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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 (HUD). 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 HUD in particular. Neither the United

States nor HUD makes any warranty, expressed or implied, or assumes re-
sponsibility for the accuracy of completeness of the information herein.
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Introduction

Volume 4 Energy

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. 1In 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. 1In 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 energy; 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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Executive Summary
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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.

,,
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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 ECOs)
2. Less than five-year payback ECOs

3. Less than ten-year payback ECOs

4. Less than fifteen-year payback BECOs.

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

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 show 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)

. Heating System Configuration (space or central)
(s,C)

. Heating Energy Source (oil, gas or electric) (0,G,E)

. Climate Zone (5 degree day zones) (1,2,3,4,5)
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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
LSO - - e - -
LSG e e e e e
LSE e e e - -
LCO - - ] e -
LCG - 8 e e -
LCE - - - -
HSO - - - - -
HSG - - - - -
HSE - - (=] -] -
HCO - - o @ -
HCG - - e e e
HCE - - - - -
Total Cells 12 12 12 12 12
Building type legend: Climate zone legend:

L = Low Rise 1 = 0-2000 heating degree days
H = High Rise 2=2000-4000 heating degree days
S = Space Heating 3=4000-6000 heating degree days
C = Central Heating 4=6000-8000 heating degree days
0 = 0il Fuel 5=8000+ heating degree days
G = Gas Fuel © accounts for over 5% of

public housing
E = Electric

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. 1In
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 © above.



1.1.3

Existing Energy Use
in Public Housing

1.1.4

Energy Conservation

Opportunity
Analysis

Volume 4 Energy

BExisting 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% 43

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.

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

2. ECOs that require an initial capital cost invest-
ment (47 ECOs).

These classifications are referred to as "no cost" and
"cost" ECOs, 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 ECOs were analyzed as a
group. The resulting energy usage with the no cost
ECOs implemented was used as the base for calculating
the savings of all cost ECOs. 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%
Electrical 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.

g
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1.1.5

Recommended Levels
of Investment
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- 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 svstems 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 l1l5-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.

——



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
utility 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

1. Maintenance and operational items $ 70*
2. Storm windows w/window weatherstripping $ 510
3. Storm door w/door weatherstripping $ 112
4. Attic insulation $ 530
5. Flow restrictors, shower and faucets $ 30
6. Setback thermostat $ 70
7. Fluorescent light conversions $ 72
8. PFlue damper w/electric pilot $ 350
9. Timed light switching in public spaces

and site lighting (prorated to D.U.) $ 5
Total all items $1749

Volume 4 Energy 7



Illustration 1.1

Summary of Energy and Dollar Savings for Recommended Energy Conservation

Investment Levels per Building Type

Avg.
Yearly
Dollar
Bldg. % Savings
Type Total Million BTU/Dwelling Unit/Y¥r. /DU
Lso 1.4 378
LSG 48.0 315
LSE 5.9 696
LCO 5.0 432
LCG 6.2 437
HSE 3.1 239
HCO  14.5 149
HCG 9.9 117
Average
L 524
Types 68 92 192
L) ) L) "
100 200 300 400

Legend: - Reduced Site Energy
I Reduced source Energy

Existing Source Energy

* Exclusive of Fees, Contractor Profit
and Contingencies

Existing energy consumption varies within building types by climate.

Avg.

Capital
Cost*

/DU

2100

1750

1210

1510

1210

965

550

600

1347

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
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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
A/E 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.) 1Illustra-
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.

-



1.1.6

Solar Energy
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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 v Historic Costs Projected Costs
(current dollars) (constant dollars)
1264
1243
1200 -
1000
;E Energy Savings
5 800 +
1
o»
Ny
o
z
o
- 600
i
-y
=
| 490
00 4
‘ Imple=- I
mentation |
Period |
|
200 .l
|
|
= i - L T T ——E
1970 1975 1980 1985 1990 1995 2000

NOTE:
sample

Volume

Legend: =———— Energy Conservation Program
== === NO Energy Conservation Program
ssesssese Historic Enerqgy Costs

All numbers are based on calculated energy use and savings of a random
of public housing projects extrapolated to the universe.

4 Energy 11
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1.1.7

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).

Summary of Solar Energy Analysis for Public Housing

Limitations of
Energy Conservation
Analysis

Volume 4 Energy

Less than Less than

15 yr. 30 year

payback payback
Energy Savings MMBTU 642,124 3,140,542
Cost Savings - §$/yr 9,884,326 . 31,013,104
Capital Cost - § 121,125,000 688,921,000
Combined Payback - yrs. 12.1 22.2

In addition to the savings quantified above, it is
expected that "passive solar” retrofit could reduce
energy use still further cost effectivelv, 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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Additional Benefits
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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 any one
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 every one 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 curve for energy conservation implementation:

- Create an Energy Task Force within HUD 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:

o 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 ECOs 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.

15
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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 projects 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.

16



1.2.1

Existing Energy Use
in Public Housing

Volume 4 Energy

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 is 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 existing 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:

HOALING o: 6 v & & % @ @ %% & & 5 @ % ww s & 5w « SO8
Domestic HOt Wat@r. . « « « o « s o o s = o« « « « » 18%
Lights and Appliances . . . . ¢« ¢« ¢« 2« « « « « « « . 26%
MISCEBLIANEOUS o o o o o o 8 @ o o o % & .o ¢ « o wo A%

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.

17
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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
0oil. The following multipliers based on DOE national
averages were used:

Gas = 1.11
0il = 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 respectively. 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 hydrogeneration.

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



Illustration 1.3

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

By End Use _ By Fuel Type

Existing energy use by percent of site energy consumption (%BTU)

Lighting &
Appliances
_\ Other 1.3% 11% _\ Electricity
Heating Gas
65% 64%
Average - 146.1 million BTU/D.U./Yr. Total - 17.4 million barrels
Total - 162.7 trillion BTU/Yr. of oil equivalent
Existing eneryy use by percent of energy costs (%$)
Cooling 2.11%
Hot Other 2.1%
Water
17.6%
Heating Gas
52% 44.3%
Lighting & 29.8% L
26% Appliances -8 Electricity
Average - $672/D.U. - 1980 Average cost of fuel - $4.56/million BTU

Total - $749 million - 1980
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Illustration 1.4

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

Low Rise - 70% Total D.U.s

Site Energy by end use
Lighting &
Appliances

Cooling .7%
Other .3%

Heating
66.3%

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

Energy Cost by end use

— Cooling 2.6%
O\ Other ?.4‘
DHW
18, 3%
Heating
54%
23.7% ISghting @
Appliances

Total $621.38/D.U./Yr.

Site Energy use by Fuel Type

Electricity

Volume 4 Energy

High Rise - 30% Total D.U.s

Lighting &
Appliances

Cooling .5%
Other 1.7%

Heating
59.5%

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

Cooling l.6%
Other 6%

Heating

Total $383.00D.U./Yr.

Electricity

0il
49%
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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
dwelling 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.

Volume 4 Energy
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Table 1.1

Annual Existing Energy Use and Energy Data

Dwelling

Annual Energy Use Unit Total Housing Stock

Site Energy
MMBTU 146.1 162,721,650
Barrels of oil equivalent 25.2 28,100,000
Gas 62% 1040 million therms
0il 25% 289.1 million gallons
Electricity 11% 5.3 billion kilowatts

Source Energy
MMBTU 192 214,000,000
Barrels of oil equivalent 33.1 36,896,390
Gas 51.5% 115.4 trillion BTU
0il 21s 47.0 trillion BTU
Electricity 27.5% 61.5 trillion BTU

1980 Energy Cost (Est.) $ 672 $749 million
Gas 44.3% $332 million
0il 25.9% $194 million
Electricity 29.8% $223 million

Energy Data Unit Cost Cost Per Million BTU

Cost of Energy - Early 1979 $3.90/million BTU
Gas $.285/therm $ 2.85/million BTU
0il .461/gallon 3.30/million BTU
Electricity .04/kilowatt hr. 11.72/million BTU

Cost of Energy - Early 1980

(based on DOE fuel price

escalation factors) $ 4.56/million BTU
Gas $.32/therm $ 3.15/million BTU
0il $.67/gallon 4.74/million BTU
Electricity $.042/kilowatt hr. 12.20/million BTU

Note: 1Includes 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 B 195.6 E 220.4
$ 684 $ 656 $ 585
LCE
HSO
HSG
HSE E 84.2 E 95.6
$ 302 $1219
HCO 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 = Energy Consumption (MMBTU/yr.)
$ = Dollars spent on energy per average dwelling unit per year.
L = Low Rise O = 0il Heating
H = High Rise G = Gas Heating
S = Space Heating E = Electric Heating
C = Central Heating

Volume 4 Energy
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Table 1.3

End Use Cateqories as Percent (%) of Total Energy Cost

Climatic
Zone:
Bldg Type 1 2 3 4 5
LSO 57.7
19.8
21.6
LSG 30.0 46.9 62.1 79.0 58.2
22.4 19.8 11.8 7 (514 13.3
89.5 25.1 20.0 11.8 26.5
LSE 43.5 71.6 63.6
38.0 16.4 16.6
15.5 7.8 12.1
LCO 46.4 71.7
18.7 16.7
34.2 11.6
LCG 60.5 62.13 64.8
17.9 17.9 13.5
21.0 19.5 19.5
HSE 53.1 64.0
18.8 15.2
23.8 19.5
HCO 37.7 52.4
15.5 22.4
40.0 23.2
HCG 27.3 41.1 40.5 42.4
18.1 10.3 10.3 10.4
37.2 41.8 39.8 37.1

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.

lighting and appliances are a much smaller percent.

Volume 4 Energy

As percent of total energy use
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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.



Table 1.4

Existing Energy Use in 1979

AVERAGE PER DWELLING UNIT:

TOTAL FOR U.S. PUBLIC HOUSING STOCK:

Total Total Total Total Total Total Total Total Total Total
MMBTU Kilo- Site Source Cost MMBTU Kilo- Site Source Cost
(041 & watts Energy Energy ($='79) (0il & watts Energy Energy ($-'79)
Gas) (Elec- (MMBTU)  (MMBTU) Gas) (Elec~- (MMBTU) (MMBTU)
tricity) tricity)
Lso 3 148.3 3471 160.1 212.3 635 2248079 52616880 2426955 3218255 9625965
LSG 1 B86.8 3502 98.7 137.0 347 9021384 363973300 10258187 14238821 36064751
2 135.8 379l 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 T84 1770845 24998673 1856463 2255729 6645968
Average 140.7 asas 152.7 197.1 529 68387235 1713326000 74219835 95800455 257120400
LSE 1 1] 26970 92.0 312.9 1221 0 558305900 1904492 €477342 25275921
2 0 51150 174.5 593.3 1547 0 844537600 2881169 9795976 25542517
3 0 35837 122.3 415.8 791 '] 990570500 3380494 11493127 21864031
Average 4] 34081 116.3 395.4 1113 0 2210255000 7542403 25642876 72181389
LCco 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
LCG 2 214.9 2768 224.3 270.7 684 1436821 18506848 1499669 1809900 4573224
3 186.7 2604 195.6 237.4 656 B053864 112331300 B437792 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 B84.2 286.3 302 1] 585975300 1998992 6797048 7169782
4 [+] 28027 95.6 325.0 1219 0 215920100 907052 3083600 11565872
Average [+] 25666 87.6 297.8 572 [+] 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 kr k] 3866737 108717500 4239435 5747166 15966704
Average 89.8 2992 100.0 138.9 383 14436697 481008800 16076500 22330258 §1572995
HCG 2 8l.6 4607 97.3 144.0 312 1511966 85363103 1802871 2668176 5781048
3 82.8 less 95.4 134.7 397 3517675 156680400 4052973 5722594 16866148
4 89.9 3976 103.5 146.0 3s8 2887408 127701100 3324213 4689228 12461784
S 98.7 3276 109.9 147.6 330 1129029 37474164 1257146 16881396 3774870
Average 89.1 3791 102.0 142.9 66 9317187 396424800 10666140 14943053 38272620
ALL BLDG TYPES
Average 129.8 4781 146.1 191.8 547 144567200 5324929589 162721650 213620894 609231643
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Table 1.5

Existing Energy Use by End Use

PERCENT OF TOTAL ENERGY COST ($) BY END USE:

Heating Domestic Interior  Appli- Cool~ Venti- Site Water Eleva- Total
Hot Lighting ances ing lation Light=- supply tors
Water ing
Lso 3 57.70% 19.75 8.09 13.46 0 o 1.00 o ] 100.00
LSG 1 29.95 22.43 13.54 26.02 5.04 0.03 3.00 ] 0 100.00
2 46.93 19.79 7.43 17.72 7.15 0.01 0.97 0 ] 100.00
3 62.11 11.80 5.85 14.26 1.43 0 4.55 0 0 100.00
4 79.04 7.71 3.73 8.05 0.52 1] 0.96 ] 0 100.00
5 58.15 13,31 92.71 17.80 0.30 ] 0.73 0 [+] 100.00
Average 48.72 17.45 8.7 18.67 4.27 0.01 2.12 ] [+] 100.00
LSE 1 43.47 37.98 4.82 10.70 2.39 0 0.64 0 o 100.00
2 71.55 16.41 2.14 5.66 1.35 0 2.91 0 [+] 100.00
3 63.58 16.57 3.54 8.52 7.18 0,08 0.53 0 o 100.00
Average 54.93 27.861 3.89 9.02 3.42 0.02 1.11 0 o 100.00
Lco 3 46.36 18.73 9.06 25.21 0.23 0.05 0.36 0 ] 100.00
4 71.72 16.68 2,93 8.57 0 0 0.10 0 ] 100.00
Average 60.60 17.58 5.61 15.86 0.10 0.02 0.22 a2 b | 100.00
LCG 2 €0.50 17.85 6.44 14.61 0.14 0.11 0.35 0 ] 100.00
3 62.13 17.92 4.%0 14.39 0.15 0.01 0.40 0.10 0 100.00
4 64.83 11.51 4.81 14.72 0.52 0.36 0.91 0.28 ] 100.00
Average 62.11 17.27 5.28 14.49 0.20 0.09 0.46 0.10 ] 100.00
HSE 3 53.13 18.84 12.09 11.71 o] 0.04 0.06 0.46 3.68 100.00
4 63.97 15.19 9.20 10.32 1.20 o] 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 o] 0.41 o 1.34 100.00
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 1] 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
hverage 53 15y 17.60 8.12 17.74 .11 0.26 1.13 0.37 0.52 100.00
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Table 1.6

Existing Energy Cost - Average for 1979 by Building Type

EXISTING ENERGY COSTS:

Average* Average Average Average Average
Square Feet Gas Cost 0il Cost Electric Cost Cost of Energy
per Dwelling Unit $/Therm. $/Gallon $/Kilowatt Hour $/MMBTU
Lso 3 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 n.257 0.045 2.72
5 910 n.278 0.068 3.57
Average 832 n.268 0.047 3.46
LSE 1 912 0.045 13.27
2 803 0.029 B8.86
3 557 0.019 6.46
Average 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
LCG 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
HCG 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
Average 724 0.226 0.042 3.58
ALL BLDG TYPES .
Average 8s0 0.285 0.461 0.040 3.74

NOTES: * Includes public/office space prorated to the dwelling 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 (ECOs)
were found to represent significant energy savings
modifications that can be made to the existing Public
Housing stock. These fifty eight ECOs 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 ECOs 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 ECOs 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 SR 1, 2, 3; 4, 5
Space Hot Water swl, 2, 3, 4
Space Lighting sL1l, 2, 3, 4, 5
Space Cooling sC 1, 2
Central Radiation CR1, 2, 3, 4, 5
Central Air éa l, 2, 3, 4, 5, 7, 9
Central Heating cR 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 eC 1, 2; 3
Exterior Lighting EL 1, 2, 3

The final list of fifty-eight 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 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 wvolume.

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 "No Cost™ 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

ARl Door Weather Stripping
AR2 Window Weather Stripping
AR3 Attic Insulation

AR4 Floor Insulation

AR5 Roof Insulation

AR6 Storm Windows

AR7 1Insulating Glass

AR8 Storm Doors

AR9 Wall Insulation

AR10 Vestibules

Space Heating

SH1 Reduce Temperature

SH2 Nightime Set Back Thermostat
SH3 Automatic Flue Damper

SH4 Flue Heat Recovery

SHS Electric Automatic Pilots

Space Domestic Hot Water

SW1 Reduce Temperature

SW2 Flow Restrictors

SW3 New Domestic Hot Water Heater
SW4 Refurbish/Replace Fixture

Space Lighting

SL1 Delamping

SL2 Reduce Lighting Level

SL3 Automatic Time Control

SL4 Incandescent to Fluorescent
SL5 High Efficiency Ballast

Space Cooling

SC1 Clean Condensors and
Evaporators
SC2 Require High EER Units

Central Radiation/Convector System

CR1 Individual Room Control
CR2 Zone Control Retrofit
CR3 Radiation Pump Control
CR4 Hot Water Reset Control
CR5 Radiation Part Load Pump

Volume 4 Energy

Central Air Handling Systems

CAl Reduce Outdoor Air Intake
CA2 Reduce Supply Air Quantities

CA3 Reduce Outdoor Air Damper Leakage

CA4 Automatic Start and Stop
CA5 Warm-Up Cycle

CA7 Zone Reset Control

ChA8 Heat Recovery

Central Heating Boiler

CH1 Boiler Water Maintenance
CH2 Burner Adjustment

CH3 Boiler Control Adjustment
CH4 Automatic Cycling

CHS Lead/Lag Control

CH6 Reduce Burner Size

CH7 Modulating Burner

CH8 Part Load Boiler

CH9 Automatic Breeching Damper
CH10 Flue Gas Heat Recovery
CH1l Fuel Conversion

Central Heating Distribution

HD1 Refurbish Steam Traps

Central Domestic Water Supply

WSl Hydro-pneumatic System

WS2 Variable Speed Pumping

WS3 Separate Domestic Hot Water
Heater

Central Cooling

CCl Chiller Control Adjustment

CC2 Ambient Control

CC3 Timed Control

Exterior Lighting

EL1l 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*

Expected (1) Actual (2) Percent

Percent
Applica- Applica-  Savings Savings
Bility To Bility Energy Energy
Rank ECO Bldg Type Found Use Cost
) S Operation and
Maintenance ECOs 100% 100% 14.4% 11.2%
2. Storm Windows 100 67 10.9 10.3
3. Storm Doors 70 52 9.2 8.8
4. Weatherstripping 100 47 8.8 8.2
5. Setback Thermostat 100 95 10.8 9.9
6. Automatic Flue Damper 48 45 8.5 7.2
7 Wall Insulation 70 46 5.6 5.2
8. Upgrade Faucet Plumbing 100 98 4.3 3.4
9. Flow Restrictors-Shower 100 98 3.4 3.1
10. Replace D.H.W. Heater 61 25 2.6 3.1
1l Flue Heat Recovery 48 3 2.6 2.5
12, Radiator Room Control 39 13 1.4 1.4
13. Central Heating Flue Heat
Recovery 39 36 1.8 1.8
14. Roof Insulation 100 33 1.2 1.2
15. Separate DHW Heater 39 23 .6 .7
16. Conversion to Fluorescent 100 95 oD o7
17. Electric Automatic Pilots 48 45 .8 .74
18. Vestibules 30 18 T .6
19. Floor Insulation 70 17 .7 .6
20. Modulating Burner 39 7 .6 .5
21. Sodium-Vapor Conversion 100 71 .3 .3
22. Automatic Lighting Level 100 40 o1 o1
* *
Notes:

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
ECOs 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 ECOs 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 (ECOs)_

Average per DU Site Source
Energy Energy Dollar Dollar Capital
Savings Savings Savings Savings  Cost#*#*
(MMBTU) (MMBTU) (2) (%) ($)
1. All 'no cost' ECOs 21.97 27.57 11.2 75.36 (75.36) *
2. All ECOs with 5 yr
individual payback 75.64 94.55 43.4 291.79 576.10
3. All ECOs with 10 yr
individual payback 86.13 108.45 50.5 339.95 1068.90
4. All ECOs 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 hkk
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 ECOs is assumed to be equal to first year savings
**Discounted 10% 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 1.1l presents in more detail the actual results
for each BECO 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
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* 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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Table 1.11 (continued)

Energy Conservation Opportunies Discounted Payback in Years
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Table 1.

12

Energy Conservation Opportunities Listed in Order of Least to Greatest Payback

ECO's With Less Than 5 Year Payback

Bldg Climate
Type Zone ECO
LSO 3 SW2, SH2, sw4, EL3
LsSG 1 EL2, SW2, EL1l, SH2, SH3, Sw4
2 cc2, SW2, SH2, EL2, SH3, Sw4, ARS8, CC3, ARls2, AR4
3 5W2, SH2, ARB, SH3, ARl&2, ARG, SW4
4 ARS8, SH2, SW2, SH3, ARls&2, ARG, 5W4, SWl
5 SW2, SH2, SH3, SL3, Sw4, sSL4, EL3
LSE 1 SW2, SH2, Sw4, EL2, CA3-5, EL1, SL3
2 SW2, ARS8, SH2, ARL&2, ARG, 5W4, AR7, SW3
3 ARB, SH2, SW2, ARG, ARls2, CC2, CAl-5, AR7, SW4
Lco 3 CH10, CH4, ARB, SL3, SwW2, SH2, WS3, CH7, ARG, SW4, ARL&2, 5LS
4 CH10, WS3, SH2, SW2, ARS, CH4, ARI&2, AR6, SW4, AR4, ARS, SL1, AR7
LCcG 2 CH10, ARB, SH2, SW2, CH4, ARls2, AR6, Swd, SL3
3 CH10, CH9, CH7, CH4, WS3, ARS8, S5W2, 5H2, CHB, ARls2, SW4
4 CH4, CH10, AR8, SH2, SW2, CH7, ARl&2, CH6, SwWd
HSE 3 CA3-5, SH2, SW2, SL3, ARG
4 SH2, SHS, ARG, S5W4, SL3, ARLO, ARS
HCO 3 WS2, CH10, CR4, WS1l, CH4, WsS3, SW2, ARLO, SH2, CH6, ARL&2, CH7, ARG, SL3
4 CR4, CH4, CH10, SH2, ARG, ARLE2, WS2, WS3, CR2, AR7, ARS, CH9
HCG 2 CC2, CC3, CH10, WS2, CR4, WSl, SW2, SH2, CH4, SL3
3 CC2, CH6, CR4, CH1O, CHB, SH2, SL3, CH7, ARl&2, CH9, SW2, AR6
4 W52, CH10, wWsl, SL3, SH2, CR4
5 WS2, CH10, CR4, WSl, CH4, WS3, CR3, SL3, CH6, SH2
HOTES: ARl&2 Weather Strip'g, AR Attic Insulation, AR4 Floor Insulation, ARS Roof Insulation, AR6 Storm
Windows, AR7 Insulat'g Glass, ARE8 Storm Doors, AR9 Wall Insulation, ARLO Vestibules, SH2 Set Back
Thermos, SH3 Auto Flue Damper, SH4 Flue Heat Recov, SHS Elec Auto Pilots, SW2 Flow Restrictors, SW3
MNew DHW Heaters, SW4 Upgrade Plumbing, SL2 Auto Light Level, SL3 Auto Timer Contr, SL4 Conv to
Fluoresc, SLS High Eff Ballast, CRl Room Control, CR3 Pump Control, CR4 H W Reset Contr, CRS Part
Load Pump, CA2, Reduce Sup Air, CAJ-5 Upgrade Air Syst, CA7 Zone Reset Contr, CA9 Heat Recovery, CH4
Auto Cycling, CH5 Lead/Lag Control, CH6 Reduce Burner Sz, CH7 Modulat'g Burner, CHB Part Load Burner,
CH9 Auto Breech Damp, CH10, Flue Heat Recov, CH1l Fuel Conversion, WSl Hydro-Pneu Syst, WS2 Var Speed
Pump, WS3 Sep DHW Heater, CC2 Ambient Control, CC3 Timed Control, ELl Timed Switching, EL2 Photo
Switching, EL) Sed-Vapor Conver,
Volume 4 Energy
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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 ECO
LSO 3 ARS, ARS, SW3, ARG, SL4, AR9
LSG 1 SL3, SL4, ARS8, CA3-5, EL3, SLS, ARL&2
2 CA3-5, EL1, SL4, EL3, ARG, SL5, SL3, SHS
3 AR7, AR5, SL4, EL3, SL5, AR4, SW3
4 AR7, SH4, SL4, EL3
5 SL5, AR9, SL2, ARS, SW3, SHS
LSE 1 SW3, SL4
2 EL2, SL4, EL3
3 AR4, SW3, SL3, SLS, cC3
Lco 3 AR7, CH6, SL4, CRS, EL3
4 SH4, CR4, AR9, SL4, EL3
LcG 2 AR7, CH6, CRS, SL4, CR4, SLS
3 CR3, SL3, CH6, SL4, SLS5, ARG, AR4, SH4
4 ARG, CHB, SL4, CA3-5, WS3
HSE 3 WS2, ARl&2, AR7, SW4
4 SW3, AR7, SL4, SLS, EL3
HCO 3 cc2, EL3, sw4, SL4, CA3-5, CR3, CR2, AR5, SLS, AR7, SL2
4 Sw4, SL3, SL4, EL3
HCG 2 CH9, CR2, CR3, EL3, CRS, SL4, SW4, SLS, ARS
3 ARLO, SIA, . EL3, CC3, CA3-5, WS3, SL5, AR7
4 SW2, CR3, SL4, WS3, CH9, EL3, ARLO, SL5, AR6
5 SW2, CR2, EL3, SL4, SL5, ARLO, CA3-5
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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

Bldg Climate
Type

SL2, SH5, AR6

SW3, SL2, ART, AR9

AR9, SHS, EL2, SL2, SH4, SL3
SHS

SH4

wm s W

LSE 1 ARB, AR9, ARG, EL3]
2
3 SL4, AR9, SL2, AR2, EL3, ARS
Lco 3 SL2, AR9, AR2, CRl, CR4, CA3-5, CR2, SH4
4 CRS, CRL
LCG 2 AR9, SL2, EL2, SH4, EL3
3 SL2, CRL, AR2, AR5, EL3, CR4
4 EL3, AR9, SH4, CRS5, AR4, AR7, CR2
HSE 3 ARS, WS1
4 sL2
HCO 3 CA7, CRS
4 SLS, SL2
HCG 2 ARG, AR1O0, SL2, CA3-S
k] SW4, Ws2, SL2, CR3, CRS
4 CH6, SW4, CA3-5, SL2, CRS, ARS
5 SL2, CA7, ARG, 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 show 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

AVERAGE SAVINGS PER DWELLING UNIT: ANALYSIS: PAYBACK:
Averaged ged ged A ged P t Percent Percent Discounted
Total Total Total Total Applica- Source Dollar Payback
Site Source Dollar Capital bility Energy Savings Period
Energy Energy Savings Cost Found Savings (%) (Years)
Savings Savings 5='79 (s-'79) (s) (%)

(MMBTU) (MMBTU)

ARl&2 WEATHER STRIP'G 13.70 16.93 44,98 127.71 47 8.8 8.2 2.4
AR3 ATTIC INSULATION 1.05 1.24 2.70 109.10 9 0.6 0.5 19.0
AR4 FLOOR INSULATION 1.21 1.39 3.4 40.14 17 0.7 0.6 8.5
ARS ROOF INSULATION 1.97 2.29 6.82 73.16 3 1.2 1.2 7.7
ARG STORM WINDOWS 16.49 20.84 56.29 274.56 67 10.9 10.3 4.1
AR7 INSULAT'G GLASS 14.26 18.09 49.09 509.97 39 2.7 9.0 7.5
ARB STORM DOORS 14.42 17.67 48.22 731.82 52 9.2 8.8 1.3
AR9 WALL INSULATION 9.10 10.68 28.41 452.91 46 5.6 5.2 10.4
> AR10 VESTIBULES 1.12 1.38 3.05 13.63 18 0.7 0.6 3.7
SH2 LOWER TEMPERAT 16.95 20.74 53.99 65.00 95 10.8 9.9 1.1
SH3 AUTO FLUE DAMPER 14.62 16.22 39.17 114.46 45 8.5 T=2 2.5
SH4 FLUE HEAT RECOV 4.48 5.08 13.46 223.24 33 2.6 2.5 11.6
SHS ELEC AUTO PILOTS 1.33 1.48 9.57 51.73 45 0.8 0.7 10.4
SW2 FLOW RESTRICTCRS 5.30 6.46 17.15 17.00 98 3.4 3.1 0.9
SW3 NEW DHW HEATERS 3.74 4.99 17.08 74.81 25 2.6 3.l 3.7
SW4 UPGRADE PLUMBING 6.63 8.17 18.50 88.97 98 4.3 1.4 3.9
sSL2 AUTO LIGHT LEVEL 0.08 0.28 0.98 15.05 40 0.1 0.2 11.0
SL3 AUTO TIMER CONTR 0.08 0.26 0.87 4.88 73 0.1 0.2 4.7
SL4 CONV TO FLUORESC 0.29 0.97 3.60 3l.08 95 0.5 0.7 6.5
SLS HIGH EFF BALLAST 0.04 0.13 0.46 5.14 42 0.1 0.1 8.0
CRL ROOM CONTROL 2,39 2,71 7.58 136.93 13 1.4 1.4 12.3
CR2 ZONE CONTROL 0.72 0.1 1.87 80.86 18 0.4 0.3 21.7
CR3 PUMP CONTROL 0.33 0.37 0.96 23.62 13 0.2 0.2 15.3
CR4 H W RESET CONTR 0.74 0.85 3.34 25.51 14 0.4 0.6 6.2
CRS PART LOMD PUMP 0.58 0.67 1.82 24.01 20 0.3 0.3 9.7
Ccaz REDUCE SUP AIR 0.01 0.13 0.03 6.63 0 0.1 0.1 )
CA3-5 UPGRADE AIR SYST 0.13 0.23 0.32 3.02 17 0.1 0.1 7.4
CA7 ZONE RESET CONTR 0.04 0.05 0.10 3.67 4 0.1 0.1 19.7
CA9 HEAT RECOVERY 0.15 0.17 0.36 24.40 0 0.1 0.1 27.5
CH4 AUTO CYCLING 0.71 0.81 1.87 9.40 26 0.4 0.3 4.2
CHS LEAD/LAG CONTROL 0 0 0 0 0 1] ] -
CH6 REDUCE BURNER 52 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
CHB PART LOAD BURNER 0.28 0.31 0.76 2.15 9 0.2 0.1 2.4
CH9 AUTO DAMP 0.11 0.12 0.38 1.27 T 0.1 0.1 2.9
CH10 FLUE HEAT RECOV 3.31 .M 9.72 4.72 36 2.0 1.8 0.4
CH1l FUEL CONVERSION o 0 o [} 0o 0 0 -
WSl HYDRO-PNEU SYST 0.07 0.24 0.98 1.83 16 0.1 0.2 1.6
Ws2 VAR SPEED PUMP 0.07 0.23 0.91 0.56 20 0.1 0.2 0.6
WS3 SEP DHW HEATER 1.07 1.22 4.04 5.72 23 0.6 0.7 1.3
cc2 AMBIENT CONTROL 0.03 0.08 0.25 0.05 5 0.1 0.1 0.2
cc3 TIMED CONTROL 0.01 Q.03 0.10 0.11 5 0.1 0.1 1.0
EL1 TIMED SWITCHING 0.02 0.02 0.02 0.15 3 0.1 0.1 6.1
EL2 PHOTO SWITCHING 0.01 0.01 0.02 0.04 4 0.1 0.1 1.7
EL3 SOD-VAPOR CONVER 0.15 0.50 1.69 20.84 71 0.3 0.3 8.6

NOTES: These averages include the results of all dwelling units analyzed including those with no savings and there-
fore, do not reflect the results from any typical dwelling unit. They are meant for use as extrapolation to
the total USPHS. Except in the case where applicability is 1008, since projects that have no savings are
averaged with those that do, all amounts are lower than the results or any applicable project. Actual
savings and costs were found to vary widely.
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Table 1.14

Operation and Maintenance ECO Savings (No Cost)

AVERAGE PER DWELLING UNIT:

TOTAL FOR U.S. PUBLIC HOUSING STOCK:

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
(MMBTU) (MMBTU) (MMBTU) (MMBTU) Energy
Lso 3 2.0 10.5 29 136431 159170 439611 4.9 4.6
Lsg 1 14.2 25.5 kL] 1475849 2650292 394945 18.6 10.95
2 25.1 28.1 58 3765050 4215056 8700116 14.4 10.9
A | 33.1 36.8 83 5640472 6270978 14143781 13.7 11.8
4 76.0 B84.4 187 4045480 4492612 9954010 16.2 15.3
5 33.2 37.1 95 281436 314497 805315 13.9 12.1
Average 24.1 27.1 &0 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
Average 48.1 53.5 118 3171089 3527095 7779386 21.4 18.2
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 B50662 1731231 8.4 8.3
HCO 3 b 5 R 8.5 22 840732 1006511 2605086 6.0 5.7
4 18.1 21.3 69 TE6571 902098 2922288 15.7 18.3
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 S0 700986 900661 2124200 15.7 12.6
4 10.4 12.2 29 334027 391840 931422 8.4 7.5
s 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
Average 21.97 27.57 61.27 24469505 30706611 68240627 14.37 11.2
HOTES :
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Table 1.15

Savings and Cost:

Less than 5 Year Payback

AVERAGE PER DWELLING UNIT: TOTAL FOR U.S. PUBLIC HOUSING STOCK: SUMMARY :
Total Total Total Total Total Total Total Total Total
Site Source Dollars Capital Site Source Dollar Capital Dollar
Energy Energy Savings Cost Enerqgy Energy Savings Cost Savings
Savings Savings ($-'79) ($-'79) Savings Savings %) (5='79) (n)
(MMBTU) (MMBTU) (MMBTU) {MMBTU)
Lso 3 48.73 57.28 172.38 225.29 730698 868307 2613108 3415171 27.1
LsSG 1 45.72 48.88 110.26 711.81 3l.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
Average 52.53 57.98 144.25 617.32 25532207 28181179 70112713 300050000 27.3
LSE 1 23.67 B0.46 315.06 195.17 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
Lo 3 78.39 91.97 175.57 444.08 38.9
4 103.83 121.42 541.69 1047.21 48.9
Average 87.04 102.06 301.04 650.77 4814443 5645244 16651426 35996041 44.5
LCG 2 95.07 107.65 255.0S 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
i Average 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
Average 22.17 75.37 141.84 450.22 736686 2504469 4713201 14960360 24.8
HCO ¥ 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 B89.47 249.15 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
Average 53.67 66.98 175.96 424.36 59775982 74600248 195980000 472640000 32.2
HOTES :
48
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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 STOCK: SUMMARY :
Total Total Total Total Total Total Total Total Total
Site Source Dollars Capital Site Source Dollar Capital Dollar
Energy Energy Savings Cost Energy Energy Savings Cost Savings
Savings Savings (5-'79) ($-'79) Savings Savings ($='79) (5-"'79) )
(MMBTU) (MMBTU) (MMBTU) (MMBTU)
Lso 3 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
LsSE 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
Average 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 93.69 111.60 335.07 888.98 5182275 6172930 18533727 49172151 49.6
LCG 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 B55.66 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
HCG 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

HOTES:

Volume 4 Enerqgy 49




Table 1.17

Savings and Cost:

Less than 15 Year Payback

AVERAGE PER DWELLING UNIT: TOTAL FOR U.S. PUBLIC HOUSING STOCK: SUMMARY :
Total Total Total Total Total Total Total Total Percent
Site Source Dollars Capital Site Source Dollar Capital Dollar
Energy Energy Savings Cost Energy Energy Savings Cost Savings
Savings Savings (§-'79) ($-'79) Savings Savings (5-'79) ($='79) (A}
(MMBTU)  (MMBTU) (MMBTU) (MMBTU)
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
- 103.80 118.57 311.38 2836.00 39.7
Average 84.62 97.30 240.87 23%90.72 41129551 47292665 117070000 1162000000 45.5
LSE 1 32.77 1l0l.20 436.34 2087.95 35.7
2 81.77 299.22 777.51 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
Average 101.95 120.64 354.84 1514.85 5639160 6672960 19627265 83790898 52.5
LCG 2 109.66 128.45 300.41 1391.96 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
HSE 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
HCO 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
HCG 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 71.31 556.22 261112 3214481 7456886 58163925 19.5
ALL BLDG TYPES
Average 73.93 92.59 244.83 1415.18 82340942 103120000 272680000 1576200000 44.8
HOTES:
50
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1.4 Tables 1.18 to 1.62 present the individual results of
Individual ECO Table the 58 ECOS.

