMENT: (a) Gas 30 gal. per
heater complete. heater

(b) 50 gal. heater complete per
heater

(c) Electric 30 gal. heater per
complete heater

(d) 50 gal. heater complete per
heater

(e) Solar hot water heater per
complete with storage heater
tank, controls & pump,
Solaron Corp., Denver, Co •
Solar Kit, Tampa, Fla.
Sun Works, New Haven, Cn.
Northrup Inc., Hutchings,
Texas

LABOR: (a) Installation &
fittings.

(b) Installation & fittings.

(c) Installation & electric
access.

(d) Installation , electric
access.

(e) Install tank, collectors,
wiring & piping.

Volume 4 Energy

1 266.73 100.64 448.30
20 5334.60 2012.80 7347.00
80 21338.40 8051. 20 29389.00

1 347.73 100.64 448.30
20 6954.60 2012.80 8967.40
80 27818.40 8051.20 35869.60

400 139092.00 40256.00 179348.00

1 238.33 75.48 313.80
20 4766.60 1509.60
80 19066.40 6038.40

400 95332.00 30192.00

1 299.20 75.48 374.60
20 5984.60 1509.60 7493.60
80 23936.00 6038.40 29974.00

400 119680.00 30192.00 149872.00

1 1752.00 801.28 2553.00
20 35040.00 16025.60 51065.00
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-. Installed unit Price
ECOt Description Units Qty Material Labor Total

-.
SW4 DESCRIPTION: (a) Refurbish... ~,

plumbing fixtures

... .-
(b) Replace plumbing

: fixtures

EQUIPMENT: (a) New faucet per 1 134.08 50.32 184.00
washers & toilet flush dwelling 20 2681.60 1006.40 3688.00
valve for 2 basins & 1 unit 100 13408.00 5032.00 18440.00

'.;."
toilet (typical dwelling
unit)

;;..
..

.. " :.' (b) New faucet fixtures per 1 194.66 50.32 244.90
..-; .

with washer1ess valves dwelling 20 3893.20 1006.40 4899.60.
for kitcen & bath basins 100 19466.00 5032.00 24498.00..

fittings (typical&
dwelling unit)

,-.

-"
LABOR: Ca) Installation,
Toilet flush valve =-

..... $50.20 X 2 = 100.40
- '

- -- 100.40 + •16 • 100.56 •

(b) Installation Bath
$31.50 + Basin $76.70
(2x$38.50) + Kit $37.80=-
$146.00.

SL2 DESCRIPTION: Reduced
lighting level

.. ,'

EQUIPMENT: Install 1 auto-
- --

matic dimming device per
fluorescent fixture type

, - (a) 2 - tube fixtures per 2- 1 32.50 25.00 57.50. -

tube 50 29.00 20.00 49.00
~ ".:

-- fixture
....

(b) 4 - tube fixtures per 4- 1 45.95 28.00 73.80
_. , tube 50 41.00 22.00 63.00

ECALO Fluorescent Lamp fixture
System. Controlled Environ-
ment Systems, Rockville, MD
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Installed unit Price
ECOt Description Units Qty Material Labor Total......

". .~. .. LABOR: (a) Wire in series. '~.
, "

. .. , '. ;: .. with ballast •

.... : (b) Wire in series with.. "
",.. ballast.

SL3 DESCRIPTION: Timer
control

,.." .. " EQUIPMENT: (a) Install 7 per 1 165.15 36.0,0 201.10
.. day timer (Paragon 7 day lighting

" '.- . , timer manufactured by circuit.. . ,"

Paragon Div., AMP Inc. )

(b) Install contacto~ in per 1 245.75 50.00 295.70
lighting circui ts wi th lighting
high ( 20 amp) current circuit
draw

LABOR: (a) Wire timer in
existing circuit.

" ~.. ' .
(b) Wire contactor in

" .. lighting circuit, wire
contactor to timer.

"

" . --, SL4 DESCRIPTION: Incandescent per 1 26.00 22.00 48.00
" to fluorescent conversion fixture 10 23.00 10.00 33.00

40 22.00 9.00 31.00
EQUIPMENT: Replace incand-

.:' ';

escent with fluorescent.. ' re-
0,'

.... placement fixtures as manu-
factures by: Vivacon, Inc. ,
Hollywood, Ca.

, .' ,-. -

LABOR: Replaceent , re-
"

.. '

wiring.
, '

SL5 DESCRIPTION: High effic- per 1 18.00 18.00
, ,

, .
iency ballasts ballast 20 16.00 16.00.. ,

100 15.00 15.00: .' . ~
, ,.. ,

High efficiencyEQUIPMENT:
ballast

LABOR: None, to be per-
formed on a need for re-
placement basis.
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..

- -. Installed Unit Price

ECO' Descr iption Units Qty Material Labor Total
-.. , .

SC2 DESCRIPTION: Require high
.... EEr AIC units

, ... EQUIPMENT: 4000 BTUH high
EER unit per unit 1 285.00

',..
4000 BTUH regular EER unit unit 1 248.00per
7000 BTUH high EER unit per unit 1 437.00
7000 BTUH regular EER unit per unit 1 380.00
12000 BTUH high EER unit per unit 1 566.00
12000 BTUH regular EER unit per unit 1 492.00

4000 BTUH high EER unit per unit 20 285.00
--- 4000 BTUH regular EER unit per unit 20 248.00

7000 BTUH high EER unit per unit 20 437.00
7000 BTUH regular EER unit per unit 20 380.00
12000 BTUH high EER unit per unit 20 566.00
12000 BTUH regular EER unit per unit 20 492.00

. .~

4000 BTUH high EER unit per unit 100 256.50
4000 BTUH regular EER unit per unit 100 223.20
7000 BTUH high EER unit per unit 100 393.30

. - 7000 BTUH regular EER unit per unit 100 342.00
- ..... 12000 BTUH high EER unit per unit 100 509.00

< 12000 BTUH regular EER unit per unit 100 492.80
.- --

4000 BTUH high EER unit per unit 400 228.00
4000 BTUH regular EER unit per unit 400 198.40
7000'BTUH high EER unit per unit 400 349.60
7000 BTUH regular EER unit per unit 400 304.00
12000 BTUH high EER unit per unit 400 452.80
12000 BTUH regular EER unit per unit 400 393.60

LABOR: None.

- •• J' : ....

.•....
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ECO' Description

CRl DESCRIPTION: Individual
room control

Units Qty
Installed Unit Price

Material Labor Total

50.32 403.80
1006.40 8076.00
5032.00 40380.00

20128.00 161520.00

" .~: .... EQUIPMENT: (a) Hot water ,
2- pipe systems install
automatic control valves
at radiators 'lor con
vectors. These valves
shall have self contained
thermostatic elements,
Danfoss IVT ser ies valves,
Danfoss, Inc. Mahwah, N.J.

per
radiator
1/2- pipe

per
radiator
3/4- pipe

1 353.48
20 7069.00

100 35348.00
400 141392.00

1 368.53
20 7370.60

100 36853.00
400 147412.00

50.32
1006.40
5032.00

20128.00

418.80
8377.00

41885.00
167540.00

... -,",

(b) I-pipe steam systems
install automatic, self
contained valve at radi
ator air vent, Danfoss
l-PS Valve, Danfoss,
Inc. Mahwah, NJ

LABOR: (a) Cut section
from radiation pipe, thread
, install with unions or
bronze if cOpPer. 1/2- •
331.60 X .75 • 248.25
3/4- • 340.00 x .75 •
255.00.

(b) Remove existing air
vent , replace with control
valve 29.00 x .75 • 21.75.

CR2 DESCRIPTION: Zone control
retrofit

EQUIPMENT: (a) Electric
Control Systems install 2
or 3 way zone valve ,
electric controls, M945
control accessories, M945
actuator T99l Thermostat
with insertion well, T99l

Volume 4 Energy

per
radiator

per zone
system

1
20

100
400

ea
I

I 1/2
2

2 1/2
3-

29.00
580.00

2900.00
11600.00

697.80
185.47
275/53
357.60
676.40
872.13

50.32
1006.40
5032.00

20128.00

201.28
75.49
75.49

150.96
201.28
226.44

79.30
1586.40
7932.00

36728.00

899.00
260.00
351.00
508.50
87.60

1098.50
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Installed Unit Price

ECO' Description Units Qty Material Labor Total

CR2 Outdoor air thermostate, I" 127.27 88.07 215.30
ct'd T92l Space thermostat 1 1/2" 206.49 176.12 382.60

steam only), VS013 3-way 2" 289.27 201.28 490.50
valve (hot water) or VSOll 2 1/2" 388.53 201.28 589.80

--. 2-way valve (Steam) I", 3" 507.29 251.60 758.80
. ": 1 1/2", 2", 2 1/2". 3"

(b) Pneumatic Control Sys- ea 958.63 239.02 1197.60
tern; install 2 or 3 way I" 185.47 75.49 260.90
valve , pneumatic controls 1 1/2" 237.53 75.49 351.00
MP953 actuator, LP9l4 in- 2" 357.60 150.96 508.50
sertion sensor wall, LP9l4 2 1/2" 676.40 201.28 877 .60

~
outdoor air sensor, RP908B 3" 872.13 226.44 1098.40

- - reset controller, TP971- --

space sensor (steam only), I" 127.27 88.07 215.30
VS011 2-way valve (steam) 1 1/2" 206.49 176.12 382.60
VS013 3-way valve (hot 2" 289.27 201.28 490.50
water) I", 1 1/2", 2", 2 1/2" 388.53 201.28 589.80
2 1/2", 3" 3" 507.24 251.60 758.80

. - (c) New Zone Pump, Install per zone 1 hp 626.66 72.16 698.80
new hot water circulating system 2 hp 693.33 176.12 869.40

...~. pump complete with fittings 5 hp 3438.00 251.60 3689.60c
, electrical accessories 7.5 hp 5182.67 251.60 5434.20

- -' when required, 1 hp in line, 10 hp 7525.33 301.92 7827.20
-- 2 hp in line, 5 hp base....

-- - mounted, 7.5 hp base mounted
10 hp base mounted

- --

LABOR: (a) Wire line voltage
to new controls, wire 3-16'
from actuator to each of the
other devices (40" per de-
vice). Cut existing piping ,
install valve. Install 20'
of new return piping from

:. '. ~ :

valve (hot water) mount in-
--- sertion well 'stat in zone....

supply , insulate new pipe.

(b) Connect control devices
with 1/4" copper pipe (50 '
per device. Cut existing
heating piping , install
valve. Install 20' of new
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ECO' Description

.",!.. "

, :.. ~ .
. ", ... :' ",~,

..; ..-

CR2
ct'd

return piping from valve
(hot water sys.). MOunt in
sertion well , sensor in
zone supply. In zone supply
insulate new pipe.

(c) Install pump , required
fittings' wiring.

units Qty
Installed Unit Price

Material Labor Total

.-,:

. ' "...

CR3 DESCRIPTION: Radiation
pump control

EQUIPMENT: (a) Instsll am
bient control of heating
pump(s). LP9l4 outdoor air
sensor, RP908A controller,
P658A Pneumatic electric
switch, R480 Relay •

per
pump
control
system

1 378.32 50.08 428.40

.' ",

.~ ". .

: " "

.•.. :

'> " ..•

(b) Install magnetic start- per
er if required. pump

starter
LABOR: (a) Mount sensor at
north building exposure.
Pipe pneumatic devices (50'
copper/device). Wire PIE
relay to electric relay:
electric relay to pump
starter.

(b) Install magnetic start
er if required •

1 213.33 213.30

. .,",

,. -.
... ..~. ~.' .'

'.:'" .

CR4 DESCRIPTION: Hot water
reset control

EQUIPMENT: 11'or hot water
radiation systems:
(a) See CR2 for electric
control.

(b) See CR2 for pneumatic
control.

per
zone

ea
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ECOt Description units Qty
Installed unit Price

Material Labor Total

.. ', '.
'•• "!

~.. ".. ~ ..",

...::.....:

"0':

'; .. '

': .. ;",

... ;.".. . .. ": .,~

CR5

CA2

DESCRIPTION: Radiation
part load pump

EQUIPMENT: For hot water
radiation systems add the
approximate costs from
CR2 (c) and CR3.

DESCRIPTION: Reduce supply
air quanti ties

EQUIPMENT: (a) adjustable
sheave

(b) Air balancing for 20
outlets, 35 outlets, 100
outlets

LABOR: (a) Install & test
air flow.

(b) Check air flow at each
grille & register; adjust
flows as required.

per
pump
system

for each
system
size
listed
in (b)

ea

per 1000
CFM each
system
size

363.00
363.00

1532.00

... ". CA3 DESCRIPTION: Reduce out-
';.: door air damper leakage",", -, ~"

.:':'.~ ,
, . .

EQUIPMENT: (a), ' replace per sq. 1 sf 2.66 37.56 40.00.-
" . seals & edging on outdoor ft. of 10 sf 3.00 37.56 40.00

air damper. Caulk around damper 20 sf 3.33 62.60 65.00
. '":" '. damper frame. Repair damp- surface 30 sf 4.00 62.60 66.00

;
....

.' er actuator(s) •... -
.....

(b) Install new outdoor per sq. 1 sf
,.' "

air damper operator(s), sf 418.67 62.60& foot of 10 481.00
, 0642 Damper, MP903A (one damper 20 sf..

15 sf of damper).per surface 30 sf

(c) Electric controls.
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Installed unit Price
]D)' Description units Qty Material Labor Total

. '.' .

•• #'. .... CA3 LABOR: Ca) Repair.
ct'd

Cb) Remove old damper. In-
.' .: stall new damper. Repipe

actuators.
", .

CA4 DESCRIPTION: Automatic
start/stop

'", ,"

.' EQUIPMENT: Ca) Install fan 1 521. 33 521.00
.,.,

per
Paragon 7 day timer (AMP system 2 1042.66 1042.00

!., .. , Inc. , Twin Rivers, Wis.) • ' 5 2606.65 2606.00

(b) Install Magnetic per fan 1 133.00 133.00
..,.. Starter, if required. system 2 266.00 266.00

" 5 665.00 665.00
LABOR: Ca) Wire line volt-
age to timer. Wire timer to
fan motor starter.

(b) Wire new starter.

"

..
.~. :", :;..

CA5 DESCRIPTION: Warm up
, .. .. cycle/night cycle

.:. ::. ~~ '.;'

EQUIPMENT: (a) Pneumatic per fan 1
,',' Control, RP417 Electric/ system 2 565.33 50.08 615.00

'.
Pneumatic Paragon 7 day 5 2826.65 250.40 3077.00

" timer.;..

", Cb) Electric control, R482 per fan 1 571.38 571.00..

Electric Relay Paragon 7 system 2 1142.76 1142.76
...

day timer 5 2856.90 2856.00

-: .:.:? . Cc) To add night cycle con- per fan 1 174.15 174.15
.. ~ ': trol to warm up cycle system 2 348.30 348.00

.. ," : (both) pneumatic & electric 5 870.75 870.00
," control) T42 Electric...

... Thermostat..
, ....

LABOR: Ca) Wire line volt-
age to timer. Wire timer to
E/P relay. Pipe outdoor air
damper control to E/P relay.

........
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Descr iption Units

., .

Qty
Installed Unit Price

Material Labor Total

':".'

.', .;

:, .

CA5
ct'd

(b) Wire line voltage to
timer. Wire timer to electric
relay. Wire electric relay in
damper control circuit.

(c) Wire electric thermo
stat to timer.

......"

.. ': '.:
P ••••••••••• '.... '
" .....: .... :'.

'...
'.:.:.,.

.' : .... '~

.. .,.-.

; .....

: ... :~..-: ~: " :~
.. ,

:.::,." ..'.

. . " " ~.

'.!. •

CA5 DESCRIPTION: Economizer
control

EQUIPMENT: (a) Pneumatic
Control systems, LP914 out
door air sensor RP908
controller.

(b) Electric Control
Systems T675 outdoor air
thermostat R482 Electric
relay •

LABOR: (a) Pipe controller
to existing mixed air con
troller. Pipe sensor to new
controller •

(b) Wire outdoor air therm
ostat to electric relay.
Wire electric relay in
damper control circuit.

per fan
system

per fan
system

1 214.64 50.08 264.00
2 429.28 100.16 529.00
5 1073.• 20 250.00 1323.00

1 318.00
2 636.00
5 1590.00

CA7 DESCRIPTION: Zone reset
control

EQUIPMENT: Pneumatic Con
trol Systems, RP908B Mixed
Air Controller, RP908B
Colddect Controller, RP908B
Hot deck Controller, RP913A
Load Relay

per fan
system
by num
ber of
zones

1
2 zones
4 zones
6 zones

633.33
1267.26
2534.42

301.68

250.40
500.80
501.60

1002.40

884.00
1768.00
3536.00
5304.00

i;

LABOR: Pipe zone stats to
load relay. Pipe load relay
output to each of the con
troller. Pipe controllers to
existing devices.
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BeO' Description Units Qty
Installed Unit Price

Material Labor Total

. ( .....

. .;<'

CA9 DESCRIPTION: Heat Recovery

EQUIPMENT: (a) Heat Pipe
Unit, 6 row thermal heat
pipe unit (manufactured by
Q-Dot Corp., Dallas, Tx.)

per
system
for each
CFM
listed
in
quantity
colwnn.
Assume
500 FPM
face
velocity

3M CFM 4538.67
5M CFM 7142.00

7.5M CFM 9430.67
10M CFM 9580.00
15M CFM 15372.00

(or)
12 SF
20 SF
30 SF
60 SF

of coil
surface

350.56
350.56
450.72
450.72
450.72

4889.23
7492.56
9881. 39

10030.72
15822.72

(b) Hydronic "Run Around"
System (2) six row coils
circulating pump, starter
& control. Control Valve &
Controller Piping (Manu
factured by TraneCo.,
LaCrosse, Wis.)

same
units
as Heat
Pipe
estimate

3"
5"

7.5"
10"
15"

4360.00
7040.00

10006.67
12340.00
17826.76

501.52
501.52
501. 52
501. 52
704.48

4861. 52
7541. 52

10508.19
12841. 52
18531. 24

. .. ~. '", -.."

CHI,
2,&3

LABOR: (a) Add duct work to
bring exhaust adjacent to
outdoor air intake. Cut out
door & exhaust ductwork to
mount unit.

(b) Add coils & piping sys
tem to exhaust & outdoor air
ductwork. Wire pump & install
controls •

DESCRIPTION: Boiler Main
tenance

EQUIPMENT: Ca) Hays 3 tube unit
Orsat & chemicals.

1
10

100

50.00
500.00

4500.00

37.56
375.60

2504.00

87.00
875.00

7004.00

(b) 0-700oF insertion
thermostat.

unit 1
10

100

48.00
480.00

4320.00

37.56
375.60

2504.00

85.00
855.00

6824.00
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Installed unit Price
.~". : ECOt Description Units Qty Material Labor Total

......
.... CH4 DESCRIPTION: Automatic

'.. : Cycling
".,. .... ! .. -

.' EQUIPMENT: (a) Ambient per 1 437.43 37.56 474.00
,.

: .. start/stop control (all central:, :.'

boilers) T675A outdoor boiler
.... air thermostat system
"

(b) Ambient Control (Hot per 1 437.43 37.56 474.00
' .. Water Boilers) T678 out- boiler
., , . door air thermostat." ~~ :

..

..: .~.

.:...:?' :'~, (c) Ambient Control (steam per 1 2133.33 187.80 2321.00. '. ..

., ',:, ' , boilers only) • May replace boiler
\ ...

- zone control. "Cleveland.: .. '~ .- kO ;,

" , Fuel Saver", Cleveland Con-.- -.': .

.. " troIs Inc. , Cleveland, Oh.
, '- . ,

LABOR: (a) Wire outdoor
, . air thermostat to boiler

control panel.

(b) Wire outdoor air tber~

ostat to boiler control
' .. :

,. panel.
" " :-

(c) Install central control
panel & wire to boiler con-

". trol panel. Mount outdoor,
indoor & condensate return

, ' sensors & wire to new cen-
tral panel.

,"c,

CH6 DESCRlPTION: Reduce burner
size

," :'

EOUIPMENT: (a) Gas burners per 100MBTOH 406.67 187.80 594.00
.. , complete with controls to burner 200MBTUH "" "" ""

replace existing burner size 400MBTOH "" "" ""
capacities listed. listed 600MBTUH "" "" ""

" in 800MBTOH "" "" ""
quantity lOOOMBTOH "" "" ""
column 2000MBTOH "" "" ""
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: Installed Unit Price
EOJt Descr iption Units Qty Material Labor Total

, CH6 (b) Oil burners with con- per lOOMBTUH 440.00 187.80 627.00
ct'd troIs & accessories to re- burner 200MBTUH "" "" ""

place existing burner for size 400MBTUH "" "" ""
capacities listed. listed 600MBTUH "" ." ""

in 800MBTUH "" "" ""
quantity 100OMBTUH "" "" ""
column 2000MBTUH •• "" ."

LABOR: (a) Gas piping, con-
trol, wiring, mounting.

(b) Oil piping, control
wiring, mounting.

CH7 DESCRIPTION: Modulating
Burner

EQUIPMENT: (a) ModUlating per 100MBTUH 1080.00 187.80 1267.00
gas burners complete with burner 200MBTUH •• •• ."
accessories for capacities size 400MBTUH •• ". ".
listed in CH6 (a) above. listed 600MBTUH "" ." ."

in 800MBTUH ". ." ""
quantity 1000MBTUH "" ." ••
column 1000MBTUH ." "" ••

(b) Modulating oil burners per 100MBTUH 1173.33 187.80 1361. 00
complete with accessories burner 200MBTUH •• ." ."
for capacities listed in size 400MBTUH ." "" ".
CH6 (a) above. listed 600MBTUH "" "" ."

in 800MBTUH ." ". "..
quantity 1000MBTUH ." ." ""
column 2000MBTUH "" "" ."

LABOR: (a) Gas piping,
control wiring mounting •

. .

(b) Oil piping, control
wiring mounting.
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ECOI Description

CBS DESCRIPTION: Part load
boiler

Units Qty
Installed Unit Price

Material Labor Total

:..... ,.

"".' ~:"

.1

. ,.'1

.;.

-.\..,;. .:.. -"

", ... ..'
.,.' . ".~ , ..

, , • c' .~.," , /' :

EQUIPMENT: (a) Gas steam
boilers complete with
safety controls, burner &
accessories for the output
sizes listed.

(b) Gas hot water boiler
complete.

(c) Oil-fired steam boiler
complete.

(d) Oil-fired hot water
boiler complete.

LABOR: (a) Mounting. Piping
to existing header. Gas
piping wiring.

(b) Mounting. Piping to ex
isting header. Gas piping
wiring.

(c) Mounting. Piping to ex
isting header. Oil piping
wiring.

/

(d) Mounting. Piping to ex
isting header. Oil piping
wiring.

Volume 4 Energy

per 10 hp 2920.00 200.32 3120.32
boiler 20 hp 4480.00 200.32 4680.32
size 40 hp 10606.53 200.32 10806.85
listed 60 hp 13264.40 400.64 13665.04
in 100 hp 17649.97 400.64 17650.61
quantity
column 10 hp 2920.00 200.32 3120.32

20 hp 4480.00 200.32 4680.32
40 hp 10606.53 200.32 10806.85
60 hp 13264.40 400.64 13665.04

100 hp 17649.97 400.64 17650.61

10 hp 3447.87 200.32 3648.19
20 hp 5121.33 200.32 5321.65
40 hp 8478.67 200.32 8678.99
60 hp 10131.60 400.64 10532.24

100 hp 14968.67 400.64 15369.31

10 hp 3447.87 200.32 3648.19
20 hp 5121. 33 \ 200.32 5321.65
40 hp 8478.67 200.32 8678.99
60 hp 10131.60 400.64 10532.24

100 hp 14968.67 400.64 15369.31
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Installed Unit Price
ECOt Descr iption Units Qty Material Labor Total

.. WS2 LABOR: Install new pump.. . .

ct'd motor & motor control.
".

WS3 DESCRIPTION: Separate dem-
, .".,. estic hot water heater

....

EQUIPMENT: (a) Gas domestic per 200 gal 893.33 150.24 1043.50
hot water heater complete h~ater 300 cal 1326.67 150.24 1476.90
with burner, controls & capaci- 400 ~al 1766.67 175.28 1941.90
connection to stack. ties 500 gal 2200.00 175.28 2375.20

.. ... listed 750 gal 3283.33 175.28 3458.60

-. (b) Oil fired domestic 200 gal 893.33 150.24 1043.50."",;

water heater complete with " 300 gal 1326.67 150.24 1476.90
burner, controls & 400 gal 1766.67 175.28 1941.90
connection to a stack. 500 gal 2200.00 175.28 2375.20

750 gal 3283.33 175.28 3458.60

LABOR: (a) Mounting. connect
to existing domestic hot wat-
er supply. Gas or oil piping.
control wiring. Connect to
stack.

(b) Mounting. Connect to ex-
isting domestic hot water sup-
ply. Gas or oil piping. Con-
trol wiring. Connect to stack.

CC2 DESCRIPTION: Ambient per 1 165.47 165.00
chiller control chiller

EQUIPMENT: T675 outdoor air
thermostat, R482 relay.

LABOR: Wire outdoor air stat
to relay. Wire relay to
chiller control panel.

CC3 DESCRIPTION: Timed chiller per 1 521.33 521. 00
control chiller

EQUIPMENT: Paragon 7-day
timer, R482 relay.

Volume 4 Energy
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ECot Description Units Qty
Installed Unit Price

Material Labor Total

......

" .' .:..~.
. :-:

..,..... '- ... '

.' ,
. : .. -'."

....,..
". .." ~-'-."

:, .

CC3
ct'd

ELI

EL2

ELI
&2

EL3

LABOR: Wire line voltage to
timer. Wire timer to relay.
Wire relay to chiller con
trol panel •

DESCRIPTION: Timed
switching

EQUIPMENT: Paragon 7 day
timer.

LABOR: Wire line voltage to
timer. Wire timer to light
ing relay or contactor.

