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Controlling utility costs can be a key to 
more affordable multifamily housing for 
tenants and significantly increased profits 
for building owners. This conclusion 
results from analysis of opportunities to 
reduce costs in a variety of existing and 
proposed future multifamily housing 
projects across the U.S. It applies to all 
types of multifamily housing regardless of 
location, ownership, utility rates or bill 
paying arrangements. 

JUUUillJL 
• Albuqutrq1Jt,IU·1 

The difficulties are in knowing what to do, 
how much it will cost, and what the return 
on investment will be. To serve this 
need, the National Association of Home 
Builders (NAHB), working with the 
Institute of Real Estate Management 
(IREM), Pacific Northwest Laboratory 

. . 

Introduction 

(PNL) and the U.S. Department of Energy 
(DOE), presents this book as an aid to 
owners, developers and builders of 
multifamily housing in developing utility 
cost reduction strategies for their own 
projects. 



U.S. Multifamily Housing ... 

This book is based on an expert evalua
tion of nine existing and three proposed 
multifamily housing projects (described in 
the table below} across the U.S. 

The existing buildings include three 
lowrise projects (three to four stories}, six 
midrises (five to seven stories), and three 
highrise buildings (nine to thirty-nine 
stories). Two projects were designed 

and built in the late 1950's, two in the late 
1960's, and five late in the "energy-crisis" 
of the 1970's. The buildings were 
selected from the management portfolios 
of leading IREM and NAHB member-firms 
to represent typical housing in their 
respective locations. The existing 
projects range from municipally 
subsidized elderly housing, to HUD 
Section-a suburban developments, to 
luxury urban highrise buildings. 

The three "future" buildings, designed by 
the NAHB research team, were based on 
trends anticipated in the multifamily 
industry by I REM and NAHB leaders, 
over the next five years. The key trends 
indentified were: downsizing of units (by 
10 to 20 percent), increased project size 
(in number of units), denser 
developments (more midrise and 
highrise projects), and increased 
amenities - all in the context of more 
affordable housing. A tall order! 

Location Boston.MA , Boston/1A t·1~nk~to,MI1 Chic~go,IL St.Ch~rlu, MD ~luhington,DC Houston,TX Mi~ml,fl Albuqutrqut,tlt1 Phouix,AZ Btlltvut,WA O~kl~nd,CA 
Climate Cold Cold Cold Cold Hot/Cold Hot/Cold Hot/Humid Hot/Humid Hot I Arid Hot/ Arid Temperate Temperate 
Year Constructed 1959 Future 1959 1970 1979 1980 Future 1979 1979 Future 1967 1979 
Number of Stories 7 12 6 39 4 10 3 5 6 6 3 6 
Number of units 84 179 46 369 34 176 24 51 156 117 240 77 
Gross Area (s .f .) 107,000 111,389 49,307 461,580 38,184 126,230 34,848 39' 179 150 '462 113,634 54,924 56,638 
Building Efficiency 70~ 85% 80% 77% 85% 74% 85% 80% 80% 80% 69% 80~ 

Typical Unit Size 490 (s .f .) 648 689 755 600 602 648 525 621 648 700 604 
Monthly Rent $286* $544 $360 $661 $394* $850 $530 $201* $260* $580 $379 $841 

*Subsidized housing-- the rents listed are based on IREM Income/Expense Analysis. 

II 



.. . r · 

... Utility Rates 

Our work focuses on understanding the 
economics of energy in multifamily 
housing. Awareness of utility rates is the 
first step in the process. Utility rates for 
the buildings we investigated varied 
widely, ranging from 5¢ to 9¢ per kilowatt 
hour for electricity, and from $0.49 to 
$1.09 per hundred cubic feet of gas. 
While low utility rates clearly do a lot to 

lessen the importance of energy to the 
economics of multifamily housing, energy 
remained an issue of significance every
where we looked. 

Utility rates are frequently different for 
owners and tenants, with owners most 
often enjoying the benefit. The most 
dramatic instance of this occurred in our 

design of a future midrise for Phoenix, 
Arizona. There, tenants pay 30 percent 
more than owners for electricity (8¢ 
versus 6¢ per kWh) and nearly twice as 
much for fuel ($1 .09 versus $0.57 per ccf 
of gas). The rate differential is an 
important factor when considering who is 
to pay the bill -- which meter will see the 
cost? 

,...... Utility Rates ... Average electricity rate : 7.3¢ fNIIl#ITillJJE1 . tenant 
: Pt.oenix,AZ . 
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Utility Bills are l-Iigh ... 

No matter what your utility rates or your 
location, energy bills have gotten 
suprisingly high for multifamily housing. 
In our work we found that monthly bills for 
energy (combined for owner and tenant) 
ranged from a low of $44.18 per month in 
mild Oakland up to $165.50 per month in 
a windy Chicago highrise. 