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

AR1&2 Weatherstripping Door and Window

AVERAGE PER DWELLING UNIT:

TOTAL FOR U.S. PUBLIC HOUSING STOCK:

SAVINGS PAYBACKS :

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 ($="79) Payback
Savings Savings ($-'79) ($-'79) Savings Savings (5-'79) (5-'719) Period
(@\TU) (MOTD) (M@TU) (MMBTU) (Years)
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 ] o] ] [} Q ] ]
Average 13.01 14.44 36.51 192.%0 6323511 7018562 17745686 93759045 7.8 4.4
LSE 1 0 0 0 ] o 0 ] 0 0 -
2 39.35 133.79 348.42 384.26 649708 2209007 5752763 6344517 27.4 1.0
3 19.37 65.87 B84.26 159.83 535406 1820713 2329031 4417861 11.3 1.6
Average 13.40 45.57 86.34 120.00 869030 2955351 5599408 7782360 9.7 1.2
Lco 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
Average 35.38 39.27 91.33 201.68 2332497 2588953 6021113 13296157 37.1 1.9
HSE | 6.82 23.19 24.48 218.57 161914 550554 581180 5189070 8.8 7.1
4 o o 0 0 0 0 o] 0 (1] -
Average 4.81 16.37 17.28 154.29 159831 543959 574197 5126902 3.3 7.1
HCO 3 5.37 6.23 13.10 52.45 635878 737713 1551210 6210762 3.6 3.4
4 1.99 2.31 11.84 22.81 84281 87833 501448 966049 i.8 17
Average 4.50 5.22 12.77 44.76 723443 839193 2052969 7195841 3.7 3.0
HCG 2 o 0 0 0 (1] 0 0 1] o -
3 2.32 2.57 7.61 33.75 98563 109184 323303 1433835 2.9 3.8
4 ] o 0 o 0 0 0 0 ] -
5 ] ] ] 1] '] 0 1] o 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
HOTES :
52
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Table 1.19

AR3 Attic Insulation

AVERAGE PER DWELLING UNIT:

TOTAL FOR U.S. PUBLIC HOUSING STOCK:

SAVINGS PAYBACKS :

Total Total Total Total Total Total Total Total Percent Discount-
Sita Source Dollars Capital Site Source Dollars Capital Savings ed-
Energy Energy Savings Cost Energy Energy Savings Cost (%) Payback
Savings Savings ($='79) )5='79) Savings Savings ($-'79) ($='79) Period
(MMBTU) (MMBTU) (MMBTU) (MMBTU) (Years)
Lso 3 ] 0 o o [+] 0 ] 1] o] -
LSG 1 0.29 0.33 0.78 265.00 30141 34298 81068 27542245 0.3 it
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 1.11 3.10 647.04 62811 69731 165013 34441939 0.3 '
5 0 '] o [+] o o [s] 0 1] =
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 B6240 249045 4364790 1.2 12.1
Average 0.71 2.41 7.59 420.52 46217 156879 494071 27373749 0.8 22.5
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 -
Average 1.34 1.55 2.83 56.57 74119 85735 156536 3129056 0.4 12.2
106 a 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 1729 8535 17552 4171965 0.2 b
Average 1.30 1.44 4.13 126.49 85705 949315 272279 8339106 0.8 16.1
HSE 3 4] Q o 4] 0 1] [v] [} ] =
4 0 (] 0 ] 0 [+] [+] [+] 4] -
Average 0 [+] ] 0 ] 0 v} ] (] -
HCO 3 0 [+] ] 0 o] [+] ] [+] 0 -
4 o ] 0 0 1] 4] 0 o o -
Average [} (1] (] ] i} (4] a o [+] -
HCG 2 ] [+] 0 ] +] 0 ] 0 1] -
3 0 0 0 o 1] 0 o ] ] -
4 0 o ] 1] Q 4] o [+] [+] L
5 o 0 o 0 ] 0 0 0 0 -
Average 0 ] o 0 0 0 0 0 0 -
ALL BLDG TYPES
Average 1.05 1.24 2.70 109.10 1169457 1381074 3007176 121512190 0.6 19.0
WOTES:
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Table 1.20

AR4 Floor Insulation

AVERAGE PER DWELLING UNIT:

TOTAL FOR U.S. PUBLIC HOUSING STOCK:

SAVINGS PAYBACKS :

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 (£Y] Payback
Savings Savings (5='79) (5-'79) Savings Savings (8-'79) (5='79) Pericd
(MMBTU) (MMBTU) (MMBTU) (MMBTU) (Years)
LSO 3 ] [} [} ] o 0 o [¢] ] -
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 207996 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 -
Average 1.81 2.01 4.45 76.57 879750 976960 2162922 137216848 0.9 11.0
LSE 1 0 0 ] o ] 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
Average 0.43 1.46 2.06 17.24 27886 94685 133597 1118065 0.2 6.3
Lco 3 o o 0 0 0 0 0 0 0 =
4 4.72 5.49 13.42 48.73 77231 89640 2190121 795663 1.3 3.0
Average 1.62 1.88 4.80 16.70 89607 103988 254429 923727 0.7 3.0
1CG 2 [ 0 0 0 0 0 0 0 0 =
3 4.78 5.30 14.52 185.61 11959 35435 97080 1240988 2.6 9.5
4 5.02 5.58 11.27 226.80 80837 89854 181480 3652160 2.3 12.3
Average 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 -
Average 0 ] 0 ] 0 0 o 0 0 =
HCo 3 0 0 0 0 o 0 ] ] 0 .
4 0 1] 0 0 0 [+] 0 0 0 -
Average 0 0 [+] 1] 1] 0 o 0o 0 i
HCG 2 o 0 0 [:] 0 0 o 0 0 -
3 ] ] ] (] 0 0 0 1] 0 -
4 0 0 0 0 0 0 0 0 0 -
5 0 0 0 0 0 0 o [} 0 =
Average 0 0 o 0 o 0 0 ] 0 -
ALL BLDG TYPES
Average 1.21 1.39 3.34 40.14 1347660 1548138 3719988 44706687 0.7 8.5
NOTES :
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Table 1.21

AR5 Roof Insulation

AVERAGE PER DWELLING UNIT:

TOTAL FOR U.S. PUBLIC HOUSING STOCK:

SAVINGS PAYBACKS:

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
(BTU)  (MMBTU) (MMBTU) (MMBTU) (Years)
LSO 3 7.15 8.29 25.05 257.78 108387 125668 379733 3907687 4.1 7.5
LSG 1 0.49 0.54 0.97 95.94 50927 56124 100815 9971332 2.3 44.4
2 0.28 0.31 0.47 36.88 42001 46501 70501 5532074 0.2  16.0
3 5.89 6.54 13.13 96.26 1003697 1114462 2237444 16403377 2.1 6.0
4 0 0 0 0 0 0 0 0 (] -
5 7.69 8.53 21.43 213.89 65188 72309 181662 1813146 3.1 7.3
Average 1-97 2.19 4.73 84.52 957519 1064450 2299017 41080946 1.0 11.3
1SE 1 o (] [} 0 0 0 0 0 0 N
2 o 0 (1] 0 e} o 0 0 0 =
3 0.42 1.44 1.35 31.74 11609 39803 37315 877325 0.2  11.6
Average 0.16 0.53 0.50 11.75 10415 14500 32548 764866 0.1 13.6
Lco 3 0.42 0.49 0.88 56.27 16374 19103 34307 2193686 0.1 25.9
4 4.34 5.03 25.62 90.97 To864 82130 418323 1485358 2.4 3.0
Average 1.77 2.05 9.36 68.16 97904 113392 517730 3770134 1.5 5.6
LcG 2 0.02 0.03 0.06 5.02 133 201 401 33564 0.1  30.3
3 1.70 1.89 4.86 84.93 73335 81531 209651 3663710 0.9 11.1
4 0 0 0 ] 0 0 0 ] 0 0
aAverage 1-02 1.13 2.91 51.89 67246 74498 191848 3420952 0.5  11.3
HSE 3 0.36 1.21 1.28 23.34 8547 28727 30388 554115 0.5 11.5
4 1.41 4.78 17.92 86.48 13378 45353 170025 820522 1.6 3.9
Average 0.67 2.26 6.17 41.91 22263 75098 205023 1392627 1.2 8.3
HCO 3 1.25 1.45 ) | 29.91 148016 171699 391947 3541733 0.9 7.1
4 2.06 2.39 8.18 29.34 87245 101221 346439 1242608 2.7 3.1
Average 1.46 1.69 4.57 29.76 234717 271693 734696 4784366 1.3 5.1
HCG 2 1.22 1.35 2.58 31.07 22605 25014 47805 575696 1.0 9.0
3 1.22 1.36 3.30 28.27 51830 57778 140197 1201023 0.3 6.8
4 0.78 0.87 1.91 36.97 25052 27943 61345 1187402 0.5 13.0
5 0.31 0.34 0.62 16.43 3546 3889 7092 187943 0.2 16.1
Average 0.84 0.93 2.06 28.41 87839 97250 215414 2970834 0.6 9.4
ALL BLDG TYPES
Average 1.97 2.29 6.82 73.16 2194125 2550531 7595905 81483340 1.2 7.7
HOTES :
Volume 4 Energy 55 .



Table 1.22

AR6 Storm Windows

AVERAGE PER DWELLING UNIT: TOTAL FOR U.S. PUBLIC HOUSING STOCK: SAVINGS PAYBACKS:
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 Enargy Savings Cost ($='79) Payback
Savings Savings (s-'79) (5='79) Savings Savings ($='79) (s=-'79) Period
(MMBTU) (MMBTU) (a@TU) (MMBTT) (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 [} [+] 1] 0 1] ] ] [+] 0 -
Average 15.59 17.30 43.64 380.17 7577520 8408665 21211222 184781620 9.3 6.9
LSE 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 B631455 34.0 1.1
3 23.62 80.30 102.54 174.05 652880 2219572 2834308 4810916 13.8 1.5
Average 17.54 59.63 120.49 397.96 1141766 3g8lels 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 64.43 292.121 582.06 906857 1052013 4772838 9503876 27.9 p % 4
Average 38.22 44.34 140.31 330.83 21140863 2452578 7760967 18299199 22.2 2.0
LCG 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 2307a8 753189 7980099 3.1 8.1
4 2.10 2.13 5.25 7.29 33816 37520 84541 600481 1.1 5.8
Average 15.32 17.01 42.67 213.66 1010002 1121418 2813105 14085962 B.0 4.2
HSE 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
Average 9.78 33.26 46.26 211.65 324980 1105197 1537174 7032918 B.9 3.9
HCO 3 B.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
HCG 2 3.53 3.92 6.89 96.91 65407 72634 127665 1795645 2.7 l1o0.2
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
Average 5.84 6.48 14.15 166.27 610689 677614 1479666 17386853 4.3 8.9
ALL BLDG TYFES
Average 16.49 20.84 56.29 274.56 18366050 23210945 62694057 305796410 l10.8 4.1
HOTES:
Volume 4 Energy 56



Table 1.23

AR7 1Insulating Glass

AVERAGE PER DWELLING UNIT:

TOTAL FOR U.S. PUBLIC HOUSING STOCK

SAVINGS PAYBACKS:

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)  (MMETU) (mMBTU) (MMBTU) (Years)
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 §75.61 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 (1] 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
Average 15.88 53.99 106.92 739.07 1033709 3514479 6959957 48109761 12.0 5.4
Lco 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
Average 33.54 38.91 125.94 614.40 1855198 2152229 6966119 33984307  20.0 4.0
LCG 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 n.8 12.3
Average 12.77 14.17 34.45 396.80 841888 934186 2271185 26159833 6.5 8.2
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 1.6 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 24896313 §.3 8.2
4 3.02 1.51 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
HCG 2 .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 1 23.2
Average 4.75 5.27 11.66 308.78 496708 551084 1219286 32289124 1.6 14.7
ALL BLDG TYPES
Average 14.26 18.09 49.09 509.97 15882345 20148081 54674920 566908420 9.4 7.5
HOTES :
Volume 4 Energy 57 -=



Table 1.24

AR8 Storm Doors

AVERAGE PER DWELLING UNIT

TOTAL FOR U.S. PUBLIC HOUSING STOCK:

SAVINGS PAYBACKS:

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 (5-"79) (§-'79) Savings Savings ($='79) (5-'79) Period
(mETU) (mMBTU) (MMBTU) (MMBTU) (Years)
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 5133969 5697207 11793638 3141635 21.4 0.2
5 0 L] L] 1] ] 1] ] (] 1] i
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 41.89 142.41 370.91 166.60 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
Average 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 B69755 1569926 1167601 9.4 0.7
4 41.28 47.88 234.72 144.69 674020 781785 3832508 2362498 22.4 0.6
Average 26.79 31.08 106.91 69.27 1481835 1719128 5913513 3a3lsiz 16.9 0.6
LCG 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 B65536 1750557 14568138 22.4 0.8
Average 37.45 41.57 97.48 74.25 2468966 2740585 6426564 4895080 18.25 0.7
HSE 3 0 o 1] 0o ] ] ] ] 0 -
4 0 (] o ] ] 0 [} o (1] -
Average (1] [¢] 0 4] 0 0 0 o o -
HCO 3 0 o o 1] 0 1] 0 .0 (1] -
4 ] 0 0 ] 0 ] ] ] [+] -
Average o o o ] o ] [e] 0 ] -
HCG 2 0 o ] ] +] ] o 0 [+] -
3 [} [} 1] ] 1] /] 0 (] ] -
4 0 ] (4] 4] 0 1] [+] o ] =
5 o 0 0 Q /] 0 0 ] ] -
Average 0 0 o o 0 4] 0 0 o] -
ALL BLDG TYPES
Average 14.42 17.67 48.22 73.82 16060548 19680298 53705941 82218427 9.2 1.3
HOTES :
Volume 4 Energy 58



Table 1.25

AR9 Wall Insulation

AVERAGE PER DWELLING UNIT:

TOTAL FOR U.S. PUBLIC HOUSING STOCK:

SAVINGS PAYBACKS:

Total Total Total Total Total Total Total Total Percent Discount-
Site Source Dollars Ccapital Site Source Dollars Capital Savings ed
Energy Energy Savings Cost Energy Energy Savings Cost (%) Payback
Savings Savings ($-'79) ($-'79) sSavings Savings (§-'79) (5-'79) Period
(MMBTU) (MMBTU) (MMBTU) (MMBTU) (Years)
Lso 3 25.21 29.24 B8.34 1335.19 382158 443249 1339146 20240145 14.6 10.0
LsG 1 6.66 7.39 15.06 621.30 692194 T6B06ES 1565231 64573572 4.9 22.2
2 9.75 10.82 28.06 644.96 1462520 1623022 4209056 96745289 5.9 14.6
3 19.22 21.34 48.55 715.15 3275223 3636485 8273260 121866560 7.8 10.6
4 9.27 10.29 24.86 799.96 493442 547737 1323298 42581870 2.4 18.2
5 31.96 35.47 89.11 794.30 270925 300679 755385 6733281 12.9 6.7
Average 12.41 13.78 32.93 664.74 6031881 6697769 16005626 323096870 7.0 12.3
LSE 1 3.73 12.67 50.90 726.91 77215 262282 1053681 15047763 5.8 10.3
2 2.12 7.20 18.76 701.27 35003 118879 309746 11578668 1.5 19.9
3 3.92 13.34 17.92 287.88 108353 368731 495327 7957291 2.4 11.3
Average 3.54 12.05 33.60 560.25 230436 784395 2187192 36469473 3.8 10.8
Lco k] 13.85 16.07 28.96 409.86 539942 626489 1129006 15978392 6.7 10.13
4 10.78 12.50 61.73 447 .64 176016 204100 1007927 7309066 5.9 5.9
Average 12.80 14.85 40.19 422.81 708006 821398 2223029 23386889 6.4 7.6
LOG 2 16.35 18.15 42.41 586.91 109316 121351 283553 3924080 8.5 10.1
3 7.19 7.98 20.74 594.09 310162 344241 894682 25627854 3.7 16.9
4 15.33 17.01 34.97 538.23 246859 273912 563122 8667118 7.2 10.9
Average 10.72 11.90 28.29 583.41 706737 784531 1865075 38462471 5.3 12.5
HSE 3 o 1] [+] [+] 0 0 0 [+] 0 -
4 0 0 0 0 0 o 0 0 0 -
Average ] 0 [+] (4] ] 4] (4] 0 (4] -
HCO 3 0 [+] 0 [+] o] 0 0 0 0 -
4 0 0 0 0 0 0 ] 0 0 -
Average a 0 [} 0 [+] [} 0 0 0 -
HCG 2 0 0 [+] Q Q 0 Q 0 Q -
3 0 [+] 1] 0 Q [+] (4] [+] [+] -
4 0 0 0 0 0 0 0 0 0 -
5 [+] 4] 4] 0 0 [+] o] [v] +] -
Average ] ] ] [+] 0 Q o] o o =
ALL BLDG TYPES
Average 9.10 10.68 28.41 452.91 10135297 11895052 31642177 504437110 5.5 10.4
HOTES :
Volume 4 Energy 59



Table 1.26

AR10 Vestibules

AVERAGE PER DWELLING UNIT:

TOTAL FOR U.S. PUBLIC HOUSING STOCK:

SAVINGS PAYBACKS:

Total Total Total Total Total Total Total Total Percent Discount-
Site Source Dollars Capital Site Source Dollars Capital Savings ed
Energy Enargy Savings Cost Energy Enerqgy Savings Cost (%) Payback
Savings Savings ($-'79) ($-'79) Savings Savings ($=-'79) (3-'79) Period
(@TU)  (MMRTU) (m@Ty)  (MBTU) (Years)
Lso 3 o 0 o 0 [ o 0 0 0 "
LSG 1 0 0 ] 0 0 ] 0 0 ] =
2 0 0 0 0 0 0 ] 0 0 =
3 0 0 0 0 o 0 o 0 0 =
4 ] 0 ] 0 ] 0 0 0 0 =
5 0 0 0 0 o ] ] 0 0 =
Average o 0 ] 0 0 0 0 0 ] =
LSE 1 0 0 0 0 ] 0 (1] 0 0 -
2 0 [] ] 0 /] ] [*] ] [} =
3 0 0 0 0 (] 0 0 0 0 -
Average s} ] 0 0 ] 0 0 ] 0 —
Lo 3 [+] 0 0 0 0 (V] 0 0 [+] -
4 [+ ] o [+] 0 0 (1] 1] 4] ] -
Average ] 0 o 0 0 0 [+] 0 o =
LCG 2 0 0 0 0 0 0 o 0 o -
3 o 0 0 0 0 0 o 0 0 -
4 o 0 [+] 0 0 0 ] 0 0 =
Average 0 0 ] 0 0 0 0 o 0 -
HSE 3 (4] 0 (4] 0 0 [+] 4] 4] 0
4 6.50 22.11 82.88 300.00 61672 209779 786365 2846400 7.5 3.1
Average 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 o 0 o 0 1] 0 0 o0 ] =
Average 4.80 5.57 11.71 30.23 771672 B95461 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 B.4
ALL BLDG TYPES
Average 1,12 1.36 3.05 13.63 1087191 1320161 2960656 13230736 0.6 3.7
HOTES :
60

Volume 4 Energy



Table 1.27

SH2 Nighttime Setback Thermostat

AVERAGE PER DWELLING UNIT:

TOTAL FOR U.S. PUBLIC HOUSING STOCK:

SAVINGS PAYBACKS:

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) (5-'79) Period
(MMBTU) (MMBTU) {mMBTU) (MMBTU) {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 50.486 116.01 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 41.561 75.96 64.82 338326 1150142 2099610 1791690 10.2 0.8
Average 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
1CG 2 30.52 33.88 79.1% 65.16 204057 226522 529464 435860 1s5.8 0.7
3 18.12 20.12 53.98 65.05 781661 867937 2328589 2806127 9.7 11
4 20.58 22.84 46.73 86.00 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 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
HCOD 3 9.19 10.66 23.59 65.24 losBz2ls 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 T.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
HOTES :
Volume 4 Energy 61



Table 1.28

SH3 Automatic Flue Damper

AVERAGE PER DWELLING UNIT: TOTAL FOR U.S. PUBLIC HOUSING STOCK: SAVINGS PAYBACKS:
Total Total Total Total Total Total Total Total Percent Discount-
Site Source Dollars cCapital Site Source Dollars Capital Savings ed
Energy Energy Savings Cost Enargy Energy Savings Cost (%) Period
Savings Savings ($-'79) ($-'79) Savings Savings ($="79) (5-'79) (Years)
(mMBTU)  (MMBTU) (MMBTU) (MMBTU)
LSO 3 0 0 0 0 (4] 0 [+] 0 0 -
LSG 1 47.53 52.76 113.12 539.55 4939935 5483505 11756500 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
Average 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 [¢] -
2 0 [+] o (1] 1] 0 0 [} 1] -
3 0 o 0 o 0 0 0 1] 0 -
Average o 0 0 0 0 0 0 [¢] 0 =
Lco 3 0 0 0 0 0 0 0 0 0 =
4 0 o] 1] 1] 0 0 ] [+] [+] -
Average 0 o 0 0 0 0 0 0 0 -
LcG 2 0 0 0 0 0 0 0 ] 0 -
3 0 o ] o 1] 0 ] [+ ] [+] -
4 0 ] 0 0 0 o 0 0 0 -
Average 0 o 0 0 0 0 0 0 0 -
HSE 3 0 0 0 o 0 0 0 0 o] -
4 L+] (4] 0 1] Q 0 ] [¢] 4] -
Average o 0 0 0 0 0 0 0 0 -
HCO 3 0 4] ] 0 ] 0 [} ] ] -
4 0 0 0 0 0 0 o 0 0 =
Average 0 0 0 o 0 0 0 0 0 -
HCG 2 0 o 0 o 1] 0 0 4] Q -
3 0 ] [¢] Q 0 [+] o 0 4] -
4 0 ] 0 0 0 0 ] [+] [+] -
5 (4] ] 0 o 0 (4] ] [+] 0 -
Average 0 o 0 0 0 0 0 0 0 -
ALL BLDG TYPFES
Average 14.62  16.22  39.17 114.46 16283302 18065333 43626331 127482000 8.4 2.5

HOTES :

Volume 4 Energy 62



Table 1.29

SH4 Flue Heat Recovery

AVERAGE PER DWELLING UNIT:

TOTAL FOR U.S. PUBLIC HOUSING STOCK:

SAVINGS PAYBACKS:

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) (5-'79) Period
(MMBTU)  (MMBTU) (MMBTU) (MMBTU) (Years)
LSO 3 7.19 B.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 B.43 9.36 23.43 347.12 71461 79344 198616 2942536 3.4 10.6
Average 4.99 5.54 13.37 362.00 2425389 2692717 6498488 175950100 2.9 16.3
LSE 1 0 0 0 0 0 [ o 0 0 -
2 [} 1] ] ] 0 [} [] ] 0 -
3 0 0 0 0 0 0 (4] ] 0 -
Average 0 0 [} o 0 0 0 ] 0 -
Lco 3 5.80 6.73 14.65 347.863 226113 262369 571130 135521355 3.4 149
4 10.35 12.01 50.91 347.12 168994 196099 831258 5667775 4.9 5.6
Average 8.09 9.38 27.07 347.486 447482 518835 1497322 19219054 4.2 9.5
LCG 2 B8.20 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
Avarage 8.72 9.67 23.88 349.70 574883 637514 1574336 23054671 4.5 10.5
HSE 3 0 (1] ] ] [+] 1] ] 0 0 =
4 ] ] 4] ] 0 0 o Q [+] -
Average ] o] 0 0 0 0 0 o 0 -
HCO 3 [+] [+] ] [+] 1] [+] 0 0 0 -
4 0 ] ] ] 0 ] 4] [¢] 4] -
Average 1] o 0 0 0 ] 0 0 0 =
HCG 2 0 1] [+] [+] [} +] [+] 0 ] =
3 [+] 4] [+] 0 ] 4] [+] [+] ] o]
4 [+] [v] [+] (4] 0 ] [+] [+] 0 o
5 ] Q Q Q ] ] [+] o (4] =
Average ] ] o o] ] ] ] o] 0 -
ALL BLDG TYPES
Average 4.48 5.08 13.486 223.24 4348767 4931191 13065716 216700600 2.3 11.6
HOTES :
Volume 4 Energy 63



Table 1.30

SH5 Electric Automatic Pilot

AVERAGE PER DWELLING UMIT:

TOTAL FOR U.S.

PUBLIC HOUSING STOCK:

SAVINGS PAYBACKS:

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
(MMBTD)  (MMBTU) (MMBTU)  (MMBTU) (Years)
LSO 3 ] ] 0 ] 0 0 o 0 0 - =
LSG i 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
k1 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 L 0 0 0 0 0 0 0 0 0 -
2 o [ 0 o 0 0 0 0 0 -
3 0 0 0 o ] 0 ] [} L} =
Average 0 0 0 0 0 0 0 0 o -
Lco 3 0 ] 0 ] 0 0 0 0 [} -
4 o 0 0 o 0 0 (] 0 o -
Average o ] ] ] ] 0 a o ] -
LCG 2 0 o 0 0 0 0 0 0 0 -
3 0 0 o 0 0 0 0 o 0 -
4 0 0 (] ] 0 0 0 0 0 -
Average o 0 ] Q 1] 0 ] a o -
HSE E 0 o 0 0 0 0 0 0 0 -
4 0 0 0 0 0 0 o 0 0 -
Average 0 0 0 0 0 (4] 0 0 0 =
HCO 3 0 0 0 0 0 0 0 0 0 -
4 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 (4] -
3 0 0 0 0 0 Q 0 0 0 -
4 0 0 0 0 0 0 0 0 0 -
5 0 0 0 0 0 0 0 0 0 -
Average o o 0 0 0 ] ] [+] ] -
ALL BLDG TYPES
Average 1,33 1.48 3.57 51.73 1481312 1648378 3976155 5715270 0.7 10.4
HOTES :
Volume 4 Energy 64



Table 1.31

SW2 Flow Restrictors

AVERAGE PER DWELLING UNIT:

TOTAL FOR U.S.

PUBLIC HOUSING STOCK:

SAVINGS PAYBACKS:

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
(BTU)  (MMBTU) (MMBTU)  (MMBTU) (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
2y 3 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 2.8 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
Average  6.4% 7.17 17.26 17.00 3139883 3484979 8389223 8262850 3.7 0.9
LSE 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 2.717 9.42 17.42 17.00 76566 260378 481506 469897 2.3 0.9
Average  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
LCG 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 l.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 s
Average  2.98 3.46 7.70 17.00 479080 556247 1237891 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
HOTES:
Volume 4 Energy 65



Table 1.32

SW3 New Domestic Hot Water Heater

AVERAGE PER DWELLING UNIT:

TOTAL FOR U.S. PUBLIC HOUSING STOCK:

SAVINGS PAYBACKS:

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) (5-"79) Period
(MMBTU) (MMBTU) (MMBTU) (MMBTU) (Years)
Lso 3 13.22 15.34 46.34 448.37 200401 232539 702468 6796840 7.6 7.5
LsSG 1 6.52 7.24 14.88 448.137 677643 752474 1546523 46600439 4.8 17.4
2 10.35 11.49 30.95 448,137 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 42.29 448,137 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 47.15 448,137 204819 696553 1303273 12393395 6.3 7.4
Average 6.37 21.67 58.31 448.137 413113 1405364 3781578 29078139 6.5 6.2
Lco 3 0 o 0 o 0 (1] 1] ] (o] -
4 [+] o ] 0 0 ] [+] 4] ] -
Average o 0 a [s] 0 (1] 0 0 ] -
LCG 2 o] L] t] 0 0 0 o ] ] -
3 [+] ] Q ] ] 0 o [+] [¢] -
4 (] 0 0 o 0 0 1] o] 0 =
Average 0 0 o o 0 0 0 0 o -
HSE 3 3.63 12.34 13.02 448.37 86179 292963 309107 1064475 4.7 19.0
4 5.45 18.52 69.40 448,137 51709 175717 658467 4254134 6.3 5.3
Average 4.16 14.15 29.61 448.37 138232 4701%0 983910 14898886 5.7 l10.8
HCO 3 0 0 1} 0 ] 0 1] 0 0 =
4 4] 4] 0 0 ] 0 o] 4] ] -
Average 1] o 0 [+] 1] [+] o 0 0 -
HCG 2 0 [+] 1] 0 o] 0 0] [+] L] -
3 1] 0 0 ] 0 ] ] ] [+] =
4 Q [+] 0 ] o Q ] 0 0 -
5 0 0 ] 0 0 0 0 0 0 -
Average [+] ] ] o o] [+] v} [+] [+] -
ALL BLDG TYPES
Average 3.74 4.99 17.08 74.81 3630444 4843827 16579675 72618590 2.2 3.7
HOTES :
Volume 4 Energy 66



Table 1.33

SW4 Refurbish/Replace Fixture

AVERAGE PER DWELLING UNIT:

TOTAL FOR U.S. PUBLIC HOUSING STOCK:

SAVINGS PAYBACKS:

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 (5='79) ($-'79) savings Savings (§-'79) ($-'79) Period
(MMBTU)  (MMBTU) (MMBTU)  (MMBTU) (Years)
Lso 3 11.49 13.33 40.28 89.00 174177 202069 610605 1349151 6.6 1.9
LsSG 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 9,15 23.48 89.00 71376 79260 199040 754453 3.4 3.1
Average 7,91 8.78 21.10 89.00 3844656 4267519 10255655 43258450 4.5 3.5
LSE > 3 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
Average 5,88 20.00 64.06 89.00 182759 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 1.7 1.9
Average 7,72 8.96 23.98 89.00 427016 495604 1326406 4922857 3.8 3.1
LCG 2 7.28 8.08 18.86 89.00 48674 54023 126098 595054 3.8 1.9
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 8.21 20.70 89.00 487860 541261 1364689 5B67503 3.9 3.5
HSE 3 2.12 7.19 7.59 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 7.2% 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 3769328 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 7.38 89.00 69298 76895 136744 1649081 2.8 8.5
3 2.12 2.36 5.85 89.00 90066 100262 248531 3781076 o 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
Average 6,63 8.17 18.50 88.97 7384288 9099493 20604726 99092027 4.3 3.9

Volume 4 Energy

67



Table 1.34

SL2 Reduce Lighting Level

AVERAGE FER DWELLING UNIT:

TOTAL FOR U.S. PUBLIC HOUSING STOCK:

SAVINGS PAYBACK:

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 ($='79) (5="79) Savings Savings ($="79) ($='79) Period
(MMBTU) (MMBTU) (MMBTU) (MMBTU) (Years)
LSO 3 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 -
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
LsSE 1 0 [+] 0 0 0 o] [+] 0 o -
2 0 0 0 0 0 0 0 0 0 -
3 0.18 0.61 1.90 32,84 4975 16861 52518 307730 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
LcG 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
HSE 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
HCO 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
HCG 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
-1 0.17 0.58 2,05 3l.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
HOTES :
Volume 4 Energy 68



Table 1.35

SL3 Automatic Timed Control

AVERAGE PER DWELLING UNIT:

TOTAL FOR U.S. PUBLIC HOUSING STOCK:

SAVINGS PAYBACKS:

Total Total Total Total Total Total Total Total Percent Discount-
Site Source Dollars Capital Site Source Dollars Capital Savings ed
Enerqgy Energy Savings Cost Energy Energy Savings Cost (%) Pariod
Savings Savings ($-'79) ($-"79) Savings Savings ($-'79) ($=-'79) (Years)
(MMBTU) (MMBTU) (MMBTU) (MMBTU)
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 B.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
LSE 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 0.02 0.11 0.47 1.90 653 1796 7674 31023 0.1 3.4
Average 0.04 0.14 0.80 1.30 2213 7744 44250 21226 0.1 1.4
LCG 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 1728 5608 19844 127688 0.1 5.3
4 o] 0 ] 0 0 ] L] 0 0 =
5.1
Average 0.04 0.13 0.48 2.95 2637 8571 31645 194485 0.1
HSE 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
Average 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
Average 0.05 0.18 0.55 3.51 8038 25722 88421 564285 0.2 5.3
HCG 2 0.17 0.58 1.64 7.39 3150 10747 30388 136929 0.8 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 3ea9 13841 40837 0.4 2.5
Average 0.18 0.62 2.19 6.93 18823 64833 229008 724670 0.7 2.7
ALL BLDG TYPES
Average (.08 0.26 0.87 4.88 89102 289580 968979 543519 0.1l 4.7
HOTES :
Volume 4 Energy 69 .



Table 1.36

SL4 Incandescent to Fluorescent

AVERAGE PER DWELLING UNIT:

TOTAL FCR U.S. PUBLIC HOUSING STOCK:

SAVINGS PAYBACKS:

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 (5-'79) ($-"79) Savings Savings ($="79) ($-'79) Period
(MMBTU) (MMBTU) (MMBTU) (MMBTU) (Years)
Lso 3 0.30 1.01 2.79 31.00 4548 15311 42294 469929 0.5 8.0
LSG 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 6713108 5338851 0.6 6.4
4 0.29 0.99 .84 31.66 15437 52698 204403 le85262 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
LSE 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 3l1.18 9951 33446 54729 861846 0.3 11.1
Average 0.3l 1.04 2.95 31.38 20179 67699 192030 2042681 0.3 7.7
LCo 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 3l.o08 149235 50335 217933 1719128 0.6 6.1
LcG 2 0.30 1.03 3.92 3l.08 2006 6887 26209 207801 0.8 6.4
3 0.30 1.04 3.48 31.05 12941 44864 150120 1339435 0.6 Tl
4 0.29 1.00 3.35 3l1.28 4669 16103 53945 503702 0.7 7.3
Average 0.30 1.04 3:57 31.09 19778 68564 235359 2049670 0.7 [ 7]
HSE 3 0.30 1.01 1.04 3l1.00 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 3l.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 3.8l 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 3l.00 12320 41634 169511 1317004 1 6.3
4 0.29 1.00 3.6l 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
Average 0.29 .97 3.80 31.08 322993 10801356 4009568 34615940 0.5 6.5
HOTES :
Volume 4 Energy 70



Table 1.37

SL5 High Efficiency Ballast

AVERAGE PER DWELLING UMIT:

TOTAL FOR U.5. PUBLIC HOUSING STOCK:

SAVINGS PAYBACKS:

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 3 0 0 0 0 o 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
Average 0.04 0.14 0.56 5.50 19442 68047 272188 2673275 0.1 7.2
LSE 1 0 (1] 0 o 0 ] 0 0 0 =
2 0 0 0 0 0 ) 0 0 0 =
3 0.09 0.29 0.89 11.27 2488 8016 24600 311514 0 8.8
Average 0.03 0.11 0.33 4.18 1953 7160 21481 272097 0.1 8.8
LCO 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 =
Average 0.02 0.08 0.51 3.18 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 L
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
Average 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 17892 374185 0.1 7.6
4 0.03 0.11 0.26 4.20 1271 4659 11012 177878 0.1 10.6
Average ©.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 2.3 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
Average  0.07 0.24 0.77 9.13 7320 25097 80519 54724 0.2 8.4
ALL BLDG TYPES
Average  0.04 0.13 0.46 5.14 44551 144790 512334 5724773 0.1 8.0
HOTES :
Volume 4 Energy 71



Table 1.38

CR1 Individual Room Control

AVERAGE PER DWELLING UNIT:

TOTAL FOR U.S.