DESCRIPTION: Photo cell
switching

EQUIPMENT: Selenium sulfide
~ell, enclosure' control
cirouit.

LABOR: Mount photo cell.
Wire control circuit to
lighting contactor •

DESCRIPTION: Contactor

EQUIPMENT: Install contact
or. Control to facilitate
automatic switching.

LABOR: Mount contactor.
Wire to lighting circuit.

DESCRIPTION: Sodium vapor
conversion

per
lighting
circuit

per
lighting
circui t

per
lighting
circuit
for
capaci
ties
listed in
quantity
column

per 100w
lamp &

fixture

1

1
5

10
15

20 amp
50 amp

100 amp
150 amp
200 amp

1
10
40

165.15

25.00

60.00
115.00
185.00
400.00
400.00

160.00

36.00

32.00

32.00
32.00
32.00
40.00
48.00

32.00

201.10

57.00

92.00
147.00
217.00
440.00
448.00

192.00
172.00
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Installed unit Price
~Ol Description Units Qty Material Labor Total

... ' EL3 EQUIPMENT: New sodium vapor l50w 1 180.00 32.00 212.00... I per
:i ct'd lamp & fixture for various lamp & 10 182.00, ,

sizes. fixture 40
.. per 250w 1 200.00 32.00 232.00

" ,,'.. LABOR: Remove existing fix- lamp & 10 220.00, ,

ture. Replace with new fixture 40
sodium vapor fixture & per 400w 1 250.00 32.00 282.00
rewire. lamp & 10 250.00

fixture 40

-- PWI DESCRIPTION: Checkmetering 1 210.00 90.00 300.00
... 'f•.

; .......
.~' .:". EQUIPMENT: Watt hr. check-:

.. ' meter 15 kw maximum demand
(Allan Bradley, Milwaukee,

" Wis. )

LABOR: MOunt checkmeter near
dwelling unit power distrib-
ution panel. Wire in series
with D.U. wiring.

PW3 DESCRIPTION: Power factor
correction

EQUIPMENT: (a) Capacitors per 1.5 KVAC 160.00 40.00 200.00
at individual equipment. connected 3.0 KVAC 220.00 55.00 275.00

load for 5.0 KVAC 240.00 60.00 300.00
KVAC 7.5 KVAC 300.00 75.00 375.00
(Correct- 10.0 KVAC 340.00 85.00 425.00
ive cap-

..... (b) Capacitors at Main acitance) 3.0 KVAC 225.00 60.00 285.00
" ,

Service plus controlled Values 5.0 KVAC 250.00 65.00 315.00
. ~. switching of capacitance listed in 7.5 KVAC 315.00 80.00 395.00

capacity. quantity 10.0 KVAC 356.00 90.00 446.00
column 15.0 KVAC 380.00 120.00 600.00

LABOR: (a) Wire capacitors
to individual loads (fans,
chillers lighting cirucits,
etc.).

(b) Wire capacitors at Main
::- discount.
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Ti",,~ clock

Hlqh pres5uce t.ot.I pr•••ure
l'!t:rcur"V vatV'Jr 80,", UftI od WtI

Time clock

Plaus/
. Drivewavs Parklnq lot r~crll!.tiQn

!
lIi9h preslure Law pr•••ure

Hercurv vapor .od lu. sod!u.

"It.onaalcal
Ttme clock Photocell clock

ea,

ea,

w.

ea,

hr.~

...

hI's.

hr•.

hra.

hro

hro

Ouantity
Dimension Variables

Llqht. turned ott
• hour. after I ....rlse

L1ghU turned on
• houri .ftar lun•• t

Ligh t. turned on
• hourI betore 8un••t

Ft ature tVLH:!

Light. turned ott
• hourI b.for. aunr l ••

• ot tixtur.. instA 1l00d

• ot Uxtur.. o""ratad

Fixture tvoe

Serv••

Swl tchlnq

WAtts rwe fixture!

Characteristics

• of t·xtures inlStdlllt!d

"1.cur.. tvrac

S",ltchlna

Swltc:l\l ....

L19h c. t.ul'""d on
I hour•• 't.,r ""'" ,t

Li9l\ U tur n..d "tt
• ~ ,p, ,,-

L191\u turn..d on
I hou.. h.'or. _u,,_.,.

lIetU -r flxture

LlghU turned off
• hourI .. tter JUlIlllliC

Ll9b to turned ott
• hour. before lunci..

-EJf----I---I-------t----tt

LiqhU turned on
a h......., ••••"u.t

• of 'btu... OOP''''M
Ll9ht.a turned on
• h.,.,•• ".'or••un.. t

No. Item

__1_ FIXture
Type 0--

_...L

_4_

--"-
..

-'-
-'-'-

"

~-

...LL

l:.!

_!.:!....- Fixture

I', Type E

_10_,_

1"1

II,

l'}

.:0

~I

--
2 J

.!-I

.;~

n Fixture

~~ Type F

'!'J

w,

11

2L
jl

_1,_1_

",

_1'_,_

..lL
)11

...i!L

_'_11_



Building Orientations
Energy Conservation Survey

A-13

No. Item
Master Building
Identification No.

No. Typical
Buildings (;::.)

.No. of BUilding Front

(incl. master building)

Orientations

__s_

--"-__,_
__11_

..-

_11-

IH

10'

TO.

rnA

rnA

rnA

10.

10'

10.

lot

10.

10.

.e.
I tiE.

ea.
sw....

Nt:....
sw

E

n.
w

ea .

£
ea .

w

~ ........

S£
ea.

t'd.

n .

ea .

...

...
••..



Building Envelope
Energy Conservation Survey

ProtllCl~~
M..o"It.~ Eluoioong~ _

A-14

No. Item Characteristics
Quantity
Dimension Variables

.-";

General

_2_

3

_4_

--~-

£>

A..ocieted spAce

Cro.. 8qu.re t.et
are•••rv••
Floor to
floor heiaht
Ceilin" to
tloor heiaht

sf.

ft.

ft.

ea.

'rotal Public Total
Arcas BuildinG

C"...,..ity
Laund~ ll00tM

Lobbv
Oftice;
AdIIiniatrativ
OUler
(d~.crib~}

.';;'.'

.:.
::;"

",.'--.."

Exterior
wall

~ c=JFront

II L
_1_1_

12 kuar

_1_1_

~

1~

]0

Deqre.. frOOl true
north clock" i se
Total expoaure Are.
UncI. doors ~ window.)

Color

Mass

Section' 'ii

(\leek of this shettt)

Ca.nft.ite U-value

Window TYPe A

B

C

0

E

F

Door 'l'vae A

B

('

o

•

.,. I ..... ft' ..~.
0 0 0 0

sf. sf. sf. st.

Liaht til ht Liaht

Mcdiu. Me\.liua ~dlu.

D.lrk Dack OClrk

Low L"", l.ow

MediUlll Mediu.m ....diua

Itiah Itiah 'liah

u. u. u.

u. "a. "'d. e••

N. .-a 0

e~.

_.
e, d

-a. ft.

~. ft. ·a 0.·

ea. -'. e•. .,
.. -- ea

u 0. _a ..
-, .. .. ..
ea. e· ,. ..
"' .. --
. ..

sf. of.

p Roof
~

]]

34

l~

J ..

37

]11

3'J

40

41

Slone

Ceil in" .t roof
Are. of cei Un"
(top floor)

color

.....

,.,. I .... r

0 0

Directly A<tic
eXDOsed above

sf. sf.

Liaht Llaht

Mediwa Mediua

Dark Oark

1.laht Liaht

M~diua Medi~

ItcaVY HeaVY

o

Plenua
ceilinG

Llaht

Mediua

Liaht

H......

o



Aft£ of
n. CandIIIan of
PIIIlIic ItllYIInt Stodl
II·~

Building Envelope
Energy Conservation Survey

PrQleCII\Unbef~
M.I~I..~ Buiciny I\Ul'CllIr _

A-IS

"J:

.."\ ~,..

. -: ...

","0

No. Item

I Roof
-~ fcontJ

__4_

7 Floor
__If_

--')-

_1_"_
_ 1_1-

\ I

l4

\6

I')

_J_I_

37

_4_1_

Characteristics

Sect an a
(.....il of this .hettll

U-value ot sk

Are. of sl.t. on rade
Ar.. ofalllb
below nde

vd...

• 0 ~ c~nt wdol1s

Floor U-value

Section •

Ouantity
Dimension Variables

u.

ee.

af.

u.

u.

ee.

at.

u.

u.

..e.

af.

u.

u.

ee.

at.

u.



All Ev-..uan 0'
The~ CandltiIln of
PUblic: Hauling Stodl
H·2850

Wirv:kJ.Ns
Energy Conservation Survey

A-IG

No. Item Characteristics
~ Quantity-
~ Dimension Variables

;;

Awning
hI.) 1 I(!(

Awnin. s

1/4 In.

SepaC.1te
stor_ windows

liB in.

Frost~d

tint<:d

HisSlnn

;o;tt!cl

Opc:rabl~

'hut"l~"'S

Arch
oro;ec:t.t;d

in.

tnsuldltino

Othl:c

1/16

Pivot

Alwainum

Double huoa

F'ixt.'<I

Jalousie

Wood

1/32 In.

TIoht

Wea thers tr ippina

Glazina

Fit

Window .et.-back frOOl
extf!r .i,or w.d1

Fr.....tecial

Unit size

nn-rable crack hmuth

Estiuted crack width
Qreater than

_1_1_

__\1_

__f,_

H

Window A

__4_

IS

_1_3-

__5_

-!L
17

";;

Double hunq Cast.'ment

Jalousie Pivot

Fixed Other

Wood Aluminum

Sinqle Insulatinq
Integral
storm windows

None Prescnt
Venet.ian
blind. Sh~d...s

Ovcrhuna Or.sr,t:'s

, ,:

Window B...l:L

J7

....E..

_3_1_

-lL

-1.!...
35

Unit size

Free area
Window ••t-b.ck tcc.
t:xterior wall

O[)crab l~ cra(:k 1t~nf th

TYee

Fra_ Material

Gladna

Shadina device

Weatheratr1rmlno

Pit
E.tl.... ted crack width
qre.ter thAn

in.

Good conditio,

Tiaht

1/32 in.

Poor conditio.

Fai r

1/16 In.

Slidinq
Arch.

, I\ro'l;'ct~d

Frosted
tint~d

Optirable
shutters

None

LOOStt

I/~ in.

::ilnqle hunq
Awnlnq
honn~r

Sep.lr4te
5 torca window.

AWI1J,n( s

1/4 in.

)7

tll

)'J

4ll



All E..-..uort of
The~ CandMIan 01
PubIoc HoueIfIg Stoell
H-~

WindoYJs
Energy Cons~rvation Survey

1".-17

No. Item Characteristics
Quantity
Dimension Variables

Good concii tion poor condi ti.ar Nonu

1/4 In.

Loose

1/8 In.

Fair

1/16 in.

Case~nt SI.dinoj Slnqle hun'!
Arch Awni. n9

Pivot proi ..ct~,j hopper

Other

Aluminwa Ste~l

Frosted S.~r~t.

InsulAcinQ tinted .toe. window.

Prt:sent Hl:.~tnLJ

OperAbI"
C"~_"'I ~o: .hurt.· .. Awnina.

nr .n•.•

Fixed

Double hunq

Wood

Jalousi~

1/32 In.

Tiqht

In.

In.

Fit

Window let-bAck frooa
extftr.1or VillI

ClulnQ

'!'Vo"

OOII:rabl. crdlck h'llutll

E.tilUt.d crack wiJth
areA tel' than

TUM

h

I~

__,1-

I Window C

--"-

_1_1-

--~-

_1_.'_
_1_'-

_I_~-

"

C<Jod conditior Poor conditio

Sin"le hun"

1/4 In.

Awninq
lIo l')~r

Awninqa

SepAr.te
Itora window.

Frosted
tinted

SlId!n"

Mlasln,!

St~ttl

1/8 In.

OperAble
shutters

None

Arch •
vroi ..ct~d

Fair

1/16 In.1132 in.

Double hunq Cas~ment

Jdlousie Pivot

Fixed Other

Wood Alwnin\WI

Sin,!le InsulAtl",!
Inteqral
storm wir.dowll

None Prest!nt
VenetiAn
blinds Sh.sdes

Overhunn OraOflls

Ilindcw lit-bAck frOlO
exterior WAll

rr•• ar••

Clui""

OperAble crAck length

Unit .1z.

Fit

ShAdinq device

We.theretrionlnQ

EeUMted crAck ..ldth
qraacer thMl

'!'VOl

Window 0

2'J

-'-"-

_1_'_

_"_1_

_I_~

JS

'-"'.

,"

J"



All E......llon 01
The~ Ccndition of
Publoc: ttoueing Stock
H-2b50

PrOteCI NumOott~

Windows
Energy Conservation Survey

A-',.,_u

No. Item Characteristics
~ Ouantity-
Z Dimension Variables

Slnqle hunq
"'..,ninq
ho .>per

St:"'4r.ta
lIitOJftI winduwa

I/~ In.

A",ol nQa

Slldin(

.·rost~d

tinted

liB In.

Leo••

Oper.1.l11il:
dllJ '(3

Arch
IJCO leccl.:d

in.

AlllrfllUUM

InsulatinQ

.·~ir

1/16

DraneS

Double hUflQ

JalOUSle

1/32 in.

Good condition Poor condittor Nond

GI ... lnq

unit :Ult:

Winduw 2:tc:t.-Ld~k tr~

ext"r;or IlIh,l)

Fit

OPerttblt: cc<:u.:k len th

Fret: 4rc:ca

titimatttd clAck wliJth
qre.t~c tilitn

TYDe

Tv".

j.,

Window E

I .~

-'-'-

__'_-1-

._-'1.

Good conJ i ticr Poor condi t lor None

S,nqle hunq

se-p.Ar.ce
stor_ w1ndc:al•

1/4 In.

Awn in9
ho l lCr

Frostt:d
tint-=d

l/ij in.

Slidl nq

l'1itlO:llnq
Operabl.
shutt.:rs

Stct:l

Arch.
[".ro· ~1·tCJ

1/11> In.

fair'"

1/32 in.

OauL Ie: hUllq Cas~cnent

.Jalousie Pivot

Fixed OtJlli:~r

Wood Alum!n...

Sinyht: In:i.ulAtinq
Intc~ral

star.. winduws

None Prfts~nt

Vtl!fI\.!tian
blInds Shad.:s

OVI:dIUnQ DrcHIC::I

"1< hc

Opttrahlc {..:r.Jc.:k 1-.:011' lh

Unit s1z«:

Type

Window •• t-b.ck frCAll
exterior ",A 11

EatliutN crdck WIdth
greAter t:h..,..

Glulnq

Fit

W••thttrstrilJl,iu\J

Window F

II

I"

.-1

II

II

.'U

"

,-,

-II



IlAE........... of
Tlle~ CanditIan til
PIlbIIc HoueIng SIOdl
H-28S0

Exterior Doors
Energy Conservation Survey

A-19

No. Item Characteristics
auantity
Dimension Variables

I Door A

4

1/4 in.

Star. door

roor
coI-JitillH

Ueocled

Good
conditionNon~

<b o=,-:

• •••• None

~,.;: Woud ""t~l Class

4~.' .ft;
Sinqle Double Ruvolvinq

..:':~;~: None UnhCclt(.~ lIeclt~

.•...~<: ('.000 -Voor
~~ None condition condition

Snuq F\lic Loose

1/32 in. Jill> in. 1/8 in.

Fit

Vestlbullt

Tv"e

v..tibul.

W..thwratrippinq

U-value

"::::::':::::o;IY':L'''~':::.:Ia~':':I::.~.=::.U_i_l_d_i_''9__+l__4- ::'.-:r&:======£au_ted cr.ck width
qre.t.ar th....10

__H_

_1_5_

_1_1_

.2l...Door B

.... Pilir
£aU_ted cr.ck width
ar••t.ttr than 1/32 In. 1/11> in. 1/8 in. 1/4 In.

, of totAl bui Idinq..

taU_ted crack width
arueer than 1/4 in.

Star. door.. ., WOod Ketal ct•••

5inq1e Double Revolvinq

Ilone Unht!ated He.clld
Cood Poor

Ilone condition condition

5nuq Pair Loo»"

1/32 in. 1/16 in. 1/8 in.

j

unit dze

Fit

Ve.tibul..

....thentrippi ....

lJ_y~Io••

III

.2l..Door C

_1_1_

:~ .

14

is

J6

J1

J'J



""£.......... af
The ""-- CancIIIIlft 01
PI-.: HaueInlI lhod&
H-2&lQ

Exterior Doors
Energy Conservation Survey

A-20

No. Item Characteristics
Ouantity
Dimension Variables

MetAl Gl...

Doubl. Revolvlnq

Unh••ted 1I••ted
Goocl oor
condition condltion

Fair Leo..

1/16 In. 1/8 In.

Door 0

_:1-

"J

__11_

__'J_

Unit doe

U-value

'!'ype

W..therstrlpplnq

btl_ted crack wldth
qre.ter thu

-.!2... Door E

_1_'_

_1_,,-

_1_'_

_1_"-

~I

, of total blllldlnq
.ntrv/........

Unit du

U-vAlue

v.. tUlul.

W••ther.trloolno

Pit

btl..ted crack vldthft........ th.n

Wood Metal G1...

Slnole Double Revolvinq

Non., Unheat.ed H•• ted
Good Poor

None condition condition

Snuo Falr Loo••

1/32 in. 1/16 in. 1/8 in.

Wood Met.. l ca•••

Sinq1. Doubl. Ilavolvinq

None Unh••ted lIuted
Goocl Poor

None condltion condition

Snuq PAlr Loose

1/32 In. 1/16 In. 1/8 In.

Unit alte

rlt .'

W••thersU1DDlno

V..Ub"l.

btaated crack width
......ter than

'!'yD.

U-value

12

li

-lLDoor F

J6

'"

_01_1-



Space Heating & Lighting
DweBng Units
Energy Conservation Survey

A-21

No. Item Characteristics
Quantity
Dimension Variables

General

_2_

__J_

--'-
r,

S....c. h••t!Joa tv.,.

~l tch.n ....h.uat f.n

Addition.l
h~.tina source.

Electric
.-dl.tion
Elacuic ~

BDAC. h•• ter

tlcn.

None
Non-cookinq
stove Uli~

S~c. heac...
• furnAce

Exh.....t. to
sDace
Ten.nt
soace h••tera

PaccadU..
fUl'nac:e Oth.r

control.

.v....---lL Control

•

<.:. '..-m.~ 2 Podtion _ulatina SMthack
-: • .-:- ." H•• tinq-

-----------I+---ijj.~:.(tJ).. .... coolina Ka"".l valv" _ ..

..nlS.lJlllil.t.U,.J"""'esllW.r:.....__+!f--_.;·.~"~'~~I';;. ..' ••~ Pneu-A tie Electri c Sel f-contained

·~f~~:.. ";: ~ :~.
~~: j(.~;~ VAlve 8urn.r ".n

II

r,,'nrt
T_utur" -untained
1n winter

I~ Space

~Heater

_1_7 Furnace

21

21

PUot tvpe

I'uel tvpe

C."ad tv S<:hedul~

o 8edrooa

Bedrooa

Bed..ooaa

8adrOOOl.

8edroOllS

5 Bed..ooaa

El..ctric

Oil
Total Input
8tuh/D. U.

Electric
Tota! nput
ICW/D.U.

Tot.. uutpu<
Btuh/D.U.

e.. w.

e.. w ..

.... w.

t!a. W.

• C"ilinq Total wacts
llted'..":II. Fxts Floure.cent

W.

W•

W•

W.

Total Watts
1 nc.ndcs.cent

aedrac:.

8ed..ooaa

Llahtina S<:htodul~

5 Bed.........

o Bedrooa

•

i¥~:'" '.;:..J~~
..::.....:8~tICI=.:r:.::ooaa==- +I-_-i!:~~i:i~ti~~~(ij:;··: .~ .. :~~-j~,,::~~~~ti1:~'I- ....:w:..:.'-t ....:.:.:.:.:.,, ..:w:.:.,, -++-_'-t__

_4.;..;8:;.;ed=r;.;;ooaa=;:... +t-_~~'l~((iJ':·;·· .. "'~"!i!"~iiii}~'!J' W::.:..+ -=".:•.:..+ .:W.:.'+ +I-_+__
~j' ~;~f.&·
~••(O; • 4-: ..:-.:f;~Jl

~Space

~Lighting

ft. In.

ft. In.

ft. In.

ft. In.

ft. in.

,. In

ro=

Lenqth Unin••
Runout Pi.,.

In.

Averaq_
Riser Dl•.

ft. In.

ft in.

ft. In,

ft. In.

tt 1ft

fto

L_th Unln••
Riser 1'1.,.

Uftinaul.ted h••tift9
Pi... Scheelul"

l8ed.......

1 8adrOOOl

o lIoH1r"""

____--lID ....L- ..-I-__----J

_1_'",_

~HVAC

....l.i..System
-l:LInsulation



ProNcI~~
MaSlet Building IUnber _

Domestic Hot Water - Space
Energy Conservation Survey

1-'-22

C_nuy
~it<:b.n

TAnkles.

No Tenant
Access

TenAnt h..
acee••

Oth.r

1""...>n9
•. Unitea'

····x
:. ::~: Gl....

auantity
Dimension Variables

Pilot

SINC. type ...."..

Characteristics

2

I General

No. Item.. ::'.

Tank Capacity
Sehoodu1;' .

.~. 'D.U. '. per
. '" ·'Tanlr. "a"ac' tv II" 'water ""ur

,.:.'
.....

_1_1_

-l.L
IJ

14

\S

n ......~

Bedroc-

2 Bedraa.a

Bedroou

• Iledroou

.:*;:
n~' n'

.:....: ···b aal. ....
~.:o: •

@;~I:..• :-:-:. Qal. ....
'. .. ~:::ti~

"
, ..;~ . Qal. u.

~~?:::~:::~:~::*:?~.•• ;':o~t:...v ••::?::.:::::.~::::::: Qal. ea.

,',, '

lu

17

IH

I~

20

' .. ~I

:".'
- ~. • .1

22 Fixtures

2n

ToU.t tv""
Map tab1Ii ty to
flow reatri<.:tocs

WAt.er condi tion
Awraqe A9- kitchen
"l'-lna fixtur...
Av aq. a9. ba th
"I lna fixtu....

vrl.

vrl.

nllsh v,Jlve
Bath
sink faucet

HediWII

Shower

50ft

.22.-

_3_1_

-"-'-



Space Heating &Cooling - Public Areas
Energy Conservation Survey

A-23

",

No. Item Characteristics
! Quantity-
~ Dimension Variables

I "lrlC./ Attilch.d
Adlainistrdtiv c.raqe

Other
Central alr
hilndllnq "an coil unit
Forced alf
heater Other
Cent.ral dr
hAndler Fan coil unit

. Co....nlty
roaMSpilce typil ••ev••

To

To
W.ekend ti_ 124 hu.)
of OCCUDiincY Pro_

.,..kdily tl_ 124 hu.)
of OCCUPill'ey Proa

Cool1nq
Typicill occupilncy
(ilv.raqa I of peopl.'

•

:. ""'; ::~ public

----------++-- ill'~,.;:~::;!:!::hLa~W\dr~~y=_==,__-~L:;:obb::::y:_--~~;:;;;."r_:"!":"-+_-----_H-~f_-
• . :;". Hot vater Ste••

..:H::;.::iI::t::i:.:nq:z.. -1I+_....,i·~· ~ ..:l:~~:.r.r:TiId~l~iI=tr:lo::n::...._-t.:r.:iI.:d::l.:a.:.t.::io::;n::....-_+~:;:;~~=-_+..:..:::....:..::.:..:.-=::.:.;=++---t--
m~~::::::::-~~:::::::::~: . Electric
:y}o>~*«.st:::'" .0. radl,at ion

I General

7

8

4

10

6

,,: .....

Heiltln'll
c.."oolintt

Nor...

2 P09itinn M..lul.tlna Sethack
S.lt-

Pneu.. tic Electric contained

Valve 8urn~r Fan
Window. open

Overh•• ted Underheated for cont.rol

T.~r.tur...int.ined
In .~r

'M'\eIWO.t.at controls

Winter c:a.tort
Te.periltur. aaintillnild
In winter

-ll...Control

--!L
11

...!:L.Space
2LHeating
-R-Units

24

NUIIIb.r of unl'"

Pilot tv.,.

Fool tVl>il

Toul tnout eanilcl tv

Acc••eory
electricAl un! t

ea.

Cae

Cae

I El~ctric

Oil Electric

'.'.

~Space

.2l..Cooling
2~ Units

N"-.r n' un"•

" ""

". -l2-Pipe
)J Insulation

Jl

Aver.,. ri••r pipe
cU_t.r
App. IPt. unineuliltild
h.iltina r\lllOUt elolna
Aver... r_t pipe
di_tee

In.

ft.

in.

.2LDuct
,.. Insulation

Itat•• f. of ••po.ed sup •
duct In __h .na~e

-§ I I I I ~
•



Space Lighting - Public Areas
Energy Conservation Survey

PrOlKI W~
Mastel 8uoklIng _

A-2t::

-,

~~ '. -....

.~ '.:

No. Item

I General

Characteristics

Spac. type ••ne.

! Ouantity-
~ Dimension Variables

_

TOtal publ1C

are..
C~1ty

rocaa

Medil_

I u,"c. I ,,~tAcned
Adainistr..tiv~ Cu..""

Dark

.. ',

8

__'J_

--!.2..-

_I_l_

....!L

IJ

Incandescent Switcllinq
~==-----++-i1

Tot.. l • of fixtures

Total watts inlllltalled

• of cireuiu
Typicel _rati"9
aclledul. HounlD..v
Typical _r..tin9
• d1edul. Hra",..k.nd

Off .. t

, on durina ·off· hr•.

" ....

....
hrs/dAv

wk •
hrs/.nc1

hrs.

Locd Ct:ntretl AutOllWlIC

-!.i...Fluorescent

_1_7_

-ll..

28

-1.L

-12..-

-2!....

-lL

..ll..

-l!.-

-ll..

-1!L

..21...

-2!..