Who pays the bill is an important 
decision. While owners can clearly shift 
some utility costs to tenants through 
submetering and other strategies, they 

cannot eliminate energy costs.for 
themselves entirely. We looked at 
situations where owners were 
responsible for as little as 12 percent of 
the building's total energy costs and at 
cases where they were responsible for 
1 00 percent of the energy bill. 
Interestingly, across all the buildings, 
owners and tenants typically split energy 
bills. 

We do not want to suggest that the 
multifamily housing industry is "building 

W h P U t ·1 . t ( ) B ' 11 i : 0 ? ""'"'' T t ? o ays 1 1 y energy 1 s : t.. .. ..i wners . or mmm enan s . 

them like they used to". Our future 
building baseline designs were limited in 
their focus on energy to current design 
practices -- that is, they incorporated 
energy features prevalent in new housing 
today. This approach leads to energy 
costs substantially below that of existing 
housing, as demonstrated by the 
comparison of the future Boston high rise, 
$62.33 per unit per month including 
cooling, versus the 1959 Boston midrise, 
$89.12 per unit per month without 
cooling. 

$53.98 $18.10 $6-+.69 $7-+.18 $62.33 $55.85 $98.32 $H.1S $165.50 
10090 ;;;;;:::: · · · · · · · · ;:;;;::;; · · · · · · · · · ;=;====== • • • • • • • • mmm · · · · · · · · ~~~~llm · · · · · · · · · mmlll · · · · · · · · · mmm · · · · · · · · mmm · · · · · · · · 

$60.82 $89.12 
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... and Significantly Affect Shelter Costs 

The net effect of high energy costs is to 
increase the real cost of multifamily 
housing. In our work energy costs for 
owner and tenant combined were found 
to be equivalent to 9 percent to 30 
percent of gross rent. 

Again, who pays is important. In our 
buildings, shelter costs (gross rent paid 
by tenants plus tenant energy costs) 
ranged from 1 03 percent up to 118 
percent of monthly rents in locations 

where tenants paid for a portion of the 
energy bill. The effect on owners 
is even more dramatic. Net rents (gross 
rent paid by tenants less owner energy 
costs) ranged from a high of 98 percent 
down to only 69 percent of monthly rents. 

Total shelter costs averaged 108 percent 
of gross rent while net rent averaged only 
90 percent. While there was little 
diHerence in average shelter cost 
between existing and future buildings, 

net rents were significantly better in our 
future buildings, averaging 97 percent of 
gross rent versus only 87 percent for 
existing buildings. 

The chart below shows the components 
of total shelter cost for each building 
investigated. We have ordered the 
buildings from lowest to highest total 
shelter cost (the same order applies 
when based on gross rent) . 

What Is the ReHl Cost of Shelter? ... . .. It can be significantly higt.er than rent- -especially for low and moderate cost housing . 
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Using this Book ... 

Our work, designed to mirror the way real 
business is conducted, was very much a 
team effort -- a fact that cannot be 
overstressed. We attempted to bring the 
full range of concerns in multifamily 
housing to bear on each problem. Our 
work necessarily went far beyond energy 
issues, just as your decision-making 
process will when you consider ways to 
reduce energy costs in your own projects. 

We have chosen to present our results, 
and the corollary lessons we learned, 
through the examples of the buildings we 
investigated. Each building tells a story 
that is unique, but each may be 
applicable, in one way or another, to you 
and your projects. Beyond the story in 
each building, we also present some 
general guidance for particular 
audiences as follows. 

Chapter 1: Cutting Energy Costs in 
Multifamily Housing 

In general, what is the value of cutting 
energy costs in multifamily housing? 
What types of operations, retrofit, 
rehabilitation, or new design energy 
strategies should you consider? How 
much will they cost? What return on 
investment can you expect? 

VI 

Chapter II: Energy Decisions for the 
Builder /Developer 

The builder/developer is the final 
decision-maker about energy 
conservation options in any project. This 
chapter looks at typical builder/developer 
concerns, especially economic issues. 
Illustrations for this chapter build on 
economic analyses taken from the case 
studies. 

Chapter Ill: The Decision-Making 
Process 

How should architects and owners go 
about deciding which energy 
conservation options will be most 
beneficial? This chapter presents the 
problem solving approach used in this 
research, drawing upon illustrations from 
the work. 

Chapter IV: Case Studies 

This chapter consists of twelve case 
study summaries of recommendations, by 
two design teams, for energy 
improvements to nine existing and three 
future buildings. The case studies 
include an analysis of the building's 
current operating condition (for existing 
buildings) or its planned condition (for 

future buildings) and recommendations 
for improving energy performance 
through operations, retrofit, rehabilitation, 
or new design strategies. Complete cost 
analyses and estimates of simple 
paybacks are included in each case 
study. 