PUBLIC HOUSING STOCK:

SAVINGS PAYBACKS:

Total Total Total Total Total Total Total Total Percent Discount-
Site Source Dollars Capital Site Source Dollars Capital Savings ed
Enerqgy Energy Savings  Cost Energy Energy Savings Cost (%) Payback
Savings Savings (5='79) (5='79) Savings Savings (5-'79) (5='79) Period
(MMBTU) (MMBTU) (MMBTU) (MMBTU) (Years)
Lso 3 o 0 (4] 1] o o] ] [+] [+] -
LSG 1 Qo ] 0 o 0 ] 0 o 0 -
2 ] [} ] 0 0 0 o 0 0 -
3 ] 0 Q 0 0 ] o] ] 0 -
4 4] 0 1] o [+] ] (1] 0 ] -
5 1} ] ] ] o] 0 o] 0 0 -
Average ] 4] (1] 4] o] [+] [+] 4] (4] -
LSE 1 0 [+] o] ] 4] ] o 0 Q -
2 ] ] [+] ] ] 0 0 ] 0 -
3 1] ] ] 0 a ] 0 o 0 -
Average ] [} o "] 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 B807.80 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
LCG 2 8.01 8.89 20.79 774.57 53554 59438 139000 5178775 4.2 19.9
3 7.88 8.75 23.87 352.93 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
Average 8.09 8.98 22.40 510.20 533349 592024 1476764 33635955 4.2 14.5
HSE 3 [+] "] o 0 0 0 0 0 0 o
4 0 ] o 0 0 ] 0 0 [+] -
Average o] 0 o o o] ] 0 Q a -
HCO 3 0.42 0.48 1.37 128.67 49733 56838 162225 15236200 0.4 42.2
4 3.22 3.73 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
HCG 2 2.09 2.32 i.80 361.44 ig725 42987 70410 6697121 1.5 42.7
3 0.69 0.77 2.17 247.99 29313 32712 92190 10535607 0.6 LS
4 0.77 0.85 1.%0 292.54 24730 27300 61024 9395799 0.5 »
5 1.07 1.18 2.20 197.33 12239 13498 25165 2257257 0.7 40.1
Average 0.99 1.10 2.29 263.70 103524 115027 239465 27575109 0.7 34.8
ALL BLDG TYPES
Average 2.39 2.71 7.58 136.93 2661907 3018313 8442369 152508300 1.4 12.3
HOTES :
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Table 1.39

CR2 Zone Control Retrofit

AVERAGE PER DWELLING UMIT:

TOTAL FOR U.S. PUBLIC HOUSING STOCK:

SAVINGS PAYBACKS:

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 (5="79) (5="79) Period
(MMBTU) (MMBTU) (MMBTU) (MMBTU) (Years)
Lso 3 Qo 4] [+] (4] (] ] ] 0 [+] =
LSG 1 0 4] o 0 4] 0 0 [+] 0 =
2 0 0 4] ] o 0 0 Q 1] -
3 Q 0 4] o 0 [+] [+] 4] 0 -
4 0 0 0 0 0 [+] [+] Q 0 =
5 0 0 4] [+] (4] a Q Q o -
Average ] 0 0 0 ] ] Is] o] o -
LSE 1 0 o o 1] [+] 0 4] [¢] ] -
2 o \] 0 0 0 0 0 ] 0 -
3 [+] 0 0 0 [+] ] 4] [+] [+] -
Average o o ] ] L] ] ] 4] o -
Lco 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
LCG 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 T 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
HSE 3 1] ] 0 0 4] 0 0 0 ] =
4 [v] Q ] o 0 [+] o o] 4] D)
Average 0 ] 0 0 [+] 0 ] ] o] -
HCO 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
Average 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 ] 1] ] [+] 0 (4] o 0 -
4 ] 0 1] [+] [+] V] ] 0 1] =
5 0.38 0.42 0.79 6.33 4346 4804 9036 72408 0.3 6.4
Average 0.16 0.18 0.30 2.41 16731 18822 137 252013 0.1 6.4
ALL BLDG TYPES
Average 0.72 0.81 1.87 80.86 801913 902152 2082748 90059361 0.4 21.7
HOTES :
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Table 1.40

CR3 Radiation Pump Control

AVERAGE PER DWELLING UNIT:

TOTAL FOR U.S. PUBLIC HOUSING STOCK:

SAVINGS PAYBACKS:

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 ($='79) Payback
Savings Savings (5='79) (§=779) Savings Savings (5='79) (5=-'79) Period
(MMBTU) (MMBTU) (MMBTU) (MMBETU) (Years)
LSO 3 [+] 0 0 0 0 ] 0 [¢] (o] =
LSG 1 0 0 0 0 0 0 0 0 0 -
2 0 0 ] 0 0 0 0 0 0 o
3l 0 0 0 0 o 0 0 0 0 =
4 0 0 0 0 0 o 0 0 0
5 [+] [+] [v] 0 0 0 0 4] 1]
Average 0 o o 1] ] 0 0 0 0 -
LSE 1 ] ] ] o ] 0 [+] 0 o -
2 ] [+] [+] ] 0 o 0 [+] 0
3 0 ] [+] (4] 0 0 0 0 o]
Average ] o] 0 0 4] o o 0 0 -
Lco 3 0.55 0.64 1.40 40.94 21442 24950 54579 1596046 0.3 17.1
4 1.36 1.58 6.69 247.95 22206 25798 109234 4048528 0.6 19.8
Average 0.96 1.1 3.2 111.88 53100 61397 177555 6188418 0.5 19.1
LCG 2 0.01 0.01 0.01 1.75 67 67 67 11701 0.1 .
3 0.63 0.69 1.87 11.44 27177 29765 80668 493499 0.3 5.1
4 [} [+] 0 [+] 0 0 [¢] 4] +]
Average 0.41 0.45 . B i) 7.25% 27030 29667 73838 477971 0.2 5.3
HSE 3 0 0 0 0 0 0 0 0 0 )
4 0 0 0 ] 0 0 0 0 0 =
Average o o 0 o o 0 0 0 0
HCO 3 0.11 0.13 0.28 2.40 13025 15394 33156 284191 0.1 6.8
4 0.01 0.01 0.02 3.91 424 424 847 165596 0.1 5
Average 0.08 0.09 0.21 2.79 12861 14469 33761 448534 0.1 9.8
HCG 2 0.35 0.39 0.65 5.36 6485 72286 12044 99315 0.2 6.6
3 0.10 0.11 0.27 5.82 4248 4671 11471 247257 0.1 14.1
4 0.67 0.74 1.64 11.70 21519 23767 52674 375781 0.5 5.8
5 l1.21 1.34 2.26 5.81 13841 15328 25852 66461 0.8 2.2
Average 0.57 0.63 1.28 7.69 59605 65879 133850 804143 0.4 5.0
ALL BLDG TYPES
Average 0.33 0.37 0.96 23.62 367544 412095 1069218 26307223 0.2 15.3
HOTES :
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Table 1.41

CR4 Hot Water Reset Control

AVERAGE PER DWELLING UNIT:

TOTAL FOR U.S. PUBLIC HOUSING STOCK:

SAVINGS PAYBACK:

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) ($='791 Period
(MMBTU) (MMBTU) (MMBTU) (MMBTU) (Years)
Lso 3 o 0 o 0 [v] o o 4] ] -
LsSG 1 0 [\] ] s} V] ] 0 ] o -
2 0 ] o 0 [} o [+] ] o -
3 0 0 0 0 0 0 0 o] 0 -
4 0 0 [+] 0 0 [+] [+] Q [+] -
5 4] 4] 4] 0 [+] [+ ] [+] ] 0 -
Average 0 1] o 0 0 0 0 o 0 -
LSE p & 0 0 0 0 0 0 0 0 0 -
2 [+] 1] ] Q ] [+] 0 ] ] -
3 [+] 1] [+] 1] [+] o ] (4] [+] -
Average ] 0 o o o L] ] ] Q -
Lco 3 0.02 0.02 0.04 0.59 79 779 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
LCG 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 0.8 13.4
4 0.01 0.02 0.02 ] 161 322 322 4] 0.1 [v]
Average 1.15 1.28 3.59 55.94 75816 B4386 236677 3687956 0.7 11.0
HSE 3 [+] 0 [+] [+] 0 o o 0 [} -
4 0 o ] [+] ] o 0 [+] 1] -
Average ] [+] 0 ] 0 o 0 (4] 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 315575 81342 0.7 2.0
3 0.69 0.77 2.17 3.82 29313 32712 921%0 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
HOTES :
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Table 1.42

CR5 Radiation Part Load Pump

AVERAGE PER DWELLING UNIT:

TOTAL FOR U.S. PUBLIC HOUSING STOCK:

SAVINGS PAYBACKS:

Total Total Total Total Total Total Total Total Percent Discount-
Site Source Dollars Capital Sita Source Dollars Capital Savings ed
Energy Energy Savings Cost Energy Energy Savings Cost (%) Payback
Savings Savings ($='79) (5-'79) Savings Savings (5='79) (5-'79) Period
(MMBTU) (MMBTU) (MMBTU) (MMBTU) (Years)
Lso 3 0 0 [+] ] 0 Q (] "] o o
LSG 1 o o 1] o 0 4] 0 o] ] -
2 0 4] [¢] 1] 0 0 [*] [+] 4] -
3 0 1] 0 0 0 0 o 0 0 -
4 o] 0 o 1] "] ] 0 Q ] =
5 ] [+] 0 o 0 ] o [+] (4] -
Average [+] 0 0 0 0 0 0 0 0 -
LSE 5 1 0 o 0 [+] 0 0 ] ] o o
2 [+] ] ] [+] o [1] [} +] [+] -
3 o 0 0 0 (1] [+] o] ] [+] -
Average 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 11.86
Average 1.77 2.05 5.92 51.61 97904 113392 327453 2854704 0.9 6.9
LCG 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 4] [+] [+] 1] 0 ] 0 0 Q -
4 o] 0 0 0 0 0 ] 0 0 =
Average 1] 4] 0 [+] Q 0 Q (o] 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 3ies 125362 0.1 19.7
Average 0.31 0.36 0.85 16.22 49837 57875 136650 2607608 0.2 12.8
HCG 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 jas42 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 14.3
ALL BLDG TYPES
Average 0.58 0.67 1.82 24.01 645986 746225 2027060 26741593 0.3 9.7
HOTES :
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Table 1.43

CA2 Reduce Supply Air Quantities

AVERAGE PER DWELLING UNIT:

TOTAL FOR U.S. PUBLIC HOUSING STOCK:

SAVINGS PAYBACK:

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 Enexgy Savings Cost (%) Payback
Savings Savings ($-'79) ($~'79) savings Savings ($-'79) ($-'79) Period
(MMBTU) (aMBTU) (MMBTU) (MMBTU) (Years)
Lso 3 (4] ] o] ] Q ] [+] o] o -
LsSG 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 L
3 0 0 0 0 [+] o [+] 0 0 -
4 ] 0 Y] ] ] 0 4] 0 0 -
5 0 0 0 0 ] o] 0 Q 0 -
Average 0.01 0.01 0.01 1.61 4860 4860 4860 782540 0.1 -
LSE s 3 ] 0 o 0 ] ] ] ] 0 -
2 0 0 ] ] 0 ] o 0 ] -
3 0.01 0.01 0.01 6.61 276 276 276 182707 0.1 *
Average 0.01 0.01 0.01 2.45 648 648 648 158889 Q.1 -
LCo 3 0.01 0.01 0.01 1.83 g9 ie9 389 71342 0.1 L
4 0 [} 0 o ] 0 o 0 0 -
Average 0.01 0.01 0.01 1.20 553 553 553 66375 0,1 L7
LeG 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 L
4 0.01 0.01 0.04 6.79 161 161 644 109339 0.1 b
Average 0.01 0.01 0.01 3.62 659 659 659 238655 0.1 o
HSE 3 0.01 0.01 0.01 6.06 237 237 237 143870 0.1 »
4 ] Q [¢] 0 0 Q o 0 [+] =
Average 0,01 0.01 0.01 4.62 332 32 332 141887 0.1 L
HCO 3 0.01 0.01 0.04 13.38 1184 1184 4736 1584365 0.1 =
4 o o ] ] 0 ] Q 0 0 =
Average 0.0l 0.01 0.03 9.91 1607 1607 4822 1593181 0.1 L
HCG 2 0.01 0.03 0,09 18.17 185 555 1667 336671 0.1 .
3 0.01 0.01 Q.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 b
ALL BLDG TYPES
Average 0.01 0.13 0.03 6.63 11137 144789 33413 7384288 0.1 -
HOTES :
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Table 1.44

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

AVERAGE PER DWELLING UNIT:

TOTAL FOR U.S. PUBLIC HOUSING STOCK:

SAVINGS PAYBACKS:

Parcent Discount-

Total Total Total Total Total Total Total Total
Site Source Dollars Capital Site Source Dollars Capital Savings ed
Energy Energy Savings Cost Energy Energy Savings Cost (%) Payback
Savings Savings ($="79) (5='79) Savings Savings ($-'79) ($='79) Period
(MMBTU) (MMBTU) (MMBTU) (MMBTU) (Years)
Lso 3 0 0 [+] 4] ] 0 1] o] 0 -
LSG A 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 (4] (4] 0 [+] 0 ] [+] 0 0 -
4 o 0 0 [+] [+] 4] 1] ] 0 -
5 [v] ] [} o] (1] 0 ] 0 ] -
Average 0.08 0.09 0.16 1.32 jses4 43745 77768 641586 0.1 6.6
LSE 1 0.36 1.22 4.30 14.04 7452 25255 89014 290642 0.5 2.8
2 0 (1] ] ] o Q 0 0 0 -
3 0.19 0.65 2.23 5.96 5252 17967 61639 164740 0.3 2.3
Average 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 12.7
4 ] ] 0 o 1] o Q 0 ] -
Average 0.03 0.04 0.07 1.44 1659 2213 3872 79651 0.1 13.7
LcG 2 0.04 0.04 0.10 2.68 267 267 669 17918 0.1 16.23
3 0.01 0.01 0.01 1.09 431 431 431 47020 0.1 il
4 0.17 0.19 0.41 4.08 2738 3060 6602 65700 0.1 7.6
Average 0.04 0.04 0.09 1.96 2638 2637 5933 129217 0.1 14.1
HSE 3 2.24 7.61 B8.03 10.93 53180 180670 190640 259489 2.9 1.2
4 4] 0 [+] 0 0 1] o] ] o >
Average 1.57 5.37 5.67 7.71 52170 178440 188408 256196 1.1 1.2
HCO 3 0.21 0.23 0.54 4.20 24867 27235 63943 497335 0.1 6.2
4 [+] Q (4] [+] [+] o 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 4447 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 2974 5262 67833 0.2 9.%
Average 0.25 0.27 0.61 8.70 26143 28234 63788 909759 0.2 10.3
ALL BLDG TYPES
Average 0.13 0.23 0.31 3.02 144790 256167 345268 3363582 0.1 7.4

HOTES :
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Table 1.45

CA7 Zone Reset Control

AVERAGE PER DWELLING UNIT: TOTAL FOR U.S. PUBLIC HOUSING STOCK: SAVINGS PAYBACK:
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 Enerqgy Savings Cost (%) Payback
Savings Savings ($-'79) (s='79) Savings Savings (s-'79) ($=-'79) Period
(MMBTU) (MMBTU) (MMBTU) (MMBTU) (Years)
Lso 3 [+] 0 1] [+] [+] [+] [+] [v] ] =
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 Q 0 ] ] o ] [+] 1] [+] -
4 [+] ] ] o ] ] 0 [+] o -
5 [+] 0 v} 1] (] o] Q (1] Q -
Average 0.01 0.01 0.01 3.55 4860 4860 4860 1725477 0.1 .
LSE 1 0 0 0 0 o Q L] Y] 0 -
2 1] o 1] 0 [+] [+] o] (o] 0 -
3 0 1] 0 Q 1] ] ] 4] (4] -
Average 0 o 0 [+] (4] ] ] (4] 1] -
LCo 3 0.05 0.06 0.10 5.93 1949 23139 3g98 231181 0.1 27.5
4 0 [+] 0 0 ] ] 0 0 [+] -
Average 0.03 0.04 0.07 3.90 1659 2212 3872 215720 0.1 27.5
LCG 2 0 4] 0 [+] o 0 0 (] 0 -
3 0 0 0 0 0 0 0 0 [s] -
4 [+] 0 0 0 [+] ] [+] 4] 0 -
Average 0 [} 0 0 0 0 0 [} 1] -
HSE 3 [+] 0 0 [s] 1] [+] ] o 0 =
4 [+] o 0 [+] [+] 0 0 4] (4] 4
Average 0 0 0 o ] 0 0 [¢] 0 -
HCO 3 0.086 0.07 0.20 2.83 7104 8288 23682 335108 0.1 10.3
4 0 0 o ] Q o 0 o] 0 -
Average 0.04 0.05 0.15 2.10 6430 BO3B 24114 3376086 0.1 10.3
HCG 2 0 0 0 0 (4] (] ] [¢] 0 e
3 0.01 0.01 0.03 4.80 424 424 1274 203923 0.1 i
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 BLDG TYPES
Average 0.04 0.05 0.10 3.67 44550 55688 111376 4087532 0.1 19.7
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Table 1.46

CA9 Heat Recoverv

AVERAGE PER DWELLING UNIT:

TOTAL FOR U.S. PUBLIC HOUSING STOCK:

SAVINGS PAYBACKS:

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 3 ] o o 0 o] 0 ] o ] -
LSG 1 0.01 0.01 0.01 9.92 1039 1039 1039 1031015 0.1 g
2 0.01 0.01 0.01 7.70 1500 1500 1500 1155015 0.1 -
3 ] ] a a 0 1] 0 Q 0
4 0 +] 0 0 0 0 0 ] [+] -
s o ] ] 0 0 0 [+] o a -
Average 0.01 0.01 0.01 6.42 4860 4860 4860 3120441 0.1 %
LSE 1 ] 0 0 o 0 ] ] (1] [+] -
2 ] U] o] 0 . o 0 o ] [v] -
3 0.01 0.03 0.15 66.67 276 830 4146 1842825 0.1 .
Average 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 Q ] 0 o 0 ] ] 0 0 -
Average 0.03 0.04 0.07 8.08 1659 2212 3872 446929 0.1 L
LcG 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 56136 6280 13365 735746 0.2 26.8
Average 0.08 0.09 0.19 23.21 5274 5913 12526 1530165 0.1 35.7
HSE 3 ] o 4] 0 0 ] (1] ] [+] -
4 0 ] 1] 0 0 0 0 ] 0 -
Average 0 0 Q 0 0 o 0 o o -
HCO 3 Q.38 0.44 1.01 37.56 44996 52101 119597 44475922 0.2 19.8
4 ] L] o] ] [} o ] o 4] -
Average (.28 0.32 0.75 27.81 45014 51444 120573 4470874 0.2 19.8
HCG 2 0.29 0.32 0.54 99.81 5373 5929 10005 1849379 0.2 w
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
hverage 0.60 0.67 1.40 93.54 62742 70062 146398 9781477 ] 0.4 27.3
ALL BLDG TYPES
Average p.15 0.17 0.38 24.40 167065 189340 400956 27175963 0.1 27.5
NOTES :
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Table 1.47

CH4 Automatic Cycling

AVERAGE PER DWELLING UNIT:

TOTAL FOR U.S. PUBLIC HOUSING STOCK:

SAVINGS PAYBACKS:

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 (5='79) ($=-'79) Savings Savings (5='79) (5='79) Period
(MMBTU) (MMBTU) (MMBTU) (MMBTU) (Years)
Lso 3 ] 0 ] +] ] o o o 0 =
Lsc 1 ] ] 0 ] Q o o o o =
2 o 0 0 (1] a a Qo 0 0 =
3 [+] 0 0 0 ] ] 0 0 ] =
4 Q 0 ] o 0 ] ] Q ] -
5 0 0 o ] o o 0 ] o =
Average 0 [+] [+] 0 Q 4] V] ] (1] -
LSE 1 a 0 o ] 0 0 0 0 ] =
2 o 0 0 0 [+] 0 o 0 0 -
3 Q o Q ] o 0 0 0 0 -
Average [+] ] 0 (] ] ] 0 o a -
LCO 3 1.07 1.24 2,125 1.59 41714 48341 87716 61986 1.4 0.6
4 0.96 1.11 2.71 2.29 15675 18124 44249 37391 0.2 0.8
Average 1.03 1.19 2.41 l.83 56972 65823 133304 101223 0.4 0.7
LcG 2 2.39 2.65 6.19 8.74 15980 17718 41386 58436 1.2 1.3
3 3.07 3.41 9.25 5.16 132434 147101 399027 222592 1.7 0.5
4 4.48 4.97 10.05 5.92 73141 80032 161835 95330 3.3 0.5
Average 3.13 3.47 8.62 6.15 203772 225%07 561188 400384 1.6 0.6
HSE 3 [+] [} 0 0 0 ) o L] 0 -
4 [+] o ] ] 1] o] 0 ] 0 =
Average ] 0 o o] ] ] 0 L] 0 Y
HCO 3 0.12 0.14 0.38 0.78 14210 16578 44997 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 l.02 1.13 59483 69129 163980 181665 0.3 1.0
HCG 2 0.51 0.56 0.77 2.97 9450 1037& 14267 55031 0.3 3.3
3 [+] [+] o L] [+] o ] [} 0 -
4 Q [+] 1] [+] [+] o ] 0 o -
s 0.38 0.42 0.79 1.44 4347 4804 9037 16472 0.2 1.6
Average 0.10 0.18 0.30 0.74 10457 18823 31371 77382 0.1 2:1
ALL BLDG TYPES
Average 0.71 0.81 1.87 9.40 790778 902153 2082748 10469429 0.4 4.2
HOTES :
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Table 1.48

CH5 Lead/Lag Control

AVERAGE PER DWELLING UNIT:

TOTAL FOR U.S. PUBLIC HOUSING STOCK:

SAVINGS PAYBACKS:

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 (5=-"79) ($-'79) savings Savings (s-'79) (s-'79) Period
(MBTU) (MMBTU) (MMBETU) (MMBTU) (Years)
LSO 3 0 0 0 0 0 0 0 0 0 0
LSG 1 0 0 0 ] 0 0 0 0 o 0
2 0 0 1] [+] Q ] Q a 0 ]
3 Q Q 0 0 0 0 0 [} 0 0
4 ] 0 0 ] 0 0 o ] 0 0
5 [+] 0 ] 0 1] ] o [} ] 0
Average 0 0 [¢] 0 o 0 0 o a o
LSE 1 0 ] 0 ] 0 [+] 0o o 0 Q
2 Q ] [+] ] 1] 0 1] ] o 0
3 ] o [+} 0 1] ] ] ] ] 4]
Average 0 Q ] 0 0 v] Q o] 0 0
LoD 3 Q ] ] 0 0 [+] o ] ] [+]
4 o ] 0 [+] o] ] 0 0 ] ]
Average 0 0 o 0 ] o ] o 0 ]
LCG 2 ] 0 0 0 0 0 [+] 0 o] ]
3 Q0 e} 0 0 o] Q ] ] o 0
4 ] Q ] o 0 Q ] o] ] [+]
Average 0O ] Q 0 ] ] 0 o Q ]
HSE 3 Q ] 1] [+] Q o 0 ] Q ]
4 0 0 0 0 (4] o 0 ] ] 1]
Average 0 0 ] 4] 0 0 +] 0 0 4]
HCO 3 0 [+] 0 0 0 o o] ] 0 [+]
4 ] Q 0 0 0 ] 0 0 ] 0
Average 0 o 0 0 0 0 0 0 o] 0
HCG 2 [¢] 0 ] [+] 0 ] 0 ] ] (+]
3 o 0 0 o [+] ] [s] o ] o
4 Q 0 4] Q ] 0 0 0 0 Q
5 [+] 4] 4] 4] [+] 0 0 ] ] 0
Average 0O 0 0 o 0 ] ] o o] ]
ALL BLDG TYPES
Average 0 1] 0 0 o [} ¢} [} 0 Q
HOTES :
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Table 1.49

CH6 Reduce Burner Size

AVERAGE PER DWELLING UNIT:

TOTAL FOR U.S. PUBLIC HOUSING STOCK:

SAVINGS PAYBACKS:

Total Total Total Total Total Total Total Total Percant Discount-
Site Source Dollars Capital Site Source Dollars Capital Savings ed
Energy Energy Savings Cost Energy Energy Savings Cost (%) Payback
Savings Savings (5-'79) ($='79) Savings Savings ($-'79) ($="'79) Period
(MMBTU) (MMBTU) (MMBTU) (MMBTU) (Years)
Lso 3 ] ] ] 0 ] 0 0 0 o -
LSG 1 0 0 0 0 0 0 0 0 0 -
2 0 0 0 (] 0 0 0 0 0 =
3 0 0 0 (] 0 0 0 0 o _
4 0 0 0 0 0 0 0 ] 0 -
5 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 o ] 0 =
2 0 0 0 0 [} 0 0 0 0 =
£ 0 0 0 0 o 0 0 [} o -
Average 0 0 0 0 0 0 0 0 0 =
Lco 3 0.04 0.04 0.07 .53 1559 1559 2729 20662 0.1 5.9
4 0 0 [} 0 0 0 0 0 0 -
Average 0.02 0.02 0.05 .35 1106 1106 2766 19360 0.1 5.9
LcG 2 0.66 0.74 1.72 12.18 4413 4948 11500 81435 0.3 5.8
3 0.16 0.17 0.58 3,97 6302 7333 25020 171258 a,1 5.6
4 0.56 0.62 1.50 7.41 3018 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 (1] 0 1] 0 §] ] 0 o} o -
4 ] 0 0 0 n Q 0 <} 0 -
Average 0 [+] 0 0 n 0 [#] [+] o -
HCO 3 0.10 0.11 0.31 1.01 11841 13025 36708 119597 0.1 2:7
4 0 0 0 0 4 n 0 0 -
Average 0.07 0.08 0.23 .74 11254 12861 36976 118966 0.1 2.7
HCG 2 ] 0 0 0 0 0 0 0 n -
3 0.42 0.47 1.23 1.62 17843 19967 52255 68824 0.3 iz
4 0.15 0.17 0.32 5.65 4818 5460 10278 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 29280 33462 71108 315801 0.2 3.8
ALL BLDG TYPES
Average 0.09 0.10 0.28 1.50 10239 111376 311855 1670654 0.1 4.5
HOTES:
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Table 1.50

CH7 Modulating Burner

AVERAGE PER DWELLING UNIT:

TOTAL FOR U.S. PUBLIC HOUSING STOCK:

SAVINGS PAYBACKS:

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 (L] Payback
Savings Savings ($='79) ($='79) sSavings Savings ($='79) (5='79) Peried
(MMBTU) (MMBTU) (MMBTU) (MaMBTU) (Years)
Lso 3 0 0 1] 0 0 0 ] Q 0 -
LSG 1 0 0 0 0 0 0 0 0 0 -
2 ] [+] 1] 0o o 0 4] ] 0 -
3 ] (] 0 o [} 0 ] ] 0 -
4 ] 1] ] 0 ] [+] 0 (] a -
5 0 0 0 0 0 0 0 ‘o 0 -
Average 0 0 0 0 0 0 0 0 0 -
LSE 1 ] o] ] ] 0o Q a ] ] -
2 ] 0 ] [+] +] 0 1] 0 o -
3 Q ] ] o 0 1] 0 ] o -
Average 0 L] ] o ] ] 0 ] ] -
Lco 3 0.83 0.9 1.73 4.57 32358 37426 67444 178162 0.4 2.3
4 ] (1] o o ] o ] ] [+] -
Average 0.55 0.64 1.13 3.00 30422 35400 62504 165939 0.2 2.3
LcG 2 0 a o ] 0 o 0 +] o -
3 9.16 10.16 25.40 13.78 395144 438282 1095705 594441 4.5 0.5
4 0.84 10.94 2.02 3.95 13527 32528 636607 0.4 1.7
Average 5.59 6.20 15.45 8.84 368512 408747 1018572 582795 2.9 0.5
HSE 3 [+] Q [v] [+] o [+] 0 0 4] -
4 ] 0 0 [+] Q ¢] ] [+] v] -
Average 0 4] 0 0 [+] Q [+] 0 0 -
HCo 3 0.15 0.18 0.49 2.18 17762 21314 58022 258140 0.1 3.8
4 0 4] 0 0 L] ] 0 0 o -
Average 0.11 0.13 0.36 1.61 17684 20899 57875 258832 0.1 3.8
HCG 2 o ] o ] ] Q ] 0 0 =
3 2.13 2,37 5.34 20.78 90491 100687 226865 882818 1.5 3.3
4 ] 0 o 0 0 o] 0 ] 0 =
L] [+] ] 0 1] ] s} [+] o] [s] =
Average 0.61 0.68 1.53 5.97 63788 71108 159992 624283 0.5 3.3
ALL BLDG TYPES
Average 0.98 1.10 2.63 2.87 1091494 1225146 2929213 3196517 0.6 1.0
HOTES:
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Table 1.51

CH8 Part Load Boiler

AVERAGE PER DWELLING UNIT: TOTAL FOR U.S. PUBLIC HOUSING STOCK: SAVINGS PAYBACKS:
Total Total Total Total Total Total Total Total Parcent Discount-
Site Source Dollars Capital Site Source Dollars Capital Savings ed
Energy Energy Savings Cost Enerqgy Enerqgy Savings Cost (%) Payback
Savings Savings ($-'79) ($='79) Savings Savings ($="79) (5="79) Period
(MMBTU) (MMBTU) {MMBTU) (MMBTU) (Years)
LsO 3 0 0 0 0 0 0 0 0 0 =
" 1se 1 Qa [} [} 0 0 o 0 o ] -
2 0 ] 0 0 0 ] 0 0 0 -
3 0 0 0 0 0 0 0 o o -
4 (] 0 0 0 0 o o o 0 -
5 [+] 1] 0 0 0 0 0 ] 0 -
Average [+] 0 0 0 0 0 [+] 0 [+] =
LSE ? 1 0 *] 0 Q 0 o ] 0 o] -
2 0 0 0 0 0 o 0 0 0 -
3 0 o] 0 0 0 ] 0 o 0 -
Average 0 ] o 0 0 o 0 0 0 -
Lco 3 0 ] '] 0 [+] ] 0 0 [+] -
4 0 [+] [\] 0 [+] [+] ] 0 0 =
Average 0 [} 0 0 Q [} o a a -
LEG 2 0 0o 0 0 0 0 0 0 0 =
3 4.55 5.05 12.73 21.28 196278 217847 549147 917977 -2 1%
4 0.77 0.85 1.92 19.44 12399 13688 30918 313042 0.4 6.1
Average 1.67 1.85 4.59 13.186 110098 121965 302605 867599 0.9 1.7
HSE 3 0 0 1] 0 0 0 o [+] 0 -
4 0 0 0 0 8 0 0 0 0 -
Average 1] (1] 1] 0 0 4] 1] [+] 1] -
HCO 3 0 0 0 0 0 o] 0 ] o -
4 0 0 1] [+} = a [v] 0 o Q -
Average 1] 1] 1] 4] aQ 4] a Q a -
HCG 2 0 Q 1] 0 [+] ] 0 4] 0 -
3 1.31 1.45 3.28 B8.48 0.9 2.3
4 0 ] a Q o o] Q ] v] -
5 0 0 0 0 0 0 [} 0 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 846464 2394603 0.1 2.4

HOTES :
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Table 1.52

CH9 Automatic Breeching Damper

AVERAGE PER DWELLING UNIT:

TOTAL FOR U.S. PUBLIC HOUSING STOCK:

SAVINGS PAYBACKS:

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 (5='79) ($-'79) savings Savings ($-'79) (4='79) Pericd
(MMBTU) (MMBTU) (MMBTU) (MMBTU) (Years)
Lso 3 o 0 ] ] [+] 0 [¢] ] 0 -
LsG 1 o Q Q 1] o] ] 0 0 0 -
2 ] ] [ 0 ] 0 0 0 ] -
3 0 o ] o o] 0 0 0 0 -
4 o 0 1] ] ] o 0 1] ] -
5 0 ] 0 L] 4] 0 0 o [+] -
Average 4] o 0 [+] Q Q 0 [+] 0 -
LSE 1 0 o ] ] ] 0 ] 0 o] -
2 ] o o 0 o 0 1] 0 o -
3 1] 0 0 ] ] o 0 0 ] -
Average ] 1] 0o 0 o o o [+] 0 -
Lco 3 o (] 0 0 ] [+] 0 0 o o]
4 Q o] [} 1] 0 o 1] a o -
Average 0 [} 0 [} 0 0 0 0 0 -
LCG 2 0 o 0 o o ] o 0 0 -
3 0.66 0.73 2.35 1.07 28471 31491 101374 46158 0.4 0.4
4 0 Q 0 ] 0 0 a 0 ] -
Average 0.39 0.43 1.40 Q.64 25712 281349 92298 42193 0.3 0.4
HSE 3 o [+} ] Q 0 Q ] ] ] -
4 [+] [+] ] Q 0 o] ] [} 4] =
Average Q 0 0 0 [+] [+] 0 ] 0 -
HCO 3 o 0 0 [v] ] [+] 0 o 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 0.9%8 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 o 0 0 ] 0 (1] ] 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
HOTES :
86
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Table 1.53

CH10 Flue Gas Heat

AVERAGE PER DWELLING UNIT:

TOTAL FOR U.S.