-l2..

~

41

Switcllina

Tot..1 • fixturea-I tub

-2 t'-.

-1 •.-.

-4 tub..

Toul w.....

, of HahU u.ed

• of eir""iU
Typical oper.. tin9
."hoodul.
Typical _ntin9
achedul. HraN.ekend

ea.

ea.

....
wk.

hu/.nd

\

Local Cl!ntral AutQa\4tic



Prooecl NlnQlf~
Mast..~ 8uiIing ,....... _

Appliances - Public Areas
Energy Conservation Survey

A-25

CentralLocal

Residential

Time clock

Quantity
Dimension Variables

Aver.. week 1 uae

cfa!
l.ocal ..xh.....~ f .... h '.

• of d ers.

• of w.sh....

Local exhauat elm .

Individual d .r in

Local

Characteristics

"••her t

. 0 er t

1 Community

_2 Kitchen

_1-

II

10

IS

__4_

__6_

_ 7_

__H_

No. Item

_I_J Community
--!.:!.. Laundry

__s_

"

"•. 1

'"

1"

':.' ;",

.',,'

....ll...

.2L

.-lL

.2L

...12-

-l!L

_J_J_
".:

-lL
))

~

..21..

-2L
J7

lrl

-!!.-

~

~



AftE oI

The~ CGndItiaft 01
Public HaueIng SIDell
H-2850

Protecl~~
Mit~I~ 8uoIdong t.Unller _

Central Radiation Convector
Energy Conservation Survey

A-2G

No. Item . Characteristics
! Quantity-
:i Dimension Variables

1 General

2 ..

... ." OWellin9 Tau. puDuc .-orA,

_S"'PA:-c:e__H_rv_e_e t+__ :~l~:>:(il.~~~~.~~;~!!i.;.r:U::n::i.::.t----+~b•.::.U~~;.l,d;:IP=~n::;9~__+.;".rU15~;.1,:;::I.=I:.:ft9~--+-------H--I---
Syat_ type _~... eo ~~::~::::.;:::::: Hot "aCer steaa ate_ Electric

:~~::t:voe i':' oO,;u::: .m:tl~r Convertor RadiAtor lu.boArd r.an cot 1

_~ Space
--..!L Control

Rooa centrol

RoOII shut-ott Y41vlIt
~Y9. ePAce hutin9
Dioe .in at rdodi.;,ttion In.

Electric
ManUAl tad.
valve

SolA<
cO"'Ilt:na.tion

Amblcnt
control

erectricPneualtic

constant
tellDelfature

ea.

eA.

ea.

hp.

ea.

TotAl. P"". hp.

TotAl Active PUaPS

TotAl ACt! ve
convertors

Total Activti IAII111l hp.
Hot vater PUlllll
start/stm) ~ontrol

I at =""'~ at control

Control ...n~in' .dnt

Control DOW..r

1'v"e

........

"'nu! m,~.

20

_1_5_

_1_4_

_? Zone
--lQ... Control

-'-'-

.. --;

~ver.qe tot4' ~vg. (4n co,.
ca"acity/llU alac./OU

AVlJraqe total
c4pacity/OU

ea. btuh. I:DR hp

e4. btuh. EOR hp

ea. btuh. EOR he

ea. btuh. EOR he

ea. btuh. EOR hp

ea. btuh. EDR hp
ToUl TotAl TotAl fan
C.l .,u.:i tv \07 •• )wl:itv coil alec./oo
btuh x 1000.... £DR hp
btuh x 1000

N. EOR hp
btuh x 1000

ea. EDR he

Dwellina Unite

Bed..,...

Beclr",,-

OWelllna Unite

o Beclrco.

2 Bedr~

Public: Arua

","tAl buildl nn

-'B"'u"'l"'l::d"'l..n::La..to=t.:A.:.h=-__-1f+-_~;jl·ti!i!* '.3~
~. ~. Y.:.~••' ,_...': ....

-2L Installed
Radiation

~

--21-. Schedule

_)1_

".
J7



AIt E.....illl'l 0'
The~ CclndItIon of
Public Houeine SIocII
H·2850

PrOMlCll'Unbe<~
MctSIl:. BuoidIng Nlmber _

Central Air Hamling
Energy Conservation Survey

A-27

No. Item· Characteristics
Ouantity
Dimension Variables

Othur

"dJa,inistr.t.iv~ LoLby
8as~lNnel

Mechanical Restroo.(s)

54

58

corrIdor

53

57

p~ckaq~.,J wi th Packaqed w1 th
UX c.,.,linq ua. hutinq

Rouf top

52

56

~eturn

a.ir fan

55

Dwelllnq
unitt.)

S9

&ui 1e-up

Stairs
Co-..nHy
rOOJO(sl

PackagPd with
oi 1 h~<ltinQ

Unit ••rve.

Identification I

Sy.te. type

General

--"-

--"-
--~-

',"::

10

Syste. aq.
Au hancllinq unlt
IUnufacturer

yrs.

11 Mod.l •

I~

.:.....:...:.:.:.:...:.:.:...:.:.:.;.:.:.: £lectri' OX L'hllled wdtee St••• hCl1tlnq
;;~;~;~;~;;~ttt~;t~~~~f~t~:pr~ht:at~ cooling coil cool ing coil coil

Ii>
'::::;:::::::::::::::::::::::::::::::::::::: ItW £ leetr1 C
:::::::::::;:::::::::::::::::;:::::;:::::::; hea tinq coi 1 B10..,- ttl rouqh Or..tw- th rouqh he. tinq

_1_"_

_1_·'_

21

~ 1

Air Supply

Return
Capabilities

Fan ratinos

Motor horsouower
Maxi..
air auantitv

Total static DreS9Ul'e
!lad...
outdoor air
Hini_
outdoor ... ir

Su~plv ran F1:~turn Fan

hI' hp

cfm cf..

H
2
O 1t

2
\l

elm HIll.

dOl HIll.

\

Zone reset

HllU"'! bOxe.
tdt.lublc duct)

Enthalpy
t:l.:onolli ur

Electronic

Hulti;l.ulIl!
VAV wi th
elel:tric r~ht

S"""""r only

Econoaizer

Electric

DUcharq.
control

Variable air
volwne

lIot water
tet'UlIinal rt:ht.

Yes

PncUJacltic

E1E:ctric
terminal reht.

Winter onlY

Mixed air
control
AaClent
heating reset

Valva IOOCIU Ja tl nq J po. ,uon

Valve bypa•• dJlpr. eleetrlc el~ctric

Throttlinq Bypas. IOOCIUJatlnq l POSltlOn
valve valve Hlectric electric
Throttling Bypaas Expan.lon
valve valve valve IOXI

Return air Oisctlarqlf air Space air

Re~urn air Dischacq. air Soac. air

Steam
terminal r~ht.

ea.

Pr""..tinq co~l

control

H.atinq control
sendno DOint
H.atinq desiqn
dhcharae t._ntuc.

coolinq control
••ndna ""int

coolinq d..iqn
dhcharae t_ratur.

Te~r.tur. contrOl.

aae

coolinq coil
control

H.atinq coil
control

'Te.perature control
tv"'"

'Inn~ rnnr rn

Si.ultaneoue h.atin~

..nd cool1no

• n' rnnr.o led zones

T.~.r.tur. control
av.t._ Dre""nt.

-l.L. Control

~

....l.L

~

~

"
111

" Jl

.-8...

...lL

....li..

_1_'_
2:...

n

-2L

_1_·'_

.-.:llL

-iL



Selt-conuine<i Cent.ral Central
lleat D.-. CJds/oil .tea.. hot vAter

CcntrrJl Centr.l
lIeat DUaliU S.: 1f-c""t.in~d C11W OX
f1&:!4tin'l CooUn'l Input
Capacity Car,acitv Cal'acity

btuh N/A <Jl>h

btuh N/" cf.

btuh btuh kw

N/" btult N/"

N/" btuh QDlll

N/" N/" kw

N/" N/" kw

N/" N/lI k..

btuh N/" ,/hr

btuh N/" 'lhr

btuh N/lI 'lhr

btuh N/" q(AI

btuh N/" en-

btuh N/" en-

""E....... of
The~ CcndltiDft 01
PIIbIil: IbMinlI StDcIt.
H·2850

Central Ar HandIng
Energy Conservation Survey

auantity
Dimension Variables

Meanu.,)l Ambient

PrOleCll'Unbef~
Mas...... 8uIIding /IU'nber _

A-28

Interlock to
AIlU



PrOlllCI Nunbet~
MiJSll~ Iluoldong NLwTmer _

No. Item

Central Exhaust Fan SchedJle
Energy Conservation Survey

Exhaust Fan
10 Nl.mber

weekly
Operating

Hours*

Yes

Yes

hr•.

hr•.

hr.. Yes

10' hr.. Yes

10.

10'

I-D.U.K1tehen
2-o.U.Beth
3-Suiral

Corridor.
4-Llundry
5-Public

aestroc.

··Area Code:

("Check if
__1_ pttrt.. inl,

do not
check it
aanu.l
op-=r.tion).

__2_

__b_

_4_

__8_

__9_

--'-

_5_

_ 1_2_

...ll...
_1_1_

_1_1-

_1_4_

Tn. hrs. Yu

_ I~-

_1'_

10' hr•. Yel

rna hrs. v..

10' h .. Y.<

3D

31 10. hrs. Yes

W' hr. Y••

Yes

Yes

hrs.

hro

10. hr.. Y.a

10.

10.



central Exhal..5t
Energy Conservation Survey

Proeecl~~
M.ISI~. BuiciIng~ _

A-30

No. Item-

1 General
_2_

__4_

_ 5_

_7_

__h_

Characteristics

".n .......r
10.

"'nufac~urer

! Quantity-
:i Dimension Variables

tdlbv CornUor Stairs
_.nlcall
...-.nt

_1_1 Operation

13

14

15

16

17

Con~rol ~VOll

Operat.. with
.Ir handlina unit

E.ectuc.. Interlock
to air handU..., unl~

I ntar locka Independent
....nual On t1_ t"1<>ck

51 52 51 54

55 u •• ca

59

51 52 53 54

55 56 57 58

5'*

I" Retrofit
~ Information

21

22

23

24

21\

_J_l_

35

37

38

39

t.oc:.Uon rel. to ....oc I!A§' w' 5.... equip. Differwnt
air h.ndU.... unit :-: 0° "'O:~ rae. 5._ floor Hoar"0.· ••••....
llaIt...up if no uaoc.

ff:~::...:~rh· Transfer
air handUno unit .... 5...ce ciir Outdoor air ori lle
""'a1hle aupply unit .,»t
Interlock ..' 51 52 53 54

;0:. o:~......... .. 55 56 57 S8



AnE".....Uonol
The~ CondItIon of
PublIc ItaueIng Stodl
H·2&lQ

PrON<:I NumOtt,~
M.1~1o " Buoldong Nun-bolr

Domestic Water - Central
Energy Conservation Survey

11_-31

No. Item Characteristics
~ Quantity-
Z Dimension Variables

I General lJw-.:llin":l unit 1.4unc1ry
Caa-unlty
kit~h~n

1

Elc..:trh:OJ I burnt:r
Boiler ste••
dno.! o:-onvlI!rtor

kw.

kw.

ltluh.

Tank c4I)tlci tv

Ind.""ndent
bNtttr outuut

Independent
heat.ltr in)\Jt

8oil1i!c

__6_

7

I"

__11_

--"-

_4 Hot Water
_~ Generation

~Hot Water
_1_1 Control

_I_~-

17

Set
T.~r.ttJr-:

u.intairled dt l •.lhk
T.-peratuct;! tiL tiXti.
furthest trVfll tonk
Hake-up W,J tttr telDl_.

SUlNl'lcr

willt·

Or

EEEE
Hydro
undU"''' ic

''0
"0

13or~~lcr

.lIm ,~

Yes

ft.

he.

.a.

unlll.

reet at he:ad

Racirculll1tion pilJC
inaultltlrd

P,,*,o total h .

~»tit· w.ltl,:f ~upl'ly

urH~surc :ilJur ...·t~

Hot water
recircl.Ilatioll

Variml. Hllecd
nll.n"ltJ

~ I

~Water
~5upply

~u Plumbing

2'J Fixtures

10

) 1

'roil ut typ..
Adaptabll1ty to
flow r•• trictor»

VCS.

Wa Lt· r c ll,sl' t

Ki l(,,:hcn
faUl:ct

... lu~.I. V..llvc

tt.J.tI.
:-oink fdur~t Showers

Soft

"

I~

J"

17

I ..

41



Prooecl f\UnDef~
MdSI,-, 8uoldong /IUnoer _

Central Heating
Energy Conservation Survey

A.-32

Forced drAft

Tons/llC •

Rut4lcy cu.,
Pressure
no~z le

Pice tub~

.6 Oil

Coal

'6 all

G.lI/hr.

De-aerator

un/Of t

lhduced draft

Wdlter tube

J4 Oil

'4 Oil

Hot wdter

Propane

Morlulu.tinq

Boiler feed

5 teaJll

Oil PUlllpS sep.
trOfft burner

hu.

of.

hn.

hn.

ea.

hp.

kw.

kw.

vrs.

btub.

vrs .

btuh.

pdq.

! Quantity-
~ Dimension VariablesNo. Item Characteristics

I General Tvne

(Boiler)--
J • of fire tube ""Me.

_4_ H...tiM _Iwo

--~'-
• Typical boilers
St•••

h ClOeratlno "renure
not wAter

} ooeratina te-oeratur~

_H_ Exiatina en.rav source

.,
If converted,

...!!!..... oriain.l enerqy .cure•

_11_

2l- Heatino surface
Capacity-input

-'-'- btuh x 1000

_1_4_ -' nnut
Gross-output.

_1'_,- btub X 1000

.J~ -outnut

...l.L Au..

I h Manu (.r:t.urer

1 ' Mod~l Nwrber

"1 Burner Oi 1 atomi zacion

',' ',', Control
Burner fuel

", ..2L InDut canad tv (units •

~ MaxilnUll

2..::...... "tnilllUm
Total burnor elcc..:tric

~ inuut DOWer

:~7

-1L Aqe

2L Manufacturer

30 _el N""r

32 Accessories Type

" , 3 J Total InDut DOWer

34

If,

II.

_4_'_

rlre dele cleanin9
freouencv / tl_./~r. I ea.



An Ev.....ion 01
The~ CanditIon 01
~ Houeing Seoc:k
H·2850

Central Heating
Energy Conservation Survey

PrO..KI Nunbe<~
1-.I.1>\i'< Bu.ldlng Number _

A-JJ

No. Item

__5_

Characteristics

, of pluqqed tub...

, of leekinq tube.
Treat,Nnt contrActor
n_. phone

addl'e••

Quantity
Dimension Variables

AutaaAtlc
blowdown

Manual
blowdCJWn

No

AutomdtlC Manual
chemical f~ed ~h~.ical teed

sf.

ft.

ft.

ft.

Cannot be
instolilcd

~~cta.nQular

...••......•.....•.•....••....•.•...............:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:-:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.' .

vrc

in.

u.

Pressure
return

No

Hoduldtinq
bv load

No

Tunnel

Nn

nn/ntt

I('olld 1 t Oiroct Burl el

tt.

ft.

ft.

ft.

ft.Illli



All E.........1on of
1M~ CondItian 01
Public HoueIng SIodI
H-2850

PfOMlCI NlMnber~
/,,1<,sler Buoldong NoMnber _

Central Cooling
Energy Conservation Survey

A-3L1

No. Item Characteristics
~ Quantity-
Z Dimension Variables

1 General

:~~~i~iilii]~~i Reciprocating

Built-up OX
Tower water

Ccntri fugal cooled

Chilled ",ate<
City water
cooled

58

Othetr

54

Return ,ur
lCll'lr>.n'ature

/lay

Hot qas
hv oass

Octobtl!'C

53

57

Modulatinq

Space
tCln )eratur~

April

Steam
Gas absorption absocl-'t ion

Fan cot 1 uni ts

52

56

Chilled watll!r
rc tuen temp.

Time clock

AUt ust

March

In steps

51

55

59

cooled

Ambient temp.

Chilled water
sunnlv temp.

Fp.bruarv

On/Of!

November

.June

,Julv

Or

h".

k"'.

h '.

he.

h ,.

o
r

ton~

hrs .

hrs.

hrs.

hrs.

Model NUlibar

Chilled water
supply tetllP.

Month. of operation
St.art IIOnth

In_lin

Tower
in"ut ~r

Caoaci ty centrol

Manufacturer

Chilled ",ate< puap
inDut DOWe<

Chiller turned on/uff

Caoacitv

ConeS.Mer water
supply telllP.

Stop IllOnth

.tOD tiee

Chiller CYcled by

1-2in

Condenso< "'ate< PUIBP
Inout ••_<

over lin ..

unit ••rv•• Air
hand li "'" .v.te...

nOD ti....

2-31n.

Weekend start time

Weekday .tart ti_

Outdoor air start tMlV.

Approx. length ot
.." >os!d nl"inn

Air cooled conden.or
In~.' ~er

4

_S_

f.

7

__>1_

-'-'-
-!!!...-

_1_1_

12

13

14

16 Operation

17

ltl

19

20

21

.2!...
n

24

.2.L

:!(l

..12....
28

N

..lL Chilled

..lL Water

-1L Pipe
JL Insulation

35

17

:Ill

..l!.-.

-!L
41



PrOMlCI PUnbet'~
Maslcr 8uoldIng Number _

Elevators and Misc. Systems
Energy Conservation Survey

No. Item' Characteristics
! Ouantity-
:i Dimension Variables

A-35

ill
I l:18vators

7

_8_

9

• of unit.

Drive Moto.. Ie•• )

Motor Qanerator (••• )

T~ eleva to can be
t ....ned oft- f 124h..1

- to
• of elevacon .... ich
can bot tu..nood off

kw.

hr•.

hr».

ea.

AC/1lC

hn

hD .

'.
hD.

kw •

hD.

- to

• of teoop. control
ai .. CDa>.....D.. I.1

'I'otal inDU~ ...-r

..!LElectric

-ll...

-!L

-l.L

~

...lL

...!L

..!L

.l!!...

-1.L.

2~

..
. ,-.,

Incinerator24

...lL

2L

22...

.2L

..1L

30

Jl

...lL

..2L

.2i-

-"-'-
~

38

1,*

411

41
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A-37 

.., 

.-.. .,. . 

. ".. . .'. ~ . 

..... 

HUD PROJECT

ENERGY SHORT FORM


REQUIRED INFORMATION


Directions For Eac~ of the Following Items 

1) Circle appropriate option in parentheses . 

2) Provide data requested in blank space. 

Project Number _ 

Project location _ 

Total Number Of Dwelling Units __ 

Name of Project Di rector _ 

Project Office Telephone Number ___ 



A-38 

HUD Project Energy Short Form Required Information 

Physical Characteristics


Number Of Floors In Building ___


'.. ". Primary Heating Fuel (gas, oil, electric, coal)


Type Of Heating System (space, central)


"..,. 

Envelope Data


Wall Color (light, medium, dark)


Roof Color (light, medium, dark)


Window Frame Material (wood, steel, aluminum)


Window Glazing (single, insulated, tinted, storm windows)


Shading Devices (none, venetian blinds, shades, shutters, awnings,

,:: . ".... 

roof overhang, drapes) 

Wi~dow Weather Stripping (good, poor, none) 

Window Fit (snug, fair, loose) 

Door Weather Stripping (good, poor, none) 

Door Fit (snug, fair, loose) 

.. ',' Has roof insulation been added to project? (yes, no) 
:.' .. '. Has building been caulked recently? (yes, no) 

' .. 

Space Heating And Cooling: Dwelling Units (D.U.) 

D.U. Heating Type (central, individual) 

D.U. Heating System (high-pressure steam, low-pressure steam, hot water, 
.. ' 

.. forced warm air furnace, space heater) -:~: '. : 

'. 

' .. D.U. Cooling Type (central, individual) 
. .~ 

D.U. Cooling System (fan coil unit, wall air conditioner, window air 

condi ti oner) 

Number Of Air Conditioner In Project ------------- 
Available Voltage (lOOV, 220V) 



A-39 

.',' " 

.". " 

.........


.. 

.-. 

:": \ . 

..:.... 
'-1 

. , 

", ! 

"", .: 

-".

Average Cooling Unit Capacity BTUH 

Heating Thermostat Type (2 position, modulating, setback, heating/cooling, 

manual valve, none) 

Space	 Heating And Cooling: Dwelling Units 

Thermostat Power (pneumatic, electric, self-contained) 

Thermostat Controls (valve, burner, fan) 

Comfort Level (overheated, underheated, normal) 

Fuel For Space Heaters (gas, electric) 

Average Heating Unit Input Capacity ----------BTUH 

Average Heating Unit Input Capacity	 KW 

Average Heating Unit Output	 BTUH 

Temperature Maintained In The Winter And The Summer	 oF 

Space	 Heating And Cooling: Public Areas (P.A.) 

P.A. Heating Type (central, individual) 

P.A.	 Heating System (high-pressure steam, low-pressure steam, hot water, 

forced warm air furnace, space heater) 

P.A. Cooling Type (central, individual) 

P.A.	 Cooling System (fan coil unit, wall air conditioner, window air 

conditioner) 

Heating Thermostat Type (2 position, modulating, setback, heating/cooling, 

manual valve, none) 

Thermostat Power (pneumatic, electric, self-contained) 

Thermostat Controls (valve, burner, fan) 

Comfort Level (overheated, underheated, normal) 

Fuel For Space Heaters (gas, electric) 



If no:

..:'

, "
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Average Heating Unit Input Capacity BTUH

Average Heating Unit Input Capacity KW

Average Heating Unit Output BTUH

Temperature Maintained In The Winter And The Summer of

Laundry And Kitchen Equipment: Dwelling Units And Public Areas

Is there a public laundry? (yes, no)

If yes: Number Of Washers -------
Number Of Dryers _

Dryer Type (gas, electric)

Percentage Of D.U.'s With Washers %-------'
Percentage Of D.U.'s With Dryers %

Dryer Type (gas, electric)

Type Of Stove In Typical D.U. (gas, electric)

Electric Utility Data

Utility Name _

Utility Address __

Uti 1i ty Telephone Number _

Are tenants charged for window air conditioner use? (yes, no)

If yes, how much? $ (month) or $ (year)

Total Project Electrical Usage Per Year KW

Total Project Electrical Cost Per Year $-----------

Electrical Metering

Meter Type (individual pays, tenant pays, central, central with check meters,

other -----------
Are exterior lights on a flat rate? (yes, no)
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Project Electrical Data

Power Factor Correction ___

Approximate Number Site Lighting Fixtures ___

Average Fixture Watts ___

Predominant Exterior Fixture Type (incandescent, mercury vapor, sodium

vapor)

Exterior Lighting Control (manual, time clock, photocell)

Predominant Interior Public Area Fixture Type (incandescent, fluorescent)

Gas Util i ty Da ta

Uti 1i ty Name _

Uti 1i ty Address -------------------------
Utility Telephone Number ---------------------
Gas Type (liquid propane, natural)

Total Project Gas Usage Per Year CF

Total Project Gas Cost Per Year $------------------------

Oil Uti 1ity Data
._'.

-'", Utili ty Name
-. . ··i··

Uti 1ity Address
- .

Uti 1ity Telephone Number

Oil Type (light, heavy)
'.'

", ~

Total Project Oi 1 Usage Per Year GAL:



Wa te r Uitil i ty Da ta

Utility Name _

Utility Address _

Utility Telephone Number _

Water Unit Type (cubic feet, gallons)

Total Project Water Usage Per Year __

Total Project Water Cost Per Year $-----------------

Domestic Hot Water and Plumbing

Water Condition (hard, medium, soft)

Hot Water Heating System Type (central, individual)

For Individual Heating System:

Average Tank Capacity GALS

Tank Type (glass, steel, tankless)

Fuel Type (oil, gas, electric)

Energy Input Of Water Heaters (BTUH, KW)

Hot Water Temperature of

"' .. -."

A-4:2
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Table 4.1.1

Project Listing and Data/Energy Profile for 1LSG Projects

Project. 1 2 3 4 5

Di.screte Level lLSG lLSG lLSG lLSG lLSG

Building Type Low Rise Low Rise Low Rise Low Rise Low Rise

Mechanical System Space Space Space Space Space

Fuel Type Gas Gas Gas Gas Gas

State Ca. Flo Flo Ga. La.

Number of DU's 449 130 125 61 140

Number of
Buildings 23 61 55 38 70

"", DU'sjBuilding 19.5 2.13 2.3 1.6 2

Total Area of
Project (sf) 246,000 124,000 121,000 63,500 117,000

Area/DU (sf) 548 954 966 1,250 835

Publi c Space
. '.'' " Area (sf) 11,110 3,800 1,134 360 5,900

Public Space
Area/DU (sf) 24.7 29.2 9.1 5.9 42.1

Year Built 1943 1969 1951 1969 1973

Construction Type Masonry Masonry Masonry Wd. Fr. Wd. Fr.
Br. Vnr. Br. Vnr.

Window Area (sf) 15,600 20,500 14,400 8,510 13,900

Window Area/DU (sf) 34.7 157.7 115.2 139.5 99.3

Roof Area 82,000 124,000 121,000 63,500 117,000

.' .. ' Roof "UN Value .20 .06 .11 .07 .06

Wall Area 147,000 65,500 66,600 41,900 77 ,900
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Table 4.1.1 (continued)

Project Listing and Data/Energy Profile

Project t

Wall "u" Value

Number of Stories

Elder1Y/FamilY/Both

Site Energy Use
(MMBTU/DU/yr)

Source Energy Use
(MMBTU/DU/yr-)

Energy Cost
(S/DU/yr)

Electrical Rate
(S/kw)

Gas Rate (S/therm)

Oil Rate (Sigal)

Seasonal Efficiency

Notes:

1

.35

3

F

84

116

422.

.0

.261

.635

2

.81

1

ElF

80

120

474.

.052

.218

.659

3

.39

1

F

112

147

587.

.038*

.282

.665

4

.33

1

F

155

200

586.

.035*

.223

.654

5

.22

1

ElF

96

147

417.