Chapter V: Conclusions 

Highlighting key points from the book, 
this chapter focuses on summarizing 
lessons learned from the entire project. 
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Chapter I: Cutting Energy Costs in Multifarnily Housing 

Energy bills in the nation's multifamily 
housing are high. Energy bills, on 
average, increase the cost of shelter for 
tenants by 8 percent of gross rents while 
reducing net rents to owners by 1 0 
percent. The effects are most dramatic in 
low and middle income housing where 
the energy bill can be as high as 30 
percent of the cost of shelter. 

Energy costs continue to lessen the 
affordability of rental housing of all types. 
But energy costs can be reduced in 
multifamily housing by large amounts 
and very cost effectively. We will 
demonstrate this conclusion through real
world examples. 

Before we present these specific 
examples, we want to discuss in general 
terms what you can do in your own 
projects -- What should you look for? 
What strategies work well for others? 
How much will they cost? What return on 
investment can you expect? -- We will do 
this in the context of when, in the life
cycle of your project, you might consider 
ways to reduce energy costs for yourself 
and your tenants. 

If your project is an existing building you 
should consider strategies for reducing 
energy costs as part of day-to-day 
operations; every five to ten years 
when you are looking at renovating or 
.retr.Q.fl1ting your buildings; or when you 

first purchase a project and you want to 
rehabilitate the building to adapt it to a 
particular niche in the rental market. 

If you are thinking about developing a 
new project you should consider energy 
costs at the outset, before you present 
your proforma financial package to the 
mortgage lender. 

This chapter discusses each of these 
situations, in turn, beginning with 
operations strategies for energy cost 
reduction. But first, let's take a look at the 
components of the total energy cost in 
each of our buildings. This would be 
your first step for your own project. 

: :~~~~ ........ ~:.:~:.: ....... '$639 .... . 

.. ~······ · · 
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Look at the Components of Energy Costs and Set Goals for Your Effort 

Total energy costs are composed of 
separate space heating, space cooling, 
HVAC equipment (fans, pumps, etc.), 
DHW, lighting, and other (cooking, 
elevators, miscellaneous) energy costs. 
In our buildings, definite patterns emerge 
for these separate costs. For example, in 
six of the nine existing buildings, heating 
is the predominant energy cost by a large 
margin; in two other existing buildings it 
is a major factor. This suggests that the 
potential for energy savings in existing 
buildings is often greatest in heating. 

Components of the Energy Bi 11 ... 
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Cooling is a major factor in several of the 
existing buildings, clearly predominant in 
Miami and significant in Albuquerque, 
St. Charles, Chicago and Washington, 
D.C. lighting is an issue of importance, 
everywhere. 

Other D 
Lights [ZJ 
DH\v' ~ 
HVAC 1:::::: 1 
Coolingc:J 
Heating-

The future buildings are different in that 
cooling increases substantially in 
importance in all three locations 
considered (primarily because current 
design practice is most effective in 
reducing heating energy requirements). 

By looking at the relative size of separate 
energy costs in each building, one can 
set directions for energy cost-cutting 
efforts. Goals can be set in terms of total 
cost reduction or for particular parts of the 
energy bill; in terms of budgets for energy 
strategies or return on investment. 
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Operations Strategies ... ~I eating 1nay be the Key for You 

Operations strategies are low-cost 
energy cost reduction measures that can 
be applied in the day-to-day operation 
and maintenance of multifamily housing 
projects. They include items such as: 
education programs for tenants; 
rescheduling the operation and main
tenance of various equipment (ventilation 
fans, exterior and corridor lights, tempera
ture set points, etc.); or caulking and 
weatherstripping of windows and doors. 
They may go as far as the installation of 
small equipment (programmable 
thermostats, screw-in fluorescent lamps 

water flow restrictors, etc.). The keys to 
adopting any of these strategies are a 
good working knowledge of which energy 
cost component witt be affected, the 
amount of reduction that can be 
expected, and the cost of the strategy. 

Operations strategies to reduce energy 
costs were very cost effective in all our 
buildings. Savings ranged from a low of 
$2.79 per unit per month to a high of 
$34.41, averaging $13.29. In scanning 
the energy cost savings achieved with 
operations strategies, shown below, 

it is clear that heating strategies 
produced the greatest savings, 
accounting for an average of 69 percent 
of total savings across all the buildings. 

Heating cost reduction was most 
dramatic in the Washington, D.C. highrise 
where the heating bill was slashed by 70 
percent. This was achieved by reducing 
ventilation in kitchens and baths, altering 
setpoints in public spaces, and providing 
programmable thermostats to tenants (in 
combination with an aggressive 
education program on their use). 