PUBLIC HOUSING STOCK:

SAVINGS PAYBACKS:

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) (5-"79) Savings Savings (5='79) (5='79) Period
(MMBTU) (MMBTU) (MMBTU) (MMBTU) (Years)
Lso 3 ] [+] 0 4] ] o [+] 0 o] -
LSG 1 0 [+] 0 1] 0 0 o o] [+] -
2 o] 0 0 [+] Q 0 0 0 0 -
3 [+] +] 0 o 0 [v] 0 ] 4] -
4 [+] [+] 0 [+] 0 o] o] [+] ] -
5 ] 0 0 Q 0 0 v] aQ 0 -
Average [+] Q Q [+] ] 4] ] 0 o =
LSE 3 1] 1] o 0 ] 0 0 ] 4] -
2 0 [+] [+] [s] 0 1] 0 ] o -
3 0 0 0 0 0 0 0 [¢] 0 -
Average 0 0 0 0 0 0 0 0 0 -
Lco 3 5.84 6.77 12.22 2.717 227672 263929 476397 107989 2.8 0.2
4 8.39 9.73 42.42 5.71 126992 158871 692634 93233 4.1 0.1
Average 6.71 7.78 22.56 3.78 371150 430335 1247861 209083 3.6 0.2
LCG 2 6.81 7.56 17.66 10.95 45532 50546 142947 73212 3.5 0.5
3 7.19 7.98 2l1.38 7.38 310162 344241 922290 318358 3.8 0.3
4 7.92 8.79 17.9%6 16.47 127536 141545 289210 265216 3.7 0.8
Average 7.20 7.99 19.90 9.70 474674 526757 1311947 639492 3.7 0.4
HSE 3 1] 0 0 0 0 0 0 0 o] -
4 0 o] 0 0 (4] [v] 1] o 0 -
Average 0 0 [+] 0 [¢] 0 0 o Q -
HCO 3 i.n 4.31 9.48 6.69 439312 510360 1122555 792183 2.5 0.6
4 3.25 3.77 10.75 8.28 137644 159667 455284 350675 3.5 0.7
Average 3.59 4.16 9.80 7.10 577146 668782 1575497 1141432 2.8 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 7.21 12.82 109609 121504 306310 544645 2.0 1.6
4 3.59 3.99 8.79 14.75 115304 128151 282317 473741 2.5 1.5
5 3.45 3.83 6.90 5.36 39465 43811 78929 61313 2.3 0.7
Average 3.13 3.48 7.36 10.67 327304 363904 769635 1115762 2.3 1.3
ALL BLDG TYPES
Average 3.31 3.77 9.72 4.72 3686575 4198909 10825835 5256990 1.9 0.4
HOTES :
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Table 1.54

CH11l Fuel Conversion

AVERAGE PER DWELLING UNIT:

TOTAL FOR U.S. PUBLIC HOUSING STOCK:

SAVINGS PAYBACKS:

Total Total Total Total Total Total Total Total Percent Discounted
Site Source Dollars Capital Site Source Dollars Capital Savings Payback
Energy Energy Savings Cost Energy Energy Savings Cost (%) Period
Savings Savings ($='79) ($='79) Savings Savings (5-'79) ($="79) (Years)
(MMBTU) (MMBTU) (MMBTU) (MMBTU)
Lso 3 0 ] ] ] 0 o 0 ] 1] 1]
LsSG 1 a o (4] 1} ] /] 0 0 0 0
2 0 0 0 0 0 0 ] 0 0 0
3 o] 0 0 0 0 0 0 0 0 0
4 o] 1] ] 0 0 0 ] o 0 Q
5 0 0 ] ] 1] o Q ] [+] [}
Average 0 ] 0 ] 0 v] ] ] 0 Q
LSE 1 ] 0 1] o] 0 0 o 0 [+] 0
2 0 ] [+] 0 0 ] ] 0 4] 0
3 Q 0 ] Q 0 1] ] o ] [+]
Average 0 0 ] 0 0 0 [} 0 0 o]
Lco 3 ] Q Q ] 0 1] ] 0 0 0
4 Q 0 0 1] 0 1] o 0 0 V]
Average 0 [+] 1] [+] 1] [+] 0 4] 0 ]
LCG 2 0 [+] 0 (] +] o 0 0 [v] a
3 Q (4] Q 0 0 ] 4] 0 o 0
4 0 0 0 0 [¢] [*] 0 [¢] 0 0
Average 0O ] 0 o [+] (1] ] o 1] o
HSE i 0 [+] 0 (4] [+] o ] ] [+] [v]
4 0 ] 0 Q ] o o [+] 0 0
Average 0 ] 0 1] 0 ] 0 [+] V] v]
HCO 3 ] 0 ] a 0 o o] ] ] Q
4 [+] 0 0 [+] 4] 0 L] ] 0 [+]
Average 0 0 ] ] ] o 0 ] o] 0
HCG 2 0 [v] [+] [+] [+] (1] 0 o ] o
3 4] 0 +] o [+] ] ] v] (4] 4]
4 [+] o] 0 0 1] [+] [+] 0 Q 1]
5 0 0 0 0 0 0 0 0 0 0
Average 0 0 0 0 0 0 0 0 0 0
ALL BLDG TYPES
Average 0 0 o] ] 0 (4] 1] [+] 4] 0
HOTES :
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Table 1.55

WSl Hydro-Pneumatic System

AVERAGE PER DWELLING UNIT: TOTAL FOR U.S. PUBLIC HOUSING STOCK: SAVINGS PAYBACKS:
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 v Payback
Savings Savings (5-'79) (5='79) Savings Savings (5='79) ($='79) Period
(MMBTU) (MMBTU) (MMBTU) (MMBTU) (Years)
Lso 3 [+] ] 0 i] 0 0 [+] Q 0 -
LsG 1 o 0 0 0 0 0 [s] [¢] 0 -
2 0 0 0 0 0 0 0 0 0 =,
3 a v] o] 0 0 ] ] [v] 4] -
4 0 4] [+] lv] 0 0 4] Q 0 -
5 ] (1] 0 [+] Q 0 ] [+] 0 -
Average 0 0 0 0 0 ] s] o 0 -
LSE 1 0 1] 0 ] 1] 1] 1] o ]
2 a [+] 0 [+] o 0 0 o 0 -
3 0 0 0 ] o 0 0 o 0 -
Average o Q 0 0 0 0 0 0 ] -
Lco 3 o [+] 1] 0 ] [+] o 0 0
4 ] (4] 1] [+] 0 o] [+] ] 4]
Average 0 (4] 1] (4] (] (4] (4] 0 (1] -
LCG 2 ] /] 0 0 0 0 ] o ] o~
3 ] 0 0 o o 0 0 ] '] -
4 o Q 0 [+] [+] 4] o o o
hverage 0 0 0 0 o o 0 o ] -
HSE 3 0.16 0.55 0.58 10.13 3799 13058 13770 240496 g2 1l.9
4 o +] o [+] 4] 0 ] o] 0 -
Average 0.11 0.39 0.41 7.15 3655 12959 13624 237587 0.1 11.9
HCO 3 0.36 1.24 5.2% 7.89 42629 146832 621668 934279 1.4 1.3
4 ] 0 0 [+] ] 0 [+] ] 0 ]
Average 0.27 0.92 3.88 5.77 43407 147904 623769 927614 1.1 1.3
HCG 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
H 0.35 1.20 4.64 7.34 4004 13727 53077 83962 1.5 1.4
Average 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 3.3 1.6
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Table 1.56

WS2 Variable Speed Pumping

AVERAGE PER DWELLING UNIT: TOTAL FOR U.S. PUBLIC HOUSING STOCK: SAVINGS PAYBACKS:
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 ($="79) (5="79) Savings Savings ($='79) ($-'79) Pariod
(MMBTU) (MMBTU) (MMBTU) (MMBTU) (Years)
Lso 3 a o 0 0 (+] 0 ] 0 0 -
LsG 1 o 0 0 0 0 0 o 0 o -
2 Q o] ] 0 "] 0 ] o ] =
3 4] o] 1] [+] 0 0 4] o] (4] -
4 ] o 1] 0 0 0 ] 0 ] -
5 [+] 0 o 0 0 0 4] 0 o -
Average o 4] 0 0 0 0 [+] s} o -
LSE p 0 0 o 0 0 0 [+] 4] ] -
2 0 ] ] 0 L] [+] [¢] 4] o -
3 0 1] [+] [+] (] [+] [+] ] 0 -
Average o o 0 0 [+] 0 0 o 0 -
LCo 3 1] [+] [+] /] a o Q ] 0 -
4 0 0 0 0 0 0 ] ] a -
Average ] 0 0 0 0 0 0 o 0 -
LCG 2 0 0 [+] 0 ] 0 ] 0 v -
3 0 0 0 0 0 0 0 0 0 =
4 4] [+] 0 (] 1] Q 0 0 o -
Average 0 0 b 0 0 0 o 0 0 -
HSE 3 0.15 0.53 0.56 3.83 3561 12583 13295 90928 0.2 5.6
4 [+] [+] o [+] o] 0 [+] Q [+] -
Average 0.1l1 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 0 0 0 ] 0 0 0 0 -
Average 0.25 0.88 3.73 1.32 40121 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 53105 0.1 10.7
4 0.09 0.30 1.20 1.3 2891 9635 38542 43680 0.3 1.0
5 0.34 1.15 4.45 3.36 jsas 13155 50904 38435 1.5 0.6
Average 0.15 0.52 1.88 2,13 15686 54376 196592 222734 0.6 1.0
ALL BLDG TYPES
Average 0.07 0.23 0.91 0.56 77964 256167 1013530 623711 0.1 0.6

HOTES :
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Table 1.57

WS3 Separate Domestic Hot Water Heater
AVERAGE PER DWELLING UNIT: TOTAL FOR U.S. PUBLIC HOUSING STOCK:  SAVINGS PAYBACKS:
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
(}BTU)  (MMBTU) (MMBTU) (MMBTU) (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 ] -
3 "] 0 0 0 ] 0 0 0 ] -
4 ] 0 o] 0 0 0 0 [ 0 -
- 5 0 0 0 0 ] 0 0 0 0 -
Average 0 [¢] 0 0 [v] 0 0 0 0 -
LSE 1 0 0 o 0 o 0 0 0 0 =
2 o 1] 0 0 o 0 0 o 0 -
3 o 0 [+] ] a 0 0 o 0 -
Average 0 0 ] o [+] 0 o ] 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
LcG 2 0 0 0 0 0 0 o o 0 -
3 4.43 4.91 16.29 6.57 181101 211808 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 5.88 181299 201077 656633 387651 1.9 0.8
HSE 3 0 0 0 0 0 0 0 s} 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 33315 4818 455443 0.1 41.3
3 0.47 0.52 1.48 16.03 19967 22092 62876 681019 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 71
ALL BLDG TYPES
Average 1.07 1.22 4.04 5.72 1191733 1258798 4499627 6370759 0.1 1.3
HOTES :
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Table 1.58

CC2 Ambient Control

AVERAGE PER DWELLING UNIT:

TOTAL FOR U.S. PUBLIC HOUSING STOCK:

SAVINGS PAYBACKS:

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 3 4] [+] (4] [+] 4] 0 ] ] 4] -
LSG 1 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 [s] 0 0 0 -
4 o ] ] o] 0 ] 0 4] [+] -
5 [+] [+] [+] ] o] 0 0 0 0 =
Average 0.01 0.01 0.05 0.03 4860.50 4860.50 24302.50 14581.50 0.1 0.6
LSE L 0 L] 0 0 0 0 0 0 L] -
2 0 0 0 0 [+] 0 1] [+] o -
3 0.03 0.10 0.33 0.75 829.23 2764.10 9121.53 20730.75 0.1 1.9
Average 0.01 0.04 0.12 0.28 648.53 2594.12 7782.36 18158.84 0.1 1.9
Lco 3 4] 0 [+] ] [+] ] (4] 0 o -
4 4] o [} 0 0 0 0 ] [+] -
Average 0 o [} 0 0 1] 0 o 0 -
LCG 2 (4] 4] o 0 ] 0 4] ] a -
3 0 Q Qo ] 1] [+] 0 <] 0 -
4 [+] (4] (4] 4] 0 [+] [+] 0 0 -
Average ] o 0 0 o a o ] ] -
HSE 3 [+] [¢] o] 0 [+] 0 ] L] o -
4 [+] 0 ] ] 0 [+] o] 0 0 -
Average ] o Q 0 0 ] o o [¢] -
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 -
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 ] [s] 0 0 0 0 0 0 0 -
5 0 [+] V] ] o] [+] ] o [+] -
Average 0.17 0.58 1.77 0.13 17776.90 60650.60 185088.90 13594.10 0.5 0.1
ALL BLDG TYPES
Average 0.03 0.08 0.25 0.05 3341.31 8910l1.56 27844.2 55688.135 0.1 0.2
NOTES :
Volume 4 Energy 92



Table 1.59

CC3 Timed Control

AVERAGE PER DWELLING UNIT: TOTAL FOR U.S. PUBLIC HOUSING STOCK: SAVINGS PAYBACKS:
Total Total Total Total Total Total Total Total Percent Discount-
Sita Source Dollars Capital Site Source Dollars Capital Savings ed
Energy Energy Savings Cost Energy Energy Savings Cost (LY Payback
Savings Savings (5-'79) (5-'79) Savings Savings ($~-179) ($-'79) Period
(MMBTU)  (MMBTU) (MMBTU) (MMBTU) (Years)
LSO 3 0 0 0 0 ] 0 0 0 ] -
LsSG 1 0 0 [+] 1] [+] 0 0 ] o -
2 0.01 0.02 0.086 0.27 1500.02 3000.04 9000.12 40500.54 0.1 3.6
3 o 0 aQ [+] o ] ] 0 [+] -
4 0 0 « 0 0 ] ] (4] [+] o] -
5 [+] 0 4] 4] ] (4] Q ] [} =
Average 0.01 0.01 0.02 0.10 4860.50 4860.50 9721.0 48605.0 0.1 3.6
LSE 1 ] 0 ] 0 1] 0 [+] o ] =
2 0 0 [+] [+] 4] [+] [+] Q [+] -
3 0.02 0.06 0.19 2.37 553 1658 5252 65509 0.1 9.2
Average 0.01 0.02 0.07 0.88 651 1302 4557 57284 0.1 9.2
Lco 3 a 0 0 0 o 4] 4] ] 0 -
4 ] 0 o [¢] o 0 o] o [+] e
Average 0o 0 [} o 0 0 0 0 0 =
LCG 2 0 1] 0 0 [+] +] o Q 0 =
3 o 0 1] 0 ] 4] [+] [+] [+] =
4 o 0 4] 0 0 0 0 0 0 -
Average 0 0 0 0 0 s] o o 0 -
HSE 3 ] o 0 [+] ] 4] 0 ] [+] -
4 [+] [¢] [+] (1] s} ] 0 0 0 -
Average 0o 0 ] [} o o o [+] [} =
HCO 3 o 0 o] 0 0 0 0 o 0 -
4 ] [+] 0 0 L] (o] 0 [} ] —
Average ] ] ] ] o o ] ] ] -
HCG 2 0.52 1.76 5.38 1.62 9635 32611 99686 30017 2.0 0.3
3 0.01 0.03 0.08 0.71 425 1275 3399 30164 - 7.2
4 ] [+] Q 0 0 ] [+] o] 0 L
5 [+] o [+] 0 a o L] o] 0 -
Average 0.07 0.23 0.69 0.41 7320 24051 72153 42874 0.2 0.5
ALL BLDG TYPES
Average 0.01 0.03 0.10 0.11 11138 33413 111377 122515 .01 1.0
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Table 1.60

ELl Timed Switching

AVERAGE PER DWELLING UNIT:

TOTAL FOR U.S. PUBLIC HOUSING STOCK:

SAVINGS PAYBACKS:

Total Total Total Total Total Total Total Total Percent Discount-
Site Source Dollars Capital Site Saurce 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 3 o] 0 ] o 0 0 o 0 (4] -
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 6.7
3 0.01 0.01 0.01 0.54 1704.07 1704.07 1704.07 92019.78 0.1 .
4 4] 4] ] ] 1] 0 o 0 +] -
5 [s] 0 0 0 0 0 o 0 [¢] -
Averrge 0.01 0.01 0.07 0.32 4860.50 4860.50 34023.50 155536.0 0.1 3.9
LSE 1 0.03 0.10 0.35 1.44 621.03 2070.1 T7245.35 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 o '] 0 o ] o 0 1] ] -
Average 0.02 0.05 0.18 1.35 1297 3242 11673 87551 0.1 12.7
LCO 3 (4] Q ] 0 1] 9 0 0 o -
4 0 ] [+] 0 0 0 a o [+] -
Average ] ] o o ] ] 0 a ] -
LCG 2 0.1 0.1 0.01 0.82 668 668 67 5482 0.1 27.4
3 ] ] ] 0 1] 0 o] [¢] 4] -
4 [+] a /] ] ] 0 0 1] 0 -
Average 0.1 0.1 0.01 0.20 6592 6592 659 13185 0.1 27.4
HSE 3 ] 4] o 0 ] 0 o ] 0 -
4 0 0 ] ] 0 o o 0 4] -
Average 0 o ] 0 ] ] 0 o o -
HCO 3 0 ] 4] ] Q o ] [+] [+] -
4 4] ] 4] o [+] 0 0 0 0 -
Ahverage Qo ] 4] [+] 1] 1] 0 4] 0 -
HCG 2 [+] v] (+] ] 4] 4] ] 4] +] -
3 0 ] Q 0 0 ] Q 4] [+ ] -
4 [+] 0 0 ] 0 ] 0 [+] [+] -
5 [+] 0 ] ] 0 0 0 +] 4] -
Average 0 0 0 0 0 1] 0 ] 0 -
ALL BLDG TYPES
Average  0.02 0.02 0.02 0.15 22275 22275 22275 167065 0.1 6.1
TOTES :
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Table 1.61

EL2 Photocell Switching

AVERAGE PER DWELLING UNIT:

TOTAL FOR U.S. PUBLIC HOUSING STOCK:

SAVINGS PAYBACKS:

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 (5="79) (5='79) Period
(MMBTU) (MMBTU) (MMBTU) (MMBTU) (Years)
LSO 3 1] [+] 0 0 o 4] [+] 1] o ™
LsSG 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
k| - = 0.01 0.15 - - 1704.07 25561.05 0.1 10.7
4 o] [+] ] ] ] o] 4] 1] [+] =
5 [+] [+] 0 ] [+] (4] 0 ] 1] -
Average 0.01 0.01 0.07 0.09 4860.5 4860.5 34023.5 43744.5 0.1 1.1
LSE : 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 ] 1] 0 4] (4] [v] [+] ] (4] -
Average 0.02 0.05 0.18 0.38 1302 3255 11717 24736 0.1 1.8
Lco 3 ] ] 1] ] ] 4] +] 0 1] =
4 1] [+] ] o] 0 '3 4] 4] [+] =
Average 4] Q (1] ] 4] ] [+] 0 (1] -
LCG 2 0.01 0.01 0.01 0.23 &7 67 67 1528 0.1 11.3
3 0 0 0 0 0 0 5] 0 0 =
4 0 0 [¢] 0 o 0 0 0 0 2
Average 0.01 0.01 0.01 0.06 659 659 659 3956 0.1 11.3
HSE 3 4] 4] 0 0 +] ] 0 ] 4] -
4 Q (] (1] 0 0 [+] 0 o (] =
Average ] 0 0 4] ] ] (] ] ] s
HCO 3 0 ] [+] 4] ] o] 0 0 Q o
4 [+] [+] 0 [+] [+] [+] [+] ] 0 -
Average 0 o 0 ] 0 o] o ] o =
HCG 2 1] 1] 4] 4] [+] 0 o 0 (4] -
3 Q [+] 1] [+] o] o 0 0 ] -
4 [+] 0 4] [+] ] 0 ] [v] 0 -
5 0 4] ] [+] 0 ] 1] 0 ] -
Average 0 [s] [+] 1] 0 (4] o 0 0 -
ALL BLDG TYPES
Average 0.01 0.01 0.02 0.04 11138 11138 22275 44551 0.1 1.7
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Table 1.62

EL3 Sodium Vapor Conversion

AVERAGE PER DWELLING UNIT:

TOTAL FOR U.S. PUBLIC HOUSING STOCK:

SAVINGS PAYBACKS:

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 (v P!ﬂiﬂ-‘k
Savings Savings ($-'79) ($-'79) Savings Savings ($='79) (5='79) Period
(MMBTU)  (MMBTU) (MMBTU) (MMBTU) (years)
LSO 3 0.33 1.13 2.65 54.43 5002 17130 40171 825104 0.1 3.0
LsSG 1 0.29 1.01 4.05 37.55 30141 104972 420929 3902684 1.3 7.3
2 0.12 0.43 1.59 16.32 18000 64501 238503 2448033 0.3 7.9
3 0.08 0.26 1.08 10.55 13633 44306 184040 1797794 0.1 7.6
4 0.32 1.10 4.30 42.30 17034 58553 228889 2251629 0.4 7.7
5 0.14 0.49 2.87 17.50 1187 4154 24329 148348 0.4 5.0
Average 0.18 0.62 2.53 23.32 87489 301351 1229707 11334686 0.5 6.9
LSE 1 0.17 0.58 2.05 49.14 1519 12007 42437 1017247 0.2 15.0
2 0.06 0.22 0.55 732 991 3632 9081 120861 0.1 9.7
3 0.40 1.37 1.81 32.84 11056 37868 50030 907730 0.2 12.4
Average 0.24 0.82 1.72 36.48 15623 53378 111963 2374666 0.2 12.7
LCO 3 0.01 0.02 0.05 0.58 190 780 1949 22611 0.1 9.5
4 0.03 0.10 0.47 5.53 490 1633 7674 90294 0.1 8.8
Average 0.01 0.05 0.19 2.27 553 2766 10509 125561 0.1 B.8
LCG 2 0.13 0.44 1.76 35.87 869 2942 11767 239827 0.3 13.4
3 0.14 0.48 1.68 28.38 5039 20706 72472 1224256 0.3 11.7
4 0.09 0.30 1.01 14.47 1449 4831 16264 233010 0.2 10.4
Average 0.13 0.44 1.59 27.98 8571 29008 104824 1844637 0.3 11.2
HSE 3 0.04 0.13 0.13 4.30 950 3086 3086 102086 0.1 18.3
4 0.06 0.21 0.78 10.32 569 1992 7301 97916 0.1 9.7
Average 0.04 0.15 0.32 6.07 1329 4984 10633 201700 0.1 11.8
HCO 3 0.15 0.50 2.08 14.68 17762 59207 246299 1738303 0.6 527
4 10.01 0.02 0.74 7.49 423944 847 31340 317216 0.2 7.7
Average 0.13 0.44 1.74 12.81 20899 70737 279731 2059400 0.5 5.7
HCG 2 0.26 0.87 2.61 23.11 4818 16120 48361 428205 1.0 7.4
3 0.15 0.50 1.96 17.12 6373 21242 83269 727326 0.6 6.9
4 0.10 0.35 1.22 13.46 1211 11241 39184 432308 0.3 8.4
s 0.24 0.82 2.92 25.11 2745 9380 33402 287233 1.0 6.8
Average 0.17 0.57 2.02 18.73 17777 59605 211231 1958596 0.6 6.9
ALL BLDG TYPES
Average 0.15 0.50 1.69 20.84 167065 556885 1882270 23210945 0.3 8.6
HOTES :
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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 survey instruments would be used 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 show 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 energv saving algorithms, was
analyzed and refined. Energy savings, cost and
discounted payback were estimated for each applicable
BECO 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 BECOs (No cost BECOs);
2. Less than five-year payback BECOs;

3. Less than ten-year payback ECOs; and

4. Less than fifteen-year payback ECOs.

97



Illustration 2.1

Project Methodology Flow Chart
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Illustration 2.1 (continued)

Project Methodology Flow Chart
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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.

2312 Classification of Public Housing Projects is required to
Public Housing perform the following functions:
Classification

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:

i Building Configuration (high-rise or low-rise)
. Heating System Configuration (space or central)
= Heating Energy Source (o0il, gas or electric)

. Climate Zone (5 degree day zones)

Volues 4 Enacop Preceding page blank —
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Building configuration was determined primarily by the
presence or absence of an elevator, but other general
distinctions are also present.

High-Rise Low-Rise
Elevator Yes No
System Air handling systems, Simple,
Complexities central radiation usually space
heating systems
Control Complex central Simple, local
temperature control control
Thermal Exterior surface-to- Exterior sur-

Characteristics square-footage ratio face-to-square-
of .8 to 1.2 footage ratio
of 1.3 to 2.0

Central and secondary Architectural
systems are and space heat
predominant are predominant

ECO Selection

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, o0il, 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 applicablility 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 create 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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2.1.3

Survey Instrument

Volume 4 Energy

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 x X X b4 x
LSG > 4 X b 4 b4 X
LSE X b 4 X b4 X
LCO b4 X X X X
LCG x X X X x
LCE b 4 X b4 X X
HSO X b 4 b 4 X x
HSG b4 x X b 4 X
HSE x X b4 x x
HCO b 4 X b X x
HCG x x b 4 x x
HCE x x x b4 X
Total Cells 12 12 12 12 12

Building type code:
L = Low Rise

High Rise

Space Heating
Central Heating
0il Fuel

Gas Fuel
Electric

HmaOnNwmuM:

Several 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 projectg 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
Development

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 (BECOs).

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 forming a matrix
of 12X5 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 located in each climate zone.
Population per climate zone 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 U.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 (DU) 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 DUs 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

Existing Energy
Usage Calculations
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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 = $72,181,000/year.

It was necessary to calculate the existing energy usage
of the HUD 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

S. Interior Lights

6. Appliances

7. Exterior Lights

8. Water 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%
LCO 0 4,259 38,985 16,328 5,599 65,191
0 .43 3.5% 1.5% .5% 6.2%
LCG 1,568 6,686 43,138 16,103 5,348 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 1] 0 0 0 0
HSE 6,055 9,105 23,741 9,488 1,148 49,537
.5% .81% 2.1% .9% .13 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 11,439 110,176
.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 Publi¢ Housing 95%
Total Public Housing (100%) 1,113,769*

*This is the number used to extrapolate

Volume 4 Energy

to the total U.S. Public Housing Stock
and is exclusive of Hawaii, Puerto Rico and U.S. Virgin Islands but inclusive
of miscellaneous building 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% 1.4%
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

HSO

HSG
HSE * 23,741 9,488 33,229
2.1% .9% 3.1%
HCO 118,413 42,352 160,765
10.7% 3.8% 1l6%
HCG 18,529 42,484 32,118 11,439 104,570
1.7% 3.9% 2.9% 1.0% 9.9%

HCE
Total 970,707
Percent of Total Public Housing 87.2%

*This cell was not used because preliminary numbers used to determine
Final estimates raised

prototypes indicated less than .5 percent of total.

percentages slightly.

Volume 4 Energy
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Table 2.3

Distribution of Significant Building Types/Climate Zone for Total and Sample

Total Public Housing: Sample:
$ of $ § 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
LCO 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
LCG 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 59 70 o5
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 1.7 321 242
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
87.2% 14,792 100%

All Bldg. Types Tot. 970,707

Note: Percent distribution of total DUs and prototype DU differ because of

limited sample size.

Volume 4 Energy
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Heating

Volume 4 Energy

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 70° F (70° 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, 659F. For
example, the delta temperature of the 00-50

temperature bin is 659 - 2,50 = §2,5C0F.

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

0il or gas and in kilowatts if the fuel source is
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Illustration 2.2

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 consumption was calculated by
estimating hot water use as a function of type of
occupancy, namely family, elderly, or mixed. Hot water
temperature data obtained in the field were then used
to determine the heating load. Equipment efficiency
determined by type, water condition, 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 BTUH
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

Volume 4 Energy

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 AR1l, 2, 3, 4, 5,6, 7,8, 9, 10
Space Heating SH1l, 2, 3, 4, 5

Space Hot Water swl, 2, 3, 4

Space Lighting SL 1, 2, 3, 4, 5

Space Cooling g2 l; 2

Central Radiation CR 1, 2, 3, 4, 5

Central Air cal, 2, 3, 4, 5, 7, 9

Central Heating CH ), 2, 3, 4, 5, 6, 7, 8, 9, 10, 11
Central Heating

Distribution HD 1
Central Water
Supply ws 1, 2,

Central Cooling cc 1, 2;
Exterior Lighting EL 1, 2,

w W w

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 were analyzed in combination and
will be listed as such in sukhsequent 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

ARl Door Weather-stripping
AR2 Window Weather-stripping
AR3 Attic Insulation

AR4 Floor Insulation

AR5 Roof Insulation

AR6 Storm Window Retrofit
AR7 Insulating Glass

AR8 Storm Doors

AR9 Wall Insulation

AR10 Vestibules

Space Heating

* SH1 Reduce Temperature
SH2 Nighttime Set Back Thermostat
SH3 Automatic Flue Damper
SH4 Flue Heat Recovery
SHS5 Electric Automatic Pilots

Space Domestic Hot Water

* SW1 Reduce Temperature
SW2 PFlow Restrictors
SW3 New Hot Water Heaters
SW4 Refurbish/Replace Fixtures

Space Lighting

SL1 Delamping
* SL2 Reduce Lighting Level
SL3 Automatic Time Control
SL4 Incandescent to Fluorescent
SL5 High Efficiency Ballasts

Space Cooling

* SC1 Clean Condensors and
Evaporators
* SC2 Require High EER Units

Central Radiation/Convector System

CR1 Individual Room Control
CR2 Zone Control Retrofit
CR3 Radiation Pump Control
CR4 Hot Water Reset Control
CR5 Radiation Part Load Pump

* QOperation and Maintenance Items
Volume 4 Energy

*

Central Air Handling Systems

CAl Reduce Outdoor Air Intake

CA2 Reduce Supply Air Quantities

CA3 Reduce Outdoor Air Damper Leakage
CA4 Automatic Start and Stop

CAS5 Warm-Up Cycle

CA6 Not used

CA7 Zone Reset Control

CAB Not used

CA9 Heat Recovery

Central Heating Boiler

CH1 Boiler Water Maintenance
CH2 Burner Adjustment

CH3 Boiler Control Adjustment
CH4 Automatic Cycling

CH5 Lead/lag Control

CH6 Reduce Burner Size

CH7 Modulating Burner

CH8 Part Load Boiler

CH9 Automatic Breeching Damper
CH10 Flue Gas Heat Recovery
CH11l Fuel Conversion

Central Heating Distribution
HD1 Refurbish Steam Traps
Central Domestic Water Supply

WS1 Hydro-pneumatic System

WS2 Variable Speed Pumping

WS3 Separate Domestic Hot Water
Heater

Central Cooling

CCl Chiller Control Adjustment
CC2 Ambient Control

CC3 Timed Control

Exterior Lighting

ELl Timed Switching

EL2 Photocell Switching
EL3 Sodium Vapor Conversion
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Table 2.5

Energy Saving Rationale

ECO DESCRIPTION

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

ARS
Add wall
Insulation

AR10D
Install
Vestibules

SH1
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 from 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 8 to 1l09F during normal sleeping
hours. Energy savings result from reduced transmission
and infiltration heating losses due tc a smaller
temperature differential between inside and outside
temperatures.
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Table 2.5 (continued)

Energy Saving Rationale

ECO DESCRIPTION

SH3
Automatic Flue
Damper

SH4
Flue Heat
Recovery

SH5
Electric
Automatic Pilots

SW1
Reduce Domestic
Hot Water
Temperature

SW2
Flow Restrictors-
Showers

SW3

New Hot Water
Heaters

Volume 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 ECO 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
1200F,

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. 1In addition, new hot water
heaters are much more efficient and better insulated.
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Table 2.5 (continued)

Energy Saving Rationale

ECO DESCRIPTION

Swa
Refurbish/Replace
Plumbing

SL1
Reduce Lighting
Levels (De-~-Lamping)

sL2
Reduce Lighting
Level

(Automatic Control)

SL3
Automatic Timer
Control

sL4
Incandescent to
Fluorescent
Conversion

SL5
High Efficiency
Ballast

sc1
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
minimum 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 be
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. 1Installation 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.
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Table 2.5 (continued)

Energy Saving Rationale

ECO DESCRIPTION

sc2
Replace Window AC
Units with High
Efficiency Units

CR1
Individual
Room Control

CR2
Zone Control
Retrofit

CR3
Radiation Pump
Start/Stop Control

CR4
Hot 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 proporation 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 (CR1l), 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. 1In
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

ECO DESCRIPTION

CR5
Radiation
Part-Load Pump

CAl
Reduce Outdoor Air
Intake

CA2
Reduce Air Supply
Quantities

CAa3
Reduce Outdoor Air
Damper Leakage

Cad
Automatic
Start/Stop

CAS5
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 650F 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. 1If 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 cooling coils should be cleaned before
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

ECO DESCRIPTION

CA7
Zone Reset Control

CA9
Heat Recovery

CHl, 2, and 3
Boiler Water and
Fireside
Maintenance (CH1)
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
0il or gas-to—air mixtures, and water treatment will
each improve boiler efficiency. Boiler efficiency
should be monitored by CO; and temperature measure-
ments of stack gases. These actions are assumed to have
been implemented before any of the other Central

Heating ECOs are evaluated.
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Table 2.5 (continued)

Energy Saving Rationale

ECO DESCRIPTION

CH4
Automatic Cycling

CH5
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
level of firing 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

ECO DESCRIPTION

CH8
Part Load Boiler

CH9
Automatic
Breeching Damper

CH10
Flue Gas Heat
Recovery

CH11
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

ECO DESCRIPTION

HD1
Refurbish
Steam Traps

WSl and 2
Hydro-Pneumatic
System (WsSl)
Variable Speed
Pumping (WS2)

Volume 4 Energy

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
0il combustion chamber might decrease efficiency
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 prices in five years because of
deregulation. This fast rise of gas prices would
make fuel conversion not cost-effective.

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 same 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

ECO DESCRIPTION

WS3
Separate Domestic
Hot Water Heater

CCl
Chiller Control
Adjustment

cc2
Ambient Control

CC3
Timed Control

Volume 4 Energy

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.

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. 1In 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 fractional
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. 1Installing 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

ECO DESCRIPTION

EL1l
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 (ELl), 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
incandescent 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, ECOs 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 ECOs (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 "U" 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, AR1/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.

127



Table 2.6

ECO Characteristics

Applicable ECO Characteristics:

Mo Indep- Building Type: Heating System: Heating Fuel: Electricity
Capital dent Low High Space Central 0il Gas
Cost Rise Rise Heating Heating
ARl&2 Weather Strip'g ® ° e o ° o ®
AR3 Attic Insulation e e - - e e
AR4 Floor Insulation e L] L] L] e L]
ARS Roof Insulation e - L]
AR6 Storm Windows L] L ] L] e L] e
AR7 Insulating Glass ] s e e L] L] L]
ARS Storm Doors L] L] e L] e e
ARS Wwall Insulation L] L] L] L] L] L]
AR10 Vestibules e ® L L L s
SH1 Reduce Temperature L] L] L] L] L] L] L] -
SH2 Set Back Thermostat L] L] L] L] e L] L]
SH3 Auto Flue Damper L] e L] L]
SH4 Flue Heat Recovery o o L] e L]
SHS Elec Auto Pilots L] L] L] L] L]
SW1l Reduce Temperature - L L] L] L] - L] L]
sSw2 Flow Restrictors L] L] L] ® L] L] L]
SW3 New D.H.W. Heaters L] L] L] L] L] -
Sw4 Upgrade Plumbing L] e L] L] L] L] L]
SL1 Delamping L} - e e L] s L} L]
SL2 Auto Light Lavel L] L] - L) L) - e )
SL3 Auto Timer Control L] L] L] - L) L] L] -
SL4 Conv To Fluorescent L] L] L] L] L] L] L] L]
SL High Eff Ballast L] L] L] L] L] L] L] L]
sC1 Clean Cooling System L] L L] ] L]
sc2 Require High Eer Units e ® ) e )
CR1 Room Cantrol L] L] L] L] L]
CR2 Zone Control L] s L] L] L]
CR3 Pump Control L] L L] L] L]
CR4 H.W. Reset Control L] L] ] L] ]
CRS Part Load Pump L] L] L] ® L]
CAl Reduce Out Air Intake L) L] L] L] L]
Ca2 Reduce Supply Air L] L] e L]
CA3-5 Upgrade Air System o L] L] L]
CA7 Zone Reset Control e L] L] e
CA9 Heat Recovery o L] L] L] L] .
CH1 Boiler Water Maint'ce o ® L L] ® L]
CH2 Adjust Burner L] L] e L] L] L]
CH3  Adjust Burner Control L] L] L] L] L] L]
CH4 Auto Cycling L] L] L] L] L]
CHS Lead/Lag Control L] e
CH6 Reduce Burner Size L] ® L] L] e
CH? Modulating Burner L] e L] e e
CHe Part Load Burner L] e L] L) L]
CH9 Auto Breech Damper L] L] L] e e
CH10 Flue Heat Recovery L] L] L] L] e
CH1l Fuel Conversion L] L] L] e e
HD1 Upgrade Stem Traps L] L] L] e L] e
WSl Hydro-Pneu System L] L] L L] L] L
WS2 Var Speed Pump L] L] ] -] L] ]
Ws3 Sep D.H.W, Heater L] L] L] L] e L] L]
CCl Adjust Chiller Control e L] L] L] L] e L] L]
CC2 Ambient Control L] L] L] L] e L] L] L
cc3 Timed Control L] L] L] s L] L] L] ]
EL1l Timed Switching L] L] e e e L] e L]
EL2 Photo Switching L] e e L] L] - L] L]
EL3 Sod-Vapor Conversion ® L] L) L] e L] e L]
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Table 2.7