.035

.178*

.672

* Indicates 1979 utility costs.
** Indicates 1977 utility costs.
Wd.Fr.
Br.Vnr. = Wooo Frame, Brick Veneer

Indicates not applicable
L = Low Rise
H = High Rise
S = Space Heating Systems
C = Central Heating Systems

Volume 4 Energy

All other utility data is 1978 costs.

o = Oil Heating Fuel
G = Gas Heating Fuel
E = Electric Heating Fuel
1-5 = Climatic Zones
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Table 4.1.2

Project Listing and Data/Energy Profile
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Table 4.1.2 (continued)

Project Listing and Data/Energy Profile

Project I 6 7 8 9 10

Wall "u" Value .30 .20 .30 .30 • 27

Number of Stories 1 1 2 1 1

Elderly/Family
Both F F F E/F F

Site Energy Use
(MMBTU/DU/yr) 183 102 107 73 99

Source Energy Use ....

(MMBTU/DU/yr) 270 146 145 110 137

Energy Cost
($/DU/yr) 960. 462. 376. 274. 880.

Electrical Rate
($/kw) .028* .039* .041* .021 .039

Gas Rate ($/therm) .276* .243* .178* .221 .328

Oil Rate (S/gal)

Seasonal Efficiency .674 .683 .667 .658 .633

See Table 4.1.1 for notes
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Table 4.1.3

Project Listing and Data/Energy Profile
'"\'

. ; ..~.. ~.~" .:

, Fuel Type

.. '. .. Construction Type

State

11 12 13

lLSG lLSG lLSG

LOw Rise LOw Rise LOw Rise

Space Space Space

Gas Gas Gas

Tx. Tx. Tx.

20 30 50

4 13 19

5 2.3 2.6

11,400 22,100 41,000

570 737 821

165 0 2,450

8.25 0 49

1964 1965 1966

We'!. Fr. Wd. Fr. Wd. Fr.
Br. Vnr.

1,220 4,320 5,560

61 144 111.2

11,400 22,100 41,000

.09 .05 .21

6,140 17,400 29,100

Number of
Buildings

Bu ilding Type

Mechanical System

Number of DU's

Area/DU (sf)

DU'sjBuilding

Publi c Space
Area (sf)

Total Area of
Project (sf)

Public Space
Area/DU (sf)

Discrete Level

Year Built

')

. '

.' ..

Window Area (sf)

......

Wall Area

".

Project i

Roof "u" Value

,., Window Area/DU (sf)

Roof Area

,.:

, .: .~

,.... :...'

; .." "
,. .. '.:. ~

•• <'

. '.':

.,
..

.',::..

. "':.: " .,'j
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Table 4.1.3 (continued)

Project Listing and Data/Energy Profile

Project f 11 12 13

Wall nun Value .37 .09 .08

Number of Stories 1 1 1 . ,".

Elderly/Family/
Both E E/F E/F

Site Energy Use
(MMBTU/DU/yr) 53 100 98

Source Energy Use .";"

(MMBTU/DU/yr) 92 130 141

Energy Cost
(S/DU/yr) 325. 428. 568.

Electrical Rate
(S/kw) .053* .053* .053*

Gas Rate (S/therm) .238* .238* .238*

Oil Rate (S/gal)

Efficiency .619 .629 .625

. ,

Volume 4 Energy 164



Table 4.1. 4

Project Listing and Data/Energy Profile for lLSE Projects

... ,'.:

_...• ,.-.:.

'. >1
Project t 14 15

Discrete Level lLSE lLSE

~uilding Type Low Rise Low Rise

Mechanical System Space Space

Fuel Type Electric Electric

State Flo Flo

Number of OU's 200 80

Number of
Buildings 103 40

DU's/Building 1.94 2

Total Area of
Project (sf) 183,000 72,400

Area/DU (sf) 917 905

Public Space
Area (sf) 9,400 775

Public Space
Area/DU (sf) 47.4 9.7

Year Built 1964 1971

Construction Type CMU Wd. Fr.
Br. Vnr.

Window Area (sf) 28,800 6,480

Window Area/DU (sf) 144 82.0

Roof Area 183,000 72,400

Roof "u" Value .12 • 06

Wall Area 115,000 48,100

. ',.'.....

. ,,: .
...""

." ....

. '.',

.....• :

.': .. ';:

- ...> .~. .'.'

'.',:":
. ~. '. ~

'... '

r,::. '.'.- '. ,'~ .'':,.., '-.... ;-'.'..':

· '. ~: ;.
: ..

,"

~. ~ ':

.> .'

· .~ .
:'.. ,

· . ~ ..
'~" .
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Table 4.1.4 (continued)

Project Listing and Data/Energy Profile

Project t

Wall "u" Value

Number of Stories

Elderly/Family/
Both

Site Energy Use
(MMBTU/DU/yr)

Source Energy Use
(MMBTU/DU/yr)

Energy Cost
(S/DU/yr)

Electrical Rate
(S/kw)

Gas Rate (S/therm)

Oil Rate (S/gal)

Efficiency

Notes:

lLSE : Climatic zone 1, low rise, space heat, electric heat.

Volume 4 Energy

.633 .672
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Table 4.1.5

Project Listing and Data/Energy Profile for 2LSG Projects

;'J:' _

......' :....

. ,":. ;', ? . ~

.' ':, ~.','~

.. ::

.":,"

Project t

Discrete Level

Building Type

Mechanical System

Fuel Type

State

Number of DU's

Number of
Buildings

DU's/Building

Total Area off
Project. (sf)

Area/DU (sf.)

Public Space
Area (sf)

Public Space
Area/DU (sf)

Year Built

Construction Type

Window Area (sf)

Window Area/DU (sf)

Roof Area

Roof "u" Value

Wall Area

Volume 4 Energy

16

2LSG

Low Rise

Space

Gas

AI.

30

10

3

18,900

628

o

o

1966

Masonry

1,870

62.5

18,900

.15

15,000

17

2LSG

Low Rise

Space

Gas

AI.

16

8

2

14,000

875

o

o

1958

Wd. Fr.
Br. Vnr.

1,600

100.0

14 ,000

.11

9,120

18

2LSG

Low Rise

Space

Gas

Ar.

20

11

1.8

16,000

806

o

o

1975

Wd. Fr.
Br. Vnr.

2,130

106.5

16,100

.06

11,500

19

2LSG

Low Rise

Space

Gas

Ar.

66

33

2

49,500

750

1,860

28.2

1951

Wd. Fr.
Br. Vnr.

6,650

100.8

49,500

.06

34,100

20

2LSG

Low Rise

Space

Gas

Ca.

86

40

2.15

60,900

708

1,300

15.1

1942

Wd. Fr.
Br. Vnr.

3,360

39.1

60,900

.07

47,800
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Table 4.1.5 (continued)

Project Listing and Data Energy Profile

Project t 16 17 18 19 20

Wall "un Value .30 .33 .06 .22 .04

Number of Stories 1 1 1 1 1
~ "

~ ~

Elderly/Family/ .....

Both E E/F E/F E/F F ......

Site Energy Use
(MMBTU/DU/yr) 93 125 118 163 137

Source Energy Use
(MMBTU/DU/yr) 128 173 175 217 205

.:~ ..

Energy Cost
($/DU/vr) 376. 497. 512. 510. 387.

EJ ectrica1 Rate
($/kw) .037 .035* .034* .038* .021

Gas Rate ($/therm) .196 .209* .190* .137** .128

Oil Rate ($/gal)

Efficiency .650 .677 .686 .680 .697

Notes:
... ..:

2LSG: Climatic zone 2, low rise, space heat, gas fuel.

..,
,...•..
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Table 4.1. 6

Project Listing and Data/Energy Profile
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Table 4.1.6 (continued)

Project Listing 'and Data/Energy Profile

Project i 21 22 23 24 25

Wall "u" Value .09 .49 .36 .07 .34

Number of Stories 1 1 1 1 1

E1der1y/Family/
Both F F F F F

Site Energy Use
(MMBTU/DU/yr) 141 217 151 166 135

Source Energy Use
(MMBTU/DU/yr) 209 328 190 209 174

Energy Cost
($/DU/yr) 388. 1,042. 420. 567. 2,419.

Electrical Rate
($/kw) .020 .045* .038 .046* .034

Gas Rate ($/therm) .128 .120* .141 .200* .120**

Oil Rate ($/gal)

Efficiency .693 .679 .665 .706 .636

..

.'
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Table 4.1. 7 

.... 
Project Listing and Data/Energy Profile 

,', 

Project i 26 27 28 29 30 
, , 

.'. ," : 
" 

.~ .:.' 

" ,": 

" 
::';" 

Discrete Level 

Building Type 

Mechanical System 

2LSG 

Low Rise 

Space 

2LSG 

Low Rise 

Space 

2LSG 

Low Rise 

Space 

2LSG 

RiseLow 

Space 

2LSG 

Low Rise 

Space 

, , 
Fuel Type Gas Gas Gas Gas Gas 

State N.C. N.C. S.C. S.C. Tx. 

. " 
Number of DU's 253 65 68 58 24 

.. , 

..: " ..... 
-, 

" 
"

" ,;',"- ...... 

-' 

. '~. ':". 

Number of 
Buildings 

DU's/Building 

29 

8.7 

33 

2 

19 

3.6 

13 

4.5 

19 

1.26 

. ,-: 
, . 

"

" Total Area of 
Project (sf) 179,000 53,500 39,400, 50,900 22,600 

Area/DU (sf) 707 822 580 878 942 

, , 

.. -- , .. 
. :'.. : 

Public Space 
Area (sf) 1,200 1,200 1,640 0 380 

, ' 
; 

'.. 

:,"';'" 

" , 

' ' 

, . 

Public Space 
Area/DU (sf) 

Year Built 

4.7 

1942 

18.5 

1967 

24.1 

1964 

0 

1953 

15.8 

1963 

Construction Type Masonry Wd. Fr. 
Br. Vnr. 

Masonry Masonry Wd. Fr. 
8r. Vnr. 

Window Area (sf) 26,100 7,900 3,490 6,660 3,670 

Window Area/DU (sf) 103.2 121.5 51.3 114.8 152.9 

Roof Area 89,400 53,500 39,400 50,900 22,600 

Roof "u" Value • 04 .06 .05 .06 • 23 

. , 
Wall Area 99,300 35,800 30,100 24,900 17,400 
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Table 4.1.7 (continued)

Project Listing and Data/Energy Profile

Project • 26 27 28 29 30

Wall "u" Value •26 .20 .20 • 29 •06

Number of Stories 2 1 1 1 1 ...
Elderly/Family/
Both F E/F E F F

Site Energy Use
(MMBTU/DU/yr) 140 136 125 156 165

Source Energy Use
(~OO3TU/DU/yr ) 176 174 161 195 221

Energy Cost
($/DU/yr) 527. 758. 517. 936. 108l.

Electrical Rate
($/kw) .030 .039 .046* .059* .056

Gas Rate ($/therm) .238 .354 .246 .372 .356

Oil Rate ($/gal)

Efficiency .658 .675 .672 .664 .636
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Table 4.1.8 (continued)

Project Listing and Data/Energy Profile

Project t 31 32 33 34 35

Wall "un Value .39 .06 .48 .36 .25 ' .

Number of Stories 1 1 1 1 1
..

Elderly/Family/
Both F F E/F E/F F

Site Energy Use
(MMBTU/DU/yr) 233 188 164 113 117

Source Energy Use
(MMBTU/DU/yr) 284 229 213 150 159

Energy Cost
(S/DU/yr) 680. 801. 685. 495. 643.

Electrical Rate
(S/kw) .036 .038 .053* .033* .051*

Gas Rate (S/therm) .173 .277 .230* .257 .319*

Oil Rate (S/ga1)

Efficiency .651 .653 .671 .665 .686
'.' . '.

"

!,

: "
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Table 4.1.9

Project Listing and Data/Energy Profile for 2LSE Projects

Project t 36 37 38

Discrete Level 2LSE 2LSE 2LSE.....

Building Type Low Rise Low Rise Low Rise
: ;

.. Mechanical System Space Space Space

Fuel Type Electric Electric Electric.:.,'

State AI. Tn. Tn.

Number of DU's 40 20 34

Number of
. ".!..

Buildings 24 8 14
. ,

...
DU's/Building 1.7 2.5 2.4,

;

Total Area of
Project (sf) 37,900 13,600 24,000

Area/DU (sf) 948 678 706

Public Space
Area (sf) 1,116 0 1,620

r • •• Public Space
AreajDU (sf) 27.9 0 47.6

Year Built 1961 1975 1971

Construction Type Masonry Wd. Fr. Wd. Fr.
Br. Vnr.

Window Area (sf) 6,050 1,670 3,810...
. . .

Window AreajDU (sf) 151.3 83.5 112.1

Roof Area 37,900 13,600 24,000

. ", Roof "u" Value .15 • 05 • 03. ,

Wall Area 25,000 8,880 18,900
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Table 4.1.9 (continued)

Project Listing and Data/Energy Profile

project t 36 37 38

Wall "u" Value .10 .07 •06

Number of Stories 1 1 1
~ : ,

Elderly/Family/
Both F ElF E/F

..
Site Energy Use ..

(MMBTU/DU/yr) 191 154 168

Source Energy Use
(MMBTU/DU/yr) 649 522 570

Energy Cost
(S/DU/yr) 2,069. 1,734. 1,806.

Electrical Rate
(S/kw) .027* .029 .027

Gas Rate (S/therm)

Oil Rate (S/gal)

Efficiency .674
..

Notes:

2LSE: Climatic zone 2, low rise, space heat, electric fuel
.....
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Table 4.1.10

Projp.ct Listing and Data/Energy Profile for 2LCG Projects
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Table 4.1.10 (continued)

Project Listing and Data/Energy Profile

Project t

Wall "un Value

Number of Stories

Elderly/Family/
aoth

Site Energy Use
(MMBTU/DU/yr)

Source Energy Use
(MMBTU/DU/yr)

Energy Cost
(S/DU/yr)

Electrical Rate
(S/kw)

Gas Rate (S/therm)

Oil Rate (Sigal)

39 40

.31 .23
~. -..

3 3

F E/F

-
229 105

275 162

855. 545.

.042 .036*

.236 .221*

Efficiency

Notes:

2LCG: Climatic zone 2, low rise, contral heat, gas fuel.

Volume 4 Energy

.630 .585
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.. Fuel Type

'.'

..
. :'.. ~.:

.'::

-'\;

.:. ' .•

Table 4.1.11

Project Listing and Data/Energy Profile for 2HCG Projects

Project t

Discrete Level

Building Type

Mechanical System

State

Number of DU's

Number of
Buildings

DU' s/Bu ilding

Total Area of
Project (sf)

Area/DU (sf)

Public Space
Area (sf)

Public Space
Area/DU (sf)

Year Built

Construction Type

Window Area (sf)

Window Area/DU (sf)

Roof Area

Roof "un Value

Wall Area

Volume 4 Energy

41 42

2HCG 2HGC

High Rise High Rise

Central Central

Gas Gas

Ak. Ca.

220 100

1 1

220 100

190,000 69,100

864 691

7,500 5,710

34.1 57.1

1971 1971

Concrete Concrete

8,630 9,160

39.2 91.6

15,800 5,320

.06 .50

47,000 25,300
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Table 4.1.11 (continued)

Project Listing and Data/Energy Profile

Project t

Wall "u" Value

Number of Stories

Elderly/Family/
Both

Site Energy Use
(MMBTU/DU/yr)

Source Energy Use
(MMBTU/DU/yr)

Energy Cost
($/DU/yr)

Electrical Rate

Gas Rate ($/therm)

Oil Rate ($/gal)

41 42

.25 .35

12 13

E E/F

69 160

114 209

311. 543.

.032 .026

.138* .203*

Efficiency

Notes:

2HOG: Climatic zone 2, high rise, central heat, gas fuel.

Volume 4 Energy

.654 .639

180
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Table 4.1.12

Project Listing and Data/Energy Profile for 3LSO Projects

Project t

Discrete Level

Building Type

Mechanical System

Fuel Type

State

Number of DU's

Nwnber of
Buildings

DU's/Building

Total Area of
Project (sf)

Area/DU (sf)

Public Space
Area (sf)

Public Space
Area/DU (sf)

Year Built

Construction Type

Window Area (sf)

Window Area/DU (sf)

Roof Area

Roof "un Value

Wall Area

Volume 4 Energy

43

3LSO

Low Rise

Space

Oil

Md.

474

78

6.1

780,000

1,650

1,200

2.53

1974

Wd. Fr.
Br. Vnr.

37,400

79.1

260,000

.07

506,000

181



Table 4.1.12 (continued)

Project Listing and Data/Energy Profile

Project i

Wall "u" Value

Number of Stories

Elderly/Family/
Both

site Energy Use
(MMBTU/DU/yr)

Source Energy Use
(MMBTU/DU/yr)

Energv Cost ($/DU/yr)

Electrical Rate
($/kw)

Gas Rate ($/therm)

Oil Rate (S/gal)

Efficiency

Notes:

3LSO: Climatic zone 3, low rise, space heat, oil fuel.

Volume 4 Energy

43

.17

3

F

160

212

781.

."

.027**

.302**

.409

.668

....

..

. ... ::;-.. ' .

182



Table 4.1.13

Project Listing and Data/Energy Profile for 3LSG Projects

Project t 44 45 46 47 48

Discrete Level 3LSG 3LSG 3LSG 3LSG 3LSG

Building Type Low Rise Low Rise Low Rise Low Rise Low Rise
.....

Mechanical System Space Space Space Space Space

Fuel Type Gas Gas Gas Gas Gas

State Co. Ct. Il. Il. In.

Number of DU's 16 50 16 14 278

Number of
Buildings 8 24 16 7 32

DU's/Building 2 2 1 2 8.7

." ,', Total Area of
Project (sf) 14 ,800 26,100 18,800 12,000 202,000

Area/DU (sf) 927 523 1,180 861 727

Pub1ic Space
Area (sf) 290 2,000 1,050 0 2,000

Public Space
Area!DU (sf) 18.1 40 65.6 0 7.2

',-,

Year Built 1966 1962 1961 1967 1941

Construction Type Wd. Fr. Masonry Masonry Wd. Fr. CMU
Br. Vnr. Br. Vnr.

. , Window Area (sf) 1,320 2,520 1,840 438 19,400

Window Area/DU (sf) 82.5 50.4 115 31.3 69.8
',' .

Roof Area 14,800 26,100 18,800 12,000 101,000

Roof n u" Value .09 .06 .06 .04 .21..
"" . '. ' Wall Area 9,730 28,300 16,300 8,540 120,000..•.

...
, .

,
...
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Table 4.1.13 (continued)

Project Listing and Data/Energy Profile

Project t

Wall "un Value

Number of Stories

Elder1y/Family/
Both

Site Energy Use
(MMBTU/DU/yr)

Source Energy Use
(MMBTU/DU/yr)

Energy Cost
($/DU/yr)

Electrical Rate
($/kw)

Gas Rate ($/therm)

Oil Rate ($/gal)

Efficiency

Notes:

.649 .640 .654 .656 .649
,':...

, .
... ,. . -~ .

. '. ~:'

3LSG: Climatic zone 3, low rise, space heat, gas fuel. .' . -". ." ~

;' '.
';':".:

'". :".
- ,"

: .
;.'.'.

,- ....

" ,...,
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Table 4.1.14

Project Listing and Data/Energy Profile



Table 4.1.14 (continued)

Project Listing Data/Energy Profile

project t

Wall "un Value

Number of stories

Elderly/Family/
Both

Site Energy Use
(MMBTU/DU/yr)

Source Energy Use
(MMBTU/DU/yr)

Energy Cost
($/DU/yr)

Electrical Rate
($/kw)

Gas Rate (S/therm)

Oil Rate (S/gal)

49 50 51 52 53

.37 .09 .07 .10 .25

1 2 1 2 2
,

F F E/F F F

",'-
,,' ,";-

292 266 221 152 275 . :: ~. ~ :.~.. '

.:: ..,,"

350 318 266 192 326
, c,

1,232. 772. 839. 55!. 1,352. . ,".

." "

.. '

.051* .041 .043 .050* .053* .. -,
, ,

..

.296* .156** .238 .210* • 236*

Efficiency

Volume 4 Energy

.650 .658 .649 .658 .645
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Table 4.1.15

Project Listing and Data/Energy Profile

Project t 54 55

Discrete Level 3LSG 3LSG

, ... Building Type Low Rise Low Rise

Mechanical System Space Space

Fuel Type Gas Gas

State Ute W. V.

-- . Number of DU's 24 60

Number of
Buildings 24 30

DU' s/Bu ilding 1 2
' ... :.

Total Area of
Project (sf) 26,600 58,800

Area!DU (sf) 1,110 980

Publi c Space
Area (sf) 0 0

Public Space
Area!DU (sf) 0 0

Year Built 1974 1966
---

Construction Type Wd. Fr. Wd. Fr.
Br. Vnr. Br. Vnr.

Window Area (sf) 3,050 3,600

Window Area!DU (sf) 127.1 60, --

Roof Area 13,300 58,800
- .:

Roof "u" Value .05 •06

Wall Area 42,900 39,100
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Table 4.1.15 (continued)

Project Listing and Data/Energy Profile

Project #

Wall nun Value

Number of Stories

Elder ly/Family/
Both

Site Energy Use
(MMBTU/DU/yr)

Source Energy Use
(MMBTU/DU/yr)

Energy Cost
($/DU/yr)

Electrical Rate
($/kw)

Gas Rate ($/therm)

Oil Rate ($/gal)

54 55

.07 .10

2 1

F F

242 196

293 240

1,14l. 700.

.050* .045

.231* .219

! .....

. :.,' ",>'. .

. ',':: ..
" "-'-.-.:..

.\. :', ". ~~: . -
·i·~.

Efficiency

Volume 4 Energy

.659 .666

188

~-". ':, :
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~.,: . . .



Table 4.1.16

Project Listing and Data/Energy Profile for 3LSE Projects

Project i 56 57 58 59
,." .

Discrete Level 3LSE 3LSE 3LSE 3LSE

Building Type Low Rise Low Rise Low Rise Low Rise

Mechanical System Space Space Space Space

Fuel Type Electric Electric Electric Electric

State Rs. Rliil. Or. Wa.

Number of DU's 80 20 50 70

Number of
Buildings 5 10 11 1

DU's/Building 16 2 4.5 70

Total Area of
Project (sf) 35,000 13,600 29,300 44,570

Area/DU (sf) 438 681 585 637

Public Space
Area (sf) 3,800 1,370 0 5,200

Public Space
Area/DU (sf) 47.5 63.5 0 74.3

." .' Year Built 1974 1974 1969 1970

Construction Type Wd. Fr. Masonry Wd. Fr. Wd. Fr.

Window Area (sf) 9,650 1,330 8,150 4,170

Window Area/DU (sf) 120.6 61. 5 163 59.6

Roof Area 35,000 13,600 14,600 14,900

Roof "u" Value .15 .04 .05 .06

Wall Area 6,100 10,100 24,000 62,600
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Table 4.1.16 (continued)

Project Listing and Data/Energy Profile

Project # 56 57 58 59

Wall "un Value .08 .06 .13 .26

Number of Stories 1 1 2 3
,

"

Elder ly/Family/
Both E E/F F E

Site Energy Use
(MMBTU/DU/yr) 104 94 187 105

Source Energy Use
(MMBTU/DU/yr) 352 319 637 358

Energy Cost .',

($/DU/yr) 1,286. 1,343. 1,107. 413. .. ..
"

Electrical Rate "

($/kw) .031 .040 .016 .011*

Gas Rate ($/therm)

Oil Rate ($/gal)

Efficiency .662 .592 .591 .679 , ,

Notes: " -

3LSE: Climatic zone 3, low rise, space heat, electric fuel.

',..

Volume 4 Energy 190



Table 4.1.17

Project Listing and Data/Energy Profile for 3LCO Projects

E.4 Project Data

Volume 4 Energy

33

191



Table 4.1.17 (continued)

Project Listing and Data/Energy Profile

Project * 60 61 62

Wall nun Value .30 .08 .26

Number of Stories 3 1 2 .'
'.-

Elder ly/Family/ .'

Both F E F

Site Energy Use
(MMBTU/DU/yr) 179 127 143

Source Energy Use ...

(MMBTU/DU/yr) 232 168 180

Energy Cost ..
(S/DU/yr) 688. 397. 447. ,..

Electrical Rate
(S/kw) .067 .024 .035**

Gas Rate (S/therm) .391 .391 .338 **

Oil Rate (S/gal) .265 .277 .322**

Efficiency .582 .534 .578

;
...

Notes:

3LCO: Climatic zone 3, low rise, central heat, oil fuel.

. .. ~.-. .~...
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Table 4. 1. 18

Project Listing and Data/Energy Profile for 3LCG Projects

Project t 63 64 65 66

Discrete Level 3LCG 3LCG 3LCG 3LCG

Building Type Low Rise Low Rise Low Rise Low Rise

Mechnical System Central Central Central Central

Fuel Type Gas Gas Gas Gas

State Ne. Pa. Pa. R.I.

Number of DU's 30 802 104 262

Number of
Buildings 8 44 10 95

DU'sjBuilding 3.75 18.2 10.4 2.75

Total Area of
Project (sf) 18,376 556,000 62,500 202,350

Area/DU (sf) 612 693 601 772

Public Space
Area (sf) 2,304 8,448 0 1,632

.... Public Space
Area/DU (sf) 76.8 10.5 0 6.2

,', ' Year Built 1965 1941 1943 1942

Construction Type Wd. Fr. Masonry Wd. Fr. Wd. Fr.
Br. Vnr. Br. Vnr.

Window Area (sf) 1,730 50,200 7,960 29,300

Window Area/DU (sf) 57.6 62.6 76.5 111.8
"

..."

,', Roof Area 18,400 185,000 31,300 101,000

:;,.oJ "
";., Roof "u" Value .06 .18 .07 .23

..
":

Wall Area 12,900 301,000 221,000
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Table 4.1.18 (continued)

Project Listing and Data/Energy Profile

Project f 63 64 65 66

Wall "un Value .08 .21 .09 .06

Number of Stories 1 3 2 2
.' -.