How can you save with Operations Stategies? ... Cutting heating cost through reduced ventilation 
may be the key for you. 

$60 
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Operations Strategies ... 

USE OF RECIRCULATING FANS IN KITCHENS AND BATHROOMS 
CAN GREATLY REDUCE HEATING AND COOLING COSTS 

PHOTOCELL CONTROLS ARE MOST EFFECTIVE IN REDUC lNG THE 
AVERAGE HOURS OF USE PER DAY FOR COMMON SPACE LIGHTING 

Central fan 
operates continuously 0 5 10 0 I Svitch 

1 1 J lJJ 
Capped 

$ 
centra 1 exhaust stack 

Before 

Ventilation and infiltration (introducing 
outside air into the building), and exhaust 
(removing conditioned air from the 
building) are probably the major 
contributors to heating and cooling costs 
in all multifamily housing and should be 
looked at closely in any cost reduction 
eHort. Simple actions, like scheduling of 
fan operation, can have large effects 
on heating and cooling costs. 

4 

i j j Jir 13 hrs 
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j I I ~~-· .::h lll**'F!L I .,,:!'~f'!!;. 
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I Time Clock . ~ ~ 
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I·~ Photo-Cell ~ ~jp 
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Another technique to control exhaust 
ventilation is capping central exhaust 
systems and installing recirculating fans 
with activated charcoal filters in kitchens 
and baths (where building codes permit). 
While considered by many an operations 
strategy, the expense and disruption 
involved may suggest incorporating this 
strategy in a retrofit program. 

I • 

Lighting strategies had modest potential 
in most of our buildings, but were worth 
considering in an operations program 
simply because installation of high 
efficiency lamps and controls can be 
easily incorporated into a regular main
tenance (e.g. relamping) program. 



.. ~ 

... Low Cost and Very Effective 

Turning from savings to costs, operations 
strategies ranged from $16 per unit to 
$282, averaging $82 per unit for all the 
buildings. High cost items included 
installation of high efficiency ranges and 
refrigerators at replacement (an 
incremental cost of $140 per unit); 
programmable thermostats ($60 per unit); 

and insulation jackets for hot water 
heaters ($40 per unit). 

In this analysis, we have chosen to 
measure cost effectiveness in terms of 
simple payback. Here, operations 
strategies shine. Seven of our buildings 
had paybacks of less than a year. The 

two "high cost" approaches had 
paybacks of under 32 months. The 
average payback is only 1 year. 

Given this very good economic return, 
operations strategies make sense for all 
multifamily housing. 

How 1 ong will it t6ke Oper6ti ons Str6teg1 es to p6yb6ck? ... Not long, don't blink! 

10 .............. ···················· ......... ······· ..................................................................... ········· 

8 ·························· · ····································································································· 

6 ·······························································································································. 
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Retrofitting for Energy Savings ... 

Energy cost-cutting retrofit programs for 
multifamily housing, most often occurring 
as part of a larger renovation effort, are 
generally more complex, expensive, and 
disruptive than operations measures. 
However, you can double your energy 
cost savings with very reasonable 
paybacks, so they are worth considering. 

Retrofit programs include the same low
cost, easily implemented operations 
strategies discussed on the previous 
pages, and then focus on major 

alterations of building equipment and the 
building shell. Because of the disruption 
involved with many retrofit strategies, 
they should be thoroughly planned in 
advance to minimize interference with 
the day-to-day operation of your facilities. 

Retrofit of building equipment can 
include actions such as fuel conversion 
(oil-to-gas, gas-to electricity, dual fuel 
capability, etc.); modification of the 
heating and cooling distribution system 
(e.g. zoning); upgrading of controls 

(e.g. individual thermostatic valves for 
radiators); changing "who pays" the bill 
(submetering strategies); and, in some 
cases, complete replacement of a system 
(e.g. installation of individual tenant DHW 
to replace an inefficient central system). 

Retrofit of the building shell can include 
adding insulation (inside the walls, in the 
roof, or on the exterior of the building); 
storm windows; vestibules; and shading 
devices (awnings, overhangs, etc.). 

How much can you save with Retrofit Stategies? ... In a typical case, nearly twice as much 
as in operations. 

$60 ·······other D · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
50 ...... Lights 0 ................. .......... ................................. .................. ........ ....... $i7.20 ..... . 

DH\1 fill] $10.81 
40 ...... HVAC 1:::::::1 ••.•.... $37.12. ..................... ..... ........................ . . 

30 ...... Cooling c:a ·········~ ................................................... . 
20 · $1i.53~-~~~~~?.~ ........ ... ········ $15.72 ........ $19·13 ...... . $15.57 ..... .. .. 