Energy Conservation Opportunity Relationship Matrix
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ARl&2Weather Strip'g 00000000000 DODOO0 DODOOOODOOODOODOO OODODOOO0OODOOCOOO0ODO0O0ODO
AR3 Attic Insulation o© Cce000OO0Q0O0OO0O00DOOCO ccoccooooOCOCOO cooo0oO0OCOOOODOCOOOO
AR4 Floor Insulation 00 ©O00 000 O0O0COQO0OO0OOQ 0000000000000 ©OOOOCOOOOOO0OOO0O0OO
AR5 Roof Insulation 000 ©000CO0O0OO0OOOQCDOOO ©OOOOO0OOOOOO0OO0OO0 O0DO00DO0O00DO0OOO0DO0O0O0OO0O
AR6 Storm Windos @000 ®#00000C0C0000C ©OO0O0OO0OO0OOODOO0O0O0 O0OODOODOOODOOO0OO0OCOOO
AR7 Insulat'g Glass e oo o0 o0 000000000 0000000000000 0000000000000 O0CO0O0O
ARB Storm Doors e0O0ODD 0O®OCOO0COO0OO0 ©OOOOOOOOOOODODO OODOODOOODOOOOOCOOOCO
AR9 Wall Insulation 0©0OO0OO0OO0OO0OO0O ©OO0OO0COO0OOOO 0000000000000 0C0O0DO0O0OO00DO0O0O0O0DOOOO
ARLO Vestibules 00D O0ODOD0OC ©OOOODOO0OO0 ©OOOOCOODOODOOOOOOD 000000000000 00CO0O0
SH2 Set Back Thermos s eeesee@eeese 000000 00000000000 O0O 0coococO00OO0OOQOO0OO0OOQO0O0O0OOOO
SH] Auto.Flue Damper s o s e ®m®ea®s8aese® ©0O0O0OO0O O0ooO0O0OQOOQOOO0OOOOQ OO0 O0O0OO0O®000O000DO00O0O0
SH4 Flue Heat Recov, s e s e @@ PBOESe 0DOO0O0C ©0OO0000000000O0CO0 0Oo00O0OO0DO0OCOOOO0OOOOOO
SHS Elec.Auto.Pilots s s e eseeesseeon - - OCo0OO0OO0OO0D0OOO0ODO0OO0DOO 0000000000 000O0OO
SW2 Flow Restrictors c 000000000000 oo O0O0000O0O0O0O00O0O 000000000000 000O0
SW3 New DHW Heaters 000000 000000DO0O ©O ©OOOOCOQCOOOODODODO OOOCODOOODOOO®@O00O0O0O0O
SW4 Upgrade Plumbing 0 0 0 0 0 D 0 00 00 00 0O 0000000000000 ©0OOOOODODOOCOOOOOO0OO
SL2 Auto.Light Level c 0 c00O000QOO0OO0OO0ODOOO C0O000O0OO0DO0O0000 ©O0O0DO0DO0ODO0OO0COO0O0OO0DOOODO
SL3 Auto.Timer Contr C 0O C 0000 COO0O000O0DOO o 000000000 OO 0000000000000 O0O0CO
SIl4 Conv.to Fluoresc 0 0 OO OO ODODODO00000COC OO0 OOOODODOOGOOD OODOCOODOODOOOOOCGOOOO
SLS High Eff.Ballast c 00000000 OO0OO0O0ODOO ooo 0O000O00OOO 00DO0ODO0DO0COO0OOO0OOO0OO0OOO
CR1 Room Control 0000000000000 O0O0O0 o000 ®"000QO0DO0O0CO 0O000D00000000DO00O00O0
CR2 Zone Control 0000000000000 000 ©OO0OO0OO 0000000 0000000000 OC0DO0D0O0O0
CR3 Pump Control ++++++++t+to0000000 Oo0DoOoOee ®®00O00 0000000000000 00O0
CR4 H.W. Reset Contr + + + + + + + + + 0000000 ©OO0OOO®@®O0 ®©O00DO0O0 OODOOO0OOODO0OO0O0OOQOOCO
CRS Part Load Pump +++++++++0000000 000O0O®®O0O0 OODOO OODOOODOODO0OOCO0O0O0COO0O0OO
CA2 Reduce Sup. Air 0O 00O 0000000000000 OOOOOOOOO ©OOO OODODOODOOQOOOOODOOOO
CA3-SUpgrade Air Syst 0 O 0 0000000000000 OOODOODOOOO0OO0 ©OO0O O0OO0OO0DOODODOOO0OO0DOO0O0O
CA7 2Z0ne Reset Contr 00 0000000 O0CQC0CO0DO000 OODOOODODOOO o 00000000 CO0O0DO0D0O0O0
CA9 Heat Recovery 0O00OO0OO0ODOOODODODO00D000 000000000000 O0DO0DODODOODOO0OO0OO0O0OO
CH4 Auto Cyecling ++++++r++0000000 DO0O0OO0OO®®EOO00O®0000 8008 000000D0D00O00O0
CHS Lead/Lag Control + + + + + + + + +0000000 Ooo0oOCce®eB8e8eO®®O0000 O co0O®MO0O0COOCOOQOODOOOOD
CHE Reduce Burner Sz. + + + + + + + + + 0000000 D000 O0O0O0OO0OO0O0ODO0OO =N+ ] 0Oo0O0O0OO0OO0COCOODOOOO
CH7 Modulat'g Burner + + + + + + + + + 0000000 ©O0OOQCEO 8OO A8OV0000C 880 000CO0OO0O0DOOOO
CHE Part load Boiler + + + + + + + + + 0000000 ©OOOO®SB8EO@O®®80O0O00C O0COO0OS® ooocCcoceccoo0O0
CH? Auto.Breech Damp ® o o @ #2200 P 0000000 0000000000000 O0O0O0O0O CoCco000QCOCOO0
CHLO Flue Heat Recov. @ ® e o o028 80000000 000068 88O®80000 00O0O0O0OC OoO0OO0DODOOOCOC
CHl1l Fuel Conversion © 0000000000 CO0OO000 ODOODOOOODOOGOO cceoooQC0 coocooo000
WSl Hydro-Pneu Syst. 0 000000000000 ®@00 OOODOOOCOOODOOOO O0O0OO0O0OCOCOGO 000000
WS2 Var, Speed Pump 00 0000000000088 00 0O0DO0OOOODODODOO oo0oO0OO0OODODOCO Oooocoo0
WS3 Sep. DHW Heater 0000000 000000000 0000000000000 000000000 Q ©0OOCGOO
CC2 Ambient Control OO0 o0 o0cco0oO0o0O0OCOO0O00O0O0O O00O0C00DO0O0D0O0O0O0O 0OQ0do0coo0QO00CO oooo
CC3 Timed Control 0000000000000 000 ©O0OO0OD0DO0O0O0DO00O0O0OOO L= - - - - - - T - - B - 000
ELL Timed Switching 000 0000000000000 0OOO0OO00C0DO0O0000D00 000000 0DO0O0O0COCDC @O
EL2 Photo Switching 000 0000000000000 0000000000000 O0000000000GODOO0 O
EL3 Sod-Vapor Conve OO0 O0OODO0O0ODO0O00000000C0 ©OODOOCODOODOODOO0 O000CO0O0CQOOCOOCOOOQC®E
Legend: e Downgrades Savings Significantly
® Downgrades Savings
o No Effect
+ Increases Savings
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2.1.8

Economic Analysis

Volume 4 Energy

Based upon the information gathered and analyzed as
indicated in previous sections, an economic evaluation
was performed for each applicable ECO 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 HUD policy to
determine economic worth. 1Its 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:

k . ) o . t
Co: Bo x (1 + 1f) - Mo x (1 + 19)
t=1 t
(1 + id)

Co = Initial capital cost of ECO including material
and labor costs

k = Number of years to payback

t = Year

O = Fuel savings in first year

= (Annual BTUH saved) x (Rate) + (Annual KWH
saved) x (Rate)

1f = Fuel escalation factor
ig = Inflation rate
my = Maintenance costs in first year

ig = 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.

It should be noted that this algorithm is a simplifica-
tion of a complete discounted payback analysis which
takes into account income tax, tax credits and energy
credits., It was decided that since the Public Housing
Stock is an ongoing HUP 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 definition discounted
payback only considers ECOs feasible if they payback 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,

t
Bt (1 + 1f)

k
Co= I
t=1

(1=igt

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 put 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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Illustration 2.3

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

Volume 4 Energy

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 A/E 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:

Major ECO Group ECOs Described

Architectural AR 1, 2, 3, 4, 5a, 5B, 6A,
6B, 6C, 7, 8, 9, 10

Space Heating SH 2, 3, 4, 5

Space Hot Water Sw 2, 3, 4

Space Lighting SL 2, 3, 4, 5

Space Cooling sC 2

Central Radiation CR1l, 2, 3, 4, 5

Central Air CA 2, 3, 4, 5,6, 7,9

Central Heating Boiler CH 1, 2, 3, 4, 6, 7, 8, 9,
1o, 11

Central Water Supply ws1l, 2, 3

Central Cooling cc 2, 3

Exterior Lighting EL 1, 2, 3

Power Distribution W1, 3
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Energy Cost File

Installed Unit Price

ECO# Description Units oty Material Labor Total
AR1 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.
ARS5A 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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Energy Cost File

Installed Unit Price

ECO# Description Units oty Material Labor Total
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 storm 4 160.00
& sScreen 25 152.00
LABOR: 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: Remove old window,
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,
fit & install.
ARS DESCRIPTION: Storm doors EA
EQUIPMENT: 3'0" x 7'0" 1 140.00
Aluminum 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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Energy Cost File

ECO#

Description Units oty

Installed Unit Price
Material Labor

Total

AR10

SH2

SH3

DESCRIPTION: Wall in- SF 500
sulation

EQUIPMENT: Foam

LABOR: Install.

DESCRIPTION: Vestibule EA

EQUIPMENT: 4'0" x 6'0", 2
sides, door, roof, s.o.g.,
steps, tailing, wood frame,
metal frame

e

LABOR: Install.

DESCRIPTION: Setback per Stat 1
thermostat 20
80

EQUIPMENT: Honeywell 100
Chronothurm T882A or

Penn Bass Timetrol AS51AA-1 or

White Rogers Automatic
Comfort Set 1F70-1

LABOR: Mount new thermo-
stat, rewire.

DESCRIPTION: Automatic per 1

flue damper on space furnace 20

heaters or furnace or space 80
heater 100

EQUIPMENT: Johnson Control

"Mizer"*, Johnson Controls,

Milwaukee or

Advent Stack Master, Advent
Industries, Norriston, Pa. or

Volume 4 Energy

49.62
47.14
44.65
39.70

540.00
513.00
486.00
432.00

25.16
25.16
25.16
25.16

100.16
100.16
100.16
100.16

1.25

500.00
1500.00

74.70
72.30
69.80
64.80

640.10
613.10
586.10
532.10
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Trionic Heating System
Sentinel, Trionic In-
dustries, Harrisburg, Pa.

LABOR: Cutsection from flue
& install device, Wire
device to burner controls.

SH4 DESCRIPTION: Flue heat re- per
covery on space heaters furnace
& furnaces or space
heater
EQUIPMENT: "Save O Heat",
Atlanta Store Works

LABOR: Cut section from
flue & install device;
wire device to 100.A.

SH5 DESCRIPTION: Electric per
automatic pilot furnace
or space
EQUIPMENT: Johnson Control heater
"Mizer"*, Johnson Controls,
Milwaukee, Wisc.

* - "Mizer" includes flue

damper & electric pilot in
one kit

SwW2 DESCRIPTION: Flow re-
strictors

EQUIPMENT: 1 GPM screwed per

connection both basin basin
bubbler & gaskets

3 GPM screwed connection per
shower head & required shower
fittings

LABOR: Mounting.

Volume 4 Energy

20
80
100

20
80
400

20
80
400

340.00
324.50
306.00
272.00

212.66
453.20

75.12
75.12
75.12
75.12

25.16
503.20

1812.80 2012.80
9064.00 10064.00

22.66

25.16

415.10
399.60
381.00
347.00

300.00
250.00

47.80
956.40
3825.60
19128.00
47.80

139



Energy Cost File

Installed Unit Price

ECO# Description Units Qty Material Labor Total
SW3  DESCRIPTION: New hot
water
EQUIPMENT: (a) Gas 30 gal. per 1 266.73 100,64 448.30
heater complete. heater 20 5334.60 2012.80 7347.00
80 21338.40 8051.20 29389.00
(b) 50 gal. heater complete per 1 347.73 100.64 448.30
heater 20 6954.60 2012.80 8967.40
80 27818.40 8051.20 35869.60
400 139092.00 40256.00 179348.00
(c) Electric 30 gal. heater per 1 238.33 75.48 313.80
complete heater 20 4766.60 1509.60
: 80 19066.40 6038.40
400 95332.00 30192.00
(d) 50 gal. heater complete per 1 299.20 75.48 374.60
heater 20 5984.60 1509.60 7493.60
80 23936.00 6038.40 29974.00
400 119680.00 30192.00 149872.00
(e) Solar hot water heater per 1 1752.00 801.28 2553.00
complete with storage heater 20 35040.00 16025.60 51065.00

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 140



Energy Cost File

ECO# Description

Units

—Qty

Installed Unit Price
Material Labor Total

SW4

SL2

DESCRIPTION: (a)Refurbish
plumbing fixtures

(b) Replace plumbing
fixtures

EQUIPMENT: (a) New faucet
washers & toilet flush
valve for 2 basins & 1
toilet (typical dwelling
unit)

(b) New faucet fixtures
with washerless valves
for kitcen & bath basins
& fittings (typical
dwelling unit)

LABOR: (a) 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) + Rit $37.80=
$146.00.

DESCRIPTION: Reduced
lighting level

EQUIPMENT: Install 1 auto-
matic dimming device per
fluorescent fixture type

(a) 2 - tube fixtures

(b) 4 - tube fixtures

ECALO Fluorescent Lamp

System. Controlled Environ-
ment Systems, Rockville, MD

Volume 4 Energy

per 1
dwelling 20
unit 100

per X
dwelling 20
100

per 2- 1
tube 50
fixture

per 4- b 5
tube 50
fixture

13408.00

19466 .00

134.08
2681.60

50.32
1006.40
5032.00

184.00
3688.00
18440.00

194.66
3893.20

50.32
1006.40
5032.00

244.90
4899.60
24498.00

32.50
29.00

25.00
20.00

57.50
49.00

45.85
41.00

28.00
22.00

73.80
63.00
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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 36.00 201.10
day timer (Paragon 7 day lighting
timer manufactured by circuit
Paragon Div., AMF Inc.)
(b) Install contactor in per 1 245.75 50.00 295.70
lighting circuits with 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-
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
EQUIPMENT: High efficiency
ballast

LABOR: None, to be per-
formed on a need for re-
placement basis.
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SC2 DESCRIPTION: Require high
EEr A/C units

EQUIPMENT: 4000 BTUH high

EER unit per unit 1 285.00
4000 BTUH regqular EER unit per unit 1 248.00
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 reqgular 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 reqular EER unit per unit 400 393.60

LABOR: None.
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CRL DESCRIPTION: Individual
room control
EQUIPMENT: (a) Hot water & per 1 353.48 50.32 403.80
2- pipe systems install radiator 20 7069.00 1006.40 8076.00
automatic control valves 1/2" pipe 100 35348.00 5032.00 40380.00
at radiators &/or con- . 400 141392.00 20128.00 161520.00
vectors. These valves
shall have self contained per 1 368.53 50.32 418.80
thermostatic elements, radiator 20 7370.60 1006.40 8377.00
Danfoss IVT series valves, 3/4" pipe 100 36853.00 5032.00 41885.00
Danfoss, Inc. Mahwah, N.J. 400 147412.00 20128.00 167540.00
(b) l-pipe steam systems per 1 29.00 50.32 79.30
install automatic, self radiator 20 580.00 1006.40 1586.40
contained valve at radi- 100 2900.00 5032.00 7932.00
ator air vent, Danfoss 400 11600.00 20128.00 36728.00
1-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 per zone ea 697.80 201.28 899.00
Control Systems install 2 system ) Byl 185.47 75.49 260.00
or 3 way zone valve & 11/2" 275/53 75.49 351.00
electric controls, M945 2" 357.60 150.96 508.50
control accessories, M945 21/2" 676.40 201.28 87.60
actuator T991 Thermostat 3n 872.13 226.44 1098.50
with insertion well, T991
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CR2 Outdoor air thermostate, 1" 127.27 88.07 215.30
ct'd T921 Space thermostat 1. 1/2" 206.49 176.12 382.60
steam only), V5013 3-way 2" 289.27 201.28 490.50
valve (hot water) or V5011 2 1/2" 388.53 201.28 589.80
2-way valve (Steam) 1", E b 507.29 251.60 758.80
11/2%; 2%, 2 1/2", 3"
(b) Pneumatic Control Sys- ea 958.63 239.02 1197.60
tem; install 2 or 3 way - 185.47 75.49 260.90
valve & pneumatic controls 11/2" 237.53 75.49 351.00
MP953 actuator, LP914 in- 2" 357.60 150.96 508.50
sertion sensor wall, LP914 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), ) [ 127.27 88.07 215.30
V5011 2-way valve (steam) 1. 1/2" 206.49 176.12 382.60
V5013 3-way valve (hot 2" 289.27 201.28 490.50
water) 1", 1 1/2", 2", 2 172" 388.53 201.28 589.80
2 1/2%, 3 an 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 3689.60
& 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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CR2 return piping from valve

ct'd (hot water sys.). Mount in-
sertion well & sensor in
zone supply. In zone supply
insulate new pipe.

(c) Install pump & required
fittings & wiring.

CR3 DESCRIPTION: Radiation
pump control

EQUIPMENT: (a) Instsll am— per
bient control of heating pump
pump(s) . LP914 outdoor air control
sensor, RP908BA controller, system
P658A Pneumatic electric

switch, R480 Relay.

(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 P/E

relay to electric relay;

electric relay to pump

starter.

(b) Install magnetic start-
er if required.

CR4 DESCRIPTION: Hot water per
reset control zone

EQUIPMENT: For hot water
radiation systems:

(a) See CR2 for electric
control.

(b) See CR2 for pneumatic
control.

Volume 4 Energy

1 378.32 50.08 428.40

1 213.33 213.30
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CR5 DESCRIPTION: Radiation per ea
part load pump pump
system
EQUIPMENT: For hot water
radiation systems add the
approximate costs from
CR2 (c) and CR3.
Cca2 DESCRIPTION: Reduce supply
air quantities
EQUIPMENT: (a) adjustable
sheave
(b) Air balancing for 20 for each per 1000 363.00
outlets, 35 outlets, 100 system CFM each 363.00
outlets size system 1532.00
listed size
in (b)
LABOR: (a) Install & test
air flow.
(b) Check air flow at each
grille & register; adjust
flows as required.
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), foot of 10 sf 418.67 62.60 481.00
D642 Damper, MP903A (one damper 20 sf
per 15 sf of damper). surface 30 sf
(c) Electric controls.
Volume 4 Energy 147



Energy Cost File

Installed Unit Price

ECO$# Description Units oty Material Labor Total
CA3 LABOR: (a) Repair.
ct'd
(b) Remove old damper. In-
stall new damper. Repipe
actuators.
CA4 DESCRIPTION: Automatic
start/stop
EQUIPMENT: (a) Install per fan 1 521.33 521.00
Paragon 7 day timer (AMF 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: (a) Wire line volt-
age to timer. Wire timer to
fan motor starter.
(b) Wire new starter.
CAS 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
(b) 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
(c) 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: (a) 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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CAS
ct'd

CAS

(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.

DESCRIPTION: Economizer
control

EQUIPMENT: (a) Pneumatic per fan
Control systems, LP914 out- system
door air sensor RP908

controller.

(b) Electric Control per fan
Systems T675 outdoor air system
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.

DESCRIPTION: Zone reset per fan

control system
by num-

EQUIPMENT: Pneumatic Con- ber of

trol Systems, RP908B Mixed zones

Air Controller, RP908B

Colddect Controller, RP908B

Hot deck Controller, RP913A

Load Relay

LABOR: Pipe zone stats to
load relay. Pipe load relay
output to each of the con-
troller. Pipe controllers to
existing devices.

Volume 4 Energy

LV S

v N

1
2 zones
4 zones
6 zones

214.64
429.28
1073.20

633.33
1267.26
2534.42

301.68

50.08
100.16
250.00

250.40
500.80
501.60
1002. 40

264.00
529.00
1323.00

318.00
636.00
1590.00

884.00
1768.00
3536.00
5304.00
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Ca9 DESCRIPTION: Heat Recovery
EQUIPMENT: (a) Heat Pipe per 3M CFM 4538.67 350.56 4889.23
Unit, 6 row thermal heat system 5M CFM 7142.00 350.56 7492.56
pipe unit (manufactured by for each 7.5M CFM 9430.67 450.72 9881.39
Q-Dot Corp., Dallas, Tx.) CFM 10M CFM 9580.00 450,72 10030.72
listed 15M CFM 15372.00 450.72 15822.72
in (or)
quantity 12 sP
column. 20 SF
Assume 30 SF
500 FPM 60 SF
face of coil
velocity surface
(b) Hydronic "Run Around” same 3" 4360.00 501.52 4861.52
System (2) six row coils units 5" 7040.00 501.52 7541.52
circulating pump, starter as Heat 7.5" 10006.67 501.52 10508.19
& control. Control Valve & Pipe 10" 12340.00 501.52 12841.52
Controller Piping (Manu- estimate 15" 17826.76 704.48 18531.24
factured by TraneCo.,
LaCrosse, Wis,)
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.
CH1, DESCRIPTION: Boiler Main-
2,&3 tenance
EQUIPMENT: (a) Hays 3 tube unit i 50.00 37.56 87.00
Orsat & chemicals. 10 500.00 375.60 875.00
100 4500.00 2504.00 7004.00
(b) 0-700°F insertion unit 1 48.00 37.56 85.00
thermostat. 10 480.00 375.60 855.00
100 4320.00 2504.00 6824.00
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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 2§ 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
Fuel Saver", Cleveland Con-
trols Inc., Cleveland, Oh.
LABOR: (a) Wire outdoor
air thermostat to boiler
control panel.
(b) Wire outdoor air therm-
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.
CH6 DESCRIPTION: Reduce burner
size
EQUIPMENT: (a) Gas burners per 100MBTUH 406.67 187.80 594.00
complete with controls to burner 200MBTUH e Lk ol
replace existing burner size 400MBTUH e 2] ol
capacities listed. listed 6 00MBTUH e ne ol
in 800MBTUH ne w b
quantity 1000MBTUH ne i e
nn nn nn

Volume 4 Energy

column

2000MBTUH
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CH6 (b) 0il burners with con- per 100MBTUH 440.00 187.80 627.00
ct'd trols & accessories to re- burner 200MBTUH " e "
place existing burner for size 400MBTUH "o e L
capacities listed. listed 600MBTUH .y wa L
1!'1 aoomm nn nn nw
quantity 1000MBTUH i ny =y
column 2000MBTUH B ] nr
LABOR: (a) Gas piping, con-
trol, wiring, mounting.
(b) 0il 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 o L LS me
accessories for capacities size 400MBTUH ol ol N
listed in CH6 (a) above. listed 6 00MBTUH e L ol
in eoomm nn nn nm
quantity 1000MBTUH e ne .
column 1000MBTUH Lt L b
(b) Modulating oil burners per 100MBTUH 1173.33 187.80 1361.00
complete with accessories burner 200MBTUH e " .
for capacities listed in size 400MBTUH — e uw
CH6 (a) above. listed 600MBTUH L1 L L
in 8 00MBTUH — ne L
quantity 1000MBTUH ne L .n
column 2000MBTUH e e LA
LABOR: (a) Gas piping,
control wiring mounting.
(b) 0il piping, control
wiring mounting.
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CH8 DESCRIPTION: Part load

boiler
EQUIPMENT: (a) Gas steam per 10 hp 2920.00 200.32 3120.32
boilers complete with boiler 20 hp  4480.00 200.32 4680.32
safety controls, burner & size 40 hp 10606.53 200.32 10806.85
accessories for the output 1listed 60 hp 13264.40 400.64 13665.04
sizes listed. in 100 hp 17649.97 400.64 17650.61

quantity

(b) Gas hot water boiler column 10 hp 2920.00 200.32 3120.32
complete. 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
(c) Oil-fired steam boiler 10 hp  3447.87 200.32 3648.19
complete. 20 hp 5121.33 200.32 5321.65
40 hp 8478.67 200.32 8678.99
60 hpr 10131.60 400.64 10532.24
100 hp 14968.67 400.64 15369.31
(d) 0il-fired hot water 10 hp  3447.87 200.32 3648.19
boiler complete. 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

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. 0il piping
wiring.

(d) Mounting. Piping to ex-

isting header. 0il piping
wiring.
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CH9 DESCRIPTION: Automatic per 10 hp 540.00 100.16 640.00
breeching damper boiler 20 hp 740.00 100.16 840.00
capaci- 40 hp 773.33 100.16 873.00
EQUIPMENT: Automatic ties 60 hp 906.67 125.20 1031.00
breeching damper with listed 100 hp 1140.00 240.50 1380.00
safety control interlocks
to burner.
LABOR: Cut existing breech-
ing. Install damper & act-
uvator wire actuator to
burner controls.
CH10 DESCRIPTION: Flue gas heat per 40 hp 340.00 75.12 415.00
recovery . boiler 80 hp 473.33 75.12 548.00
for 120 hp 706.67 200.32 906.00
EQUIPMENT: Flue gas to com- capaci-
bustion air heat recovery ties
device complete with listed
controls.
LABOR: Cut existing
breeching.
CH11 DESCRIPTION: Boiler fuel
conversion.
EQUIPMENT: Use appropriate
burner prices listed in CH6
& cm.
WS1  DESCRIPTION: Hydropneum- 500 gal. 1 tank & 640.00 216.00 856.00
atic system piping
EQUIPMENT: Tank & controls Controls 125.00 235.00 360.00
LABOR: Install controls,
piping.
WS2  DESCRIPTION: Variable 5 (hp) 1 (5hp) 400.00 60.00 460.00
speed pumps Repl.
Motor (10hp) 600.00 90.00 690.00
EQUIPMENT: Variable speed 10 (hp) 1 control 125.00 180.00 305.00
pumps, controls.
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wWs2
ct'd

Ws3

CcC3

LABOR: Install new pump
motor & motor control.

DESCRIPTION: Separate dom—
estic hot water heater

EQUIPMENT: (a) Gas domestic per

hot water heater complete heater

with burner, controls & capaci-

connection to stack. ties
listed

(b) 0il fired domestic

water heater complete with »
burner, controls &

connection to a stack.

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.

DESCRIPTION: Ambient per
chiller control chiller

EQUIPMENT: T675 outdoor air
thermostat, R482 relay.

LABOR: Wire outdoor air stat
to relay. Wire relay to
chiller control panel.

DESCRIPTION: Timed chiller per
control chiller

EQUIPMENT: Paragon 7-day
timer, R482 relay.

Volume 4 Energy

Qty

200
300
400
500
750

200
300

400
500
750

gal
gal
gal
gal
gal

gal
gal
gal
gal
gal

1

1

893.33
1326.67
1766.67
2200.00
3283.33

893.33
1326.67
1766.67
2200.00
3283.33

165.47

521.33

150.24
150.24
175.28
175.28
175.28

150.24
150.24
175.28
175.28
175.28

1043.50
1476.90 .
1941.90
2375.20
3458.60

1043.50
1476.90
1941.90

2375.20
3458.60

165.00

521.00
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CC3 LABOR: Wire line voltage to
ct'd timer. Wire timer to relay.
Wire relay to chiller con-
trol panel.
EL1 DESCRIPTION: Timed per 1 165.15 36.00 201.10
switching lighting
circuit
EQUIPMENT: Paragon 7 day
timer.
LABOR: Wire line voltage to
timer. Wire timer to light-
ing relay or contactor.
EL2 DESCRIPTION: Photo cell per 1 25.00 32.00 57.00
switching lighting 5
circuit 10
EQUIPMENT: Selenium sulfide 15
cell, enclosure & control
circuit.
LABOR: Mount photo cell.
Wire control circuit to
lighting contactor.
EL1 DESCRIPTION: Contactor per 20 amp 60.00 32.00 92.00
&2 lighting 50 amp 115.00 32.00 147.00
EQUIPMENT: Install contact- circuit 100 amp 185.00 32.00 217.00
or. Control to facilitate for 150 amp 400.00 40.00 440.00
automatic switching. capaci- 200 amp  400.00 48.00 448.00
ties
LABOR: Mount contactor. listed in
Wire to lighting circuit. quantity
column
EL3 DESCRIPTION: Sodium vapor per 100w X 160.00 32.00 192.00
conversion lamp & 10 172.00
fixture 40
156
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Energy Cost File

Installed Unit Price

ECO# Description Units Oty Material Labor Total
EL3 EQUIPMENT: New sodium vapor per 150w 1 180.00 32.00 212.00
ct'd lamp & fixture for various lamp & 10 182.00
sizes. fixture 40
per 250w : 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
PW1l DESCRIPTION: Checkmetering 1 210.00 90.00 300.00
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 RVAC 380.00 120.00 600.00
LABOR: (a) Wire capacitors
to individual loads (fans,
chillers lighting cirucits,
etc.).
(b) Wire capacitors at Main
discount.
Volume 4 Energy 157
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H-2850
Utility Audit - Electric
Energy Conservation Survey
Quantity-
No. Item Characteristics Dimension Variables
, Metering Individual metering
== Coat of Ind. metering
2 by utility (per meter)
. Schedule fiar
T (Complete 2
5 counsecutive yre.) Rate Lemand (KW) Cost (5)
[ January
7 February
8 March
9 April
10 May
L June
12 July
S & 2 Auquec
A Septesber
15 October
- Sovesber
7 December
s e P e e e e S B e ey e L s S e e B R T e e
Excess Power
Lm Utility surcharges Demand cajacit factor Fuel adj.
Tenant charge for
20 Aalr conditioner use s/yr.
Tenant charge for
= washer use s/ye.
Tenant charge for
22 electric drver use $/ye.

'.“.D & HUD Allowance
Schedule attached

Yes No

- Rate Schedule
g Utility astached

Project Utility

Account Nusber

§

2

lsilicy Nape

Utilicy Address

Utility Account
Bupresentative

kR EE




Utility Audit - Electric
Energy Conservation Survey

Quantity-
No. item Characteristics Dimension Variables
42 w Year 19
_43 Rats Supply wuxlo’ nd (©4) | cost ($)
34 January
as Pebruary
- Mareh
4 Apcil
dn May
449 _m
w iy
51 August
52 Septesber
S Sctober
54 lovesber
85 Decesber




H-2850
Utility Audit — Gas A-3
Energy Conservation Survey
Quantity- o E
No. Item Characteristics Dimension Variables i3
_lcqnm‘ Fuel type
2 = umption unit -

+ Metering Individual metering

Cost of ind. metering
5 by utility (per meter)

, Schedule Yaas AT =

(Complete 2
___fl__ consecutive yrs.)Rate Quantity Cost
. January
o February
i March
Az April

EE

14
As July
e Auguse i
i_ Sep tember ’.
18 October 2 G
ﬁ_ Hovembar
0 December

22 hmm Months on January February March
. Services
Outdoor air temp,
24 for interruption
S s e Nk b e e N N e e T v, T Rl A e P e e s S Y S S oY
0 Ntmte Type Hatural il Coal
, Fuel
Estimated days
2H use: ears

I'IJD & HUD Allowance
au Schedule Attached Yes No
e Rate Schedule
51 Utlflty Attached hd —ho
Project Utility
_J.-‘_cm“pa"y Account Nusber
34 Utility Name
i F . Utility Address
o
Utility Account
L1 Beprssentative
e e e e e e e e T e e e e )
3H
L3l )
an
AL




H-2850
Utility Audit — Gas Al
Energy Conservation Survey :
5 Quantity- °
No. item Characteristics Dimension Variables 2

12 Schedule Year

43 Rate Quantity Coat
44 January
4% February
An March

a7 April

Je Hay

4y June

Y July

51 August

53 Septumber
54 October
il November
54 December




i
§e.

Prossct Numb [III['III

i
|
z

:

Utility Audit - Oil A-5
Energy Conservation Survey

Quantity- g
No. Item Characteristics Dimension Variables 3

1 Consumption ru eype

3 Calorific content
== Storage capacity

6 m Year

Cost (5)

;mw Supplisr Name

o Company  ooooiier agscess
= Data Supplier Phone Nusber
e e e e ]
ﬁ_

g

0
o

&

™

el

1%

N

47

i

_l‘:_

A

ql




Utiity Audit - Oi
Energy Conservation Survey

~— T TR BN

A-6

Quantity-
No. Item Characteristics Dimension Variables

Photo
Releronce

A Rate Cost (5)
i January
A Pebruary

46 March
A April
2 nay

) :’LM
o July

Sl _A_mt
=32 September
A October

vl Novembur

i DwComber

_LSCI'IECMIO Yoar 1 [ I— i
ioed QuUAnELLY
— BRate i S {gal lons) Cost (3)
59 Jamuacy B
Lo February
L March
L ril
= Bay
&d dune
nh Jduly :
L August
L Septesber ~
R Qctober
L Movembes
- Recesber 2
=== nl BelLSS e e e S Sa S s s A s =]
s i
-ﬂ_
=1
s
Ies
71
-_i'tl_-
_L
_w
__lll_
~bil c




H-2850
Utility Audit - Coal A7
Energy Conservation Survey
© & Quantity- 2 E
No. item Characteristics Dimension Variables 23

e R e Y e S e T T T T e e eyt ey o,
_1_Consumption ..

2 Heat

+ Schedule Year

T (Complete 3
__5 _consecutive yrs.) Rate Cost (%)
6 January
7 FPebruary
_8 March
k] April
10 May
. June
12 July
il Auqust
14 September
15 October
16 JNovesber :
? Decusber

-
-

l

w
~N

-
™

BEEEEREE




The Piwaical Condition of ’

Utility Audit - Coal A-8
Energy Conservation Survey

Quantity-
No. Item Characteristics Dimension Variables

Photo
Realerence

2 Schedule  ve. w—— Pl
i antity
s Rate (tons) cost (5)
48 January
45 February
46 March 3 e
e i April
4H May
4 June

_'L'l'_ Schedlﬂe Year

s, Race

| Quancity
{tons) rost (5]

59 January

vl February - ﬁ?‘ﬁ

e,
s
S

Ll March »

w2 April o

e et

63 Hay S
ey
4 June e -'%-'t«i%‘:-'(

e

(%) July . S

oo s
Bt August S

=

s
S
- ",




The Piwmcal Condition of Project Number
H-2850
Utility Audit - Water
Energy Conservation Survey
Quantity-
No. Item Characteristics Dimension Variables
| Sd‘edu'e Year 19— o ’k:. ‘%ﬁf\t .-:3".‘.- f” e :
S Quantity Quantity 6 Scwuge Cost Watur Cost Total Cost
2 Rate Cubic Feet gal. x 10 (51 (5) (51
3 January
e
3 Februacry
4 March -5‘\
e “.“ .
el -1 Apeil ‘ '.’_::( R i
3 May ’%”i o
B June ek S 2
Y July =
10 August
1 Sept
12 October
13 November i =
":C\_ " e
14 December 2

.. Utility

_u_Company
s Data

Utility Hame

Utility Address

Utility Phone Number




Project Number l_l_.[_L.I_LL]_I

H-2850
Power Distribution _
Energy Conservation Survey
Quantity- e}
No. item Characteristics Dimension Variables h
—— FF e T3 . 1 Secondar
1 Gen‘eral clp::::u:l ?l:ll’.dlh.‘d % R c:::::s -:i::':,!.‘l.lil'.ai"|I
—=—— Predominate circuit 5 o
2 protection i Fuse Other .
- Main disconnuct ey
3 Anput S
Secondary voltage S
=== supply i e
o vt Secondary circuits 127240, 3 W 1204208, 1 W 1207208, 4 w s
G 2777480, 4 W |aHn, 4 W 240, 2 W |
- # DU's/local i
e = distrjbution panel ea. L Ll.-. —t
T s P e S G L S AT
= Clear wall space at i ‘ 5 5 2 i

+ Retrofit

10 Information
z Tenant
e Supplied

14 Air -

_1s_Conditioning

Average estimated : -a-.-" 7000=-10000 over 10000 1
17 unit capacity 7 4000 = 7000 beuh Ltuh btuh
Are units removed 3
(L1} in winter 3 o 2
T T e e e R T TE L IR ESTH
o= T
i i
Yoy i
I
i H
|
24 |
) . 4

local dist. pancls

Is wall space
secure access

# Room air vonditioner
in Project

# Months air
conditioner permitted

Voltage available

Maximum size
allowed @ 110v.

Maximum size
allowed 8 220v.




An Evalustion of
The Phweical Condition of - | I | l I

Exterior Lighting

Energy Conservation Survey A-11

Quantity-
No. Item Characteristics Dimension Variables 2

Fixture ; Smmach
1 Serves Walkways Or iveways Parking lot recreation
S S — 0
. TypeA 25 other
o High pressure |Low pressure
1 Fixture type eoemiiMetal halide |[Mercury vapor |sodium sodium
e oo
4 “:-'5"53 Incandescent
e Astroncmical
5 Switchin e | Manua 1 Time clock Phul.ncell clock
' SR
.44-.- o
= Hatts per fixture a w. SRR
? 2 of fixturcs installed) ea. 5
. SO -\.-\.;\.?.-.- :\-“
- 2 of fixtures operated va. ,,,,;55;3*“*‘ ﬁ‘ﬁ. i
Lights turned on -:s'\-"\\:‘-“-“-' e ‘ﬁ:f:-a. R 2
I set . hes. "‘“""f e 2
Lights turned on SRR
- (L A hours after sunsyt hrg =
Lights turned off i ;;, s S 2 B aany S
,; ;.'v":-\:;.‘w.}-\. el e e """""::. ﬂ:.
11 " hrs e o] ) M e
Efqﬁt! tur&i o“ s
§ hours after sunrise hes . e

Plazas/
Wy lkways Driveways Parking lot lrecreation

_1a_Fixture Secves

ther

High pressure |Liw pressure
Xl Fizturye typw Mutal halidi Morvury vapor | sodium s oo | um
17 Incardescent
PR Astronomical
18 Switchiing e Manua | Tim: clock Photncel L
= -Gfg'.
{:.E% "-2-2‘-\.-\:.-.-.-
17 Watts per fixture . s S
s -.-."-\.-\. -;_
20 # of fixtures installed wa. [P ?‘-".-:'-:5“ S

i
!