Elderly/Family/
Both E P F P

Site Energy Use
(MMBTU/DU/yr) 128 215 132 171

Source Energy Use
(MMBTU/DU/yr) 176 258 165 210

Energy Cost
($/DU/yr) 486. 819. 666. 862.

Electrical Rate
($/kw) .033** .035 .032 .037

Gas Rate ($/therm) .164** .247 .335 .334

Oil Rate ($/ga1)

Efficiency .564 .587 .586 .603

Notes:

3LCG: Climatic zone 3, low rise, central heat, gas fuel.

.' ".
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Table 4.1.19

Project Listing and Data/Energy Profile for 3HSE Projects

Project t

Discrete Level

Building Type

Mechanical System

Fuel Type

State

Number of DU's

Number of
Buildings

DU's/Building

Total Area of
Project (sf)

Area/DU (sf)

Public Space
Area (sf)

Public Space
Area/DU (sf)

Year Built

Construction Type

Window Area

Window Area/DU (sf)

Roof Area

Roof "un Value

Wall Area

Volume 4 Energy

67

3HSE

High Rise

Space

Electric

Wa.

120

1

120

95,341

795

16,831

140.3

1968

Masonry

9,150

76.25

5,960

.07

36,400

195



Table 4.1.19 (continued)

Project Listing and Data/Energy Profile

Project t

Wall "un Value

Number of Stories

Elderly/Family/
Both

Site Energy Use
(MMBTU/DU/vr)

Source Energy Use
(MMBTU/DU/vr)

Energy Cost
(S/DU/yr)

Electrical Rate
(S/kw)

Gas Rate (S/therm)

Oil Rate (S/gal)

Efficiency

Notes:

3HSE: Climatic zone 3, high rise, space heat, electric fuel.

Volume 4 Energy

67

.06

16

E

85

288

372

.011

196

,', .

. . .' .'.'>- .

;: .

',:.'.

. .:"
" ".'

'. ".;.-,
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Table 4.1. 20

Project Listing and Data/Energy Profile for 3HCG Projects

Project t 68 69 70 71 72

.Discrete Level 3HCG 3HCG 3HCG 3HCG 3HCG

Building Type High Rise High Rise High Rise High Rise High Rise

Mechanical System Central Central Central Central Central

Fuel Type Gas Gas Gas Gas Gas

State Il. Ky. Mo. N.Y. Pa.

Number of DO's 202 140 112 66 48

Number of
Buildings 2 1 1 1 1

DO's/Building 101 140 112 66 48

Total Area of
Project (sf) 145,134 75,000 97,584 40,800 31,400

Area/DU (sf) 718 536 871 618 654

Public Space
Area (sf) 5,700 8,260 12,198 1,394 1,667

Public Space
Area/DU (sf) 28.2 59 108.9 21.1 34.7

Year Build 1969 1970 1963 1973 1974

Construction Type Concrete Concrete r.oncrete Masonry Concrete

Window Area (sf) 10,600 2,910 4,320 2,470 3,650

Window Area/DU (sf) 52.5 20.8 38.6 37.4 76

Roof Area 13,200 7,500 12,200 5,100 6,280

Roof "u" Value .15 • 29 • 06 .10 .12

Wall Area 55,000 29,000 28,200 18,500 10,800
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Table 4.1.20 (continued)

Project Listing and Data/Energy Profile

Project t 68 69 70 71 72

Wall "un Value .35 .33 .10 .21 .10

Number of Stories 11 10 8 8 5

Elderly/Family/
. Both E E E E E

Site Energy Use
(MMBTU/DU/yr) 109 78 94 91 119

Source Energy Use
(MMBTU/DU/yr) 146 119 136 124 161

Energy Cost ..
($/DU/yr) 525. 349. 493. 542. 738.

Electrical Rate
($/kw) .055 .028 .042 .052 .045** ....

Gas Rate ($/therm) .219 .230 .270* .303 •332

Oil Rate ($/gal)

Efficiency .545 .577 .567 .617
.. ",

Notes:

3HCG: Climatic zone 3, high rise, central heat, gas fuel.

>.,' ""
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Table 4.1. 21

Project Listing and Data/Energy Profile for 3HCG Projects

Project I

Discrete Level

Building Type

Mechanical System

Fuel Type

State

Number of DO' s

Number of
Buildings

Du' sjBuilding

Total Area of
Project (sf)

Area/DU (sf)

Public Space
Area (sf)

Public Space
Area/DU (sf)

Year Built

Construction Type

Window Area (sf)

Window Area/DU (sf)

Roof Area

Roof "u" Value

Wall Area

Volume 4 Energy

73

3HCG

High Rise

Central

Gas

Pa.

168

1

168

120,084

715

10,560

62.8

1973

Concrete

4,270

25.4

10,900

.02

37,800

199

\



Table 4.1.21 (continued)

Project Listing and Data/Energy Profile

Project t

Wall "un Value

Number of Stories

Elder1y/Family/
Both

site Energy Use
(MMBTU/DU/yr)

Source Energy Use
(MMBTU/DU/yr)

Energy Cost
(S/DU/yr)

Electrical Rate
(S/kw)

Gas Rate (S/therm)

Oil Rate (S/ga1)

Efficiency

Notes:

3HCG: Climatic zone 3, high rise, central heat, gas fuel.

Volume 4 Energy

73

.15

11

E

90

132

469.

.036

.265

200

;",'" .

.:.... ", .

. ;,:"

. ,,:":,- ..
.... :'

'. y ••••

..J.".

;..:. :



Table 4.1. 22

Project Listing and Data/Energy Profile for 3HCO Projects

Project t 74 75 76 77

Discrete Level 3HCO 3HCO 3HCO 3HCO
...

Building Type High Rise High Rise High Rise High Rise

.. Mechanical System Central Central Central Central

..
; Fuel Type Oil Oil Oil Oil

State N.J. N.J. N.Y. R.I.

Number of DU's 104 95 925 125

Number of
Buildings 1 1 7 1

DU' s/Bu ilding 104 95 132.1 125
:

Total Area of
Project (sf) 89,400 61,248 830,200 113,760

Area/DU (sf) 860 645 898 910

Publi c Space
Area (sf) 0 0 3,000 4,048

Public Space
Area/DU (sf) 0 0 3.2 32.4

Year Built 1970 1967 1964 1966

Construction Type Masonry Concrete Masonry Masonry

Window Area (sf) 5,220 4,100 22,100 6,470

Window Area/DU (sf) 50.2 43.2 23.9 51. 8

Roof Area 8,940 10,200 46,100 14,200

Roof "u" Value .17 .10 .16 • 06

Wall Area 29,500 18,200 355,000 282,00
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Table 4.1.22 (continued)

Project Listing and Data/Energy Profile

Project t

Wall "un Value

Number of Stories

Elder lyIFamilyI
Both

site Energy Use
(MMBTU/DU/yr)

Source Energy Use
(MMBTU/DU/yr)

Energy Cost
(S/DU/yr)

Electrical Rate
(S/kw)

Gas Rate (S/therrn)

Oil Rate (Sigal)

Efficiency

Notes:

74

.23

10

E

102

142

567.

.046

.402

.377**

.559

75

.24

10

E

106

150

491.

.038

.333

.436

.553

76

.27

18

ElF.

100

139

461.

.044

.340

.339

.573

77

.17

8

E

112

161

522.

.046

.340

.537

", ,"; -'..
.....

... ~ " "

'.;.

'--'" .

.' .. ,.
'.;; ,.

3HCO: Climatic zone 3, high rise, central heat, oil fuel.

Volume 4 Energy 202
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Table 4.1. 23

Project Listing and Data/Energy Profile for 4LSG Projects
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Table 4.1.23 (continued)

Project Listing and Data/Energy Profile

Project t

Wall "u" Value

Number of Stories

Elderly/Family/
Both

Site Energy Use
(MMBTU/DU/yr)

Source Energy Use
(MMBTU/DU/yr)

Energy Cost
($/DU/yr)

Electrical Rate
($/kw)

Gas Rate ($/therm)

Oil Rate ($/ga1)

Effective Rate

Notes:

4HLSG: Climatic zone 4, low rise, space heat, gas fuel.

Volume 4 Energy

78

•07

2

F

758

865

2,281.

.041

.209

.672

79

.11

1

F

296

354

1,123.

.045*

.270*

.679

204

. ~ .' ..'

.. ,,"

~. , .'.' ,
... .

'.'. ",
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Table 4.1. 24

Project Listing and Data/Energy Profile for 4LCO Projects

Project i 80 81

Discrete Level 4LCO 4LCO

Building Type Low Rise Low Rise

Mechanical System Central Central

Fuel Type Oil Oil

State Co. Ma.

Number of DU's 422 200

Number of
Buildings 24 50

DU's/Building 17.6 4

Total Area of
Project (sf) 361,200 86,600

Ar.ea/DU (sf) 856 433

Publi c Space
Area (sf) 0 5,480

Public Space
AreajDU (sf) 0 27.4

Year Built 1941 1954

Construction Type Wd. Fr. Wd. Fr.

Window Area (sf) 48,500 38,900

Window AreajDU (sf) 114.9 194.5

Roof Area/DU (sf) 120,000 43,300

Roof "u" Value .13 • 06

Wall Area/DU (sf) 151,000 71,700
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Table 4.1.24 (continued)

Project Listing and Data/Energy Profile

Project t

Wall "u" Value

Number of Stories

Elder ly/Family/
Both

Site Energy Use
(MMBTU/DU/yr)

Source Energy Use
(MMBTU/DU/yr)

Energy Cost
($/DU/yr)

Electrical Rate
($/kw)

Gas Rate ($/therm)

Oil Rate ($/gal)

Efficiency

Notes:

4LCO: Climatic zone 4, low rise, central heat, oil fuel.

Volume 4 Energy

80

.23

3

F

210

263

1,542.

.034

.193

.826*

.584

81

• 06

2

F

242

300

984.

.046

.395

.361

.605

201;

".: ....

'. ,,',..
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Table 4.1. 25

Project Listing and Data/Energy Profile for 4LCG Projects

Project t 82 83 84

Discrete Level 4LCG 4LCG 4LCG

Building Type Low Rise Low Rise LOw Rise

Mechanical System Central Central Central

Fuel Type Gas Gas Gas

State Il. Oh. Wi.

Number of DU's 12 276 33

Number of
Buildings 3 31 1

DU's/Building 4 8.9 33

Total Area of
Project (sf) 14,136 208,010 23,200

Area/DU (sf) 1,178 754 703

Publi c Space
Area (sf) 0 0 0

Public Space
Area/DU (sf) 0 0 0

Year Built 1970 1941 1971

Construction Type Wd. Fr. Wd. Fr. Wd. Fr.

Window Area (sf) 1,830 24,100 1,680

Window Area/DU (sf) 152.5 87.3 50.9

Roof Area 7,070 104,000 7,130

Roof "u" Value .06 •06 •06

Wall Area 119,000 9,090
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Table 4.1.25 (continued)

Project Listing and Data/Energy Profile

Project * 82 83 84

Wall "u" Value .13 .20 • 30

Number of Stories 2 2 3

EHler ly/Farnily/
Both F F E

Site Energy Use
(MMBTU/DU/yr) 151 233 136

Source Energy Use
(MMBTU/DU/yr) 195 279 178

Energy Cost
(S!OU/yr) 659. 743. 548.

Electrical Rate
(S/kw) .040 .035 .040

Gas Rate ($/therm) .250 .204 .239

Oil Rate (S/gal)

Efficiency .497 .637 .573

Notes:

4LCG: Climatic zone 4, low rise, contral heat, gas fuel.

,
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Table 4.1. 26

Project Listing and Data/Energy Profile for 4HSE Projects

Project t

Discrete Level

Building Type
...

. ,
Mechanical System

85

4HSE

High Rise

Space

.,: .

,..
.~ .. '.\

Fuel Type

State

Number of DU's

Number of
Buildings

DU's/Building

Total Area of
Project (sf)

Area/DU (sf)

Publi c Space
Area (sf)

Public Space
Area/DU (sf)

Year Built

Construction Type

Window Area (sf)

Window Area/DU (sf)

Roof Area

/

Electrical

Mi.

70

1

70

36,800

525

2,000

28.6

1970

Concrete

2,968

42.4

.... Roof "u" Value

Wall Area
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Table 4.1.26 (continued)

Project Listing and Data/Energy Profile

Project f

Wall "un Value

Number of Stories

Elder ly/Family/
Both

site Energy Use
(MMBTU/DU/yr)

Source Energy Use
(MMBTU/DU/yr)

Energy Cost
(S/DU/yr)

Electrical Rate
(S/kw)

Gas Rate (S/therm)

Oil Rate (S/gal)

Efficiency

Notes:

4HSE: Climatic zone 4, high rise, space heat, electric fuel.

Volume 4 Energy

85

4

E

96

325

1,499.

.040

210
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Table 4.1. 27

Project Listing and Data/Energy Profile for 4HCO Projects

Project i 86 87

Discrete Level 4HCO 4HCO

Building Type High Rise High Rise

Mechanical System Central Central

Fuel Type Oil Oil

State Me. N.Y.

Number of DU's 84 354

Number of
Buildings 1 2

DU's/Building 84 177

Total Area of
Project (sf) 61,784 137,340

Area/DU (sf) 736 388

Public Space
Area (sf) 3,864 3,531

Public Space
Area/DU (sf) 46 9.9

Year Built 1962 1974

Construction Type Masonry Masonry

Window Area (sf) 2,910 10,900

Window Area/DU (sf) 34.6 30.8

Roof Area 7,720 19,600

Roof "UN Value .20 .13

Wall Area 22,900 40,100
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Table 4.1.27 (continued)

Project Listing and Data/Energy Profile

Project f

Wall "u" Value

Number of Stories

Elderly/Family/
Both

site Energy Use
(MMBTU/DU/yr)

Source Energy Use
(MMBTU/DU/yr)

Energy Cost
(S/DU/yr)

Electrical Rate
(S/kw)

Gas Rate (S/therm)

Oil Rate (S/gal)

Efficiency

Notes:

4HCO: Climatic zone 4, high rise, central heat, oil fuel.

Volume 4 Energy

86

.06

8

E

112

155

820.

.025

.274*

.833*

.566

87

.35

7

E

97

131

363.

.033

.339

.591

212



Table 4.1. 28

Project Listing and Data/Energy Profile for 4HCG Projects

Project t 88 89 90 91 92

Discrete Level 4HCG 4HCG 4HCG 4HCG 4HCG
,',,",

,
Building Type High Rise High Rise High Rise High Rise High Rise'.' ;. . .~~

. :'...... ':~"i

. ~. Mechanical System Central Central Central Central Central- -.

Fuel Type Gas Gas Gas Gas Gas

State II. Il. Il. N.Y. N.Y.

Number of DU's 40 187 350 164 101

Number of
.. .. Buildings 1 1 2 1 1

" .
.,

". ~ . DU's/Building 40 187 175 164 101

Total Area of
Project (sf) 35,850 115,800 340,000 108,108 64,350

Area/DU (sf) 896 619 971 659 637
,/ .

Public Space
Area (sf) 4,750 4,315 5,900 4,880 8,970

...... - . Public Space. . : ", ~-.. ~ Area/DU (sf) 118.75 23.1 16.9 29.8 88.8.. -_._' '::.!

... ": Year Built 1971 1969 1971 1970 1971. :.,,:

.. -'.
.' .. Construction Type Concrete Concrete Concrete Masonry Concrete

.... Window Area (sf) 2,250 8,870 28,000 5,450 10,500

Window Area/DU (sf) 56.25 47.4 82.3 33.2 103.9

• o' Roof Area 5,980 8,910 37,800 7,720 5,850--
._,

..
" .' -.-' ~.

.-. Roof "u" Value .06 .05 .07 .07 .13
- .

. '" f

Wall Area 14,600 36,200 61,800 40,000 20,300

Volume 4 Energy
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Table 4.1.28 (continued)

Project Listing and Data/Energy Profile
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Table 4.1. 29

Project Listing and Data/Energy Profile for 5LSG Projects

Project t

Discrete Level

Building Type

Mechanical System

Fuel Type

State

Number of DU's

Number of
Buildings

DU's/Building

Total Area of
project (sf)

Area/DU (sf)

Public Space
Area (sf)

Public Space
Area/DU (sf)

Year Built

Construction Type

Window Area (sf)

Window Area/DU (sf)

Roof Area

93

5LSG

Low Rise

Space

Gas

Mn.

520

102

5.1

473,280

910

8,700

16.7

1952

Masonry

62,200

119.6

237,000

.. "~ ,,:'

.".' ....,.
,: ..•

,.;

, Roof "un Value

, Wall Area

.10

330,000

:~" '..
. , '>
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Table 4.1.29 (continued)

Project Listing and Data/Energy Profile

Project *
Wall "un Value

Number of Stories

Elderly/Family/
Both

Site Energy Use
(MMBTU/DU/yr)

Source Energy Use
(MMBTU/DU/yr)

Energy Cost
(S/DU/yr)

Electrical Rate
(S/kw)

Gas Rate (S/therm)

Oil Rate (S/gal)

Efficiency

Notes:

5LSG: Climatic zone 5, low rise, space heat, gas fuel.

Volume 4 Energy

93

.25

2

F

219

266

964.

.062

.253

.687

216

- "~ ~'

....-....
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Table 4.1.30

project Listing and Data/Energy Profile for 5HCG Projects

.'

'.
~.. Project t 94 95

'.:; .
.. ,

Discrete Level 5HCG 5HCG
•• J.

Building Type High Rise High Rise

Mechanical System Central Central

Fuel Type Gas Gas

State Mn. Mn.

Number of DU's 501 162

Number of
Buildings 3 1

DU's/Building 167 162

........ Total Area of
'::i, Project (sf) 315,000 106,284

" .

Area/DU (sf) 629 656
. ::.';

. '.> ..
.. Public Space
", ..

.~ '. , Area (sf) 9,340 5,365

...,~: Public Space
.. Area/DU (sf) 18.6 33.1

Year Built 1971 1970

Construction Type Concrete Concrete

Window Area (sf) 34,800 12,000

.,.',. Window Area/DU (sf) 69.5 74.1

Roof Area 14,300 8,860
- .. '

Roof "u" Value .05 • 07

.. ..
Wall Area 133,000 29,300

' . ..

Volume 4 Energy 217



Table 4.1.30 (continued)

Project Listing and Data/Energy Profile

Project t

Wall "un Value

Number of Stories

Elder ly/Family/
Both

Site Energy Use
(MMBTU/DU/yr)

Source Energy Use
(MMBTU/DU/yr)

Energy Cost
(S/DU/yr)

Electrical Rate
(S/kw)

Gas Rate (S/therm)

Oil Rate (S/gal)

Efficiency

Notes:

SHOG: Climatic zone 5, high rise, centr.al heat, gas fuel.

Volwne 4 Energy

94

.06

22

E

105

140

370.

.032**

.164

(.464*)

.591

95

.15

12

E

126

172

515.

.042

.188

(.439)

.583
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Table 4.2.1

Averages for BuildingjMechanical/Fuel Types by Climate Region
Low Rise, Space Heating with Oil Heating Fuel (LSO)

I

. ~:'. .'.

.. :.

. ~.' .

. ";,' .,

". ":;,'

",

"'-'; ..

......

Discrete Level

Climate Zone

Building Type

Mechanical System

Fuel Type

Number of DU's

Number of
Buildings

DU' s/Bu ilding

Total Area of
Project (sf)

Area/DU (sf)

Public Space
Area (sf)

Public Space
Area/DU (sf)

Year Built

Construction Type

Window Area (sf)

Window Area/DU (sf)

Roof Area/DU (sf)

Roof "un Value

Wall Area/DU (sf)

Volume 4 Energy

1LSO

1

o

1 Proj.

2LSO 3LSO

2 3

Low Rise

Space

Oil

474

0 78

6.1

780,000

1,650

1,200

2.53

1974

Wd. Fr.

37,400

79.1

548.5

.07

1,067.5

4LSO

4

o

5LSO

5

o
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Table 4.2.1 (continued)

Averages for Building/Mechanical/Types by Climate Region

1 Proj.

Wall "UK Value

Number of Stories

Elderly/Family
Both

site Energy Use
(MMBTU/DU/yr)

Source Energy Use
(MMBTU/DU/vr)

Energy Cost
($/DU/yr)

Electrical Rate
($/kw)

Gas Rate ($Itherm)

Oil Rate ($/gal)

Efficiency Rating

Volume 4 Energy

.17

3

F

160

212

781.

.027

.302

.409

.660

220
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Table 4.2.2 (continued)

Averages for Building/Mechanical/Fuel Types by Climate Region

13 Proj. 20 Proj. 12 Proj. 2 Proj. 1 Proj.

Wall nun Value .34 .27 .24 .10 .25

Number of Stories 1 1 1 2 2
,

Elderly/Family/
Both F F F F F

Site Energy Use
(MMBTU/DU/yr) 98. 150. 220. 440. 219.

Source Energy Use
(MMBTU/DU/yr) 136. 196. 270. 513. 266.

Energy Cost
($/DU/yr) 452. 659. 876. 1,478. 964.

Electrical Rate
($/kw) .033 .046 .045 .043 .062

Gas Rate (S/therm) .224 .217 .221 .246 .253

Oil Rate (S/gal)

Efficiency Rating .653 .675 .654 .660 .682
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Table 4.2.3

Averages for Building/Mechanical/Fuel Types by Climate Region
Low Rise, Space Heating with Electric Heating (LSE)

," ." .", 2 Proj. 3 Proj. 4 Proj.

Discrete Level lLSE 2LSE 3LSE 4LSE 5LSE
...

'.
Climate 1 2 4-. ", Zone 3 5.....

. . . .

Bu ilding Type Low Rise Low Rise Low Rise

.'" Mechanical System Space Space Space. ,

Fuel Type Electric Electric Electric

Nwnber of DU's 140 31 55

.. ' .

Number of
~ ..: Buildings 72 15 7 0 0

.'

." . ' DU's/Building 1.94 2.1 7.9'..

Total Area of
Project (sf) 127,700 25,167 30,618

Area/DU (sf) 912 812 557

_.'- Publi c Space
,- .. Area (sf) 5,128 912 3,457

Public Space
Area/DU (sf) 36.6 29.4 62.8

.', . Year Built 1968 1969 1972

Construction Type CMU Wd. Fr. Wd. Fr.
Wd. Fr.

"-." , .
Window Area (sf) 17,640 3,843 5,825

Window Area/DU (sf) 126.0 123.9 105.9

Roof Area/DU (s~) 912.1 811.8 355.0

Roof "u" Value .10 .09 .09

Wall Area/DU (sf) 582.5 567.5 467.3

-,"'.'
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Table 4.2.3 (continued)

Averages for Building/Mechanical/Fuel Types by Climate Region

2 Proj. 3 Proj. 4 Proj.
"

Wall "u" Value .27 .08 .15

Number of Stories 1 1 2

Elderly/Family/
Both F,E/F E/F E,E/F

Site Energy Use
(MMBTU/DU/yr) 92. 177. 122.

Source Energy Use
(MMBTU/DU/yr) 313. 600. 416.

Energy Cost
(S/DU/yr) 1, SOL 1,923. 973.

Electrical Rate
(S/kw) .044 .028 .022

Gas Rate ($/therm)

Oil Rate (S/gal)

Efficiency Rating .644 .677 .645
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Table 4.2.4

Averages for Building/Mechanical/Fuel Types by Climate Region
Low Rise, Central Heating, Oil Heating Fuel (LCO)

. ".:. :.. ' ,~

-.'

Discrete Level

Climate Zone

Bu ilding Type

Mechanical System

Fuel Type

Number of DO's

Number of
Buildings

DO's/Building

Total Area of
Project (sf)

Area/DO (sf)

Public Space
Area (sf)

Public Space
Area/DO (sf)

Year Built

Construction Type

Window Area (sf)

Window Area/DO (sf)

Roof Area/DO (sf)

Roof "u" Value

Wall Area/DO (sf)

Volume 4 Energy

1LCO

1

o

3 Proj. 2 Proj.

2LCO 3LCO 4LCO

2 3 4

Low Rise Low Rise

Central Central

Oil Oil

398 311

0 29 37

13.7 8.4

210,002 223,900

528 720

6,549 2,740

16.5 8.8

1950 1948

Masonry Wd. Fr.
Wd. Fr.

31,903 43,700

80.2 140.5

206.3 262.5

.19 .11

327.6 358.0

5LCO

5

o
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Table 4.2.4 (continued)

Averages for Building/Mechanical/Fuel Types by Climate Region

Wall "un Value

Number of Stories

Elderly/Family/
Both

Site Energy Use
(MMBTU/DU/yr)

Source Energy Use
(MMBTU/DU/yr)

Energy Cost
(S/DU/yr)

Electrical Rate
(S/kw)

Gas Rate (S/therm)

Oil Rate (S/gal)

Seasonal Efficiency

Volume 4 Energy

3 Proj.

.27

2

F

156.

199.

535.

.047

.358

.300

.579

2 Pr:oj.

.18

3

F

220.

275.

1,363.

.038

.258

.676

.592
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Table 4.2.5

Averages for Building/Mechanical/Fuel Types by Climate Region
Low Rise, Central Heating, Gas Heating Fuel (LeG)

2 Proj. 4 Proj. 3 proj.

Discrete Level 1LCG 2LCG 3LCG 4LCG 5LeG

Climate Zone 1 2 3 4 5

Building Type Low Rise Low Rise Low Rise

Mechanical System Central Central Central

Fuel Type Gas Gas Gas

Number of DU's 245 300 107

Number of
Buildings 0 20 39 12 0

--,- .-
DU's/Building 12.3 7.7 8.9

',.",.

Total Area of
" . - .- Project (sf) 194,850 209,807 81,782

Area/DU (sf) 795 699 764

Publi c Space
Area (sf) 3,501 3,096 0

Public Space
Area!DU (sf) 14.3 10.3 0

Year Built 1955 1948 1961

Construction Type Masonry Wd. Fr. Wd. Fr.