10 . V71 ........ ~~ ......... = 
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. .. Heating and Cooling ~re Still Most Important 

RETROFIT STRATEGIES CAN INVOLVE SUBSTANTIAL MODIFICATION OF THERE ARE A VARIETY OF 'vi AYS TO SHIFT COSTS FROM OWNERS TO TENANTS 
EXISTING BUILDING EQUIPMENT SYTEMS LIKE THIS BOILER CONVERSION INCREASING THEIR INCENTIVE TO CONSERVE 
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All of the above are just examples of what 
can be done, and what we did in our 
buildings, as part of retrofit energy cost
cutting efforts. How did our efforts pay 
off? As shown on the previous page, our 
retrofit savings ranged from $1 0.35 per 
unit per month to $47.20, averaging 
$24.60, fully twice what was achieved in 
operations. Our focus was again on 
heating costs, but reduction of cooling 
received increased attention and 
success. 

J 
Ins tall 
Separate 
DH'.v' Heater 

Individual control of heating and 
submetering methods got a lot of 
consideration in buildings that had 
central systems -- where the owner 
generally pays the bill. While there can 
be clear economic benefits to the owner 
for shifting bill paying responsibilities to 
tenants, there is another supporting 
argument for doing so. Other research 
has shown that when occupants have 
responsibility for costs they are much 
more likely to conserve -- savings of 1 0 

De~ta Logger 
(dF* FLOW= BTU] 

/ l ' 

to 20 percent can occur. In our analyses 
we did not take credit for savings from 
these strategies -- we simply shifted 
responsibility for the cost. But, though 
difficult to accurately estimate, additional 
savings on this order will probably occur. 
Keep this in mind when you assess 
retrofit strategies for your own buildings. 
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Retrofitting for Energy Savings ... A Good Investment 

As we said before, costs for retrofit 
strategies are higher. Our costs ranged 
from $131 per unit in Oakland, where few 
actions beyond operations strategies · 
could be cost effectively undertaken, to 
$1,582 per unit in Chicago, where 
aggressive building shell modifications 
-- storm windows, replacement of glazing 
with insulated inserts, caulking and new 

window gaskets for a building with 
glazing equal to 36 percent of the floor 
area - accounted for $700 per unit. 

Even so, retrofit strategies are very good 
investments. Paybacks range from 1 
year to 6.3 years, averaging just under 3 
years for all the buildings. What we were 
not able to quantify, but is very important 

to consider, is the fact that our strategies, 
beyond cutting energy costs, would 
significantly improve tenant comfort. We 
believe that this aspect should not be 
ignored. Increased comfort has two 
benefits -- fewer tenant complaints and 
longer term tenancy -- both resulting in 
reduced management costs. 

How 1 ong wi 11 it teke Retrofit Stretegi es to peybeck? ... Lt>ss than 31Jt>ars in most cast>s. 

·~ :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::-::·::::::::::::::::-::::::·::-:::::.:::::::::··.: .. :::··:~ 
8 $833/6.3'"· ... . . . . . . . . .. ...... .. . ....••.•.. ... . . . . . . . . . . . . . . . T{~r ...... · · · · · · · · · · · · · · · · · · $965/-i.~~~~:. $1ssu3.2~rs · · · · · · · · · · · · · · · · 
6 "1 . . . . 31 rs. · · · ' "<"C 1510129'" """ .. .. 51 10 rs. · ··· ....... $1162/2.6~rs. $S~~L· ~ ';~~ - .. · ..... $131/l.O~rs $5 I· ~ 
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Rehabilitating Multifamily Housing . . . Looks at Broad Market Concerns 

Rehabilitation of multifamily housing is an 
increasingly important activity in the U.S. 
Our housing stock is getting older; close
in urban locations are scarce and 
expensive; and new buildings are~ 
expensive, so rehabilitation, even of not 
very old buildings, can be attractive. 
Rehabilitation will most likely, but not 

necessarily, occur when ownership of a 
building changes. 

Energy cost reductions should be a key 
aspect of the rehabilitation effort. Not 
only can energy savings be used to help 
owners meet their financial objectives, as 
will be shown in the next chapter, they 

can also be used to add amenities which 
upgrade the project's market position -
and its rents. Our savings increased over 
our retrofit efforts by a significant amount, 
ranging from $12.77 per unit per month to 
$55.06 and averaging $30.64 across all 
the buildings (a 25 percent increase over 
retrofit) . 

How you can save with Rehabilitation Strategies ... Greatly r educed ener9y costs can help 
pay for added amenities . 

$60 ....... ~i~:;s ~ ......................... . ................................................ . 
. . . . . . . DH\v' ~ ...•.••. $'f8.12 . • ............. · · · $55.06 · · · · · · 

Hv
"C ····· · ··························· n Elill m . . . . . . . . . . . . . . . . . $-1-1 78 ...................... . 