# of fixturvs operated wa. [ e
Lights turned on S S :
# hours before sunset hes. EE NMHRQ: 52 w..-:-:;f S S
Lights turned on <.-.‘.;.-,;,_.¢::~‘:-: o

23 # hours after sunset hrs .
Lights turned off

24 # hours before sunrise hrs .
Lights turned off

25 # hours after sunrise hrs.

R e e e e e e )

Mlazas/

Serves L ivViway s Farking lot revreation

High prossure |Low pressure
Morenury vapor st 1 um siowd | um

Fixture typo

u
Astonomical
il Switching Time clock Photocell clock
= S
32 Watts per fixture o ,/.3:‘!:\.\@
S
LR # of fixtures installed ”%} R
.'.'ﬁ " ‘.}'-‘.".'.‘_ ::(_,
"‘5-9';5:; !
L] SR
Lights turned on
14

Lights turned on

Lights turned off
iyl # hours before sunrise
Lights turned off

L ¥ hours after suprise




Exterior Lighting

Energy Conservation Survey

No. Item

, Fixture

. TypeD

Characteristics

Q
Quantity-

Dimension Variables

Serves

Pixture typec

Switching

, Plazas/
Walkways Driveways Parking lot recreation
Other
High pressure |Low pressuce
Mercury vapor lsodium sodium
L
Astroncmical

Waces per fixture

Photocel |

clock

a xtures installed

Lighes turned on
A hours before sunset

Lights turned on

Lights turned off

Lufore sunrisse
ts turned off

# hours after suntise

Plazas/ ]
lrecreation

Fixcure type

Metal hallide Mercury vapor

Incandescent

High pressure
sodjum

Low pressuras

sodjum

Switching

Photocell

Astronomical
clock

Watts per fixture

# of fixtures inscalled

# of fixtures operated

Lights turned on
# hours before sunsst

Lighta turned on
# hours after sunset

Lights turned off
# hours before sunrise

Lights turned of

# hours after spnrise

i | kway's

Parking lot

Plazas/
recreation

2 Other
5 High pressure |Low pressure
Fixture type 2 Metal halide |Mercury vapor |sodium sodium
S Incandescent
- S Astonoaical
Switching 5 Manual Time clock Photocell clock
Wat r fix (3 W

§ of fixtures installed

Lights turned on
14

Lights turned on

Lights turned off
# _hours befo

Lights turned off

= o

e S ]




An Evalustion of
The Physical Candition of -.---Ll|11|1

Public Housing Stock Prowct

Building Orientations A
Energy Conservation Survey

Master Building No. ancal .No. of Building Front Orientations o
No. Item Identification No. Bmidmgs(_) (inci. master building) g

Reference

-_!.- 1oe ea. -
2 ‘ " s ea. ea. ea
s SW W
3 ea. ea. ea.
= = e RS
. Ipe 2
E
—_— i
W
st AL, td.
SR -
i 5 o R
I
“
I 11 el
=il
12 T
i Jes
14
1%
1 D8
1/
iu
S
19 aod ea . [
peee N
20 G i
o S
21 i e
22 D8 ed.
e
33 : iw-m
B
24 R __&-8:8:“‘_” . I
25 e ',.__;MH S
Aok ca i % i
i E SE
20 S 2 ea ea. ea
27 i : 2= a3 a . ea
e -:-':-:-: s 108 Beaneay SR
28 JIoe ea. 3::"' S ﬁ e _53} ﬁ-""‘“*‘ S
i N HE
22 i ea.
= 5 SW
10
RS %‘;:-' e e
= ; . ] E— S S,
N NE
lz e £a
5 SW
=1 -
aRss
34 Joe ea. @Eﬁ%
3N NE
=35 1 :: :
16
37 (]}
"
-
41




H-2850 Muster Buskding Number s

Building Envelope B=14
Energy Conservation Survey

\
Quantity- ]
. . 3 . . b
No. Item Characteristics Dimension Variables E ;
Total Public |[Total Oftice/
1 Gmra‘ Associated space Arcvas Building Lobby Administraciv
X Community Attached Other
=2 Laund Hooms Carage ({describe)
Gross square feet 5 i % s 53 5 e
k] area serves sf. e 2 R
Floor to R ‘ =
4 floor height fr. R i R
Ceiling to 2 % S o
s Sloor maim - . s
SEEETR s e
& 8 of stories ea, |[EEEEEE S A e R R
. " S T
" Exterior Exposure SR ‘ront Left Ruar Right
w Degrees from true ' R o o o o
Y north clockwise o =
Front Total exposure area e
10 (incl. doors & windows) 2 sf. sf. sf. sf.
H L H
11 Color i Light Light Light Light
12 heax ] Med i um Medium Medium Medium
s S

11 R Dark Dark Dark Dark

14 Mass - Low Lo Low

15 Hedium Medium Medium

1b High High High

Section #'s =
17 (Back of this sheet) =4 ] [ ]
1] Composite U-value u u. L' u
149 Window Type A ea. . va . ca,
20 B 03, [ [ xd.
21 c ea. £a. [T PTY
22 D ea. ca, v ca
23 E sd, gd. Ca. £a
24 F e&a. ea. ea. a4
25 Door Type A = = £2a ga ga £a
26 B S ea. TR ea, ea.
R

27 c R S sa. £a 2. £
S

28 D SR ea. ea, ca 22,
s
.

29 E RS, ca. 2a 2a ca
du F . s £a £4 £a £4
T e e P e P ey | e N,

32 noo' Exposuce s -'ggr;nnr_ Lefr Bueac Bight

e a ] o o
A Slope
Directly Attic Plenum
14 Cailing at roof exposed above ceiling
Area of ceiling e
15 (top floor) 2 sf. sf. sf. sf.
Ju Celor 2 S #{ Light Light Light Light
R
s ] _
17 % %«:—' Med ium Medium Medium Medium
R

Ju 5 Dark Dark Dark Dark

19 Mass 5 Light Light Light
— %

_-10_ ‘ Hedium Medium Medium

41 Heavy Heavy Heavy




Building Envelope
Energy Conservation Survey

Prosect Numbet
Misicr Busicng Number

Lloody]

Quantity-
No. Item Characteristics Dimension Variables

i Roof ok ok ihis bl ’ 0
__nw Cumposity U-value U. u u. u.
_3 # of skylights ea. ea. wa. el
4 Total area of skylights sf. sf. sf sf.
5 U=value of skylights o u. u. u. u.
T e e e e R e s B L e e ey S O R ]
»_Floor Area of slab on grade uf. o
Area of slab
H below grade sf.
2 Slab U-value u.
1o _ Area of bascment walls sf.
ot 1 5 = u.
Area above cellar
2 or crawl space st
_1s Floor U-value u.
3 Section # ]
e s S s~ N 0 e B ey sy (A e RS e S W T T
16
17
1d
L
Fill
-
22
2
_l
_25
26
27
24
e o
u =
L
2
- !
14
- i
Ju
37
El)
b0
40
41




Windows

Energy Conservation Survey

T 3 . .
No. Item Characteristics Dimension Variables
.
1 Window A unit size w.
2 h. [ :
i Pree arcu . x
Window set-back frum e % =
4 exterior wall in. R R i 3
e o o
= e = 5 "Yf'.-: S
Operable crack lunyth in. I S e
. R
fi Type LR Double hung Casement Sliding single hung
e {“'5;‘;"‘%'! Arch Awning
7 ] Jalousie Pivot projectod Ruppret
e S
2 S
H : :%&?" S Fixed Other
3% R
E) Prame material % i Wood Aluminum steel
e - Frosted Separate
10 Glazing 2 '&?‘-’ Sinyle Insulating tinted storm windows
e = Integral
1! e Zd storm windows
. '._"\- o
12 Shading device 5 S Non Presont Missing
i ,__,ﬁ;_a_:":v.;\. Venetian Operable
T Ivee e s shaudes shuttors Awnings
g "
e
4 S Drapvs
. SR
L5 Weatherstripping it Good conditiord Pour condition one
2% s
e e
16 Fit — S ..-"% Tight Fair Loose
Estimated crack width e
s s
17 greater than ’$$.-‘.}"9ﬁ?'::{"l‘-;§-(:;'\.%"::" 1/12 in 1/16 in. 1/8 in 1/4 in

s Window B

Unit size
20
21 Free area
Window set-back from
22 exterior wall
) Operable crack length
24 Type Cascment Sliding single hung
Arch. Awning
25 Pivot projected hopper
N Other
27 Frame Material A Luminum Stuel
Frosted Separate
28 Glazing Tnsulating tinted storm windows
Integral
29 . storm windows
e e
e =
0 Sludi!ﬂ device s % 221 None Present Missing
v Venetian Operable
11 Type #4 blinds Shades shutters AwilLnugs
e o
R
32 S Overhung Drapes
11 Weatherstripping Good condition| Poor condition Noiwe
34 Fit Tight Fair Loose
Estimated crack widcth
15 yreater than 1/32 in. 1/16 in. 1/8 in. 1/4 in.
7

Quantity -




An Evaluation of

The Physical Condition of I ! [ \ | I
Pubkc Housing Stock Projmc! Number

H- 2850

Windows _ A-17
Energy Conservation Survey

Quantity-

Photo
Reforence

No. Item Characteristics Dimension Variables
1 Window C Unit size w. S SR e
: 3 R
2 h. ‘ - e
e —
E] Fres area L 2 2 e 5«%“{@:
Window set-back from - 3 R S S
1 exterior wall in. = = i R R
i PR S
* Operable crack lenyth in. o - - s '\:ﬁ?’ﬁ' : R R
S
[0 _Type 2 i Double hun Casement Sliding Single hung
R Arch Awning
-1 i S Jalousie pPivot  projected hopper
e e
H SR Fixed Otherc
4 Frame material ‘ Wood Aluminum Steel
Frosted Separate
Lo Glazing 225 single Insulating tinted storm windows
Integral
11 = e orm_wind
I Sheding device 4 ton Present Hlssing
Aaaeeied Venetian Operable
11 TYLg S 5 chades shutters Awnings
= o
14 : : Drapes
15 Weatherstrij.ing i3 Good condition Poor condition None
s 3 3 éf‘\
lu Fit R Tiyht Fair LoOse
Estimated crack width 2 ’_;_‘
17 greater than 1/32 in. 1/16 in. 1/8 in. 1/4 in.
.» Window D unit size v PEsER : SR
oo \» e s s unts
] SR *& o S SR
2 h. P wﬁ\ 3 e R
7 R A
21 Free area \) S e {#"‘ ‘13»“
Window set-back from i i SR e 5.3
—_ T [T T T : i ‘ e S
a2 exterior wall in. S R R ‘-3"‘
“.“:\-‘ e L ‘-\. 3“- o ‘{EM{\‘{‘M’&
24 Operable crack length in. Rt "‘:t-""‘fcﬁ:- i
SRR
. 6@%@- i o 5
e Typa SmmmmR ittt Double hung Casument 51iding Single huny
e, Arch, Awning
pall R 25 Jalousle Pivot projected hopper
4 e 2 —
o = el
— SESEEEEE A P ixed Other
22 e "0?-"“"
n Frame Material A:'._.‘,L‘;,’:*E.ﬁ.?. i Wood Aluminum Steel
gy == SRR Frosted Separata
il Glazing SRR single Insulating tinted storm windows
e Integral
24 Sty storm windows
0 Shading device SRR None Present Missing
st Venetian Operable
i18 Type R, b inds Shades shutters Awnings
" “,‘39-':-\:
43 ' = 2558 gverhun Drapes
1 Weatherstripping Good condition Poor condition Hone
14 Pit "?5?2' ﬁx Tight Fair Loose
Eatimated crack wldth w@} ,cé}.»ﬁ{#
35 greater than SRR 1032 (n. 1/16 in. 1/8 in. 174 in.
e e R e e e e e o e e e Ny L ST B e e SR T g e e Ty e e )
()
i
i)
w
41

APy



Projec! Numbear LI—[—‘—]—LJ_I_J

H-2850
Windows ot
Energy Conservation Survey B
g Quantity- °E
No. Item Characteristics Dimension Variables 23
:_! Wiﬂdow E Unit s1ze

| Fruu area

Window sef-back frum

i exterior wall

Operable crack lenyth

(]

P Type Casement Sliding Singla hung
Arch Awning
= Jalousie Pivot projected hopper
Rl Fined | veher
[ Frame matcrial =1 Wood Alum i fium Stecl
Frosted Scpardte
Bhe Glazinyg 4 Single Insulating tinted Stoim winduws
4 Integral
o ol I orn windows
) Sheding devicy Hone Tresent Missing
Venctian Operable
ol [ Ivpe i blinds shaaduy shutturs Awnings
Al L Overhung Drapus
- Weatherstrippiny ] Good condition Poor condition None
baa Fit Tln:{_th Fair Loode
Estimated crack width l
greater than l 1/32 in. 1/16 in. 1/8 in. 1/4 in.

LWindow F Unit size

28 Free arva

Window set-back from
exterior wall

R Operabile cravk lenygth
=1 Type Double hun Casement S5liding Sinqle hung
Arch. Awning
s Jalousie Pivot projected hopper
e Fixed Other
Bl s Prame Material Wood Aluminum Steel
Frosted Separate
o Glazing Single Insulating tinted storm windows
Integral
il storm Wwindows
e Shading device Nonu Present Missinyg
Venetian Operable
1l Type blinds Shades shutturs Awnings
L Ovethung Drapes
i) Weatherseripping i Good conditior| Poor conditior| None
L Fit Tight Fair Loose
Estimavted crack width
' greater than 1/32 in. 1/16 in. 1/8 in. 174 in.




Exterior Doors

Energy Conservation Survey

ﬁopclwl I_LI_I_LI_.I._.I

A-10

No. Item

Characteristics

Quantity-
Dimension Variables

:

—_._Door A

,. Door B

14

g

. L

o
2L

¥ of total Buimlnq

antry/eqress

Unit size

U-value

Type Mutal Glass
Double Revolving

Vestibule Unheated leated

- (z00d Poor

Weatherstripping condition condition

Fit Fair Loose

Estimated crack width

greater than 1/16 in. 1/8 in. 1/4 in.

% of total building

ent ress .

Unit size .
h.

U-value u.

Jype

Vestibule

Weatherstripping

Fit

Estimated crack width
greater than

v“} o
Wood Metal Glass Storm door
Single Double Revolving
Hone Unheated Heated
Good Poor
None condition condition
Snug Pair Lo
1/32 in. 1/1b in. 1/8 in. 1/4 in.

ZDoor C

A\ of total building SR i S 2 =
_untry/eqress A} = s e <
: e 2
Unit size W, e S e e
3 = : e 3 R =
h. e e
.\l"‘ 2 "\:. e, fanet ol o e
U-value ] u. 3 i 5 S b i
Cd
Type Wood Metal Glass Storm door
Single Doub le Revolving
Vestibule Hone Unheated Heated
Cood Poor
Heatherstripping Nane condition condition
rit Snug Pair Loose
Estimated crack width
greater than 1/32 in. 1/16 in. 1/8 in. 1/4 in.




PIMIWLLI.I 1 I L ||

Public Housing
H-2850
.
Exterior Doors Aol
Energy Conservation Survey
1]
Quantity- ° E
No. Item Characteristics Dimension Variables E.z
—_— m-' u et
 Door D entry/egrass ' : R
3 Unit size w. ‘ i
-y h. e ‘-a-‘ R R 1
o o e o
el U-value u. e = R
B Type Wood Metal Glass Storm door
" Single Double Ravolving
K Vestibule Nane Unheated Heated
Cood TPoor
H Weatherstripping None condition condition
Y Pit Snug FPair Loose
Estimated crack width
L _greater than 1/32 in. 1/16 in. 1/8 in. 1/4 im.
e e
% of total bullding = 5 3 35 R0
.. Door E ent ess \ s 5 S SEE
b o oo 3&2‘ s ‘
13 Unit mize w. A R saaas s 2
o R 528
14 h. , R aEaE B
SR e R
g = U-value u, [ SR RS {'{‘:\-‘}éﬂ-"&‘;“'_;'_ S ﬁ@ﬂ?'::"“"'
1 _Type L Wood Metal Glass Storms door
17 wod Single Double Revolving
1 Vestibule Nons Unheated Heated
Cood Poor
14 Weatherstripping None condicion condition
‘2dances
.| Pit Snugq Palr Loase
Estimated crack width i
21 greater than A 1732 in. 1/16 in. 1/8 in. 1/4 in.

e e e e e e B e R e e e e S N R
iDoor o Lo e
—=d Unit size v, (i - - ﬁ.ﬁ‘}?‘ %:{ i S - 3
s NS, e s anan

. S-value N
__2_!!_ single Double Ravolving

2 Vestibule Nane Unheated Heated

- Good Poor

o _MWeatherstripping None condition condition

il rit i Snug Fair Loose

Estimated crack width

p=r | gresater than * 1/32 in. 1/16 in. 1/8 in. 1/4 in.
R Ly T S e e T e A ey R U T ot e S N T S e e e T

34
_-.'l_S_
__.'lﬁ_

37

1

39

40

41
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H-2850 Musttr Busiceng Number
Space Heating & Lighting
Dweling Units . A-21
Energy Conservation Survey
Quantity- ) g
No. Item Characteristics Dimension Variables E 3
Ho 74 S Central al
, General Central heating type cadiacion cialation Rewdting = was cobtiuate
Electric Porced air
2 Space heating type radiation Space heater furnace Other
Electric & Space heater
3 apace heater & furnace
Exhausts to |Exhausts to
= Kitchen exhaust fan space outdoors
Exhausts to Exhausts to
5 Bathroom exhaust fan space outdoors
Additional Non-cooking Tenant
3 heating sources use space heaters *
R e T Ve g ey A Ny S T A e  l VI e W e e I P e e T e s ey
] Contml Jhurmostat type 2 Position Modulating Sutback
Heating=-
9 cooli Manual valve Nofie
10 Thermogtat power Pneumatic Electric Self-contained|
VN Ihermostat controls v Burper Fan
Windows open
12 Lomfort 'or control Normal
Temperaturs saintained a
14 in winter | 4 X :

15 pre Pilot type Electric
__L...__Heate'r Fuel type Ran: 0il Electric
L - Bl il s S
_n_ 0 Bedroom :
1y 1 Bedroom

20 2 Bedrooms

21 3} Bedrooms
22 4 Bedrooms

21 5 Bedrooms
_lspme Lighting Schedule :‘C*“];-::? ht!l::::t:::::
LLighting 0 Bedroom ea . .
27 1 Bedroom ea. .
. 2 Bedrooms ea. .

29 3 Bedrooms ea. .
_Jo_ 4 Bedrooms ed. .
| 5 5 Bedrooms ea. .
THVAC mim:ht.:l!.uanng t;nqt.h Unins. | Average Length Unins. | Average
.k Pipe Schedu! iser Bipe Riser Dia. Runout Pipe | Runout Dia.
s System 0 Budrcom £, in. fe. in.
_,Llnsulation L Bedcoan . Lais o in:
e -2 Bedroomy fr. in. fr. in.
i 1 Bedrooms fe. in. fe. in.
. A Bedpooms [ in. (19 in.
-t 4 Bedrooms It in 1. in,




provct amoer L1 | 10 | 4y ]

H-2850 Master Busiceng Number
Domestic Hot Water - Space 2-22
- e
Energy Conservation Survey
Quantity- E
No. Item Characteristics Dimension Variables k]
N e R e e e e e e e iy ety
= Dwelling Community
1 m Space type sarves Unit(s) Laundey Kitchen Restroces
2 Other
3 Heater location I&:ﬂi i :3:13?"’
4 Tank type Glass Steel Tankless
5 Energy source oil Gas Electric
13 Pilot i Gas Electric
1 Energy input beuh. i@;w
kw. S
e e e e e e e e o S
Schedule i A ;
o Schedule  ~
11 2 Redroom
12 Bedroom
13 2 Bedrcoas
14 1 Bedrooas
15 4 Bedrooms
I 5 Bedroums
Average Hot Watuer
17 temperature
Life expectancy of
] heaters
App. \ of liot Water
19 heaters replaced
Average age of
20 hot water heaters
22 thtl.lms Toilet type Flush valve
Adaptability to Bath
13 flow restrictocs {sink faucet
24 Water condition
Average age kitchen
25 Pplumbing fixtures
Average age bath
20 plumbing fixtures
a




Space Heating & Cooling - Public Areas

Energy Conservation Survey

PmnctNlmborI_l.I|||]]|
—_—

Masivi Busding Number

Quantity-

No. Item Characteristics Dimension Variables
- Total public | Community Tffice/ Attached
1 Gmml Space type serves areas rooms Mministrativg Garage
2 Laundry Lobby Other
Hot water Steam Central air
i) Heating radiation radiation handliny Fan coil unit
: Electric Forced air
4 radiation Space heater |heater Other
Central air
5 Cooling handler Fan coil unit
Typical occupancy o o 0,
6 (average # of people) £
Weekday time (24 hrs.)
7 of occupancy From
8 To
Weekend time (24 hrs.)
9 of occupancy From
10 To
Heating/
12 contr0| Thermostat type 2 Pogition Mexfuluting Suthack cooling
Self-
11 Thermostat power Pneumatic Electric contained
14 Thermostat controls Valve Burner Fan
= Windows open
15 Winter comfort Overheated Underheated for control Normal
Temperature maintained o e o = _" :: S o
16 in winter F 2 2 S
Temperature mailntained o D 2 s 11‘ S = o
17 in summer F o R e % i o
e S, R R s i
19 Spacs Nusber of units ea. : i : :
20 Heatlng Pilot type Electric
21 Uﬂlts FPuel type Gas 01l Electric
. 33 SRt e
22 Total input capacity bt DEE S T S SR
e e
23 i 2 i ‘5 R %‘T SRS @:}ew
hesessory i SRR s
24 electrical unit . = ""“ R oo %ﬁmﬁél S e
2 Space Nusber of units
»_Cooling Total units capacity
24 Uﬂlts Average unit age
2 - #Ft. uninsulated
., Pipe o
Average riser pipe
5 Insulation i, ...
App. #Pt. uninsulated
312 hsat runout pipin
Average runout pipe
11 di ameter
Est.sf. of aexposcd sup.
15 DMt duct in mech space
i llm“’“ Duct wupyilles
3H
4
N0
41




Space Lighting — Public Areas
Energy Conservation Survey

promet tmoer 1 [ 1y |4 4 |

Masier Buicing Number _

b
I
N
Y

Quantity - o E
No. Item Characteristics Dimension Variables &3
Iw Space type serves ey ahl::ltuuw Garage
2 Other
e “Averags [loor and
oAl wall coler Dark
Automatic

. Incandescent ;...

(4 Total # of fixtures ea.
7 Total watts installed .
a A of lights used A
2 2 of circules ea.
Typical operating
10 schedule Hours/Day hrs/da
Typical operating wk .
11 schedule Hrs/Meekend hrs/end
12 Ooff at hrs.
13 % On during "off" hrs. L)

s

_1s Fluorescent o,;.ning

| 3 tal # Xtures-=

= I A5 -2 tubes

s =) tubes

19 -4 _tubes

ea.

20 Total watts installed

A of lights used

Typical operating

hrs/d

Typical operating
H

hes/

21

o - A of circuits
21
24

25

A On duzing "off” hrs

Automatic
R = S
R %

30

1l

32

[l ke ke




An Evelustion of
mmmwd Pm-clr-ll,lilllJ
H-2850 Master Busiceng Number

Appliances - Public Areas i
Energy Conservation Survey )

Quantity- o E
No. Item Characteristics Dimension Variables 3

S = “Iotal food
1 co"'ﬂumY cooking equipsent ea.
., Kitchen Elec. Input ke
Gas Input
3 b x_1000 btuh.
Total portable
4
-3 Elec. Input kw .
Gas Input
(] b
¥ of hot meals
—tii ooked per week
] Exhaust system Hone Local Central
9 Local exhaust control tch Time clock
ctm/
n Local exh t fan hy. ctm.
B} hp. 2
T N e e e e e A Y e e e R e e e S I e g A e S ey Py St o)
14 commur“t, Average weekly use hrs/wk. B
o baundry ooer ey Gas Eleceric
15 # of dryers ed.
1 Individual dryer input bruh. : S i 3
A 5
17 W, S s i
— o = o R e
14 8 of washers ea. e
14 Hasher type Commercial Residential
2n Exhaust system None Local Central
21 Local exhaust control Switch Time clock
22 Local exhaust cfm./hp. cfm. = : 5 A 5 R
2 = e “-«. ‘ s
23 hp. s : - = 2 o "
R e e e ey e S e D ey S IS e TS et
25
26
27
28
-2
n
El ]
—a2.
31
34
35
36
17
3d
i)
40
41




An Evaluation of
The Physical Project Number

H-2850 Masier Budcing Number

Central Radiation Convector A-26
Energy Conservation Survey

Quantity- °.E
No. Item Characteristics Dimension Variables E 2

Total public | Total

. General Space serves building huilding
1 Plpe 4 Plpe
2 _Systam type steam steam Electric
Predominate
3 radiation type Radiator Baseboard Fan coil
e e B T e e e e S e e ey S Sty
¥ ) Manual rad.
5 Spme Room control 3 4 Pneumatic Electric Valve
[ contl'O’ Room shut-off valve Concealed Exposed

Avg. space heating
_Ppipe size at radiution

|-.|

zm Constant Temperature Solar
9 Iype t rature reset compunsation
10 erd trol er Pneumatic é!gct:ic
liot water
11 mif = In_space tdoor air supply
Convertor H.W. mixing Stuam
- Controlled device 2 valve dist. valve
13 A of zones of control ea.
1 ~Total conmvertors ea.
Total active Z
15 convertors ea. =
6. Total pumos LLE R
17 Total active pumps aa. ' o
14 . Total pump hp. hp. =
14 Total active pump hp. hp. : %
Hot water pump ent
20 start/stop vontrol s 24 Marual control
D e e e e P N e e g e B e e S e R s S e e
3 Typical Avurage total | Average total [ Avg. fan coll
»_Installed Dwelling Units ¥ of units/Du | capacity/pu | capacity/vu | elec./pu
23 nadlam“ 0 Bedroom ea. btuh. ELR hp
24 SChﬁd‘l.lle 1 Bedroom ca. btuh. EDR hp
25 _2 Bedrooms ea. btuh. EDR hp
2iv 3 Bedrooms ea. btuh. EDR hp
a7 4 Bedrooms ea. beuh. EDR hp
28 5 Bedrooms ea. btuh. EDR hp
Total Total Total fan
Fal ] Building torals capacity Capaulty coil elec./DU
btuh x 1000
in Dwelling Units wa. EDR hp
beuh x 1000
| . Public areas 5. EOR hp
btuh x 1000
- - -Total building ea, EDR_ hp
e R e e e e e S Sty s R S e et el
14
FE)
e
17
id
39
3
41




Project Number

Pubkc Housing Stock
H-2850 Masier Bulding Number
Central Air Handiing
Energy Conservation Survey
Q -
Quantity-
No. Item Characteristics Dimension Variables
Dwelling
1 General Unit serves unit(s) Administrative| LoLby Corridor
. Bascment/
Stairs Muchanical Restroom(s) Laundry
3 Community
room{s) Other
Puckaqud with | Packaged with
4 System type Buile-up Packaged DX couling gas heating
Packaged with | Return
5 4 a1l heating air fan Rouf top
[ 1dentification W Sd 52 53 S4
.1 : 85 s6 s7 sa
H 5 o :-\.E 59
i > ‘
9 System age yrs. i o <
Air handling unit
10 manufacturer
11 HModel #§ "
e e e e S S e e S e B Sy
s s : Muax. & min. Hixed air Steam
11 CMﬁM'm Configuration outd. air dum| control prelivat
Prueht. w/face | Low temp. Filter
14 & bypass cont.| prutection section

15

1h

oxX
cooling coil

Chilled water
cooling coil

Steam heating
coll

B low- through

Draw-through

Electric
heating

1 A'r Supply _Fan ratings

S 'ﬂﬁ}:-:ﬁ;%

%
B

Supply Fan

Ruturn Fan

Ll ]

e
1, Return _Motor horsepower e ’%%ﬁ%’ hp hp
tean s Maximum e
20 Capabllltles air guantity cfm cfm
il | Total static presswie "z° "20
23 Maximum
7 outdoor _air cfm N/A
Minioum
2.4 cutdoor air cfm N/A
immneaenind] Steam Hot water Mixiny boxes
P COﬂtrOI _ione control ’“’4"-'?;3'1‘5"‘5:“:‘?%3":‘ terminal reht.) terminal reht.| Multizune [double duct)
] Electric Variable air | VAV with
2 AR Lerminal reht.| volume electric rent.
= e, v =
- led zon ea. S Rz 2 :
T rature control SR
- oo 22 “‘ﬁ:{t’ 2 preumatic Electric Electronic
Temperature control i Mixed air Enthalpy
£ Systems present R control Economizer coonomi zer Zone reset
R A AmGlent Dlscharge Wacm-up
W 274 heating reset | control cycle
Temperature control ‘ o
il age yrs. S ‘ = : 3
Preheating coil S alve ulating oslEion
32 control ety valve bypass dmpr. | electric electric
Heating coil S Throttling Bypass Modulating 2 Posltion
14 control SR valve valve electric electric
Cooling coil = 2 ____-:_‘:1 Throttling Bypass Expansion
=L _control i ] valve valve valve (DX)
Cooling control o
in sensing point Return air Discharge air | Space air
Heating control
3 _sensing point Return air pischarge air | Space air
Heating design R ™
Y discharge temperature Op R ﬁ-{f i "
Cooling design Rty
in dischar rature Op i S -
Mixed air design
1 Lemperature °p 3
- Simultaneous heating T
a0 _and cooling s ML) No
LR Winter &
| _Rehgat operation Fii] winter onl Summor only | summer




Central Air Handiing
Energy Conservation Survey

PronmeL_LLI_LI_L_I

Master Busding Number

g Quantity-

No. Item Characteristics Dimension Variables
Outdoor air damper 3 Seals Fair Poar
, Control condition tight seal seal
. (cont) Condition of frame No leaks Fair fit Poor fit
Estimated V outdoor
k] air w/damper closed L)
2 Self-contained Central Central
5 '.hatm & Heating type Heat pump qas/oil steam hot water
COOh‘g Central Central
[ Cooling type =5 leat pump Self-contained ClW DX
A Heating Cooling Input
7 cmm Capacity Schedule Capacity Capacity Capacity
H scm Oil heater btuh N/A qph
Y Gas heater btuh N/A cfm
10 Heat pusp btuh btuh kw
11 nx _coil N/A btuh N/A
12 CHW coil N/A btuh
=13 Elec. preheat coil N/A N/A kw
14 Elec. heating coil N/A H/A w
Total elec. e
15 rehecat coils R N/A N/A K
1u Steam rcheat coil i bruh N/A s/hr
et
‘e ke
17 Steam heating coil R btuh N/A #/hr
Total steam i
1H reheat coils btuh N/A #/hr
Hot water
19 preheat coil btuh N/N 9=
Hot water o
20 heating coil 2 btuh N/A _gpe
fl Total hot water
21 reheat coils btuh N/A gpm
Hot water heating coil S % : %
¥ sec. pump horsepower h i
R % Ambient Interlock to
23 Control type Manual control AHU
Chilled water coil 5 :
24 sec. pump horse r h
= 7 Interlock to Interlock to
25 Control type - Manual chiller AHU
Hot water reheat %
26 _pump horsepower h RS
Interlock to
27 Control type Manual Ambient AHU
e e e e e T e )
2 mm Start/stop control Time clock Manual Switched
Intarlock to assoc.
30 return fe? Yus Ho
Dampers close
a1 when fans are off Yus Ho
ummer Summer Winter nter
12 Manual schedule weakdays wevkends weekdays weekends
14 ~on at hrs.
14 —off at hes.
Timer setting
35 -on_at hrs.
i -orff ut hrs.
Outdoor air
17 -on at hrs.
T —off at hes.




meclnle_Ll_l_Ll_l_,

Master Budcng Number

Central Exhaust Fan Schedule

-29
Energy Conservation Survey i

No. item

Exhaust Fan
ID Number

Weekly

interiock or
Operating Time Clock Areas
Horsepower CFM Hours>  Operationd Served>< ¥

i

*Ch
1 { .c: it pisl ) hrs.
—— pertains, SRS R o2
2 do not : e =
——— check if -
3 umnl 108 hrs.
—— operation). g e
4 : 3
-
. Area Code: o8
nana s
= 2 s
e Bana : SR
3-Stairs/
2 Corridors 108 = . A, hr:‘.
: s e S
8 d4=Laundry i 2 ‘ i s .
S-Public
Restroos
9 hrs. Y“'w " "
s 2 e s
10 S SEE e ~§cﬁﬁ§-¢'}m?ﬁ:ﬁ
11 hrs.
e 2 2
<At %
13 hrs.
> 2 : R S
13 ‘ SRR
15 ID# hrs.
o - e e :“' e
16 i Ei SR
7 s
e i . . - = o T
18 = ‘ e S
% 2009308 220
20 - 'ﬁé % R R
21
: 5 e -
T Sl
: ! T T o e o % LRy _§\- ? e s;_,:_-_,a_;::f 0
e e e e
24 : 2 S S E‘ R S e
—25
o IS . e
26 i : an :
27 T
- e
28 S
23
Z : o s
30 I :
il 1D8
45 i 2 R
' = e xa s e
13 1D8
s R S e
15 D8 -qg,—“,,i-mm—
o e R "‘Q} o R RS BB “‘.- SRR 3.} ':
3 dimaR M
37 108
o s o S s
L] S R R
14 pae] )
40 3 e
41 ‘Ig!




|

m""m“ ﬁmlmlllnlnl
H-2850 Masivr Busidng N
Central Exhaust g an
Energy Conservation Survey
}
Quantity- a
No. Item- Characteristics Dimension Variables 23
____L w SE serves Corrdior Stairs m:.u
Cosmuni ty Dwelling unit
__g_ Res trooms Laundry TOOmS toilets
Dwelling unit
_E kitche oth
—t _Exhaust capacity
e N Total static pressure
ol Fan_power
. 108
i _Manufacturer
3 _tode] Musber '

1, Operation
<AE:
13

., Retrofit
__Information

22
23

24

Interlocks Independent

Lontrol type 1 { to ajrhandler { time clock

Operates with

alr handling unit Sl 52 51 54
55 56 _s57 sA
59

Electrical interlock

to air handling unit 51 52 53 54
§5 3 57 s8
59

Location rel. to assoc
air handling unit

Make-up if no assoc.
air handling unit

Possible supply unit
interlock

Same equip. Different
room Same floor floor
Transfer
Space dir Outdoor air grille
Sl S2 53 sS4
55 56 57 S8
59

Distance betw. poss.
heat recovery coils




Domestic Water — Central
Energy Conservation Survey

Pfouclmmml_l—l—!_l_l_l_l_l

Mushr Buiding Number

— e,

No. Item

Characteristics

Quantity-
Dimension Variables

: General

2

Heater sorves

Total
bul lding

welling unit

Community
kitchen

Restrooams

Uther

. Hot Water

1ndepuendent

Gas burner

Uil burner

Electric

Boiler W and

Boilur steam

5 Gm'am Boiler conver tor aml convertor
Independent % 3 i
[ heater injut beuh . SRR e
2 }‘-\." S
7 kw. i
Independent 2 : s §
H heater vutput btuh . %
4 kw . e 2 : 2
2 e
1o Tank capacity qal . . x : s S ,;.{é? i
Type o Primatic 1 leey
E.; ar .t ‘v' * o= -‘+ -'{'v(“-'\:"\. ‘A-
Tempurature ” L =
14 maintained 4t Lank F e
Temperature at fixs. g : B
15 furthest frum tank PP
Make-up water temp. i 'g-‘:-ﬁ““ S
b summet Op P "'3"‘":5'
S s
X 2 R
LA winer o MG S
Domestic water supply T Strect Loastur
1 wamr Presgsury souroe - s Pressury Loiung
Variable speed e e
2 Supply S
2umping i
21 N Water supply pumps wa . B
R
S
2d Pumps total hy. hp. fh G
= s s S
43 Pumps total gpm : R o B G
— s e e
4 Feet of head ft. e -‘-B:a-ﬁ R
Hot water 3
<5 recirculation Yes o
Recirculation pipe 7
insulated = Yes o

., Fixtures

Toilut type

Flanle valve

Adaptability to
flow restrictors

Bath
aink laucet

Water condition

Average age fixturus

lyuim




An Evaluation of
The Physical Condiition of g l [ | '
H-2850 Mastur Busding Number

Central Heating A=32
Energy Conservation Survey

Quantity- e E
&2

No. Item Characteristics Dimension Variables
1 General Type Sectional Water tube Fire tube Forced draftc
< (BO’[er) Natural draft |Induced drafc
4 # of fire tube passes 1 2 3 '
4 Heating medium Steam Hot water
R
5 » Typical boilers o
Steam
i operating pre
Hot water
! operating temperature
H Existing energy sourcc z Natural gas Propane Coal Electricity
° = 12 0il B4 0il B6 il
If converted,
10 original energy source Natural gas Propane Coal
i ; 82 0i1 13 0il
R
12 Heating surface sf. w"‘-:-'***ﬁ%’q-" S
Capacity-input e
A, beuh x 1000 bt
14 -input h
Gross-output
| btuh X 1000 btuh.
i § S5 =output hp.
! Aug Yrs.
An_ Manufacturer
N Model Number »
snaenecoid Compressed Pressure
21 Burnef 0il atomization o rd air Steam nozzle Rutary cup
nigh/low
2 Control fire Modulating un/OEE
Burner fuel
inat capacity (units) C .
T e
Haximum SR Y
20 Minimum
Total burner electric
2 input er
LB
2y Age
29 Manufacturer
o Model Number L]

;; Accessories ...