Window Area (sf) 20,160 22,298 9,203

Window Area!DU (sf) 82.3 74.3 86.0

Roof Area/DU (sf) 263.7 279.8 370.1

Roof "un Value .20 .18 .06
t." ".

Wall Area!DU (sf) 468.3 594.3 598.6
....
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Table 4.2.5 (continued)

Averages for Building/Mechanical/Fuel Types by Climate Region

2 Proj. 4 Proj. 3 Proj.

Wall "u" Value .31 .16 .21

Number of Stories 3 2 2

Elderly/Family/
Both F F F .....

. .

Site Energy Use
,

(MMBTU/DU/yr) 223 196 220

Source Energy Use -..

(MMBTU/DU/yr) 270 237 265

Energy Cost
(S/DU/yr) 841. 805. 720.

Electrical Rate
(S/kw) .042 .035 .036

Gas Rate (S/therm) .235 .271 ~209

Oil Rate (S/gal)

Efficiency Rating .627 .588 .625
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Table 4.2.6

Averages for Building!Mechanical/Fuel Types by Climate Region
High Rise, Space Heating with Electric Heating (HSE)

1 Proj • I proj.

Discrete Level IHSE 2HSE 3HSE 4HSE 5HSE

Climate Zone 1 2 3 4 5

Building Type High Rise High Rise

Mechanical System Space Space

Fuel TyPe Electric Electric

Number of DU's 120 70

Number of
Buildings 0 0 1 1 0

00' s/Building 120 70

Total Area of
Project (sf) 95,341 36,800

Area/DU (sf) 795 525

Publi c Space
Area (sf) 16,,831 2,000

Public Space
Area/DU (sf) 140.3 28.6

Year Built 1968 1970

Construction Type Concrete Concrete

Window Area (sf) 9,150 2,968

Window Area/DU (sf) 76.3 42.4

Roof Area/DU (sf) 49.7

Roof "un Value .07

Wall Area/DU (sf) 303.3
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Table 4.2.6 (continued)

Averages for Building!Mechanical/Fue1 Types by Climate Region

Wall "u" Value

Number of Stories

E1derly/Family/
Both

Site Energy Use
(MMBTU/DU/yr)

Source Energy Use
(MMBTU/DU/yr)

Energy Cost
(S/DU/yr)

Electrical Rate
(S/kw)

Gas Rate (S/therm)

Oil Rate (S/gal)

Efficiency Rating

Volume 4 Energy

1 Proj.

.06

16

E

85.

288.

372.

.011

.594

1 Proj.

4

E

96.

325.

1,499.

.040
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Table 4.2.7

Averages for Building/Mechanical/Fuel Types by Climate Region
High Rise, Central Heating with Oil Heating (HCO)

' .
.. .

Discrete Level

Climate Zone

Building Type

Mechanical System

Fuel Type

Number of DU's

Number of
Buildings

DU's/Building

Total Area of
Project (sf)

Area/DU (sf)

Public Space
Area (sf)

Public Space
Area/DU (sf)

Year Built

Construction Type

Window Area (sf)

Window Area/DU (sf)

Roof Area/DU (sf)

Roof "u" Value

Wall Area/DU (sf)

Volume 4 Energy

lHCO

1

o

4 Proj. 2 Proj.

2HCO 3HCO 4HCO

2 3 4

High Rise High Rise

Central Central

Oil Oil

312 219

0 3 2

104 110

273,652 99,562

877. 455

1,762 3,698

5.6 16.9

1967 1968

Masonry Masonry

9,473 6,905

30.4 31. 5

63.7 62.4

.15 .14

345.3 143.8

5HCO

5

o
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Table 4.2.7 (continued)

Averages for Building/Mechanical/Fuel Types by Climate Region
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Table 4.2.8

Averages for Building/Mechanical/Fuel Types by Climate Region
High Rise, Central Heating with Gas Heating (HCG)

2 Proj. 6 Proj. 5 Proj. 2 Proj.

Discrete Level 1HCG 2HCG 3HCG 4HCG 5HCG

Climate Zone 1 2 3 4 5

Building Type High Rise High Rise High Rise High Rise

Mechanical System Central Central Central Central
.

Fuel Type Gas Gas Gas Gas

Number of DU's 160 123 168 332

Number of
...

Buildings 1 1 1 2. ,

DU's/Building 160 123 168 165

Total Area of
Project (sf) 129,550 85,000 132,822 210,642

Area/DU (sf) 810 691 791 634

Public Space
Area (sf) 6,605 6,630 5,763 7,353

Public Space
Area/DU (sf) 41.3 53.9 34.3 22.1,

...
Year Built...... 1971 1970 1970 1971

Construction Type Concrete Concrete Concrete Concrete

Window Area (sf) 8,895 4,703 11,174 23,400

Window Area/DU (sf) 55.6 38.2 66.5 70.5
'r, ' .•

..
Roof Area/DU (sf) 66.0 74.8 78.9 34.9

., Roof "u" Value .20 .13 .09 • 05

- . Wall Area/DU (sf) 225.9 243.0 205.8 244.4

. . .
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Table 4.2.8 (continued)

Averages for Building/Mechanical/Fuel Types by Climate Region

2 Proj. 6 Proj. 5 Proj. 2 Proj.

Wall nun Value .28 .23 .19 .08

Number of Stories 13 9 11 17

Elderly/Family/
Both E,E/F E E E

Site Energy Use
(MMBTU/DU/yr) 97. 95. 105. 110.

Source Energy Use
(MMBTU/DU/yr) 144. 135. 149. 148.

Energy Cost
($/DU/yr) 364 488 478 405

Electrical Rate
($/kw) .030 .043 .051 .034

Gas Rate ($/therm) .158 .254 .224 .170

Oil Rate ($/gal) .457

Efficiency Rating .649 .576 .616 .588
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Table 4.3.1

Averages for Building/Mechanical/Fuel Type

Number of Projects 1 Proj. 48 Proj. 9 Proj. 5 Proj. 9 Proj.

Discrete Level LSO LSG LSE LCO LCG

Building Type Low Rise Low Rise Low Rise Low Rise Low Rise

Mechanical System Space Space Space Central Central

Fuel Type Oil Gas Electric Oil Gas

Number of DU's 474 104 66 363 223

Number of
Buildings 78 33 24 32 26

DU's/Building 6.1 3.2 2.8 11.3 8.6

Total Area of
Project (sf) 780,000 87,200 50,374 215,561 163,808

Area/DU (sf) 1,650 838 763 594 735

Publi c Space
Area (sf) 1,200 1,489 2,596 5,026 2,154

Public Space
Area/DU (sf) 2.53 14.3 288.4 13.8 9.7

Year Built 1974 1949 1970 1949 1954

Construction Type Wd. Fr. Wd. Fr. Wd. Fr. Wd. Fr. Wd. Fr.
Masonry

Window Area (sf) 37,400 9,932 7,790 36,622 14,202

Window Area/DU (sf) 79.1 95.5 118.0 100.9 63.7

Roof Area/DU (sf) 548.5 630 688.6 225.7 290.8

Wall Area/DU (sf) 1067.5 530.0 536.5 338.2 571. 7

Roof "u" Value .07 .13 .09 .16 .17

Volume 4 Energy
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Table 4.3.1 (continued)

Averages for Building/Mechanical/Fuel Type

Number of Projects 1 Proj. 48 Proj. 9 Proj. 5 Proj. 9 Proj.

Wall "un Value .17 .28 .18 .24 .21
.:.:

~" .~ .
Number of Stories 3 2 1 2 2

-,
,

., Elderly/Family/.. '.

.. Both F F/EF E/F F F

Site Energy Use
(MMBTU/DU/yr) 160 152 116 178 207

Source Energy Use
(MMBTU/DU/yr) 212 195 395 225 244

......
. , .. Energy Cost

'. ($/DU/yr) 781 632 1,298 319 802,.
- .

Electrical Rate
.' .

($/kw) .027 .042 .033 .044 .037

Gas Rate ($/therm) .302 .224 .324 .251

Oil Rate ($/gal) .409 .429

Efficiency Rating .660 .663 .648 .583 .605

."' .
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Table 4.3.1 (continued)

Averages for Building/Mechanical/Fuel Type

Number of Projects 2 Proj. 6 Proj. 15 Proj.

Discrete Level HSE HCO HCG

Building Type High Rise High Rise High Rise

Mechanical System Space Central Central

Fuel Type Electric oil Gas

Number of l:>U's 95 281 171

Number of
Buildings 1 2.2 1.3

DU's/Building 95 129.7 135

Total Area of
Project (sf) 66,071 215,633 123,633

Area/DU (sf) 695 767 723

Public Space
Area (sf) 9,416 2,407 6,434

Public Space
Area/DU (sf) 99 8.6 37.6

Year Built 1969 1967 1970

Construction Type Concrete Masonry Concrete

Window Area (sf) 6,095 8,617 9,912

Window Area/DU (sf) 63.8 30.7 57.9

Roof Area/DU (sf) 167.9 64.6

Wall Area/DU (sf) 292.9 228.8

Roof "u" Value .15 .10
..
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Table 4.3.1 (continued)

Averages for Building/Mechanical/Fuel Type
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Introduction

Volume 4 Energy

The largest single factor contributing to the operating
costs of PRA's is energy. Energy costs totaled over
$740 million dollars for 1980 of $670 per dwelling
unit. According to the conclusions reached in "An
Evaluation of the physical Condition of Public Housing
Stock" energy conservation can be expected to sub
stantially reduce this amount, by up to 48% if a
successful full scale program is completed.

Solar energy retrofit has the potential to further
reduce this energy use beyond what is cost-effectively
possible with energy conservation alone.

This study was prepared to develop an estimate of
energy and dollar savings, along with the associated
capital costs, that would be accrued through cost
effective levels of solar retrofit in Public Housing.
These estimates were developed by building type on a
state by state basis for the three major energy use
categories, heating, domestic hot water and lighting.
A representive solar energy retrofit system was
developed for each energy use catagory and used to
approximate

1. Total energy savings
2. Total dollar savings
3. Total capital costs
4. Payback

These results were then extrapolated to the total
dwelling units in each state and nationwide. Totals by
state and nation were developed for all solar retrofits
for two payback categories; less than 15 years and less
than 30 years.

The quantative results of this study are limited to an
analysis of three representative solar retrofit systems
which represent the most significant economic appli
cations. Other solar retrofit applications are
discussed but savings and costs of these are not
quantified.

It should be realized that even slight changes in the
dozens of major assumptions used to estimate solar
potential could alter the results significantly. All
assumptions outlined in this study and are based on
surveyed data and the professional experience of the
contractor. Where simplification or professional judge
ment was required every attempt was made to give a
conservative estimate of savings while fairly repre
sentating its potential.
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Although different assumptions for any major variable 
could significantly alter the results, a sensitivity 
study to determine the effect of the three alternative 
assumptions was beyond the scope of this study. 

It can be expected that a more thorough analysis of 
individual projects would optimize system performance 
thereby bringing many of the marginally non-cost
effective retrofits within economic criteria of less 
than fifteen or thirty year payback. 
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5.1
Summary of Results

Volume 4 Energy

Public housing, as in most housing, is already part
ially heated by solar energy which enters through
windows (and to a lesser extent through walls) and
contributes to the heating of the space. The magnitude
of this contribution varies and on average accounts for
5-15% of the annual heating load. The energy conserva
tion analysis in this report took this solar contribu
tion into consideration by assuming that no mechanical
heating is needed until the outside temperature drops
below 65Op. The heat from occupants, applicances and
the sun warms the house until this point.

Increasing this solar contribution through solar energy
retrofit involves many alternative techniques varying
from adding south facing windows to the use of
photovoltaics. Solar has the technical ability to
provide. 100% of the energy needs for public housing.
Although this is possible, it is not cost-effective.
What is cost-effective is to selectively use solar
technologies in appropriate applications. Table 5.1
summarizes the results of the solar feasibility study
performed as part of this study.
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Table 5.1

Sununary of Solar Retrofit Feasibility Study

All Systems All Systems
with 15 Yr With 30 Yr

Application Payback Payback

Domestic Hot Water (17.6)

No. of D.O. app1ic. 51,714 5% 185,907 17%
Energy Savings - MMBTU(l) 642,125 (1) 2,646,008
Cost Savings - $/yr 9,884,326 1.33% 23,345,493 3.15%
Capital Cost - $ 121,126,000 449,121,000
Combined Payback 12.3 19.2

Combined Heating (52)
and Domestic Hot Water ..,

o.

No of D.O. applic. 0(2) 0 34,421 3.1% .. ,~. . ..

Energy Savings - MMBTU(l) 0(2) 926,370 ..

Cost Savings - $/yr 0(2)
. ....

0 14,473,636 2.0%
Capital Cost - $ 0 326,042,398
Combined Payback 0 22.5

Lighting (2)

No of projects applic. 90% 100%
Energy Savings - MMBTU(l) 52,703(1) 16,354,243
Cost Savings - $/yr 893,512 .1% 924,096 .1%
Capital Cost - $ 9,790,327 10,347,617
Combined Payback 11.0 11.2

Electricity -
(App1icance and Lighting) (24)

Energy Savings

Cooling (2.1)
Energy Savings

Total 3,4

o 0
(photovo1taics expected to become cost-effective
around 1985)

o 0
(solar cooling retrofiting not cost-effective at
this time)

Energy Savings MMBTU(l)
Cost Savings - $/yr
Capital Cost
Combined Payback

Volume 4 Energy

642,124
9,884,326

121,125,000
12.1

1.4%
3,140,542

31,013,104
688,921,000

22.2

3%
4.2%
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Table 5.1 (continued)

Summary of Solar Retrofit Feasibility Study

Notes

(1) Energy savings are presented as site energy use per year. Source energy
savings would be on the order of 3 times greater because the majority of
solar savings is for electricity.

(2) Although no 'active' solar heating system retrofits were found to pay
back in less than 15 years it is expected that 'passive' solar heating
retrofits have a large potential to save heating energy but because of
many unquantified factors effecting 'passive' retrofit no results could
be presented in this limited study. It is recommended that passive
solar be studied in greater detail in representative projects and pur
sued in all energy conservation audit programs.

.......
"' "

. ......

,., .. ,
. ' ..

. ',.'

(3)

(4)

These totals take into account duplicating systems between the domestic
hot water analysis and the combined heating and domestic hot water
analysis.

Totals do not include daylighting results because they are included in
the energy conservation opportunities section of the study as ECO-SL2.

Numbers in parentheses ( ) indicate the percent of total energy dollars
that the application accounts for •
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The physical and economic feasibility of solar retrofit 
is dependent on a large number of variables that affect 
system performance (savings), installed cost, main
tenance costs and user compatibility. The major 
variables include: 

climate 
building type 
physical condition of the building and systems 
system type 
building orientation . -. 

roof type and area 
shading conditions 
fuel type 
fuel cost 
user characteristics 
maintenance system. 

In order to provide a preliminary study on solar's 
potential savings and costs and since it was not 
possible within this study to analyze all 27,000 pro
jects individually, significant prototypes were dev
eloped and analyzed in each state to attempt to in
corporate the major variables of physical and system 
characteristics, climate and fuel costs. Each of these 
was analyzed at a level of detail that was practically 
feasible and where necessary, simplified assumptions 
were made. 

The state level was chosen to represent the major vari 
ables effecting solar energy performance and cost. 

Climate - a representative city in each state is .. 
used to model solar and climate data for that state. 

Fuel price - DOE fuel price data are available on a

state basis for 1977 which is then escalated to ':' .


1980 costs using DOE projections by region.


Construction Cost - Estimates of system costs for 
.':': .


each solar retrofit system based on published nat

ional averages are modified using a construction

multiplier for every state to reflect local cost

differences.


:. .~ . 

Extrapolation to Public Housing Totals was based on .-.


state estimates of public housing broken down by

building type. . .' " ;; .. ~ ., '. "::'


... ' 
. ... . ",;, . 

", :.:: .. ~:"-'" ". :..:~. -. 
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Characteristics of prototypes were used in the 
state-by-state analysis by assuming the major clim
atic zone of each state as the best approximation. 
Prototype characteristics of that climate zone are 
then used for that state. 

Three typical solar retrofit systems were chosen for 
each major application - heating, domestic hot water, 
lighting - and analyzed for energy savings by state. 
Active solar systems for domestic hot water and c0m

bination heating/domestic hot water systems were 
modeled using the P-chart comPUter program developed at 
the University of Wisconsin. Daylighting estimates 
were modeled based on an in-house computer program 
Daylight II. Energy savings, cost savings, capital 
cost and payback are estimated for each building type 
in each state. 

In recognition of limited funds for energy conservation 
and solar retrofit applications, a method of ranking 
opportunities according to cost/benefit (simple pay
back) analysis is used. This simple payback method is 
based on existing HOD regulation requiring energy con
servation measures to be implemented in order of 
least-to-greatest payback. 

Utilizing this method, as described in the HOD rule 
dated May 7, 1980, two levels of payback are es
tablished. 

The first, all systems with paybacks of less than 15 
years and the second is for all systems with less than 
30 year payback. All results are shown for these 
'minimum' and 'maximum' investment categories. 

The largest single factor influencing the economics of 
solar retrofit systems is existing fuel costs. Por 
this reason most cost-effective solar retrofits were in 
electric projects where electricity prices are high. 
Puel prices range over 7 to 1 when compared on a per 
BTU basis. Highest prices for electricity and fossil 
fuels were found in the industrial northeast and north 
central states. It is here that most of the solar 
retrofits with less than 15 and 30 year payback periods 
were found, outweighing the Sunbelt states even though 
their climate is better suited for solar. It can be 
said in general that all states with electrically 
heated domestic hot water systems (except for Was
hington) can be retrofitted with solar, having a 
payback of less than 30 years, and most states that 
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have electrically heated dwelling units can be ret
rofitted w~th -active- solar combined space heating and 
domestic hot water systems with less than 30 year 
payback. In addition, only a handful of states with 
relatively high fossel fuel costs (above $7 per million 
BTUs) were found to be cost-effective for domestic hot 
water. 

Although it is difficult 'to generalize because of dif
ferences in climate and project's specific characteris
tics, solar is competitive for domestic hot water sys
tems when fuel costs are above $7/million BTUs while 
for combined heating and domestic hot water systems it 
is competitive only when fuel prices are above 
$13/million BTU. Other types of solar retrofit, such 
as -passive- solar heating can be expected to show much 
better cost benefit results after more detailed ana
lysis is made of this application than was possible in 
this study. 

Domestic hot water accounts for about 18 percent of the 
energy costs in public housing. It is here that solar 
energy retrofit systems have their largest immediate 
potential. Domestic solar hot water systems have been 
in existence for over SO years in the United States. 
Examples of these long-lived systems, in operation 
since the 1930's, can be found in Georgia's public 
housing. 

Systems that were found to pay back in less than 15 
years were always the electrically heated units. Most 
low-rise electric domestic hot water systems, 5 percent 
of public housing, were found to pay back in less than 
15 years. (High-rise electric systems are not feasible 
because of the extensive plumbing retrofit required.) 
All-electric systems and some gas and oil systems were 
found to pay back in less than 30 years, about 17 
percent of the dwelling units. 

Space heating is the largest user of energy in public 
housing, accounting for 52 percent of the total. 
Typical combination space heating and domestic hot 
water retrofit systems were found to be only marginally 
cost-effective when replacing electric heating systems 
and do not compete with oil and gas. A more promising 
solar heating retrofit strategy would be to install 
simple -passive- solar systems (systems integral to the 
building design requiring no mechanical systems) where 
it is compatible with existing structures and tenant 
needs. Since passive solar retrofit analysis requires 

.' ;. 
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a much more detailed study of project-specific char
acteristics, no quantitative results were estimated. 
Published results of other residential ftpassive ft solar 
retrofit applications show that with sensitive design 
these strategies can be very cost-effective. 

It is recommended that ftpassiveft solar retrofit ap
plications be analyzed by individual project during any 
comprehensive conservation auditing program. In ad
dition to this, it is recommended that a representative 
sample of projects be analyzed and retrofitted for 
passive solar based on economic optimization. 

A pilot program to accomplish this can be expected to 
cost $1 million and would assess possible tenant con
flicts and cost/benefits. 

Lighting is a large user of energy in public housing 
and accounts for 8 percent of the total. Solar energy 
lighting retrofit was analyzed in office/public spaces 
where lighting levels are high and constant during the 
daytime hours. ftDaylighting ft , as it is called, sup
plements the electric lighting systems by sensing solar 
energy entering the space through the windows. 

When solar light is sufficient electric lights are 
automatically dimmed. This ftdaylighting ft technique 
always maintains desired lighting levels while taking 
advantage of the sunlight existing in the room. 

Daylighting is almost always cost-effective in offices 
and public spaces and would require a pro rated in
vestment of $10 per dwelling unit to install and would 
save about 10% of the office/public space lighting 
energy. 

Electricity for appliances and lights accounts for only 
11% of the enrgy use in public housing but over 30% of 
the dollars spent on energy. Alternative energy systems 
such as photovoltaics are being developed to use solar 
energy to create electricity. 

Photovoltaics is the direct conversion of sunlight into 
electricity. This is typically done with a silicon 
cell having an efficiency today of from 12-16 pecent. 
These solar cells are mounted on panels and angled 
toward the sun. Storage of the electricity they gen
erate can be either in batteries or manufacturing of 
hydrogen to be used in fuel cells. Photovoltaics is a 
proven technology having been used to power satellites 
and remote weather stations for over twenty years. 
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There is an extensive research and development effort 
underway by government and private industry to bring 
down the cost of photovo1taic systems. Substantial 
progress has been made to date and a goal of $1-2/peak 
watt installed price is set for 1983-84. This cost 
level is considered the point where photovo1taics can 
begin to compete with existing electric costs. A large 
residential market is seen for photovo1taics after 1984. 

The government has been very supportive of photovo1taic 
technology development and has enacted legislation to 
encourage its development through direct government 
purchases. Public housing is a potential market for 
photovo1taics and should be considered in any gov
ernment purchasing program to demonstrate the tech
nology. 

Cooling is not a large energy user in public housing. 
It represents less than 3 percent of the total energy 
use. This small cooling energy use is the major dif
ference in the energy profile between public and 
private housing. It is attributable to its classi
fication as a luxury. This is changing as new housing 
is built and many new high-rise elderly projects 
incorporate central cooling. 

This small use and the high cost of solar cooling tech
nology is why solar cooling is not considered in this 
report. It is felt that a minimum of a 30 year payback 
would never be obtained. 

-.. : .:. 

.:.' ~. '. -~~- :. \. . . 
~'. .':' " . 

. ".; ".;" 

~ :" . 

, ..... 

":-.'" ,." 

'" ... I 

.' " 

....~. ' 

..." ...~.. 
.~ - .. ' . 

"'- . 

Volume 4 Energy 248 



, .'

.. . .

..' .

5.2
Approach

Volume 4 Energy

The physical and economic feasibility of solar retrofit
is dependent on a large number of variables that effect
system performance (savings), installed cost, main
tenance costs and user compatibility. The major
variables include:

climate
building type
physical condition of the building and systems
system type
building type
roof type and area
shading conditions
fuel type
fuel, cost
user characteristics
maintenance system

Within these major categories are additional variables
that add up to make every project unique.

The existing energy profile of public housing is im
portant to understand when analyzing the potential
contribution of solar energy retrofit. It illustrates
the diversity and scope of the problem.

Existing energy use in public housing varies con
siderably between building types, climatic regions,
user characteristics, physical condition and level of
energy conservation measures that exist in the build
ings. This not only creates yearly energy use that
ranges over 10 to 1 between individual dwelling units
but also produces a unique profile of energy end use as
shown in Table 5.2. We can see that total energy use
varies greatly and that heating is the primary cause of
this difference. In general, heating is the largest
use of energy and r~presents an average of 52 perent of
the total; domestic hot water is usually the next
largest user followed by lighting and appliances.
Cooling is not a large energy user in public housing at
this time. This profile changes slightly when costs
are scrutnized since electricity costs more than gas or
oil per unit of lighting and cooling and represents a
larger percentage of total energy costs.
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Table 5.2

Example of Energy Use in an Average Low Rise Gas Heated Dwelling Unit in Five
Climate Zones

Total
Energy

Climate Use Heating DHW Lighting Cooling
Zone MMBTU/YR!J:>U , , , ,
1 98 46 34 4 1.5

2 149 61 24 2.2 2.3

3 218 76 15 1.4 1.3

4 448 88 8 .8 .2

5 2193 75 17 1.8 0

Notes

1. Climate zone 1 is the hottest and 5 the coldest.

2. Low rise-gas heated building types represent about 50' of the public
housing stock.

3. Reduced energy use in climate zone 5 is due to better insulation
characteristics of housing in this region.

4. Appliances account for the majority of the remaining energy use.

.' .. '.'
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Solar retrofit in public housing depends on unique building 
specific characteritics which make any attempt to generalize 
about solar possibilities subject to many variables. Ultimately, 
solar energy feasibility reports must be made specific to the 
individual building site. In any event solar retrofit must be 
viewed as integral to energy conservation efforts since energy 
conservation is considered. 

In order to provide a preliminary study on solar potential 
savings and costs this report uses building prototypes based on 
average building data collected in the field. Simplifications 
were made in order to provide perspective within the scope of 
this limited study. In general, since it is not possible to 
.ana1ysis all 27,000 projects individually, significant prototypes 
were developed and ana1ysized in each state to attempt to 
incorporate the major variables of physical and system 
characteristics, climate, and fuel cost. Each of these were 
analyzed at a level of detail that was practically feasible. 

The state level is chosen to represent the major variables 
affecting solar energy performance and cost. 

Climate - a representative city in each state is 
used to model solar and climatic data for that 
state. 

Fuel price - DOE data is available on a state 
basis for 1977 which is then escalated to 1980 
costs using DOE projections. 

Construction cost - estimates of system costs 
for each solar retrofit system based on 
published national averages are modified using a 
construction multiplier for every state. 

Extrapolation to public housing totals - were 
based on state estimates of public housing 
broken down by building type. 