40 · ...... Cooling~ ····· .. · ·W · · · · · .. $3616 . · H t ' L>......l • .. .................................. . 

....... ea mg-$2067 ......... - ......... lrrffi}J] ........ . ............................ . 

20 ··~········ $12.77 ······ · ·· .. . . .....•..... .. .. $19.13 ......... $~~ ·· · ····· 

0 ff"'') ·s I 
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Rehabilitating Multifamily Housing ... 

REHAB IL IT AT ION STRATEGIES OFTEN WORK WITH IN ... BUT MAY ALSO JNVOL VE TOTAllY NEW SYSTEMS AND 
1 

IN SOME CASES 
1 

MAJOR 
THE CONSTRAINTS OF EX 1ST lNG BUILD lNG SYSTEMS . . . BUILD lNG ADD IT IONS - Such as in the Washington, D. C. highrise 'Where 50 ne'W 

units 'Were added to the building 
CHIC AGO LAUNDRY DHW PREHEAT CONVERSION 

~ Cold 
Water 

Rehabiilitation is not the same as building 
new. Energy cost-cutting rehabilitation 
strategies must be considered within the 
context of the existing structure and 
systems, but there is more latitude for 
change than in retrofit situations. 

Rehabilitation strategies will probably 
touch upon all aspects of energy costs 

10 

and may involve: entirely new equipment 
systems (such as the central laundry 
preheat system shown for the Chicago 
building); new shell systems (exemplified 
by the fixed shading system for our 
Washington highrise); site changes 
(landscaping for St. Charles, etc.); and 
can even include extensive additions to 
the building (new floors, etc.) for 

economic reasons far beyond energy 
concerns. 

Our rehabilitation strategies looked at all 
of the foregoing for our buildings and 
reduced most of the energy cost 
components in all the buildings. The lists 
of things done is extensive for each 
building. 
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... Energy Should Be an Important Part of the Solution 

Rehabilitation strategies are more costly 
than either operations or retrofit efforts, 
however. Our rehabilitation strategies 
costs ranged from a low of $132 per unit 
(we just could not do much to the 
Oakland building) to $4,502 for the 
Mankato midrise. In fact, our Mankato 

package, with a payback of 10 years for 
the energy items alone, is very question
able as an investment. Excluding the 
Mankato building results, the highest 
rehabilitation cost is $2,290 per unit for 
the Boston midrise, yielding an average 
rehabilitation cost of $1,111 per unit. 

How long will it take Rehabilit6tion Strategies to payback? 

Pay backs for our rehabilitation strategies 
were also generally higher, as shown 
below. Excluding the Mankato building, 
they ranged from less than 1 year 
(Oakland again) to 7 years (the Miami 
midrise), averaging 3.9 years. 

1 0 yrs · · · · · · .. · · · .. · · · · ................. . : \:~-
0 

:~:: ::::::::::::: :::::::::::::::::::::::::::.:::::: :::::::: : :::::::::::: 
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1
sss. /. 3.0~rs.' ·: · · · ... ·~~·.·;~.~~~08/1.3*~rs. 

·.. .... .... . .. $
2
289/i.1yn . ... < . ........ · ~ IY1 ....... If'! ...... · $131/0. I ~ .•. · :::::::: ~ ::::: :: J ::: : .. '~ ........ i ...... ti.. & " ' ' 
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Multifamily Housing in 'Ihe Future ... 

Energy cost-cutting in new multifamily 
designs is much different than efforts for 
existing buildings. Right now, the 
multifamily housing industry is 
undergoing fundamental changes 
-- rents are high, going higher and 
housing is becoming less affordable; the 
population is getting older; and the 
industry has already made significant 

strides in cutting energy costs in new 
buildings. 

In order to assess the energy cost cutting 
potential in future multifamily housing, 
we wanted to take into account as many 
trends as possible. An NAHB 
roundtable "Multifamily Housing: 
Planning for the Next Five Years" was 

conducted by industry leaders in 
January, 1985 to identify changes 
anticipated in the U.S. multifamily 
housing. The key trends identified were: 
downsizing of units (by 10 to 20 percent); 
increased project size (in number of 
units); dense developments (more 
midrise and highrise projects); and 
increased amenities -- all in the context of 
more affordable multifamily housing. 

What is the Real Cos t of Shelter? Components of the Energy Bill ... 
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l Tenant Bill ~ I 
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. . . $570 ........ $~IF ........ ·~ ........ . 
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In turn, the NAHB research team 
conducted a design charette with leading 
I REM representatives to develop three 
baseline future buildings: a lowrise 
complex in Houston, Texas; a midrise for 
Phoenix, Arizona; and a highrise in 
Boston, Massachusetts. 