01l pumps sep.
Bo

34 Total input power Tow , [ .E
34 hp. i
e e R e e S S Ty
. Flue gas - e
««_Maintenance ..., 70 oore : =
Excess L'ozfo tesc
17 frequency ?ti—gy_r.l ea.
Burner fuel/air A
1h adjusted seasonally S
Burner adjustment
™ frequency (times/yr.) ea.
Pire side cleaning
40 freque cimes/yr.) ea.
41 Sl




Prorect Number LI_L.LL_L.L_l_,

H-2850 RMastir Bulding Number
Central Heating a-33
Energy Conservation Survey
Quantity- ) E
No. Item Characteristics Dimension Variables h
— 2 utomatic Manual Automatic Hanual
1 Malntmnce Water treatment type b lowdown blowdown chemical feed | chemical feed
e Water treatment
2 contract
Water testing
1 frequency (times/yr.} ea
q 8 of plugged tubes L]
5 % of leaking tubes L)
Treatment :nnu-.u.'mr
) name, phone
7 address
. Ambient (auto)
) Operatlo" Lead poiler start/st 2| Manual conditions Hemote Other
Amblent (auco)
10 Lag boiler start/stop M 1 vonditions Remote Other
Total nusber of e
21 boilers in operation -
# of months of
12 operation va
Average P of operating
13 personnel reg'd {24hrs) Ed.
- Automatic Cannct be
1 Retl'oflt breeching damper inntalled instal led

. Breeching shape @
.. Information

poss. damper location

Approximats size at

17 poss. damper location
IH Draft control type
Avajilable space for
19 addt'l equip.-length fe.
20 -width fr.

-height

: 1f central plant, i
,, Heating . o, P
: - . Period since last s
.o Distribution 30 F e e s, B
Total heating R
s System ing ny. F
Estimated
2u A\ faulty traps \
Condensate return Prussure
27 system type return
T Steam vents from
28 receivers Yes No
If cen. plant, control Modulating
29 @ individ.bldg. supj.ly None by load on/oft
Underground
E['] diseribution piping Yes No
3 Type &n Tunnel Oty T Direct Burjal
22 Insulated
13 Insulation thickness

(describel
Othe

Age of undearground
distribution systems

__Pipe et stam st
_v_Insulation in 1-3in. Dia.
__,_.,_Mechanical 3-5in. Dia.
_2,_Rooms 5-7in. Dia.
v 7-10in.Dia.

41 over 10in. Dia.




‘I'.'I':. Evelustion of
Public Housing Stock - Prowect Number LLLL_I_]_l_L_’
H-2850 Master Buiging Number _

Central Cooling
Energy Conservation Survey

A-34

Quantity- o
No. Item Characteristics Dimension Variables g
1 General Type Built-up DX Chilled water
Tower water City water
2 Reciprocating | Centrifugal coaled cooled
Steam
3 Air cooled Gas absorption| absorption Other
Unit serves air
4 handling systems sl 52 53 54
S 55 56 s7 58
L] Fan coil units
7 city
Chilled water pump
H input r
Condensor water pump s
0 input power “{ﬁxﬁm-
Tower i =
e R
10 input £ s “m#“ : 5 %
Air cooled condensor e e %:-::-:-- SRRSORR e
11 SR PR :
12 SR
13 Manufacturer
14 Model Number L)

_is_Operation
_Ll_
_—I.-I:i_'
L

20

~
e

Chilled

. Water

, Pipe
Insulation

Chiller cycled by

Chiller turned on/uff

Capacity control

Chilled water
supply temp.

Chilled water
return temp.

Space
tumperature

Return air
temperature

Ambient temp.

Time clock

Manual

Onlﬂfl‘

Chilled water

Supply temp. F
Condenser water 6
supply temp. F"

Months of operation
Start month

Secop month

%-’u‘{

: - =
?.A my"&' Felbruary

H;:bdu'let.lnq

Hot gas

May

Weekday start time

stop time

Weekend start time

stop time

Outdoor air start temp

Approx. length of
exposed piping

1/2-1in

1-2in.

2-3in.

over lin.

L

et

s

o
!

e
"‘°’.-515-:-: :

S

e
o
2

o .' Ealintlts

o

R
S

.

.-.-“‘ :-;\-;\Q

S
S i

Cra
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i
i

Elevators and Misc. Systems
Energy Conservation Survey

Prosect Number
Mister Buiding Number

Quantity-
No. Item Characteristics Dimension Variables
, Elevators Type Hydraulic AC AC/DC
M-G turns off | M-G runs at
4 ymirat lom at nlyht niyht
S
i # of Units ea. S
4 Drive Motor (ea.) hp.
5 Motor generator (ea.) hp.
Somtans kw i
Time elevators can be R
7 turned off- from (24hr) hrs. i
H - to hrs. :
¥ of elevators which -
9 can be turned off oa.

.

11 Miscellaneous ; o¢ yovuu cjectors va.
., Electric Akal i
13 L of sum pump(s) £ i
14 Total input
# of temp. control o i
15 air compressor(s) —
1 Total input :
37 ca, L :
2 R
18 Total input 2
Approximate hrs/wk
A3 operation hrs
= e
20 5
20 mnunu-_.uuumr S =
21 Total input power = : %
R RR0RE2 =
22 Xw R
2 _Incinerator a1 Gas oil
e " ’.:\
25 Burner inpue (brunx]0) e :
Burner slectrical =
2 h SRR %
e
= L v
28 Primary constituent P r
2
Operation hours
30 weekdays - from (24hr) hrs.
31 = to hrs. A
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Revised Short Form



HUD PROJECT
ENERGY SHORT FORM
REQUIRED INFORMATION

Directions For Each 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 Director

Project Office Telephone Number
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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 (1ight, 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}

Window 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 tioner)

Number Of Air Conditioner In Project

Available Voltage (100v, 220V)
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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 0F

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
condi tioner)

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)
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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)
If no: 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
Utility 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)



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 Utility Data

Utility Name

Utility Address

Utility Telephone Number

Gas Type (liquid propane, natural)

Total Project Gas Usage Per Year

CF

Total Project Gas Cost Per Year $

0il Utility Data

Utility Name

Utility Address

Utility Telephone Number

0i1 Type (light, heavy)

Total Project 0i1 Usage Per Year

GAL




Water Utility Data

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 (0il, gas, electric)
Energy Input Of Water Heaters (BTUH, KW)

Hot Water Temperature O
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4.1 Individual Projects



Table 4.1.1

Project Listing and Data/Energy Profile for 1LSG Projects

Project # 1 2 3 4 5
Discrete Level 1LsG 1LSG 1LSG 1LsSG 1LSG
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. Fl. Fl. Ga. La.
Number of DU's 449 130 125 61 140
Number of
Buildings 23 61 55 38 70
DU's/Building 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
Public 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 1577 115.2 139.5 99.3
Roof Area 82,000 124,000 121,000 63,500 117,000
Roof "u" Value .20 .06 =1L .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 # 1 2 3 4 5
Wall "u" Value .35 .81 .39 .33 .22
Number of Stories 3 1 1 1 1
Elderly/Family/Both F E/F F F E/F
Site Energy Use

(MMBTU/DU/yr) 84 80 112 155 96
Source Energy Use

(MMBTU/DU/yr) 116 120 147 200 147
Energy Cost

($/DU/yr) 422. 474. 587. 586 . 417.
Electrical Rate

($/kw) .0 .052 .038* .035* .035
Gas Rate ($/therm) .261 .218 .282 .223 .178%*
0il Rate ($/gal) - - - - -
Seasonal Efficiency .635 -659 .665 .654 .672

Notes:

* Indicates 1979 utility costs.
** Tndicates 1977 utility costs.

Wd.Fr.

Br.Vnr. = Wood Frame, Brick Veneer

~ Indicates not applicable

Low Rise
High Rise

nonme

Volume 4 Energy

Space Heating Systems
Central Heating Systems

All other utility data is 1978 costs.

0il Heating Fuel
Gas Heating Fuel
= Electric Heating Fuel
-5 = Climatic Zones

HEOO
L}

160



Table 4.1.2

Project Listing and Data/Energy Profile

Project # 6 74 8 9 10
Discrete Level 1LSG 1LSG 1LSG 1LSG 1LSG
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 La. La. Tx. Tx. Tx.
Number of DU's 12 40 564 50 80
Number of
Buildings 6 20 81 18 32
DU's/Building 2 2 6.96 2.8 2.5
Total Area of
Project (sf) 13,000 52,000 606,000 41,400 57,900
Area/DU (sf) 1,090 436 1,070 828 724
Public Space/
Area (sf) 700 1,700 0 778 1,135
Public Space/
Area/DU (sf) 58.3 42.5 0 15.6 14.2
Year Built 1963 1963 1941 1966 1954
Construction Type wWd. Fr. Wd. Fr. Masonry Masonry Masonry
Br. Vnr. Br. Vnr.
Window Area (sf) 978 1,520 49,200 4,280 8,260
Window Area/DU (sf) 81.5 38 87.2 85.6 103.25
Roof Area 130,000 174,000 303,000 41,400 57,900
Roof "u" Value .21 .06 .07 «12 .09
Wall Area 8,030 17,600 330,000 22,900 34,800
Volume 4 Energy 161



Table 4.1.2 (continued)

Project Listing and Data/Energy Profile

Project # 6 1) 8 9 10
Wall "u" Value .30 .20 .30 .30 .27
Number of Stories 1 1 2 i 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/¥YT) 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% Aol .328
0il Rate ($/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

Project # 11 12 13
Discrete Level 1LSG 1LsG 1LSG
Building Type Low Rise Low Rise Low Rise
Mechanical System Space Space Space
Fuel Type Gas Gas Gas
State Tx. Tx. " rx.
Number of DU's 20 30 50
Number of
Buildings 4 13 19
DU's/Building 5 2.3 2.6
Total Area of
Project (sf) 11,400 22,100 41,000
Area/DU (sf) 570 737 821
Public Space
Area (sf) 165 0 2,450
Public Space
Area/DU (sf) 8.25 0 49
Year Built 1964 1965 1966
Construction Type Wd. Fr. wd. Fr. Wd. Fr.
Br. Vnr.
Window Area (sf) 1,220 4,320 5,560
Window Area/DU (sf) 61 144 111.2
Roof Area 11,400 22,100 41,000
Roof "u" Value .09 .05 .21
Wall Area 6,140 17,400 29,100
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Table 4.1.3 (continued)

Project Listing and Data/Energy Profile

Project # 11 12 13
Wall "u" 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/yTr) 92 130 141
Energy Cost

($/DU/yr) 325, 428, 568.
Electrical Rate

($/kw) .053* .053* .053*
Gas Rate ($/therm) .238* .238% .238%

0il Rate ($/gal) - - -

Efficiency .619 .629 .625
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Table 4.1.4

Project Listing and Data/Energy Profile for 1lLSE Projects

Project # 14 15
Discrete Level 1LSE 1LSE
Building Type Low Rise Low Rise
Mechanical System Space Space
Fuel Type Electric Electric
State Fl. Fl.
Number of DU'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
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Table 4.1.4 (continued)

Project Listing and Data/Energy Profile

Project # 14 15
wWall "u" Value «35 .06
Number of Stories 1 1
Elderly/Family/

Both F E/F
Site Energy Use

(MMBTU/DU/yr) 94 88
Source Energy Use

(MMBTU/DU/Yyr) 318 299
Energy Cost

($/DU/yr) 1584. 1295.
Electrical Rate

($/kw) .047% .037
Gas Rate ($/therm) = =
0il Rate ($/gal) » -
Efficiency .633 .672
Notes:

1LSE : Climatic zone 1, low rise, space heat, electric heat.
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Table 4.1.5

Project Listing and Data/Energy Profile for 2LSG Projects

Project # 16 17 18 19 20
Discrete Level 2LSG 2LSG 2LSG 2LsSG 2LSG
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 Al. Al. Ar. Ar. Ca.
Number of DU's 30 16 20 66 86
Number of
Buildings 10 8 11 33 40
DU's/Building 3 2 1.8 2 2.15
Total Area of/
Project. (sf) 18,900 14,000 16,000 49,500 60,900
Area/DU (sf) 628 875 806 750 708
Public Space
Area (sf) 0 0 0 1,860 1,300
Public Space
Area/DU (sf) 0 0 0 28.2 15.1
Year Built 1966 1958 1975 1951 1942
Construction Type Masonry Wd. Fr. Wd. Fr. Wd. Fr. Wd. Fr.
Br. Vnr. Br. Vnr. Br. Vnr. Br. Vnr.
Window Area (sf) 1,870 1,600 2,130 6,650 3,360
Window Area/DU (sf) 62.5 100.0 106.5 100.8 39.1
Roof Area 18,900 14,000 16,100 49,500 60,900
Roof "u" Value «15 .11 .06 .06 .07
Wall Area 15,000 9,120 11,500 34,100 47,800
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Table 4.1.5 (continued)

Project Listing and Data Energy Profile

Project # 16 17 18 19 20
Wall "u" Value .30 «33 .06 ] .04
Number of Stories ) 2 1 1 1 L
Elderly/Family/

Both E E/F E/F E/F F
Site Energy Use

(MMBTU/DU/yTr) 93 125 118 163 137
Source Energy Use

(MMBTU/DU/yr) 128 173 175 217 205
Energy Cost

($/DU/vyr) 376. 497, 512. 510. 387.
Electrical Rate

($/kw) .037 .035* .034* .038%* .021
Gas Rate ($/therm) .196 .209% .190* 137 %% .128
0il Rate ($/gal) - = = = a
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

Project # 21 22 23 24 25
Discrete Level 2LSG 2LSG 2LSG 2LSG 2LSG
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 4 Ca. Ca. Ca. Ca. Ca.
Number of DU's 70 60 270 200 80
Number of
Buildings 40 30 111 155 20
DU's/Building 1.75 2 2.43 1.3 4
Total Area of
Project (sf) 53,600 73,100 235,000 209,000 77,600
Area/DU (sf) 766 1,220 871 1,050 970
Public Space
Area (sf) 1,300 924 4,900 0 2,035
Public Space
Area/DU (sf) 18.6 15.4 18.1 0 25.4
Year Built 1942 1969 1943 1962 1961
Construction Type Wd. Fr. CMU Wd. Fr. Wd. Fr. Wd. Fr.
Br. Vnr.
Window Area (sf) 3,360 5,430 43,000 15,200 9,480
Window Area/DU (sf) 48 90.5 159.3 76 118.5
Roof Area 53,600 73,100 235,000 209,000 77,600
Roof "u" Value .07 .04 .27 .21 .10
Wall Area 41,500 41,800 122,000 170,000 38,000
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Table 4.1.6 (continued)

Project Listing 'and Data/Energy Profile

Project # 21 22 23 24 25
Wall "u" Value .09 .49 .36 .07 .34
Number of Stories 1 1 1 A 1
Elderly/Family/

Both F F F F F
Site Energy Use

(MMBTU/DU/yr) 141 217 151 166 135
Source Energy Use

(MMBTU/DU/vyr) 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%*
0il Rate ($/gal) - - - - ”
Efficiency .693 .679 .665 .706 .636
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Table 4.1.7

Project Listing and Data/Energy Profile

Project # 26 27 28 29 30
Discrete Level 2LSG 2LSG 2LSG 2LSG 2LSG
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 N.C. N.C. S.C. s.C. Tx.
Number of DU's 253 65 68 58 24
Number of
Buildings 29 33 19 13 19
DU's/Building 8.7 2 3.6 4,5 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) 4.7 18.5 24.1 0 15.8
Year Built 1942 1967 1964 1953 1963
Construction Type Masonry wd. Fr. Masonry Masonrvy Wwd. Fr.
Br. Vnr. Br. 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
Volume 4 Energy 171



Table 4.1.7 (continued)

Project Listing and Data/Energy Profile

Project # 26 27 28 29 30
wWall "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

(MMBTU/DU/Yyr) 176 174 161 195 221
Energy Cost

($/DU/yr) 527. 758. 517. 936. 1081.
Electrical Rate

(S$/kw) .030 .039 .046%* .059* . 056
Gas Rate ($/therm) . 238 . 354 . 246 «372 .356
0il Rate ($/gal) - = o - -
Efficiency . 658 .675 .672 .664 .636
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Table 4.1.8

Project Listing and Data/Energy Profile

Project # 31 32 33 34 35
Discrete Level 2LSG 2LSG 2LSG 2LSG 2LsSG
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 ™. TX. Tx. Tx. Va.
Number opf DU's 130 8 52 56 294
Number of
Buildings 32 4 26 27 125
DU's/Building 4.1 2 2 2.1 2.4
Total Area of
Project (sf) 84,400 5,260 40,800 35,100 210,000
Area/DU (sf) 665 658 785 627 713
Public Space
Area (sf) 1,700 0 840 2,650 4,400
Public Space
Area/DU (sf) 13;1 0 16.2 47.3 15
Year Built 1942 1952 1953 1970 1941
Construction Type CMU wd. Fr. Masonry CMU Masonry
Br. Vnr.
Window Area (sf) 17,600 724 6,540 2,860 28,700
Window Area/DU (sf) 135.4 90.5 125.8 51.1 97.6
Roof Area 86,400 5,260 40,800 35,100 210,000
Roof "u" Value .64 .06 .33 .06 .08
Wall Area 46,400 3,910 26,300 36,400 133,000
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Table 4.1.8 (continued)

Project Listing and Data/Energy Profile

Project # 31 32 33 34 35
wall "u" 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/YT) 233 188 164 113 117
Source Energy Use

(MMBTU/DU/yr) 284 229 213 150 159
Energy Cost

($/DU/yr) 680. 801. 685. 495. 643.
Electrical Rate

($/kw) .036 .038 .053* .033* .051*
Gas Rate ($/therm) <173 .277 .230% .257 .319%

0il Rate ($/gal) - - - = -

Efficiency .651 .653 .671 .665 .686
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Table 4.1.9

Project Listing and Data/Energy Profile for 2LSE Projects

Project # 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 Al. Tn. Tn.
Number of DU's 40 20 34
Number of
Buildings 24 8 14
DU's/Building L7 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
Public Space
Area/DU (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 Area/DU (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 # 36 37 38
Wall "u" Value .10 .07 .06
Number of Stories 1 1 1
Elderly/Family/

Both F E/F E/F
Site Energy Use

(MMBTU/DU/yr) 191 154 168
Source Energy Use

(MMBTU/DU/yr) 649 522 570
Energy Cost

($/DU/yr) 2,069. 1,734. 1,806.

Electrical Rate
($/kw) .027* .029 .027

Gas Rate ($/therm) = = -
0il Rate ($/gal) * " -

Efficiency .674

Notes:

2LSE: Climatic zone 2, low rise, space heat, electric fuel
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Table 4.1.10

Project Listing and Data/Energy Profile for 2LCG Projects

Project # 39 40
Discrete Level 2LCG 2LCG
Building Type Low Rise Low Rise
Mechanical System Central Central
Fuel Type Gas Gas
State Ca. .
Number of DU's 469 20
Number of

Buildings 38 1
DU's/Building 12.3 20
Total Area of ’

Project (sf) 374,000 15,700
Area/DU (sf) 796 783
Public Space

Area (sf) 3,726 3,275
Public Space

Area/DU (sf) 7.9 163.75
Year Built 1942 1968
Construction Type CMU Masonry
Window Area (sf) 39,000 1,320
Window Area/DU (sf) 83.2 66
Roof Area 124,000 5,220
Roof "u" Value .21 .05
Wall Area 222,000 7,480
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Table 4.1.10 (continued)

Project Listing and Data/Energy Profile

Project # 39 40
Wall "u" Value .31 .23
Number of Stories 3 3
Elderly/Family/

Both F E/F
Site Energy Use

(MMBTU/DU/yr) 229 105
Source Energy Use

(MMBTU/DU/vr) 275 162
Energy Cost

($/DU/yr) 855. 545,
Electrical Rate

($/kw) .042 .036*
Gas Rate ($/therm) .236 L221%
0il Rate (S$/gal) - -
Efficiency .630 . 585
Notes:

2LCG: Climatic zone 2, low rise, contral heat, gas fuel.
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Table 4.1.11

Project Listing and Data/Energy Profile for 2HCG Projects

Project # 41 42
Discrete Level 2HCG 2HGC
Building Type High Rise High Rise
Mechanical System Central Central
Fuel Type Gas Gas
State Ak. Ca.
Number of DU's 220 100
Number of

Buildings 1 1
DU's/Building 220 100
Total Area of

Project (sf) 190,000 69,100
Area/DU (sf) 864 691
Public Space

Area (sf) 7,500 5,710
Public Space

Area/DU (sf) 34.1 57.1
Year Built 1971 1971
Construction Type Concrete Concrete
Window Area (sf) 8,630 9,160
Window Area/DU (sf) 39.2 91.6
Roof Area 15,800 5,320
Roof "u" Value .06 .50
Wall Area 47,000 25,300
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Table 4.1.11 (continued)

Project Listing and Data/Energy Profile

Project # 41 42
Wall "u" Value .25 «35
Number of Stories 12 13
Elderly/Family/

Both E E/F
Site Energy Use

(MMBTU/DU/yr) 69 160
Source Energy Use

(MMBTU/DU/yr) 114 209
Energy Cost

($/DU/yr) 31l. 543,
Electrical Rate .032 .026
Gas Rate ($/therm) .138* .203*
0il Rate ($/gal) - -
Efficiency .654 .639
Notes:

2HCG: Climatic zone 2, high rise, central heat, gas fuel.
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Table 4.1.12

Project Listing and Data/Energy Profile for 3LSO Projects

Project # 43
Discrete Level 3LsO
Building Type Low Rise
Mechanical System Space
Fuel Type 0il
State Md.
Number of DU's 474
Number of
Buildings 78
DU's/Building Bl
Total Area of
Project (sf) 780,000
Area/DU (sf) 1,650
Public Space
Area (sf) 1,200
Public Space
Area/DU (sf) 2.53
Year Built 1974
Construction Type Wd. Fr.
Br. Vnr.
Window Area (sf) 37,400
Window Area/DU (sf) 79.1
Roof Area 260,000
Roof "u" Value .07
Wall Area 506,000

Volume 4 Energy 181



Table 4.1.12 (continued)

Project Listing and Data/Energy Profile

Project # 43
Wall "u" Value 17
Number of Stories 3
Elderly/Family/

Both F

Site Energy Use

(MMBTU/DU/yr) 160
Source Energy Use

(MMBTU/DU/yr) 212
Energy Cost ($/DU/yr) 781.
Electrical Rate

($/kw) .027%*
Gas Rate ($/therm) +302%%
0il Rate ($/gal) .409
Efficiency .668
Notes:

3LSO: Climatic zone 3, low rise, space heat, oil fuel.
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Table 4.1.13

Project Listing and Data/Energy Profile for 3LSG Projects

Project # 44 45 46 47 48
Discrete Level 3LSG 3LSG 3LSG 3LsG 3LsSG
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 7y 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
Public Space
Area (sf) 290 2,000 1,050 0 2,000
Public Space
Area/DU (sf) 18.1 40 65.6 0 T2
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 "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 # 44 45 46 47 48
Wall "u" Value .06 .08 .20 .22 «37
Number of Stories hE 1 1 1 2
Elderly/Family/

Both E/F E F E/F F
Site Energy Use

(MMBTU/DU/yr) 242 82 260 166 211
Source Energy Use

(MMBTU/DU/yTr) 338 127 380 265 254
Energy Cost

($/DU/yr) 1,472, 531. 1,464. g878. 649.
Electrical Rate

($/kw) .088 .044* .051* .051* .035
Gas Rate (S$/therm) .147 .349%* .272% .208* .192
0il Rate ($/gal) - - - . -
Efficiency . 649 . 640 .654 .656 .649
Notes:

3LSG: Climatic zone 3, low rise, space heat, gas fuel.
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Table 4.1.14

Project Listing and Data/Energy Profile

Project # 49 50 51 52 53
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 In. Ks. Ky. Mo. Pa.
Number of DU's 24 42 30 44 150
Number of
Buildings 8 21 13 14 19
DU's/Buildings 3 2 2.3 3.1 7.9
Total Area of
Project (sf) 40,000 24,200 20,400 36,700 121,000
Area/DU (sf) 1,670 575 679 834 805
Public Space
Area (sf) 0 0 489 0 1,390
Public Space
Area/DU (sf) 0 0 16.3 0 9.3
Year Built 1951 1973 1966 1965 1943
Construction Type Masonry Wd. Fr. Wd. Fr. wd. Fr. Masonry
Br. Vnr. Br. Vnr.
Window Area (sf) 2,270 5,540 2,370 5,600 14,100
Window Area/DU (sf) 94.5 131.9 79 127.3 94
Roof Area 400,000 12,100 20,400 18,300 60,400
Roof "u" Value .11 .05 .04 .06 .23
Wall Area 16,500 27,100 14,000 35,000 70,000
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Table 4.1.14 (continued)

Project Listing Data/Energy Profile

Project # 49 50 51 52 53
Wall "u" Value .37 .09 .07 .10 .25
Number of Stories 1 2 1 2 2
Elderly/Family/

Both F F E/F F F
Site Energy Use

(MMBTU/DU/yr) 292 266 221 152 275
Source Energy Use

(MMBTU/DU/vrL) 350 318 266 192 326
Energy Cost

($/DU/yr) 1,232. 712, 839, 551. 1,352,
Electrical Rate

(S/kw) .051* .041 .043 .050* .053%*
Gas Rate ($/therm) .296* .156%% .238 .210% .236%

0il Rate ($/gal) - = = = s

Efficiency .650 .658 . 649 .658 .645
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Table 4.1.15

Project Listing and Data/Energy Profile

Project # 54 55
Discrete Level 3LsSG 3LsSG
Building Type Low Rise Low Rise
Mechanical System Space Space
Fuel Type Gas Gas
State ut. W.V.
Number of DU's 24 60
Number of
Buildings 24 30
DU's/Building 1 2
Total Area of
Project (sf) 26,600 58,800
Area/DU (sf) 1,110 980
Public 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 # 54 55
Wall "u" Value .07 .10
Number of Stories 2 1
Elderly/Family/

Both F F
Site Energy Use

(MMBTU/DU/vyr) 242 196
Source Energy Use

(MMBTU/DU/yr) 293 240
Energy Cost

($/DU/yr) 1,141, 700.
Electrical Rate

($/kw) .050% . 045
Gas Rate ($/therm) .231%* .219
Oil Rate ($/gal) - -
Efficiency .659 .666
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Table 4.1.16

Project Listing and Data/Energy Profile for 3LSE Projects

Project # 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 Ks. Ks. Or. Wa.
Number of DU's 80 20 50 70
Number of

Buildings 5 10 1X 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 wWd. 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 "u" Value .08 .06 [ I | .26
Number of Stories 1 1 2 3
Elderly/Family/

Both E E/F F E
Site Energy Use

(MMBTU/DU/vr) 104 94 187 105
Source Energy Use

(MMBTU/DU/vyr) 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) - - - -
0il Rate ($/gal) - . = -
Efficiency .662 .592 .591 .679
Notes:

3LSE: Climatic zone 3, low rise, space heat,
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Table 4.1.17

Project Listing and Data/Enerqy Profile for 3LCO Projects

Project # 60 61 62
Discrete Level 3LCO 31CO 3LCO
Building Type Low Rise Low Rise Low Rise
Mechanical System Central Central Central
Fuel Type 0il 0il 0il
State wash. ,DC Or. R.I.
Number of DU's 440 9 744
Number of
Buildings 57 1 28
DU's/Building y [ 9 26.6
Total Area of
Project (sf) 428,640 5,367 196,000
Area/DU (sf) 974 596 264
Public Space
Area (sf) 11,978 0 7,670
Public Space
Area/DU (sf) 27.2 0 10.3
Year Built 1946 1964 1940
Construction Type Masonry Wd. Fr. Masonry
Br. Vnr.
Window Area (sf) 75,600 509 19,600
Window Area/DU (sf) 171.8 56.5 26.3
Roof Area/DU (sf) 143,000 5,370 98,000
Roof "u" Value .05 .10 .28
Wall Area/DU (sf) 274,000 2,170 115,000
E.4 Project Data 33
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Table 4.1.17 (continued)

Project Listing and Data/Energy Profile

Project # 60 61 62
Wall "u" Value .30 .08 .26
Number of Stories 3 1 2
Elderly/Family/

Both F E F
Site Energy Use

(MMBTU/DU/yr) 179 127 143
Source Energy Use

(MMBTU/DU/vTr) 232 168 180
Energy Cost

($/DU/yr) 688. 397. 447.
Electrical Rate

($/kw) .067 .024 «035%*%
Gas Rate ($/therm) .391 .391 338 %*
0il Rate ($/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 # 63 64 65 66
Discrete Level 3LCG 3LCG 3LCG 3ICG
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.T1.
Number of DU's 30 802 104 262
Number of
Buildings 8 44 10 95
DU's/Building 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
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 # 63 64 65 66
Wall "u" Value .08 .21 .09 .06
Number of Stories 1 3 2 2
Elderly/Family/

Both E F F F
Site Energy Use

(MMBTU/DU/yTr) 128 215 132 171
Source Energy Use _

(MMBTU/DU/vyr) 176 258 165 210
Energy Cost

($/DU/vyr) 486. 819. 666. 862.
Electrical Rate

($/kw) +033%* .035 .032 .037
Gas Rate (S$/therm) L164%%* . 247 .335 .334
0il Rate (S$/gal) = = = -
Efficiency .564 . 587 .586 .603
Notes:

31CG: 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 # 67
Discrete Level 3HSE
Building Type High Rise
Mechanical System Space
Fuel Type Electric
State Wa.
Number of DU's 120
Number of

Buildings 1
DU's/Building 120
Total Area of

Project (sf) 95,341
Area/DU (sf) 795
Public Space

Area (sf) 16,831
Public Space

Area/DU (sf) 140.3
Year Built 1968
Construction Type Masonry
Window Area 9,150
Window Area/DU (sf) 76.25
Roof Area 5,960
Roof "u" Value .07
Wall Area 36,400
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Table 4.1.19 (continued)

Project Listing and Data/Energy Profile

Project # 67
Wall "u" Value .06
Number of Stories 16
Elderly/Family/

Both E

Site Energy Use
(MMBTU/DU/vVr) . 85

Source Energy Use
(MMBTU/DU/Vr) 288

Energy Cost
($/DU/yr) 372

Electrical Rate
($/kw) .011

Gas Rate ($/therm) -
0Oil Rate ($/gal) -

Efficiency -

Notes:

3HSE: Climatic zone 3, high rise, space heat, electric fuel.

Volume 4 Energy 196



Table 4.1.20

Project Listing and Data/Energy Profile for 3HCG Projects

Project # 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 DU's 202 140 112 66 48
Number of

Buildings 2 1 1 1 1
DU'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 Concrete 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 # 68 69 70 71 72
Wall "u" Vvalue +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/yTr) 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
0il Rate ($/gal) - - = = =
Efficiency . 545 D17 . 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 # 73
Discrete Level 3HCG
Building Type High Rise
Mechanical System Central
Fuel Type Gas
State Pa.
Number of DU's 168
Number of

Buildings 1
Du's/Building 168
Total Area of

Project (sf) 120,084
Area/DU (sf) 715
Public Space

Area (sf) 10,560
Public Space

Area/DU (sf) 62.8
Year Built 1973
Construction Type Concrete
Window Area (sf) 4,270
Window Area/DU (sf) 25.4
Roof Area 10,900
Roof "u" Value .02
Wall Area 37,800
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Table 4.1.21 (continued)

Project Listing and Data/Energy Profile

Project # 73
Wall "u" Value .15
Number of Stories 11
Elderly/Family/

Both E
Site Energy Use

(MMBTU/DU/vyr) 90
Source Energy Use

(MMBTU/DU/yr) 132
Energy Cost

($/DU/yr) 469.
Electrical Rate

($/kw) .036
Gas Rate ($/therm) . 265
0il Rate ($/gal) -
Efficiency -
Notes:

3HCG: Climatic zone 3, high rise, central heat, gas fuel.
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Table 4.1.22

Project Listing and Data/Energy Profile for 3HCO Projects

Project # 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 0il 0il 0il 0il
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/Building 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
Public 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 i .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 # 74 75 76 77
Wall "u" Value .23 .24 .27 L7
Number of Stories 10 10 18 8
Elderly/Family/

Both E E E/F E
Site Energy Use

(MMBTU/DU/vr) 102 106 100 112
Source Energy Use

(MMBTU/DU/vYTI) 142 150 139 161
Energy Cost

($/DU/yr) 567. 491, 461. 522.
Electrical Rate

($/kw) .046 .038 .044 .046
Gas Rate ($/therm) .402 «333 . 340 -
0il Rate ($/gal) 2377 %% .436 .339 .340
Efficiency . 559 553 «573 537
Notes:

3HCO: Climatic zone 3, high rise, central heat, oil fuel.
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Table 4.1.23

Project Listing and Data/Energy Profile for 4LSG Projects

Project # 78 79
Discrete Level 4LSG 4LSG
Building Type Low Rise Low Rise
Mechanical System Space Space
Fuel Type Gas Gas
State Pa. Wi.
Number of DU's 20 41
Number of
Buildings 5 36
DU's/Building 4 1.1
Total Area of
Project (sf) 19,175 46,800
Area/DU (sf) 959 1,141
Public Space
Area (sf) 0 0
Public Space
Area/DU (sf) 0 0
Year Built 1975 1974
Construction Type wd. Fr. wd. Fr.
Br. Vnr.
Window Area (sf) 1,440 6,480
Window Area/DU (sf) 12 158
Roof Area 9,590 46,800
Roof "u" Value .06 .06
Wall Area 2,910 36,100
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Table 4.1.23 (continued)

Project Listing and Data/Energy Profile

Project # 78 79
Wall "u"™ Value .07 .11
Number of Stories 2 1
Elderly/Family/

Both F F
Site Energy Use

(MMBTU/DU/vr) 758 296
Source Energy Use

(MMBTU/DU/yr) 865 354
Energy Cost

($/DU/yr) 2,281, 1,123,
Electrical Rate

($/kw) .041 .045%
Gas Rate ($/therm) .209 .270%
0il Rate ($/gal) - -
Effective Rate .672 .679
Notes:

4HLSG: Climatic zone 4, low rise, space heat, gas fuel.
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Table 4.1.24

Project Listing and Data/Energy Profile for 4LCO Projects

Project # 80 81
Discrete Level 41L.CO 41.CO
Building Type Low Rise Low Rise
Mechanical System Central Central
Fuel Type 0il 0il
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
Area/DU (sf) 856 433
Public Space

Area (sf) 0 5,480
Public Space

Area/DU (sf) 0 27.4
Year Built 1941 1954
Construction Type Wd. Fr. Wd. Fr.
Window Area (sf) 48,500 38,900
Window Area/DU (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 # 80 81
Wall "u" Value 23 .06
Number of Stories 3 2
Elderly/Family/

Both F F
Site Energy Use

(MMBTU/DU/Yyr) 210 242
Source Energy Use

(MMBTU/DU/vyr) 263 300
Energy Cost

($/DU/yr) 1,542, 984.
Electrical Rate

($/kw) .034 .046
Gas Rate ($/therm) .193 .395
0il Rate (S$/gal) .B26* .361
Efficiency .584 .605
Notes:

41CO: Climatic zone 4, low rise, central heat, oil fuel.
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Table 4.1.25

Project Listing and Data/Energy Profile for 4LCG Projects

Project # 82 83 84
Discrete Level 41CG 41LCG 41CG
Building Type Low Rise Low Rise Low Rise
Mechanical System Central Central Central
Fuel Type Gas Gas Gas
State I1. 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
Public 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
Elderly/Family/

Both F F E
Site Energy Use

(MMBTU/DU/vT) 151 233 136
Source Energy Use

(MMBTU/DU/vr) 195 279 178
Energy Cost .