The following tables give the values of the above variables by 
state: 

Volume 4 Energy 251 



Table 5.3

Climatic Data

Heating
Reference Radiation Degree Climatic

State City Latitude BTU!SF/DAY Days Zone

Alabama Birmingham 33.6 1,549 2,844 2

Alaska Fairbanks 64.8 826 14,344 5

Arizona Phoenix 33.4 1,917 1,552 1

Arkansas Little Rock 34.7 1,419 3,354 2

California Los Angeles 34.0 1,770 1,800 1

Colorado Denver 39.8 1,622 6,016 4

Connecticut Hartford 41.9 1,290 6,350 4

Delaware Wilmington 39.7 1,290 4,940 3

D.C. Washington 38.9 1,290 5,010 3

Florida Tampa 28.0 1,696 718 1

Georgia Macon 32.7 1,549 2,240 2

Hawaii Honolulu 21.3 1,880 0 1

Idaho TWin Falls 40.6 1,327 5,883 3

Illinois Chicago 41. 7 1,327 6,098 4

Indiana Indianopolis 39.7 1,254 5,511 3

Iowa Ames 42.0 1,254 6,710 4

Kansas Topeka 39.1 1,475 5,243 3

Kentucky Louisville 38.2 1,401 4,645 3

Louisiana Shreveport 32.4 1,475 2,167 2

Maine Portland 45.6 1,198 7,498 4
..
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Table 5.3 (continued)

Climatic Data

Heating
Reference Radiation Degree Climatic

State City Latitude BTU/SF/DAY Days Zone

Maryland Baltimore 39.2 1,327 4,729 3

Massachusetts Boston 42.4 1,180 5,621 3

Michigan Lansing 42.8 1,180 6,904 4

Minnesota St. Cloud 45.6 1,254 8,868 5

Mississippi Jackson 32.3 1,549 2,300 2

Missouri Columbia 39.0 1,401 5,083 3

Montana Great Falls 47.5 1,327 7,652 4

Nebraska Lincoln 40.9 1,383 6,218 4

Nevada Ely 39.3 1,733 7,814 4

New Hampshire Concord 43.2 1,106 7,360 4

New Jersey Trenton 40.2 1,254 4,952 3

New Mexico A1berquerque 35.2 4,292 3

New York New York 41.0 4,848 3

No. Carolina Raleigh 35.8 1,475 3,514 2

No. Dakota Bismark 46.8 1,327 9,044 5

Ohio Columbus 40.0 1,254 5,702 3

Oklahoma Oklahoma City 35.4 1,584 3,695 2

Oregon Medford 42.4 1,401 4,930 3

Pennsylvania Philadelphia 39.9 1,180 4,865 3
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Table 5.3 (continued)

Climatic Data

Heating
Reference Radiation Degree Climatic

State City Latitude BTU/SF/DAY Days Zone

Rhode Island Providence 41.7 1,254 5,972 3

So. Carolina Charleston 32.9 1,512 2,154 2

So. Dakota Sioux Falls 43.6 1,401 4,838 4

Tennessee Oak Ridge 36.0 1,364 3,949 2 ..- ~

Texas San Antonio 29.5 1,622 1,590 1

Utah Salt Lake City 41.0 5,983 3

Vermont Burlington 44.5 1,106 7,876 4

Virginia Richmond 37.8 1,364 3,959 2

Washington Seattle 47.5 1,180 4,727 3

West Virginia Charleston 38.4 1,327 4,590 3

Wisconsin Madison 43.1 1,180 7,730 4

Wyoming Lander 42.8 1,622 7,869 4
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Table 5.4

Fuel Price Data = ($/Mi11ion BTU)

State Electric Gas Oil

Alabama 12.80 3.43 6.26

Alaska 14.73 2.77 6.31

Arizona 17.78 4.68 6.18

Arkansas 14.94 3.42 5.85

California 15.71 3.38 6.48

Colorado 13.36 2.81 6.20

Connecticut 17.91 7.69 6.41

Delaware 20.47 5.50 6.21

D.C. 16.81 5.38 6.53

Florida 14.84 5.23 6.39

Georgia 13.22 2.91 6.43

Hawaii 20.75 0 6.48

Idaho 7.51 4.61 6.25

Illinois 16.22 3.87 6.26

Indiana 13.49 3.55 6.26

Iowa 15.84 3.35 6.18

Kansas 14.77 2.97 6.18

Kentucky 11.15 2.65 6.31

Louisiana 11.30 3.40 5.70

Maine 15.19 6.41 6.93
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Table 5.4 (continued)

Fuel Price Data = (S/Million BTU)

State Electric Gas Oil

.' .
Maryland 16.81 5.38 6.57 ..

Massachusetts 20.54 7.00 6.91

Michig1"n 16.60 3.89 6.26

Minnes' :.a 14.57 3.75 6.15 .. ~.

Mississippi 13.35 3.12 6.31 ..

Missouri 14.83 3.80 6.20

Montana 9.24 3.15 6.01

Nebraska 12.87 3.12 6.18

Nevada 12.79 4.99 6.13

New Hampshire 18.76 6.41 6.59

New Jersey 23.10 5.99 6.59

New Mexico 15.72 3.65 6.32

New York 23.19 5.74 6.55

No. Carolina 13.73 4.16 6.43

Dakota 12.99
;

No. 3.65 6.10

Ohio 15.79 3.87 6.26

Oklahoma 13'.31 3.08 5.06

Oregon 8.31 5.51 6.31

Pennsylvania 17.63 4.25 6.67

Rhode Island 21.03 7.49 6.97

..
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Table 5.4 (continued)

Fuel Price Data • ($/Mi11ion BTU)

':' 1~.. ~ .:. -.- ..~, .

'\

.....
,',

--; .,:. ~~.".. .-

...
':,-:,

,.:.. ~ '. -.;

-",

,.... :. '':;<' .

State

So. Carolina

So. Dakota

Tennessee

Texas

Utah

Vermont

Virginia

Washington

West Virginia

Wisconsin

Wyoming

Electric

14.02

12.65

9.03

13.95

13.48

15.94

15.98

5.22

13.75

4.54

9.94

Gas

4.25

3.17

3.11

4.13

2.85

6.41

5.12

5.05

4.32

4.38

2.76

Oil

6.50

6.16

6.29

5.79

6.25

6.78

6.44

6.59

6.40

6.26

6.20

. :... :-
: > .'

. "':-~' :. .-: .
. - ..~ .

• ' '::., ., ...... 1

.;.....

,.'\

. .' " .~ ~. ~

Note: Fuel cost data developed from DOE information •
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Table 5.5

Building Type Data - Number of D.U./Building Type/State

State LSO LSG LSE LCO LCG HSE HCO HCG Misc.

" :.~ : ~:: .:

Alabama 36,269 2,227 413

Alaska 1,526

Arizona 7,765 145
.. ,

Arkansas 8,605 4,190

California 61,030 3,747 2,222

Colorado 4,780 440 2,265
" '

Connecticut 1,050 350 1,216 540 2,300 12,601 420 ...

Delaware

D.C. 5,015 205 6,685

Florida 5,821 10,000 17,177 4,416 3,648

Georgia 1,010 42,805 15 3,190 2,076

Hawaii

Idaho 974

Illinois 17,905 8,520 4,935 2,340 16,923 17,840 2,720

Indiana 1,264 462 471 6,946

Iowa 1,160 1,500 1,105

Kansas 2,345 485 2,975 1,215 560

Kentucky 170 11,716 1,370 55 4,670 365 2,255

Louisiana 24,805 246 4,575

Maine 885 1,205 1,187 437
,

.. '

, ,
"

....
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Table 5.5 (continued)

Building Type Data - Number of D.O./Bui1ding Type/State

State LSO LSG LSE LCO LCG HSE HCO RCG Misc.

Rhode Island 2,100 4,500 900 2,000 1,500

So. Carolina 5,958 3,364 210 2,464

So. Dakota 2,533 866 1,153 666 -,'

Tennessee 21,954 10,760 2,889 : " .

Texas 2,014 43,288 583 2,747 715 4,656
.':.

Utah 227 1,136
.; .

Vermont 850 904 181 178 ' ,

Virginia 7,525 3,125 243 6,663 780 1,880

Washington 4,261 1,365 5,362 1,454 552 2,130 890 587

West Virginia 2,984 1,613 1,070

Wisconsin 628 685 9,838 550

Wyoming 695

Virgin Islands (4,564 Total) -"

Note: Dwelling unit totals based on sampling of total public housing type.

, ,
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Since the survey sample was limited, an analysis of 
building characteristics on a state by state basis was 
not possible. Therefore a more general approach was 
used, utilizing the actual project data available to 
create prototypes representing significant differences 
of the public housing studies. From data obtained in a 
survey of 95 representative projects prototypes were 
developed for the following three building types: 

0 single/twin 
0 row house/multi-family low-rise 
0 high rise 

and the following five climatic zone catagories: 

0 zone 1 - 0-2,000 heating degree days 
0 zone 2 2,000-4,000 heating degree days 
0 zone 3 - 4,000-6,000 heating degree days 
0 zone 4 6,000-8,000 heating degree days 
0 zone 5 - 8,000 + heating degree days 

The prototypes developed are summarized in Table 5.6. 
It can be seen that no single/twin building type in our 
survey were found in climatic zone five and no high 
rise building types were found in climatic zone one. 
Although these building types do exist in these clim
ates they represent a very small percent of the total 
and were therefore not considered in the study. 

Characteristics of these prototypes were used in the 
state-by-state analysis by assuming the major climatic 
zone of each state as the best approximation. For 
example, Kentucky falls mainly in climatic zone 3, with 
4,000-6,000 heating degree days. For the analysis of 
low rise, space gas dwelling units which are primarily 
single/twin building types the "climate zone 3, single/ 
twin" prototype was used to estimate solar potential. 

In addition, all prototypes were assumed to have major 
energy conservtion retrofit prior to solar retrofit. 
This is illustrated in Table 5.6 by the "actual" data 
as surveyed versus the "assumed" data after energy 
conservation retrofit. This-refinement will better 
estimate real solar cost benefits since energy con
servation retrofit should be accomplished first. 
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Table 5.6

Building Type: Single/Twin

1 2 3 4 5

Dwelling unit area - sf 918 809 904 1141 NA ...

Roof area - sf/DU 881 848 850 1141
Roof 'u' value actual .1 .12 .06 .06
Roof 'u' value - assumed .08 .05 .05 .05

Wall area - sf/DU 541 564 631 1002
Wall 'u' value actual .32 .20 .15 .11
Wall 'u' value - assumed .10 .07 .07 .07

Window area - sf/DU 117 105 84 158
Window 'U' value - actual 1.1 1.1 1.1 1.1
Window 'u' value - assumed 1.1 1.1 .6 .6 -:.

Volume - cubic feet/DU 7344 6472 7232 9128
Infiltration rate actual 1.5 1.5 1.5 1.5
Infiltration rate - assumed .75 .75 .75 .75

Envelope VA 253 198 137 222
Infil tration VA 99.1 87 98 123
Total VA (plus 10% for slab loss) 387 314 259 380

Hot water usage - actual 100 100 100 100
Hot water usage assumed 75 75 75 75

System efficiency actual .660 .676 .647 .670 ...

System efficiency assumed .693 •710 .679 .704

Public space/DU 28 13 14 0
..

Assumed heating collector area - sf varies with state
Assumed DHW collector area - sf 50 50 50 50

Note: Building type data based on averages of 95 randomly selected projects.
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Table 5.6 (continued)

Building Type: Row House/Low-Rise Multi-Family

' .

1 2 3 4 5
..

Dwelling unit area - sf 830 749 766 737 910
. ,.'

Roof area - sf/DU 412 459 311 302 456
Roof lUI value - actual .12 .14 .12 .07 .10
Roof 'u' value - assumed .08 .05 .05 .05 .03

Wall area - sf/DU 475 448 556 439 635
Wall 'u' value - actual .24 .27 .16 .17 .25
Wall lUI value - assumed .10 .07 .07 .07 .07

Window area - sfjJ)U 68 93 80 120 120
Window lUI value - actual 1.1 1.1 1.1 1.1 1.1

'. Window lUI value - assumed 1.1 1.1 .6 .6 .6. , ....

Volume - cubic feet/DU 6640 5992 6128 5896 7280
. , Infiltration rate actual 1.5 1.5 1.5 1.5 1.5

Infiltration rate - assumed .75 .75 .75 .75 .75

Envelope VA 155 157 102 118 130
Infi! tration VA 90 81 83 80 98
Total VA (plus 10% for slab loss) 270 262 204 218 250

'.

actual 100 100 100 100 100Hot water usage -
Hot water usage - assumed 75 75 75 75 75

c

System efficiency actual .636 .647 .617 .595 .682
System efficiency - assumed .668 .679 .648 .625 .716

Public space/DU 12.3 15 13 6 17

Assumed heating collector area - sf varies with state
Assumed DHW collector area - sf 50 50 50 SO 50

- ~ . . .
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Table 5.6 (continued)

Building Type: High Rise

1 2 3 4 5

. ., ..

Dwelling unit area - sf NA 809 809 665 634 .,

Roof area - sf/DU 66 67 79 35
Roof ' U' value - actual .28 .12 .10 .06
Roof 'u' value - assumed .05 .05 .05 .03

' ..

Wall area - sf/DU 226 307 199 244
Wall 'u' value actual .30 .20 .18 .11
Wall 'u' value - assumed .07 .07 .07 .07

Window area - sf/DO 56 36 54 71
Window ' U' value - actual 1.1 1.1 1.1 1.1 .. :. ,-

Window 'u' value - assumed 1.1 .6 .6 .6

Volume - cubic feet/DU 6472 6472 5320 5072
Infiltration rate - actual 1.5 1.5 1.5 1.5
Infiltration rate - assumed .75 .75 .75 .75

Envelope VA 81 47 51 61
Infil tration VA 87 87 72 68
Total VA (plus 10% for slab loss) 184 147 135 142

Hot water usage - actual 60 60 60 60
Hot water usage - assumed 45 45 45 45 .. . ..

System efficiency - actual .647 .576 .604 .587
..

System efficiency - assumed .679 .606 .634 .616

Public space/DU 41 30 28 22

Assumed heating collector area - sf varies with state
Assumed DHW collector area - sf 50 50 50 50

'. '.
, ,'. "
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Three typical solar retrofit systems were chosen for
each major application, heating, domestic hot water,
lighting and analyzed for energy savings by state.
Active solar systems for domestic hot water and com
bination heating/domestic hot water systems were
modeled using the F-chart computer program developed at
the University of Wisconsin. Day1ighting estimates
were modeled based on an in-house computer program:
Daylight II. Energy savings, cost savings, capital
cost and payback are estimated for each building type
in each state.

Two categories of payback are considered in this report
- less than 15 year simple payback and less than 30
year simple payback per BUD guidelines. All state
building types that have payback periods less than 15
years are extrapolated to the total number of dwelling
units they represent and to obtain total savings and
costs for solar retrofit. The same is done for the 30
year category.

Descriptions of the three typical
more detailed discussion of their
in the following three sections:
water, and lighting.

systems used and a
analysis can be found
heating, domestic hot

. . :
'.~~.. .

5.2.1
Economic Analysis
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In recognition of limited funds for energy conservation
and solar retrofit applications, a method of ranking
opportunities according to cost/benefit (simple pay
back) analysis is used. The "simple payback" method is
based on existing BUD regulations requiring energy
conservation measures to be implemented in order of
least to greatest payback. Although this method does
not take into account fuel escalating costs or the
discount rate of money it is adequate for prioritizing
energy conservation opportunities and establishing
cut-off criteria beyond which energy conservation op
portunities are not considered.

Utilizing this method, as described in the BUD rule
dated May 7, 1980, two levels of payback were es
tablished. The first is all energy conservation op
portunities exclusive of solar that requires a payback
of less than 15 years. The second is a regulation
allowing solar retrofit applications to have a payback
of less than thirty years. This favors solar energy
over other energy conservation opportunities because of
these added benefits: environmental cleanliness,
freedom from rising costs of conventional fuels and the
national interest in renewable energy sources.
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This study presents the results using criteria of less 
than fifteen year payback and less than thirty year 
payback in order to illustrate the minimum and maximum 
levels of investment desired to implement solar 
retrofit of public housing. According to BUD policy 
the maximum investment level, or thirty year payback 
level, is required by public housing. The minimum, or 
less than fifteen year payback, level results are 
presented to illustrate savings and costs of solar if 
analyzed as other energy conservation opportunities. 
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Heating
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Heating is the largest end use of energy in public
housing typically accounting for 40-70% of the total,
depending on the climate. There are many ways of using
the sun to satisfy heating demand in housing. These
are generally classified as either active or passive
systems.

Active systems are a mechanical equipment approach that
utilize component collectors, piping controls and pumps
to collect, store and distribute solar heat. These
systems are generally more suitable for retrofit ap
plications than passive systems because they are more
flexible with regard to existing structures and com
ponents •

Active solar heating systems are broadly classified by
liquid or air distribution mediums. Both have ad
vantages and disadvantaes depending on the appli
cation. Liquid systems have an advantage in public
housing because they are more compatible with existing
hot water systems and usually have a higher efficiency
requiring less roof area.

Passive solar systems involve utilizing the architec
tural elements of a building to capture, store and
distribute solar heat without mechanical equipment.
They have successfully employed to provide up to 70%
solar heating with a payback of less than 10 years in
new housing around the country. ~hese systems involve
orienting the building to the south and increasing
south glazing •

Direct gain systems use south facing windows to collect
heat in the dwelling unit. Exposed masonary floor and
walls on the interior store heat for night-time use and
prevent excessive overheating.

Trombe walls are south facing masonry walls glazed on
the exterior. The wall collects solar heat and
radiates it to the space on the interior. Sunspaces
are similar to south facing greenhouses (and can be
used as such). They collect solar heat as direct
gain. Heat can then be removed by fans to heat the
house. Sunspaces are built with their north walls (the
shared wall of house and sunspace) of masonry which in
turn acts as trombe wall radiating heat to the house
interior.

Although passive solar heating can be very cost
effective and suitable to public housing when
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5.3.1
System Description

Volume 4 Energy

incorporated into new public housing designs, their
retrofit application is difficult to assess on a large
scale. The following factors contribute to this
problem:

a. Passive solar systems involve the interrelationship
of architectural elements not easily or cost ef
fectively altered in existing buildings.

b. Increased glazing in public housing is dependent on
the social implications of:

need for privacy
need for security
vandalism
lifestyle

c. Passive systems often involve user participation
for simple daily or monthly operations which would
be acceptable in private sector housing but would
have to be individually assessed by project or
dwelling unit in public housing by someone familiar
with the project's tenents.

For these reasons active solar heating systems seem
more applicable on a wide scale retrofit basis and are
used for analysis in this study. It is, however, re
commended that passive retrofit be assessed on a pro
ject by project basis as part of a comprehensive energy
conservation program since in those projects where it
is applicable the cost effectiveness can be signifi
cantly better than active solar system.

An example is a typical liquid working fluid solar
heating system shown in Illustration 5.1. The system
is designed to provide space and domestic hot water
heating. A flat plate collector is used to transform
incident solar radiation into thermal energy. This
energy is stored in the form of heat and used as needed
to supply the space and water heating loads. In this
case, antifreeze solution is circulation through the
collector to avoid the problems of freezing and cor
rosion. A heat exchanger is used between the collector
and the tank as it is generally more economical than
using the antifreeze solution as the energy storage
medium. A second heat exchanger is used to transfer
energy from the main storage tank to
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the smaller domestic hot water tank. Conventional 
auxiliary heaters are provided to supply energy for 
both the space and water heating loads when the energy 
in the storage tank is depleted. Controllers, relief 
valves, pumps and piping make up the remaining equip
ment. All heat losses from the solar energy system are 
assumed to contribute to the building heating load. 

Table 5.7 is an example. of the state-by-state analysis 
method • 
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Illustration 5.1

Liquid System: Space Heating and Domestic Hot Water

Service
Hot
Water
Tank

Relief
Valve

I Auxiliary

Main
Storage
Tank

Hous<-·
Pre
Heat
Tank

Water
Suppl Y

Characteristics of system used in the study

Collector sf UA - LC ratio (from LASt recommendations for
50% solar)

System type Liquid flat plate collectors

Storage/collector rate 1.8 (15 BTU/sf collector) ..

Collector Glazing Double

Absorber surface Flat black

Collector til t Latitude plus 150

Cost/Sf collector $60/sf
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Table 5.7

Solar Heating and Hot Water System Assumptions: F-Chart version 3.0

" . ~'; .,,- . ' .'. , Code Variable Description Value Units Footnote

-":.,,:

....
'. ;. ~...

."
,I ,,'; .. ,'.

. ":- .
."'" .

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

AIR SH+WH=l,LIQ SH+WH=2, SIR OR LIQ WH ONLY=3
IF 1,WHAT IS (FLOW RATE/COL.AREA) (SPEC. HEAT) ?
IF 2,WHAT IS (EPSILON) (CMIN)/(UA)?
COLLECTOR AREA
FRPRlME-TAU-ALPHA PRODUCT (OORMAL INCIDENCE)
FRPRlME-UL PRODUCT
INCIDENCE ANGLE MODIFIER (ZERO IF OOT AVAIL.)
NUMBER OF TRANSPARENT COVERS
COLLECTOR SLOPE
AZIMUTH ANGLE (E.G. SOUTH=O, WEST=90)
STORAGE CAPACITY
EFFECTIVE BUILDING UA
CONSTANT DAILY BLDG HEAT GENERATION
IDT WATER USAGE
WATER SET TEMP. (TO VARY BY K>NTH, INPUT mx;)
WATER MAIN TEMP(TO VARY BY MONTH, INPUT NET)
CITY CALL NUMBER
THERMAL PRINT OUT BY MONTH:l, BY YEAR=2
ECONOMIC ANALYSIS? YES=l, NO-2

2.00
NA

2.00
sf

.70

.83 BTU/H-F-F2
0.00
2.00

DEGREES
o•00 DEGREES

15.00 BTU/F-FT2
__ BTU/F-DAY
o•00 BTU/DAY

GAL/DAY
120 F

51.80 F

2.00
2.00

(1)

( 2)

( 3)

(4)

(5)

-, " _....
, /, .:' '; ;~ ... '.~ , ;

;<::-~

.;. ":

" -," -:',

,. '.,~ ~, ..

"',: ~... "

.'
-.' ,: . "

;' ,
',-'

" ,- .'

(1)

(2)
(3)

(4)
(5)

Varies with building type and climate based on load/collector ratios
developed at Las Alomos Solar Laboratories. Fifty (50) percent solar
used as target for collector sizing. Values found in Table 5.8.
Latitude plus 15 degrees. Values found in Table 5.8.
Based on average field data for building type and climate zone. Values
used can be found in Table 5.8.
75 gals./day for low-rise and 45 gals./day for high-rise use.
Varies.
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Table 5.8

Heating and DHW System Solar Analysis Data

State General ISO LSG LSE LCO LCG BCO HCG
Code 9 15 17 4 12 14 4 12 4 12 14

Alabama 49 120 27 108 7536 75
Alaska N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Arizona N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A .."

" . .
Arkansas 50 123 151 7536 75 71 3528 45
California N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Colorado 55 62 203 9120 75 116 5232 72 3240 45
Connecticut 57 97 276 9120 75 159 5232 98 3240 45 ' ' .. "

Delaware 55 249 155 6216 75
D.C. 54 245 155 6216 75 122 4896 88 3528 45
Florida N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Georgia 47 131 108 7536 75
Hawaii N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Idaho 56 243 75 122 4896
Illinois 57 47 304 9120 75 174 5232 108 3240 45
Indiana 55 103 200 6216 75 114 3528 45
Iowa 57 7 276 9120 75 98 3240 45
Kansas 55 238 138 6216 75 109 4896 78 3528 45
Kentucky 53 126 178 6216 75 140 4896 100 3528 45
Louisana 47 220 94 7536 75 55 4416 45
Maine 61 182 304 9120 75 174 5232 108 3240 45
Maryland 55 20 155 6216 75 122 4898 88 3528 45
Massachusetts 57 31 183 6216 75 144 4896 104 3528 45
Michigan 58 116 338 9120 75 194 5232 120 3240 45 .'.".

Minnessota 60 204 351 9120 75 231 6000 131 3408 45
Mississippi 47 107 108 7536 75 90 6288 63 4416 45
Missouri 54 120 50 155 6216 75 122 4896 88 3528 45 ,
Montana 62 91 246 9120 75 141 5232 88 3240 45
Nebraska 56 122 246 9120 75 141 5232 88 3240 45

: .~ .,

Nevada 54 74 182 9120 75
New Hampshire 58 53 304 9120 75 175 5232 108 3240 45
New Jersey 55 240 178 6216 75 140 4896 101 3528 45
New Mexico 50 4 89 6216 75 70 4896 50 3528 45
New York 55 158 207 6216 75 163 4896 117 3528 45 --

No. Carolina 51 190 151 7536 75 88 4416 45 . '.~ ",

No. Dakota 52 28 304 9120 75 175 6000 108 3408 45
Ohio 55 52 207 6216 75 163 4896 117 3528 45 -- .

Oklahoma 50 165 137 7536 75 80 4416 45
57 137 155 6216 75 122 4896

,- '

Oregon
Pennsylvania 55 176 207 6216 75 163 4896 118 3528 45
Puerto Rico N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Rhode Island 57 186 178 6216 75 140 4896 101 3528 45
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Table 5.8 (continued)

Heating and DHW System Solar Analysis Data

State General LSO LSG LSE LeO LeG HCO HCG
Code 9 15 17 4 12 14 4 12 4 12 14

...:~ ,.
." So • Carolina 48 41 108 7536 75 90 6288..

.. . .... ~..
So. Dakota 59 223 304 9120 75 175 6000 108 3408 45· .....

,::.'.'-' Tennessee 51 164 167 7536 75
·

~ .,.
Texas N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A. " .:~

>.
..

Utah 56 207 203 9120 75 72 3240 45..

',,- Vermont 59 35 365 9120 75 209 5232 130 3240 45,", .
~~ ._ ...... _..... :l

Virginia 53 196 167 7536 75 140 6288 98 4416 45....
..