The team used current practice as a 
guideline, but did not make energy an 
overriding concern in the designs. The 

. 

... Must Respond to a Changing Industry 

projected energy costs for these 
buildings, shown previously, were 
nonetheless very good in comparison to 
costs in our existing buildings. 
Our charge was to then redesign these 
buildings, with energy as a major focus, 
to see if significant additional savings 
could be achieved. 

In this exercise we looked at fundamen- . 
tal changes in how multifamily housing 

might be configured: we looked at atrium 
buildings; we considered exterior 
corridors and solar strategies; we looked 
at using the natural environment and 
siting to take advantage of climate 
conditions; we investigated opportunities 
and the potential need for code 
exceptions and changes; all in the 
context of an owner's requirements for 
return on investment and the original 
building costs. 

A redesigned future Phoenix Midrise creates shaded 
courtyards with fountains for evaporative cooling 

- - a .. man-made oasis·· 
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Multifamily Housing in the Future Can Have Even Lower Energy Costs 

Results are significant. Looking at 
energy cost reductions, average savings 
were $26.45 per unit per month--ranging 
from $19.05 to $40.26-- over 42 percent 
of already low energy costs. 

The costs for the new design configur
ations were very modest in two cases, 

adding $331 per unit to the building cost 
in the Houston lowrise, and just $208 per 
unit in the Boston highrise project. The 
approach used in the Phoenix midrise 
was much higher in cost, $2,759 per unit, 
but changed the character and quality of 
the building so much that the team felt 
that rent increases would be easily 

justified. Even without rental increases 
for increased amenities, average 
payback for our new designs was only 
2.7 years, ranging from less than 1 year 
(Boston) to 5.7 years (Phoenix). 

How much ctm be saved in future designs? How quickly wi 11 new future designs payback? 
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Cutting Energy Costs in Multifamily Housing Will Work for You 

In summary, cutting energy costs in 
multifamily housing can be a good 
investment no matter when it is 
considered in the life-cycle of your 
projects. 

Restating our results, energy cost-cutting 
operations strategies, the most easily 
implemented and cost-effective actions 
you can take, on average saved $13.29 
per unit per month, and cost only $78.42 
per unit, yielding a payback of less than 1 
year. 

Retrofit strategies, while more expensive 
and somewhat disruptive to facility 
operations, saved $24.60 per unit per 
month, cost $754 per unit, and paid for 
themselves in 2.9 years. 

Rehabilitation strategies, usually 
undertaken when the ownership of the 
building changes, and always in the 
context of broader market concerns, 
involve substantial changes to building 
equipment and shell. They saved, on 
average, $30.64 per unit per month, cost 
$1,487 per unit, and paid for themselves 
in 4.5 years. 

New building design strategies with a 
sharp focus on energy can produce very 

impressive energy cost reductions, 
savings that can be used to significantly 
improve the quality of your proposed 
housing project. Our savings in new 
designs averaged $26.45 per unit per 
month, over 40 percent of already low 
energy costs, at a cost of $1,099 per unit, 
paying for themselves in an average of 
2.7 years. 

Remember that the specific solutions we 
derived for our buildings may or may not 
apply to your particular project and 
circumstances. You will need 
professional evaluation of our strategies 
(and others not listed), especially in 
instances of retrofit, rehabilitation, or new 
design, to see whether they are 
appropriate and cost-effective for you. 
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Chapter II: Energy Decisions for the Builder/Developer 
With all the concerns on a builder's or 
developer's mind, why bother about 
energy? From the conception of a project 
idea, a typical developer is "at risk" for the 
cost of a site, a market analysis, legal and 
filing fees, an architectural design fee, 
and preparation of a mortgage package 
to be presented to the lender. As one 
industry analyst put it, "Given everything 
on the developer's mind, energy usually 
gets about twenty minutes 
attention ... max." 

The purpose of this chapter is to suggest 
to builders and developers why energy 
costs merit attention. The earlier energy 
costs are considered in the project 
planning process, the greater are 
potential energy savings. These savings 
can mean happier tenants and improved 
financial return for owners. 

AVERAGE RESIDENTIAL RATE, 1972- 1985 
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As shown on the graph below, the 
increase in residential electric rates is a 
very good reason to consider energy 
costs. In some areas, rates are as much 
as four times higher than just a decade 
ago. Not only do rate increases of this 
magnitude cut into owner profits, they 
have made prospective tenants sensitive 
to "shelter costs" -- the total of utilities and 
base rent. 