($/DU/yr) 659. 743. 548.
Electrical Rate

(S$/kw) .040 .035 .040
Gas Rate ($/therm) . 250 .204 .239
0il Rate ($/gal) - - -
Efficiency .497 .637 .573
Notes:

4ICG: Climatic zone 4, low rise, contral heat, gas fuel.

Volume 4 Energy 208



Table 4.1.26

Project Listing and Data/Energy Profile for 4HSE Projects

Project # 85
Discrete Level 4HSE
Building Type High Rise
Mechanical System Space
Fuel Type Electrical
State Mi.
Number of DU's 70
Number of

Buildings 1
DU's/Building 70
Total Area of

Project (sf) 36,800
Area/DU (sf) 525
Public Space

Area (sf) 2,000
Public Space

Area/DU (sf) 28.6
Year Built 1970
Construction Type Concrete
Window Area (sf) 2,968
Window Area/DU (sf) 42.4
Roof Area

Roof "u" Value

Wall Area
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Table 4.1.26 (continued)

Project Listing and Data/Energy Profile

Project #

85

Wall "u"™ Value
Number of Stories

Elderly/Family/
Both

Site Energy Use
(MMBTU/DU/vyr)

Source Energy Use
(MMBTU/DU/yr)

Energy Cost
($/DU/yr)

Electrical Rate
($/kw)

Gas Rate ($/therm)
0il Rate ($/gal)

Efficiency

Notes:

4HSE: Climatic zone 4, high rise, space heat, electric fuel.
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1,499.
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Table 4.1.27

Project Listing and Data/Enerqgy Profile for 4HCO Projects

Project # 86 87
Discrete Level 4HCO 4HCO
Building Type High Rise High Rise
Mechanical System Central Central
Fuel Type 0il 0il
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 "u" 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 # 86 87
Wall "u" Value .06 .35
Number of Stories 8 7
Elderly/Family/

Both E E
Site Energy Use

(MMBTU/DU/vr) 112 97
Source Energy Use

(MMBTU/DU/yr) 155 131
Energy Cost

($/DU/yr) 820. 363.
Electrical Rate

($/kw) .025 .033
Gas Rate ($/therm) L274% -
0il Rate ($/gal) .833* .339
Efficiency .566 .591
Notes:

4HCO: Climatic zone 4, high rise, central heat, oil fuel.
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Table 4.1.28

Project Listing and

Data/Energy Profile for 4HCG Projects

Project # 88 89 90 91 92
Discrete Level 4HCG 4HCG 4HCG 4HCG 4HCG
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 I1. Il. Il. N.Y. N.Y.
Number of DU's 40 187 350 164 101
Number of

Buildings 1 X 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
Roof Area 5,980 8,910 37,800 7,720 5,850
Roof "u" Value .06 .05 .07 .07 +13
Wall Area 14,600 36,200 61,800 40,000 20,300
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Table 4.1.28 (continued)

Project Listing and Data/Energy Profile

Project # 88 89 90 91 92
Wall "u" Value .06 .26 .21 .10 .22
Number of Stories 6 13 9 14 11
Elderly/Family/

Both E E E E E
Site Energy Use

(MMBTU/DU/yr) 140 100 107 83 123
Source Energy Use

(MMBTU/DU/vyr) 220 145 151 118 170
Energy Cost

($/DU/yr) 682. 439, 496. 379. 562.
Electrical Rate

(S$/kw) .030 .041 .039 .035 .039
Gas Rate ($§/therm) .227 .223 . 220 .232 .217
0il Rate ($/gal) - - - = -
Efficiency .603 .607 .604 .665 .590
Notes:

4HCG: Climatic zone 4, high rise, central heat, gas fuel.
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Table 4.1.29

Project Listing and Data/Energy Profile for 5LSG Projects

Project # 93
Discrete Level 5LSG
Building Type Low Rise
Mechanical System Space
Fuel Type Gas
State Mn.
Number of DU's 520
Number of

Buildings 102
DU's/Building 5.1
Total Area of

Project (sf) 473,280
Area/DU (sf) 910
Public Space

Area (sf) 8,700
Public Space

Area/DU (sf) 16.7
Year Built 1952
Construction Type Masonry
Window Area (sf) 62,200
Window Area/DU (sf) 119.6
Roof Area 237,000
Roof "u" Value .10
Wall Area 330,000
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Table 4.1.29 (continued)

Project Listing and Data/Energy Profile

Project # 93
Wall "u" Value 25
Number of Stories 2
Elderly/Family/

Both F
Site Energy Use

(MMBTU/DU/yr) 219
Source Energy Use

(MMBTU/DU/vyr) 266
Energy Cost

($/DU/yr) 964.
Electrical Rate

($/kw) .062
Gas Rate ($/therm) .253
0il Rate ($/gal) -
Efficiency .687
Notes:

5LSG: Climatic zone 5, low rise, space heat, gas fuel.
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Table 4.1.30

Project Listing and Data/Energy Profile for 5HCG Projects

Project # 94 95
Discrete Level SHCG 5HCG
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

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
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Table 4.1.30 (continued)

Project Listing and Data/Energy Profile

Project # 94 95
Wall "u" Value .06 .15
Number of Stories 22 12
Elderly/Family/
Both E E
Site Energy Use
(MMBTU/DU/vrI) 105 126
Source Energy Use
(MMBTU/DU/yr) 140 172
Energy Cost
($/DU/yr) 370. 515.
Electrical Rate
($/kw) 032%* .042
Gas Rate ($/therm) .164 .188
0il Rate ($/gal) (.464%) (.439)
Efficiency .591 .583
Notes:
SHCG: Climatic zone 5, high rise, central heat, gas fuel.
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4.2 Building Types
Climate Zone Averages
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Table 4.2.1

Averages for Building/Mechanical/Fuel Types by Climate Region

Low Rise, Space Heating with 0il Heating Fuel (LSO)

1 Proj.
Discrete Level 1LsO 2LSO 3LSsO 4LsO 5LSO
Climate Zone i 2 3 4 5
Building Type Low Rise
Mechanical System Space
Fuel Type 0il
Number of DU's 474
Number of
Buildings 0 0 78 0 0
DU's/Building 6.1
Total Area of
Project (sf) 780,000
Area/DU (sf) 1,650
Public Space
Area (sf) 1,200
Public Space
Area/DU (sf) 2.53
Year Built 1974
Construction Type Wd. Fr.
Window Area (sf) 37,400
Window Area/DU (sf) 79.1
Roof Area/DU (sf) 548.5
Roof "u" Value .07
Wall Area/DU (sf) 1,067.5
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Table 4.2.1 (continued)

Averages for Building/Mechanical/Types by Climate Region

1 Proj.
Wall "u" Value . By
Number of Stories 3
Elderly/Family
Both F
Site Energy Use
(MMBTU/DU/yr) 160
Source Energy Use
(MMBTU/DU/vr) 212
Energy Cost
($/DU/yr) 781.
Electrical Rate
(S/kw) .027
Gas Rate ($/therm) .302
Oil Rate ($/gal) .409
Efficiency Rating .660
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Table 4.2.2

Averages for Building/Mechanical/Fuel Types by Climate Region

Low Rise, Space Heating with Gas Heating Fuel (LSG)

13 Proj. 20 Proj. 12 Proj. 2 Proj. 1 Proj.
Discrete Level 1LSG 2LSG 3LSG 4LSG 5LSG
Climate Zone 1 2 3 4 5
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
Number of DU's 135 95 62 31 520
Number of
Buildings 34 39 18 21 102
DU's/Building 4.0 2.4 3.4 1.5 5.1
Total Area of
Project (sf) 116,638 76,428 50,117 32,988 473,280
Area/DU (sf) 864 805 808 1,064 910
Public Space
Area (sf) 116,638 1,316 602 0 8,700
Public Space
Area/DU (sf) 864.0 13.9 9.7 0 16.7
Year Built 1961 1956 1961 1975 1952
Construction Type Wd. Fr. Wd. Fr. Wd. Fr. Wd. Fr. Masonry

Masonry
Window Area (sf) 11,404 9,816 5,171 3,960 62,200
Window Area/DU (sf) 84.5 103.3 83.4 127.7 119.6
Roof Area/DU (sf) 578.2 758.5 532.3 909.5 455.8
Roof "u" Value P | .16 +15 .06 .10
Wall Area/DU (sf) 492.8 518.1 574.6 629.2 634.6
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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 "u" 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/vyr) 98. 150. 220. 440. 219.
Source Energy Use
(MMBTU/DU/vrL) 136. 196. 270. 513. 266.
Energy Cost
($/DU/vyr) 452, 659. 876. 1,478. 964,
Electrical Rate
($/kw) .033 .046 . 045 .043 .062
Gas Rate ($/therm) .224 217 ) | . 246 253
0il Rate ($/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 1LSE 2LSE 3LSE 4LSE S5LSE
Climate Zone 1 2 3 4 5
Building Type Low Rise Low Rise Low Rise
Mechanical System Space Space Space
Fuel Type Electric Electric Electric
Number 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) 912 312 557
Public 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) 12&.0 123.9 105.9
Roof Area/DU (sf) 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/vr) 92. 177. 122.
Source Energy Use
(MMBTU/DU/yr) 313. 600. 416.
Energy Cost
($/DU/yr) 1,501. 1,923. 973.
Electrical Rate
(S/kw) .044 .028 .022
Gas Rate (S$/therm) = - =
0il Rate ($/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, 0il Heating Fuel (LCO)

3 Proj. 2 Proj.
Discrete Level 1Lco 2LCO 31co 41C0 5LCO
Climate Zone 1 2 3 4
Building Type Low Rise Low Rise
Mechanical System Central Central
Fuel Type 0il 0il
Number of DU's 398 311
Number of
Buildings 0 0 29 37
DU's/Building 13.7 8.4
Total Area of
Project (sf) 210,002 223,900
Area/DU (sf) 528 720
Public Space
Area (sf) 6,549 2,740
Public Space
Area/DU (sf) 16.5 8.8
Year Built 1950 1948
Construction Type Masonry Wd. Fr.

Wd. Fr.
Window Area (sf) 31,903 43,700
Window Area/DU (sf) 80.2 140.5
Roof Area/DU (sf) 206.3 262.5
Roof "u" Value .19 .11
Wall Area/DU (sf) 327.6 358.0
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Table 4.2.4 (continued)

Averages for Building/Mechanical/Fuel Types by Climate Region

3 Proj. 2 Proj.
Wall "u" Value .27 »18
Number of Stories 2 3
Elderly/Family/
Both F F
Site Energy Use
(MMBTU/DU/yr) 156. 220.
Source Energy Use
(MMBTU/DU/yr) 199. 275.
Energy Cost
($/DU/yr) 535. 1,363.
Electrical Rate
($/kw) . 047 .038
Gas Rate ($/therm) .358 . 258
0il Rate ($/gal) .300 .676
Seasonal Efficiency .579 .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 (LCG)

2 Proj. 4 Proj. 3 Proj.
Discrete Level 11CG 2LCG 3LCG 41CG 5LCG
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 Ted 8.9
Total Area of
Project (sf) 194,850 209,807 81,782
Area/DU (sf) 795 699 764
Public 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 "u" value .20 .18 .06
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

Proj. 4 Proj. 3 Proj.
Wall "u" Value idl .16 -2l
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/vyr) 270 237 265
Energy Cost
($/DU/yr) 841. 805. 720.
Electrical Rate
(S/kw) .042 .035 .036
Gas Rate ($/therm) .235 .271 .209
0il Rate ($/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. 1 Proj.
Discrete Level 3HSE 4HSE SHSE
Climate Zone 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 1 1 0
DU's/Building 120 70
Total Area of
Project (sf) 95,341 36,800
Area/DU (sf) 795 525
Public 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 "u" Value .07
Wall Area/DU (sf) 303.3
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Table 4.2.6 (continued)

Averages for Building/Mechanical/Fuel Types by Climate Region

1l Proj. 1l Proj.
Wall "u"™ Value .06
Number of Stories 16 4
Elderly/Family/
Both E E
Site Energy Use
(MMBTU/DU/yTr) 85. 96.
Source Energy Use
(MMBTU/DU/Yr) 288. 325.
Energy Cost
($/DU/yr) 372. 1,499.
Electrical Rate
($/kw) .011 . 040
Gas Rate ($/therm) = =
0il Rate ($/gal) i =
Efficiency Rating .594
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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)

4 Proj. 2 Proj.
Discrete Level 1HCO 2HCO 3HCO 4HCO 5HCO
Climate Zone 1 2 3 4 5
Building Type High Rise High Rise
Mechanical System Central Central
Fuel Type 0il 0il
Number of DU's 312 219
Number of ;
Buildings 0 0 3 2 0
DU's/Building 104 110
Total Area of
Project (sf) 273,652 99,562
Area/DU (sf) | 877. 455
Public Space
Area (sf) 1,762 3,698
Public Space
Area/DU (sf) 5.6 16.9
Year Built 1967 1968
Construction Type Masonry Masonry
Window Area (sf) 9,473 6,905
Window Area/DU (sf) 30.4 31.5
Roof Area/DU (sf) 63.7 62.4
Roof "u" Value -15 .14
Wall Area/DU (sf) 345.3 143.8
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Table 4.2.7 (continued)

Averages for Building/Mechanical/Fuel Types by Climate Region

4 Proj. 2 Proj.
Wall "u" Value .25 .29
Number of Stories 12 8
Elderly/Family/
Both E E
Site Energy Use
(MMBTU/DU/yr) 102. 100.
Source Energy Use
(MMBTU/DU/vyr) 142, 136.
Energy Cost
($/DU/yr) 479 451
Electrical Rate
($/kw) .044 .031
Gas Rate ($/therm) .414 .274
0il Rate ($/gal) .350 .434
Efficiency Rating .567 .586
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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 S5HCG
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 L 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 75353
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
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 "u" Value .28 .23 .19 .08
Number of Stories 13 9 1k 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 ($/therm) .158 . 254 .224 .170
0il Rate ($/gal) - - - . 457
Efficiency Rating . 649 .576 .616 .588
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4.3 Building Type Averages
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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 ILCG
Building Type Low Rise Low Rise Low Rise Low Rise Low Rise
Mechanical System Space Space Space Central Central
Fuel Type 0il Gas Electric 0il 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
Public 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. Wwd. 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
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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 "u" Value o L7/ .28 .18 .24 w21
Number of Stories 3 2 1 2 2
Elderly/Family/

Both F F/EF E/F F F
Site Energy Use

(MMBTU/DU/vr) 160 152 116 178 207
Source Energy Use

(MMBTU/DU/yr) 212 195 395 225 244
Energy Cost

($/DU/yr) 781 632 1,298 819 802
Electrical Rate

($/kw) .027 .042 .033 .044 .037
Gas Rate ($/therm) .302 .224 - .324 .251
0il 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 0il Gas
Number of DU'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

Number of Projects 2 Proj. 6 Proj. 15 Proj.
Wall "u" Value .18 «26 .19
Number of Stories 10 10 11
Elderly/Family/

Both E E E
Site Energy Use

(MMBTU/DU/YrL) 89 101 102
Source Energy Use

(MMBTU/DU/yr) 302 141 144
Energy Cost

($/DU/yr) 787 471 450
Electrical Rate

($/kw) .022 .041 .042
Gas Rate ($/therm) - .337 .210
0il Rate ($/gal) - #372 .452
Efficiency Rating .572 .601
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Introduction

Volume 4 Energy

The largest single factor contributing to the operating
costs of PHA'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 650F. 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. 1008 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

Summary 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.U. applic. 51,714 5% 185,907 17%
Energy Savings - MMBTU (1) 642,125(1) 2,646,008
Cost Savings - $/vr 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
No of D.U. applic. 0(2) 0 34,421 3.1%
Energy Savings - MMBTU(1) 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(1) 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 -
(Applicance and Lighting) (24)
Energy Savings 0 0
(photovoltaics expected to become cost-effective
around 1985)
Cooling (2.1)
Energy Savings 0 0
(solar cooling retrofiting not cost-effective at
this time)
Total 3,4
Energy Savings MMBTU (1) 642,124 3,140,542 3%
Cost Savings - $/yr 9,884,326 1.4% 31,013,104 4.2%
Capital Cost 121,125,000 688,921,000
Combined Payback 12.1 22,2
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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) These totals take into account duplicating systems between the domestic
hot water analysis and the combined heating and domestic hot water
analysis.

(4) 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 com-
bination heating/domestic hot water systems were
modeled using the F-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 HUD regqulation requiring energy con-
servation measures to be implemented in order of
least-to-greatest payback.

Utilizing this method, as described in the HUD 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. For
this reason most cost-effective solar retrofits were in
electric projects where electricity prices are high.
Fuel 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 with "active™ solar combined space heating and
domestic hot water systems with less than 30 year
payback. 1In 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 50 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
vears 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 "passive" solar
retrofit applications show that with sensitive design
these strategies can be very cost-effective.

It is recommended that "passive" solar retrofit ap-
plications be analyzed by individual project during any
comprehensive conservation auditing program. 1In 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. "Daylighting", 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 "daylighting" 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 photovoltaic 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 photovoltaics can
begin to compete with existing electric costs. A large
residential market is seen for photovoltaics after 1984.

The government has been very supportive of photovoltaic
technology development and has enacted legislation to
encourage its development through direct government
purchases. Public housing is a potential market for
photovoltaics 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.

248



Bd The physical and economic feasibility of solar retrofit

Approach 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 represents 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/DU % % % $
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
l. 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. 1In 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
analysis all 27,000 projects individually, significant prototypes
were developed and analysized 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:
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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 3 B
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
252
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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 Albergquerque 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 1327 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 = ($/Million BTU)

State Electric Gas 0il

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 11515 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 = ($/Million BTU)

State Electric Gas 0il

Maryland 16.81 5.38 6.57
Massachusetts 20.54 7.00 6.91
Michigsn 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 12.7% 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
No. Dakota 12.99 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 = ($/Million BTU)

State Electric Gas 0il

So. Carolina 14.02 4.25 6.50
So. Dakota 12.65 3.17 6.16
Tennessee 9.03 3.11 6.29
Texas 13.95 4.13 5.79
Utah 13.48 2.85 6.25
Vermont 15.94 6.41 6.78
Virginia 15.98 5.12 6.44
Washington 5.22 5.05 6.59
West Virginia 13.75 4.32 6.40
Wisconsin 4.54 4.38 6.26
Wyoming 9.94 2.76 6.20

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.U./Building Type/State

State LSO LSG LSE LCO LCG HSE HCO HCG Misc.
Maryland 2,000 7,055 11,445 890 1,095 1,650
Massachusetts 6,888 8,335 4,015 3,917 6,828 8,830 2,985
Michigan 17,262 245 1,385 865 6,330
Minnessota 720 725 1,442 1,235 178 11,350 2,779
Mississippi 7,476 2,140 2,622 295

Missouri 13,271 1,310 2,003 5,580

Montana 1,994 747 308
Nebraska 6,825 115 306 672 792

Nevada 2,200 1,378

New Hampshire 356 2,285 356 292 297

New Jersey 1,867 1,696 585 10,170 2,161 1,107 24,598 2,037 1,778
New Mexico 2,909 3,106 1,515
New York 2,912 1,446 14,868 8,824 4,685 80,745 10,798

No. Carolina 690 17,593 8,928 6,837 1,177 717

No. Dakota 1,460 467 1,481 437

Ohio 19,706 1,642 5,404 2,284 10,313 1,085
Oklahoma 9,580 9,580

Oregon 430 130 2,742 618 2,338 2,783

Pennsylvania 2,710 35,073 850 1,886 2,215 11,101 18,728

Puerto Rico (49,510 Total)
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Table 5.5 (continued)

Building Type Data - Number of D.U./Building Type/State

State LSO LSG LSE LCO ICG HSE HCO HCG 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:

o single/twin
o0 row house/multi-family low-rise
o high rise

and the following five climatic zone catagories:

o zone 1 - 0-2,000 heating degree days
o zone 2 - 2,000-4,000 heating degree days ’
o zone 3 - 4,000-6,000 heating degree days
o 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 B48 850 1141
Roof 'U' value - actual o1 .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 s 9 | .6 .6
Volume - cubic feet/DU 7344 6472 7232 9128
Infiltration rate - actual 1.5 1.5 15 1.5
Infiltration rate - assumed o -, .75 .75 .75
Envelope VA 253 198 137 222
Infiltration 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 'U' value - actual ) o b .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 'U' value - assumed .10 .07 .07 .07 .07
Window area - sf/DU 68 93 80 120 120
Window 'U' value - actual 1.l 2 1 < B 1.1 17
Window 'U' value - assumed 1.1 L1 .6 .6 .6
Volume - cubic feet/DU 6640 5992 6128 5896 7280
Infiltration rate - actual 1.5 155 1.5 dah 1.5
Infiltration rate - assumed Py ] .75 .75 .75 e
Envelope VA 155 157 102 118 130
Infiltration VA 90 81 83 80 98
Total VA (plus 10% for slab loss) 270 262 204 218 250
Hot water usage - actual 100 100 100 100 100
Hot water usage - assumed 75 75 75 75 75
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 50 50
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Table 5.6 (continued)

Building Type: High Rise

2 3 4 5
Dwelling unit area - sf 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 i
Wall 'U' value - assumed .07 .07 .07 .07
Window area - sf/DU 56 36 54 71
Window 'U' value - actual 1.1 1.1 11 3 19
Window 'U' value - assumed 1.1 .6 .6 .6
Volume - cubic feet/DU 6472 6472 5320 5072
Infiltration rate - actual 1.5 1.5 15 15
Infiltration rate - assumed .75 .75 .75 .75
Envelope VA 8l 47 51 61
Infiltration VA 87 87 T2 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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5.2.1

Economic Analysis

Volume 4 Energy

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. 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.

Two categories of payback are considered in this report
- less than 15 year simple payback and less than 30
year simple payback per HUD 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 systems used and a
more detailed discussion of their analysis can be found
in the following three sections: heating, domestic hot
water, and lighting.

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 HUD 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 HUD 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 HUD 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

Volume 4 Energy

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. These 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 sclar heating can be very cost
effective and suitable to public housing when
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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.

5.3.1 An example is a typical liquid working fluid solar

System Description 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. 1In 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
:

» > > < >
Solar ] J
Main H Pre-
Storage Heat Housc
Tank Tank
N o -
O—e O — LO « ’T <
Watcr Auxiliary
Supply
Characteristics of system used in the study
Collector sf UA - ILC ratio (from LASL 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 tilt 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
1 AIR SH+WH=1,LIQ SH+WH=2, SIR OR LIQ WH ONLY=3 2.00

2 IF 1,WHAT IS (FLOW RATE/COL.AREA) (SPEC.HEAT)? NA

3 IF 2,WHAT IS (EPSILON) (CMIN)/(UA)? 2.00

4 COLLECTOR AREA sf (1)
5 FRPRIME-TAU-ALPHA PRODUCT (NORMAL INCIDENCE) .70

6 FRPRIME-UL PRODUCT .83 BTU/H-F-F2

7 INCIDENCE ANGLE MODIFIER (ZERO IF NOT AVAIL.) 0.00

8 NUMBER OF TRANSPARENT COVERS 2.00

9 COLLECTOR SLOPE DEGREES (2)
10 AZIMUTH ANGLE (E.G. SOUTH=0, WEST=90) 0.00 DEGREES

11 STORAGE CAPACITY 15.00 BTU/F-FT2

12 EFFECTIVE BUILDING UA BTU/F-DAY (3)
13 CONSTANT DAILY BLDG HEAT GENERATION 0.00 BTU/DAY

14 HOT WATER USAGE GAL/DAY (4)
15 WATER SET TEMP. (TO VARY BY MONTH, INPUT NEG) 120 F

16 WATER MAIN TEMP(TO VARY BY MONTH, INPUT NET) 51.80 F

L7 CITY CALL NUMBER (5)
18 THERMAL PRINT OUT BY MONTH=1, BY YEAR=2 2.00

19 ECONOMIC ANALYSIS? YES=l, NO-2 2.00

(1) Varies with building type and climate based on load/collector ratios

(2)
(3)

(4)
(5)

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 LSO LSG LSE ILCO ICG HCO 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
Ransas 55 238 138 6216 75 109 4896 78 3528 45
Rentucky 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 - - B8 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 - - BO 4416 45
Oregon 57 137 155 6216 75 122 4896 - - -
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 LCO LCG 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
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 Energy Dollar Capital
Level of Savings Savings Cost Payback
Investment MMBTU /DU $/YR $ Years
All dwelling 0 0 0 0
units with
less than 15
year payback
All dwelling 926,370 14,477,636 326,042,398 22.5
units with
less than 30
year payback
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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
# of D.U. MMBTU/YR $/¥R $ Payback
Alabama 2,226 45,410 580,986 13,342,644 22.9
Arizona - - - - -
Arkansas - - - - -
Alaska - - - - -
California - - - = -
Colorado - - - - -
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)

Summary by State of All

Systems with Less than 30 Year Payback

Total Total Total

Energy Dollar Capital
Savings Savings Cost Simple
§ of D.U. MMBTU/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

Building Type LSO LSG LSE LCO LCG HCO HCG
Total UA x 24 7,536 6,288 4,416
Collector Area 67 140 98
Hot Water Usage 75 75 45
Number of Dwelling Units 7,525 3,125 843 6,663 800 780
Fuel Cost - MMBTU/S 15.98 6.44 5.12 6.44 5.12
Per Dwelling Unit Per Year 45

Energy Use - MMBTU 50

Energy Cost - § 799

Percent Solar % .508

Energy Savings - MMBTU 25.4

Cost Savings - $ 406

Base Cost - $60/sf 10,020

Construction Mult. .993

Total Cost - § 9,348

Payback Years 23.0

Total Per Building Type

Energy Use - MMBTU 156,250

Energy Savings - MMBTU 79,375

Cost Savings - § 1,268,750

Capital Cost - § 29,212,500

Payback Years 23.0

Total Per State

All systems with
less than 15
year payback

All systems with
less than 30
year payback

Energy Savings - MMBTU
Cost Savings - $
Capital Cost - $
Payback Years

Volume 4 Energy
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Domestic hot water is the second largest energy use in

Domestic Hot Water public housing and accounts for 15-20% of the total. A
typical familv uses about 36,000 gallons of hot water a
yvear. This will cost anywhere between $100/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 (SDHW) have been in
existence for over 50 years in the United States.
There is currently public housing in Georgia using
functional SDHW systems installed in 1930.

SDHW systems consist of 30-60 sf of solar collectors
usually roof mounted. Solar heat is transfered to a
storage tank via a pump (active svstem) 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 majority of existing SDHW
systems are active is the ease with which they can be
retrofited and their freeze protection capability in
winter. PFor these reasons a typical active SDHW system
was chosen for analysis. It is recommended that all
projects in states where freezing is infrequent con-
sider passive SDHW systems

5.4.1 The typical solar energy system for a domestic hot

System Description 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 1400F. 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 domestic hot water.
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Illustration 5.2

Liguid System: Domestic Hot Water Only

Relief
valve
= ; To
- 11 Taps
Double- |
Walled Pre-Heat | Water
Heat Tank | Heater
Exchanger |
> |
|
4 ) I
o/ |
{ }_‘____— Pump

Pump ‘T

Water
Mains

Characteristics of system used in this study:

Climate Zone

1 2 3 4 5
Collectors sf 50 50 50 50 50
Storage/collector 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

Volume 4 Energy

1.

Low Rise, 0il, Gas, Central and Space (familv units)

average # occ/d.u. =
H.W.gals/day/occ =

H.W.gals/day/occ

total daily H.W. use
total load/day

total energy/day

yearly HW use
yearly load
yvearly energy use

Low Rise, Space, Electric
same as above except:
total daily energy use =

total vearly energy use =

5

20 without energy con-
servation measures

15 with energy con-
servation measures

75 gals.

75 x T(50-120) x 8.33

43732.5

total load =+ efficiency

(.65)

67280.8

27,375 gals.

16.0 MMBTU

24.6 MMBTU

total load (43732.5) -
efficiency (.85) = 51450
18.8 MMBTU

High Rise, Central, 0il and Gas

average # occ/d.u. =

total daily HW use =
total daily load =

total daily energy use =

yearly HW use =
yearly load =
yvearly energy use =

3 (higher proportion of
electricity and smaller
families)

3 x 15 ga.s/occ = 45 gals
45 gals x T(700F) 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 Analvsis Assumptions: F-Chart Version 3.0

Code Variable Description Value Units

1 AIR SH+WH=1,LI0 SH+WH=2,AIR OR LI0 WH ONLY=3 3.00

2 IF 1,WHAT IS (FLOW RATE/COL. AREA) (SPEC.HEAT)? 0.00 BTU/H-F-F2
3 IF 2,WHAT IS (EPSILON) (OMIN)/(UA)? 0.00

4 COLLECTOR AREA 50.00 FT2

5 FRPRIME-TAU-ALPHA PRODUCT (NORMAL INCIDENCE) .70

6 FRPRIME-UL PRODUCT .83 BTU/H-F-F2
7 INCIDENCE ANGLE MODIFIER (ZERO IF NOT AVAIL.) 0.00

8 NUMBER OF TRANSPARENT COVERS 2.00

9 COLLECTOR SLOPE 34.00 DEGREES

10 AZIMUTH ANGLE (E.G. SOUTH=0, WEST=90) 0.00 DEGREES

11 STORAGE CAPACITY 15.00 BTU/F-FT2
12 EFFECTIVE BUILDING UA 0.00 BTU-F-DAY
13 CONSTANT DAILY BLDG HEAT GENERATION 0.00 BTU/DAY

14 HOT WATER USAGE : 75.00 GAL/DAY

15 WATER SET TEMP. (TO VARY BY MONTH, INPUT NEG.*) 120.00 F

16 WATER MAIN TEMP (TO VARY BY MONTH, INPUT NEG. *) 51.80 F

17 CITY CALL NUMBER 27.00

18 THERMAL PRINT OUT BY MONTH=1, BY YEAR=2 2.00

19 ECONOMIC ANALYSIS? YES=1, NO=2 2.00

TYPE IN CODE NUMBER AND NEW VALUE

NOTES :

(a) Liquid solar domestic hot water system

(b) 50 net sf of collectors - constant for all analysis
(c) Values for typical liquid flat plate collector

(d) Collector slope equals latitude of city

(e) Storage capacity held constant at about 90 gallons

(£) Water usage 75 gallons/day for low rises/D.U.
45 gallons/day for high rises/D.U.
(g9) City chosen to best represent state, see climatic data table 5.3.
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Table 5.13

Summary of Solar Domestic Hot Water Retrofit Results

Dollar
Combined # of DU's Energy Savings (% Capital
Level of (8 of Total Savings Total Energy Cost Payback
Investment DU'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
yvear simple
payback
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Table 5.14

Domestic Hot Water Systems with Less than 15 Year Pavback

Total Total Total
Energy Dollar Capital
Savings Savings Cost Simple
State $ of D.U. MMBTU/YR $/YR $ Pavback
Alabama 2,226 27,470 351,708 5,119,800 14.5
Al aska 0
Arizona 0
Arkansas 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 1,173,700 127
Kentucky 0
Lousiana 246 3,321 37,392 548,580 14.6
Maine 0
Marvyland 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
284
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Table 5.14 (continued)

Domestic Hot Water Systems with Less than 15 Year Payback

Total Total Total

Energy Dollar Capital

Savings Savings Cost Simple
State # of D.U. MMBTU/YR $/YR $§ Payback
So. Carolina 3,364 42,050 559,428 7,309,972 12.3
So. Dakota 0
Tennessee 0
Texas 583 8,103 113,102 1,329,240 11.7
Utah 0
Vermont 0
Virginia 3,125 35,938 575,000 7,920,700 12.7
Washington 0
West Virginia 0
Wisconsin 0
Wvoming 0
Virgin Islands 0
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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

Idaho 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 Y277 ;215 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 Jersey 18,250 282,640 1,981,785 45,533,750 22.9
New Mexico 1,515 33,330 210,585 3,693,570 1745
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

Rhode Island 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 # of D.U. MMBTU/YR $/YR s Pavback
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
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 ICG HCO HCG
Number of Dwelling Units 27 7,525 3,125 843 6,663 800
Fuel Cost - MMBTU/S 5:12 15.98 6.44 5.12 6.44
Per Dwelling Unit per Year

Energy Use - MMBTU 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

Pavback Years 30.3 12.7 24.1 93.3 24.9
Total Per Building Tvpe

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

All systems with

less than 15
year payback

All systems with
less than 15
year payback

Energy Savings - MMBTU
Cost Savings - $
Capital Cost - $
Payback Years
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Lighting is the largest single user of electricity in
Lighting 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 development 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 technologv 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.

Daylighting 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

Daylighting Analysis
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Daylighting is accomplished using a system consisting of a photo-electric
sensor mounted 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 adjacent space where fluorescent tubes are
operating at full capacitv. 1Installation of the required dimming equipment is
relatively inexpensive since it can usually be done on an individual fixture
and requires no rewiring of existing circuits.
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The amount of davlight 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 Results

Dollar

Savings
Combined Energy (8 Total Capital
Level of Savings Energy Cost Payback
Investment MMBTU/YR Costs) S Years
All systems 52,703 893,512 9,790,327 11.0
with less
than 15
vear simple
payback
All systems 16,354,243 924,096 10,347,617 11.2
with less
than 30
vear simple
pavback

5
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Table 5.18

Davlighting Summary by State of All Systems with Less than 15 Year Payback

Total Total Total
Energy Dollar Capital

Savings Savings Cost Simple
State RWH/yr $/vyr $ 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 1357
Colorado 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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Table 5.18 (continued)

Daylighting Summary by State of All Systems with Less than 15 Year Payback

Total Total Total

Energy Dollar Capital
Savings Savings Cost Simple
State RWH/vr $/yr $ Payback
So. Carolina 154,841 7,432 86,490 11.6
So. Dakota 72,064 3,098 43,136 13.9
Tennessee = = - -
Texas 763,253 36,634 447,049 12.2
Utah 27,034 1,234 16,606 13.4
Vermont 23,864 1,289 14,421 11l.2
Virginia 250,585 13,782 150,351 10.9
Washington 457,996 14,198 261,057 18.4
West Virginia 78,924 3,709 48,482 13.1
Wisconsin 116,101 5,806 71,651 12.3
Wyoming 9,730 331 6,269 18.9
Virgin Islands - - - -
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Table 5.19

Daylighting Analysis by State: Virginia

S/T RH HR
Building Type LSO LSG LSE LCO LCG HSE HCO HCG
Number of Dwelling Units 7,525 3,125 843 6,663 800
Fuel Cost - MMBTU/S .055
Per Square Foot Per Year
Energy Use - KW/sf 7 7
Energy Cost - §$ .385 .385
Percent Solar % 10 10
Energy Savings - KW .7 .7
Cost Savings - § .385 .385
Base Cost - $60/sf .45 .45
Construction Mult. .993 .993
Total Cost - §$ .42 .42
Total Per Building Type
Energy Use - KW 1,491,000 683,046 331,800
Energy Savings - KW 149,100 68,305 33,180
Cost Savings - § 8,200 3,757 1,825
Capital Cost - § 89,460 40,983 19,908
Payback Years 10.9 10.9 10.9

Total Per State

All systems with
less than 15
year payback

All systems with
less than 30
year payback

Energy Savings - MMBTU
Cost Savings - $
Capital Cost - $
Pavback Years
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250,585
13,782
150,351
10.9
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