Washington 63 218 163 6216 75 129 4896 93 3528 45
West Virginia 53 42 178 6218 75 140 4896 101 3528 45
Wisconsin 58 132 338 9120 75 193 5232 120 3240 45
Wyoming 58 115 228 9120 75
Virgin Islands N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A....

.,..
:. ~ '.-

. -. ~ .. ; .'

·. . .• :
..

......

'.: ...

, . . :.

. >.:..; ..

. '.,
."("... .,-

" .~.:

..... ".'

. ; .~
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Table 5.9

Solar Retrofit Potential of Heating and Domestic Hot Water Systems

Combined
Level of
Investment

All dwelling
units with
less than 15
year payback

All dwelling
units with
less than 30
year payback

VollUne 4 Energy

Energy
Savings

MMBTU/DU

o

926,370

Dollar
Savings

S/YR

o

14,477 ,636

Capital
Cost

S

o

326,042,398

Payback
Years

o

22.5

274

.".:



Table 5.10

Summary by State of All Systems with Less than 30 Year Payback

Total Total Total
Energy Dollar Capital

.. Savings Savings Cost Simple
t of D.O. MMBTU/YR $/YR $ Payback

Alabama 2,226 45,410 580,986 13,342,644 22.9
.. Arizona'.,

. ' .. '
.. ' ......

Arkansas-.
.....,.

'" Alaska
.. : California,.

Colorado
h;'·.",( Connecticut

...... Delaware
D.C.

. , Florida
.. Georgia 15 307 4,050 89,715 22.2...., .. : ..

Idaho.. :",' ~..
,", .-,

,'" Illinois
.' .'

.'" Indiana (34.6). '. . ~ .' .. ,
..

..:;." Iowa 1,500 63,000 1,009,500 23,970,000 23.7.'..
:.,.:.: Kansas 485 12,610 184,785 3,887,275 '21.0.: ~

,
\ -: Kentucky (40.0)...

.' Louisana 246 4,747 53,628 1,272,312 23.7
" .. : . ~

Maine (30.7)
Maryland
Massachusetts 4,015 99,155 1,959,320 43,731,380 22.3

.. '. Michigan 245 10,045 166,355 4,854,430 29.1
Minnesota 725 42,775 621,325 14,520,300 23.4

,:'.
. :.... , Mississippi 2,140 44,420 592,780 12,437,680 20.9....

.' Missouri 1,310 32,488 482,080 12,061,170 25.0
" ....

.~ ...." -. Montana
.'

'," Nebraska 115 4,888 62,905 1,677,045 26.6.' .
. .'

... "'
: Nevada 1,378 69,313 886,054 16,868,098 19.0...... " .. '

New Jersey 585 16,965 388,440 6,391,710 16.5
.. ' New Hampshire 356 12,424 233,536 6,253,140 26.8

New Mexico
New York 1,446 35,716 827,112 18,714,132 22.6
No. Carolina 8,928 222,307 3,053,376 69,799,104 22.8

, No. Dakota 467 22,229 288,606 8,049,679 27.9
Ohio (33.5)
Oklahoma (52.9)

.. Oregon
Pennsylvania 850 22,440 396,100 10,557,000 26.6
Rhode Island 900 22,140 465,300 9,410,400 20.2
So. Carolina 3,364 67,616 948,648 18,942,684 19.9
So. Dakota (30.1)
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Table 5.10 (continued)

Swmnary by State of All Systems with Less than 30 Year Payback

Total Total Total
Energy Dollar Capital

Savings Savings Cost Simple
t of D.U. MMB'l'O/YR $/YR $ Payback

Tennessee (38.6)
Texas
Utah
Vermont (31. 9)
Virginia 3,125 79,375 1,268,750 29,212,500 23.0
w. Virginia
Wisconsin (31. 2)
Washington (100.7)
Wyoming
Puerto Rico
Virgin Islands

Total 34,421 926,370 14,473,636 326,042,398 22.5

:.. "' .. ".'

.-". ':
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Table 5.11

Heating Analysis by State: Virginia

" 0'.

Building Type
Total UA x 24
Collector Area
Hot Water Usage
Number o£ Dwelling Units
Fuel Cost - MMBTU/$

Per Dwelling Unit Per Year

Energy Use - ~TU
Energy Cost - $
Percent Solar %
Energy Savings - MMBTU
Cost Savings - $
Base Cost - $60/s£
Construction Mult.
Total Cost - $
payback Years

Total Per Building Type

LSO LSG
7,536

67
75

7,525

LSE

3,125
15.98

45

50
799

.508
25.4

406
10,020

.993
9,348

23.0

LCO

843
6.44

LCG
6,288

140
75

6,663
5.12

HCO

800
6.44

HCG
4,416

98
45

780
5.12

Energy Use - MMBTU
Energy Savings - MMBTU
Cost Savings - $
Capital Cost - $
Payback Years

Total Per State

Energy Savings MMBTU
Cost Savings - $
Capital Cost - $
Payback Years

Volume 4 Energy

156,250
79,375

1,268,750
29,212,500

23.0

All systems with
less than 15
year payback

o
o
o
o

All systems with
less than 30
year payback

79,375
1,268,750

29,212,500
23.0
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Domestic Hot water

5.4.1
System Description

Volume 4 Energy

I

Domestic hot water is the second largest energy use in
public housing and accounts for 15-20% of the total. A
typical family uses about 36,000 gallons of hot water a
year. This will cost anywhere between $lOO/yr if it is
heated with gas costing $.36/therm to $560/yr if heated
with electricity costing 7.5 cents per kilowatt.

Solar domestic hot water systems (SDaw) have been in
existence for over 50 years in the United States.
There is currently public housing in Georgia using
functional SDaw systems installed in 1930.

SDHW systems consist of 30-60 sf of solar collectors
usually roof mounted. Solar heat is transfere~ to a
storage tank via a pump (active system) or by natural
convection (passive system). In general, passive sys
tems can deliver. high efficiency at lower costs than
active systems, in those locations where they are ap
propriate. The reason the ma~ority of existing SDaw
systems are active is the ease with which they can be
retrofited and their freeze protection capability in
winter. For these reasons a typical active SDaw system
was chosen for analysis. It is recommended that all
projects in states where freezing is infrequent con
sider passive SDHW systems

The typical solar energy system for a domestic hot
water heating application is a relatively simple device
consisting of a collector, hot water storage or pre
heater tank and associated pumps, piping and controls
as depicted in Illustration 5.2. The design of a solar
energy hot water differs from a building air-condi
tioning system because the demand is not a function of
seasonal ambient temperature and the collector op
erating temperature can be lower. Either liquid or air
collecting systems are available for use with domestic
hot water heating. Liquid is used in our system.

A double glazed flat black type collector was chosen
because of the relatively good thermal performance in
the range of 100 to l40oF. the use of corrosion in
hibited water in the collector loop implies the need
for a double wall heat exchanger to transfer the heat
to the stored ~omestic hot water.

279
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Illustration 5.2

Liquid System: Domestic Hot Water Only

Relief
Valve

Double
Walled
Heat
Exchanger

Pump

Pump

Pre-Heat
Tank

Water
Mains

Water
Heater

...-....._ .... To
Taps

" .. :

Characteristics of System used in this study:

Climate Zone
1 2 3 4 5

Collectors sf 50 50 50 50 50

Storage/col1ector rate 1.8 1.8 1.8 1.8 1.8

Glazing double double double double double

.....
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5.4.2
DHW Assumptions

1. Low Rise, Oil, Gas, Central and Space (familv units)
average. occ/d.u. = 5
H.W.gals/day/occ = 20 without energy con-

servation measures
H.W.gals/day/occ = 15 with energy con-

servation measures
total daily H.W. use = 75 gals.
total load/day = 75 x T(50-l20) x 8.33

= 43732.5
total energy/day ~ total load ~ efficiency

(.65 )
= 67280.8

yearly HW use = 27,375 gals.
yearlv load ~ 16.0 MMBTU
yearly energy use = 24.6 MMBTU

Low Rise, Space, Electric
same as above except:
total daily energy use

.- .-"

., .-"'II1II

Volume 4 Energy

2.

total yearly energy use

3. High Rise, Central, Oil
average. occ/d.u.

total daily HW use
tCltal daily load

total daily energy use

yearly HW use
yearly load
yearly energy use

= total load (43732.5) 
efflciency (.85) .. 51450

= 18.8 MMBTU

and Gas
= 3 (higher proportion of

electricity and smaller
families)

= 3 x 15 ga.s/occ = 45 gals
= 45 gals x T(700 F) x

8.33 = 26239.5
= total load ~ efficiency

(.65) = 40368.5
= 16,425 gals.
.. 9.6 MMBTU
= 14.7 MMBTU
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Table 5.12

DHW Analysis Assumpti.ons: F-Chart Version 3.0

...- ......
Code

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
'Y'YPE

var.iable Description

AIR SH+WH=l,LIO SH+WH=2,AIR OR LIP WH ONLY=3
IF 1,WHAT IS (FIDW RATE/COL. AREA) (SPEX:.HEAT)?
IF 2,WHAT IS (EPSILON) (OMIN)/(UA)?
COLLECTOR AREA
FRPRlME-TAU-ALPHA PRODUCT (NORMAL INCIDENCE)
FRPRlME-UL PRODUCT
INCIDENCE ANGI..E MODIFIER (ZERO IF N)T AVAIL.)
NUMBER OF TRANSPARENT COVERS
COLLECTOR SLOPE
AZIMUTH ANGLE (E.G. SOUTH=O, WEST=90)
STORAGE CAPACITY
EFFECTIVE BUILDING UA
CONSTANT DAILY BLDG HEAT GENERATION
roT WATER USAGE
WATER SET ~P. (TO VARY BY K>NTH,INPUT NEG. *)
WATER MAIN ~P (TO VARY BY MONTH, INPUT NEXi. *)
CITY CALL NUMBER

TJIEmofAL PRINT OUT BY MONTH=l, BY YEAR=2
ECONOMIC ANALYSIS? YES=l, NO=2

IN CODE NUMBER AND NEW VALUE

Value Units

3.00
0.00 BTU/H-F-F2
0.00

50.00 FT2
.70
.83 BTU/H-F-F2

0.00
2.00

34.00 DEGREES
0.00 DEGREES

15.00 BTU/F-FT2
0.00 BTU-F-DAY
0.00 BTU/DAY

75.00 GAL/DAY
120.00 F

51.80 F
27.00
2.00
2.00

(a)

(b)

(c)
( c)

(d)

(e)

(f)

(g)

OOTES:
(a)

(b)
(cl
(d)

(e)

(f)

(g)

Liquid solar domestic hot water system
50 net sf of collectors - constant for all analysis
Values for typical liquic'l flat plate collector
Collector slope equals latitude of city
Storage capacity heln constant at about 90 gallons
Water usage 75 gallons/day for low rises/D.U.

45 gallons/day for high rises/D.U.
City chosen to best represent state, see climatic data table 5.3.

',:;

,.
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Table 5.13

Sununary of Solar Domestic Hot Water Retrofit Results
Dollar

Combined I of DU's Energy Savings (% Capital
Level of (% of Total Savings Total Energy Cost Payback
Invesbnent OU's) MMBTU/DU Costs) $ Years

- - All systems 51,714 642,125 9,884,326 121,126,000 12.3
with less (5%) (1. 33%)
than 15

, . . . year simple
. - payback

All systems 185,907 2,646,008 23,345,493 449,112,000 19.2
with less (17%) (3.15%)
than 30

,. year simple
.. ' .. payback

Volume 4 Energy 283



Table 5.14

Domestic Hot Water Systems with Less than 15 Year Payback
Total Total Total

Energy Dollar Capital
Savings Savings Cost Simple

State t of D.U. MMBTU/YR $/YR $ Payback

Alabama 2,226 27,470 351,708 5,119,800 14.5 '•.:< .-'

AJaska 0
Arizona 0
Ar.kansas 0
California 0
Colorado 0
Connecticut 0
Delaware 0
D.C. 0
Florida 17,177 243,913 3,607,170 39,902,171 11.1
Georgia 15 185 2,445 34,620 14.2
Hawaii 0
Idaho 0
Illinois 0
Indiana 0
Iowa 1,500 17,850 283,500 3,619,500 12.8
Kansas 485 6,257 92,150 1,173,700 12.7
Kentucky 0
Lousiana 246 3,321 37,392 548,580 14.6
f.1aine 0
Maryland 0
Massachusetts 4,015 38,946 803,000 9,957,200 12.4
Michigan 245 2,646 43,855 598,535 13.6
Minnesota 725 8,917 129,725 1,724,050 13.3
Mississippi 2,140 27,820 372,360 4,800,020 12.9
Missouri 1,310 15,720 233,180 3,242,250 13.9
Montana 0
Nebraska 115 1,506 19,320 284,050 14.7
Nevada 1,378 21,221 270,088 3,883,204 14.4
New Hampshire 356 3,168 59,452 857,248 14.4
New Jersey 585 7,196 165,555 1,459,595 8.8
New Mexico 0
New York 1,446 14,026 323,904 3,766,830 11.6
No. Carolina 8,928 106,243 1,464,192 19,266,624 13.2
No. Dakota 0
Ohio 0
Oklahoma 0
Oregon 0
Pennsylvania 850 8,925 157,250 2,125,000 13.5
Puerto Rico 0 ...: ...

Rhode Island 900 8,730 184,500 2,203,200 11.9
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Tahle 5.14 (continued)

Domestic Hot Water Svstems with Less than 15

'."

:
,.;

. .~ State t of D.U.

" ...... So• Carolina 3,364. ~.:

So. Dakota 0
Tennessee 0

,.' Texas 583,":.,1

Utah 0
Vermont 0
Virginia 3,125
Washington 0
West Virginia 0
Wisconsin 0
WYoming 0
Virgin Islands 0

, ..
" ,

. ,'.

. .....

".' .

", "

-:;,...; ..

Total
Energy

Savings
MMBTU/YR

42,050

8,103

35,938

Year Payback
Total

Dollar
Savings

$/YR

559,428

113 ,102

575,000

Total
Capital

Cost
$

7,309,972

1,329,240

7,9?0,700

Simple
Payback

12.3

11. 7

12.7
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Table 5.15

Domestic Hot Water Systems with Less than 30 Year Payback
Total Total Total

Energy Dollar Capital
Savings Savings Cost Simple

State •of D.U. MMBTU/YR $/YR $ Payback

Alabama 2,226 27,470 351,708 5,119,800 14.5
Alaska 0
Arizona 7,765 174,713 851,325 21,532,345 26.4
Arkansas 0
California 0
Colorado 0
Connecticut 890 10,591 80,990 2,183,170 26.9
Delaware 0
D.C. 0
Florida 33,998 555,102 5,382,048 78,977 ,354 14.7
Georgia 1,025 16,346 106,475 2,365,700 22.2
Hawaii 0
Ic'laho 100 1,630 10,200 239,300 23.5
Illinois 8,520 120,132 749,760 21,129,600 28.2
Indiana 462 4,666 62,832 1,129,590 17.9 .' .

Iowa 1,500 17,850 283,500 3,619,500 12.8
Kansas 485 6,257 92,150 1,173,700 12.7
Kentucky 1,595 17,809 184,200 3,955,600 21.5
Louisiana 246 3,321 37,392 548,580 14.6
Maine 2,090 21,855 217 ,080 4,859,250 22.4
Maryland 13,445 193,608 1,277 ,275 32,335,225 25.3
Massachusetts 23,155 282,025 2,495,655 57,424,400 23.0
Michigan 245 2,646 43,855 598,535 13.6
Minnesota 2,167 32,133 272,533 5,153,126 18.9
Mississippi 2,140 27,820 372,360 4,800,020 12.9
Missouri 1.,310 15,720 233,180 3,242,250 13.9
Montana 0 ,-

Nebraska 115 1,506 19,320 284,050 14.7
Nevada 3,578 65,441 490,088 10,082,804 20.6
New Hampshire 356 3,168 59,452 857,248 14.4
New Jersev 18,250 282,640 1,981,785 45,533,750 22.9
New Mexico 1,515 33,330 210,585 3,693,570 17.5
New York 1,446 . 14,026 323,904 3,766,830 11.6 ' ..

No. Carolina 10,795 131,906 1,628,529 23,295,610 14.3
No. Dakota 467 5,371 69,583 1,110,526 15.9
Ohio 1,642 15,599 246,300 4,105,000 16.6
Oklahoma 0 ". ?'

Oregon 3,790 47,737 366,582 10,517,250 28.7
Pennsylvania 5,452 71,972 580,634 13,630,000 23.5
Puerto Rico 0 .<,.'

Rhocle Islanc 9,500 117,950 972 ,800 23,256,000 23.9

.....

.... ..
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Table 5.15 (continued)

Domestic Hot Water Systems with Less than 30 Year Payback
Total Total Total

Energy Dollar Capital
Savings Savings Cost Simple

,.... State t of D.U. MMBTU/YR $/YR $ Payback..

So. Carolina 3,574 45,515 617,898 7,766,302 12.6
So. Dakota 866 10,132 128,168 2,013,450 15.7

.... Tennessee 10,760 129,120 1,172,840 23,865,680 20.3
.. ' i

", :.. Texas 2,597 44,758 324,572 5,921,160 18.2
Utah 0
Vermont 1,754 19,901 210,398 4,121,900 19.6
Virginia 4,768 58,263 719,171 11,753,819 16.3
Washington 0
West Virginia 0
Wisconsin 1,318 15,979 154,366 3,151,200 20.4
Wyoming 0
Virgin Islands 0

..
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Table 5.16

Domestic Hot Water Analysis by State: Virginia

Building Type LSO LSG LSE LCO LCG RCO BCG
Number of Dwelling units 27 7,525 3,125 843 6,663 800
Fuel Cost ~ MMBTU/$ 5.12 15.98 6.44 5.12 6.44

Per Dwelling Unit per Year

Energy Use - MmTU 24.6 18.8 24.6 24.6 14.7
Energy Cost - $ 126 300 158 126 95
Percent Solar % 61.1 61.1 61.1 61.1 82.5
Energy Savings - MMBTU 15.00 11.50 15.00 15.00 12.1
Cost Savings - $ 77 .00 184 97 77 .00 78
Base Cost - $ 2500 2500 2500 2500
Construction Mult. 93.3 2500 93.3 93
Total Cost - $ 2333 2333 2333 93.3
Payback Years 30.3 12.7 24.1 93.3 24.9

Total Per Building Type

Energy Use - MMBTU 58,750 20,738 11,760
Energy Savings - MMBTU 35,938 12,645 9,680
Cost Savings - $ 575,000 81,771 62,400
Capital Cost - $ 7,920,700 1,966,719 1,866,400
Pavback Years 12.7 24.1 29.9

'"

Total Per State

Energy Savings - MMBTU
Cost Savings - $
Capital Cost - $
Payback Years

Volume 4 Energy

All systems with All systems with ., .

less than 15 less than 15
year payback year payback

35,983 58,263
575,000 719,171 .,

7,920,700 11,753,819
12.7 16.3

.'
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Lighting

Volume 4 Energy

Lighting is the largest single user of electricity in
public housing. A typical dwelling unit uses upward of
800 kw/yr for lighting. Public and office space within
public housing averages 3 watts per square foot or 8
kilowatts a year per square foot.

Solar energy can help satisfy this load by utilizing
photovoltaic energy or daylighting techniques. Photo
voltaic energy is the direct conversion of sunlight
into electricity. Silicon cells having an efficiency
of from 12-16 percent are mounted on panels and angles
toward the sun. Storage of the electricity generated
is either in batteries or the manufacture of hydrogen
used in fuel cells. Photovoltaic energy is a tech
nology which has been used to power satellites and
remote weather stations for over twenty years.

There is an extensive research and ~evelopment effort
under way by government and private industry to reduce
the cost of photovoltaic systems. Substantial progress
has been made and a goal of $1-2/peak watt installed
price is set for 1983-84. This level is considered the
point where photovoltaic cells can begin to compete
with current electric rates. A large residential
market is seen for photovoltaics after 1984.

The Government has encouraged development of photo
voltaic technoloqy by legislating direct government
purchases. Public housing is a potential market for
photovoltaic technology and should be considered in any
government purchasing program.

Photovoltaic technology is not cost effective today and
its cost benefit is not analyzed in this report. When
costs have been reduced then it should be investigated.

Davlighting involves using sunlight entering through
windows to replace electric lighting. This is done
routinely in residences when lights are shut off in the
morning. In this case lighting is needed but the sun
provides it. In office spaces where a high uniform
light level is required during the daytime hours, day
lighting has been demonstrated to be cost effective.
In this report a simple retrofit daylighting system is
analyzed for costs and benefits.
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Illustration 5.3

Davlighting Analysis

Secondary
Daylighting
Zone

10'-0"10'-0"

Primary
Daylighting'
Zone

Sectional View

O~~,
..............

..... ...." ....1F~,===:::r---"'t:===:r---
" .......................

..... ....
....................

Ceiling Plan

CJ D
\ LightingI Fixture

OJ OJ

Daylighting is accomplished using a system consisting of a photo-electric
sensor mounte~ below the fixture, a dimmer with controls, and appropriate
dimming ballast. The sensor measures available daylight and dims the output
(and energy use) of flourescent tubes as much as possible, while maintaining
the same lighting levels as an arljacent space where fluorescent tubes are
operating at full capacitv. Installation of the required dimming equipment is
relatively inexpensive sincp. it can usually be done on an individual fixture
and requires no rewiring of existing circuits.

....:
:.',". "
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The amount of daylight available for use depends on 
several factors. These include window area above desk 
height, type of glass, presence of exterior overhangs, 
and the spacing of windows. It should be noted that 
orientation (direction which window faces, such as 
north or east) has little effect on the amount of av
ailable diffuse daylight. 

Based on previous in-house computer analysis of day
lighting available a range of values were obtained. 
For this analysis the lowest value was used: a con
servative estimate of .48. Based on analysis of floor 
plans of existing public spaces, it was conservatively 
estimated that 10' of the floor space is located wthin 
10 feet of an exterior window. It was assumed that all 
other cost effective energy conservation opportunities 
will have been instituted, reducing lighting energy use 
to 2 watts per square foot. 

Total public area per dwelling unit for each building 
type was estimated to obtain the total area per state. 
A state by state analysis was then possible using local 
electric rates and typical savings per state. 
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Table 5.17

Summary of Daylighting Retrofit

Combined
Level of
Investment

Energy
Savings

MMBTU/YR

Results
Dollar

Savings
(% Total

Energy
Costs)

Capital
Cost

$
Payback

Years

All systems 52,703 893,512 9,790,327 11.0
with less
than 15
year simple .. ..
payback

All syst~ms 16,354,243 924,096 10,347,617 11. 2
with less
than 30
year simple
paYback

. '-.
........

. .; ..

Volume 4 Energy 292



Table 5.18

Daylighting Summary by State of All Systems with Less than 15 Year Payback

Total Total Total
...-

Energy Dollar Capital
Savings Savings Cost Simple

, State KWH/yr $!yr $ Payback

.\ "."
Alabama 538,916 23,481 346,446 14.7
Alaska
Arizona 108,710 6,631 77,495 11. 7
Arkansas 208,460 10,632 121,145 11.4
California 901,082 48,658 665,513 13.7
Colorac1o 118,489 5,449 74,140 13.6
Connecticut 309,020 18,851 194,241 10.3
Delaware 40,670 2,847 25,913 9.1
D.C. 212,461 11,837 133,243 11.3
Florida 417,072 24,024 282,643 11.8

' ... .. Georgia 657,216 29,575 389,635 13.2
.. ,. Hawaii

Idaho 910 24 560 23.0
,.,... Illinois 1,103,322 60,682 702,974 11.6

." Indiana 282,024 13,274 177,275 13.7
.- Iowa 60,445 3,264 37,475 11.5..

Kansas 428,649 21,433 266,986 12.5
Kentucky 275,991 10,487 175,845 16.8
Louisiana 446,789 17,424 255,946 14.7
Maine
Maryland 296,664 16,909 183,083 10.8
Massachusetts 552,882 38,701 352,263 9.1
Michigan 390,632 22,266 244,981 11.0
Minnesota 282,971 14,148 172,998 12.2
Mississippi 164,679 7,575 95,043 12.5
Missouri 339,541 17,317 216,335 12.5
Montana 41,182 1,317 25,709 19.5
Nebraska 131,235 5,812 83,427 14.4
Nevada 50,092 2,204 36,280 16.5

, New Hampshire 40,168 2,571 24,847 9.7
New Jersey 745,745 58,912 478,341 8.1

.. New Mexico 82,777 4,469 51,795 11.6
New York 2,199,012 173,721 1,473,338 8.5
No. Carolina 420,728 19,774 233,203 11.8
No. Dakota 49,641 2,184 30,352 13.9
Ohio 744,374 40,197 478,526 11.9
Oklahoma 335,300 15,088 207,407 13.7
Oregon 73,128 2,047 52,130 25.4
Pennsylvania 1,194,174 71,651 767,684 10.7
Puerto Rico
Rhode Island 154,700 11,138 97,240 8.7

"

.- .:
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Virginia

.:'.....

Table 5.19

Day1ighting Analysis by State:

Building Type LSD
Number of Dwelling units
Fuel Cost - MMBTU/$

Per Square Foot Per Year

Energy Use - KW/sf
Energy Cost - $
Percent Solar ,
Energy Savings - KW
Cost Savings - $
Base Cost - $60/5f
Construction Mult.
Total Cost - $

Total Per Building Type

SIT
LSG

7,525
.055

7
.385

10
.7

.385
.45

.993
.42

LSE
3,125

7
.385

10
.7

.385
.45

.993
.42

RH
LCO LCG
843 6,663

RSE
HR
RCO
800

RCG

Energy Use - KW
Energy Savings - KW
Cost Savings - $
Capital Cost - $
Payback Years

1,491,000
149,100

8,200
89,460

10.9

683,046
68,305

3,757
40,983

10.9

331,800
33,180
1,825

19,908
10.9

Total Per State

Energy Savings - MMBTU
Cost Savings - $
Capital Cost - $
Payback Years

Volume 4 Energy

All systems with
less than 15
year payback

250,585
13,782

150,351
10.9

All systems with
less than 30
year payback
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