The matrix of "Estimated Savings", below, 
shows the energy cost savings that are 
possible based on the case studies in 

Estimated Savings "With a 5-Year Payback or Less 

Buildings 
Strategies 

Higt.dse Midrise Lo"Wrise 

Operations 15-35% 8-24% 18-22% 

Retrofit 34-49% 26-41% 26-399( 

Rehabilitation 27-56% 21-54% 31-45~ 

Chapter IV. Although savings vary 
depending on building type, the case 
studies in this book illustrate that 
improving building operations can cut 
energy costs 15-25%, making energy 
conserving retrofits can save 25-45%, 

5 and rehabilitation can save over 50%. 

Savings of this magnitude are significant. 
In a Chicago highrise, for example, a 
15% savings in operations is over 
$100,000 in reduced costs. A 34% 
savings based on retrofitting the building 
saves $250,000 a year. Savings in 
midrise buildings are typically in the 
$10,000--50,000 range per year. These 
investments all pay for themselves with 
savings in 5 years or less. 

As shown in the comparison below, if 
tenant energy bills are reduced only $30 
per month, the income needed to qualify 
for an apartment can be reduced b 

Lower Energy Costs Make Housing More Affordable 

Energy 
Typical Efficient 
Building Building 

Rent/mo. $400 $400 
Tenant Utilities/mo. $ 60 $ 30 
Shelter Cost/mo. $460 $430 
Shelter Cost/yr. $5,520 $5,160 
Rent As % Of Income 35% 35% 
Income to Qualify $15,800 $14,700 
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Energy Cost Savings Can Increase Profits ... 
The issue of who pays the energy bill is 
an important one, because it determines 
how much capital an owner has to make 
energy improvements. Who pays is both 
a matter of tradition and timing. In 
highrise buildings, owners have 
traditionally paid all or most of the utility 
costs. The opposite is true in lowrise 
apartment buildings. Central meters are 
very common in old buildings, whereas 
individual tenant meters are used in 
virtually all new buildings. There are no 
hard and fast rules, however. As shown 
on the bar graph of three roughly 
equivalent midrise buildings in different 
parts of the country, the owner's pay 
20%, 50%, and 1 00% respectively of the 
annual building energy costs. 

'vlho Pays Energy Costs: i:::! Owners or gg Tenants? 
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Owner's who pay a majority of utility costs 
carry the risk of increasing electricity and 
fuel prices but they also have the benefit 
of direct access to savings from energy 
improvements. On the otherhand, 
owners who pay little of the total energy 
cost of a unit must rely on the 
marketplace to give them increased rents 
in return for more energy conserving 
units if they are to have the cash flow 
necessary to pay for the improvements. 

For example, in the case of a lowrise 
building in Maryland, one design team 
recommended changes to the building 
during rehabilitation that cost $31 ,000 but 
gave annual energy savings of $8,600. 
Of that, $6,200 were reductions in the 

owner's annual energy bill and $2,400 
was shared among thirty-four units. From 
the owner's perspective, these savings 
gave a reasonable payback of five years. 
However, from a whole building 
perspective, the payback is actually a 
much more attractive 3-1 /2 years. 
Obviously, it is much more of a problem 
when the majority of energy savings fall 
to the tenant. In the Maryland case, the 
second design team proposed strategies 
that cost $75,000 and gave annual 
energy savings of $9,500, the majority of 
which went to the tenants. In this case, if 
owner savings alone were required to 
pay for all improvements, the payback on 
this investment is an unacceptable 
eighteen years. 

WHO GETS COST SAVINGS IN A MARYLAND LOWRISE?: 
PAYBACKS ARE VERY DEPENDENT ON WHO BENEFITS FROM SAVINGS 

REHABILITATION STRATEGY WHOLE BUILDING VIEW OWNER'S VIEW 

Tum Cost ANNUAL PAYBACK ANNUAL PAYBACK 
SAVINGS SAVINGS 

A $31 ;000 $ 8;600 3-1/2 yrs . $6;200 5 yrs. 

B $74;000 $ 9;500 8 yrs. $4,100 18 yrs. I 



.. 

. . . Increase Building Value and Reduce Equity Requirements 
Simple payback is used as the basic 
economic indicator in this study. It is an 
easy to understand comparison of first 
cost and annual savings. However, it 
does not account for savings which 
continue long after the original 
investment has been paid back. 
Following are three examples of how 
more sophisticated financial analysis can 
be used by different investors. 

loan value of the building is increased 
$2, 1 00 per unit. 

New Owner Includes Energy 
lmorovements in Financing 

GOAL: Minimize lniti.:.l Equity 
Existing Improved 
B•Jilding Building 

Initial Cost $30,000/unit $31,080 
Rent (average) $ 500/mo. $ 500/mo 
Owner Paid Utilitit>s $ 60/mo. $ 30/mo 
P & I on 7090 Initial Cost 

Current Owner Refinances & Makes (@ 1090 for 30 yrs.) $ 184/mo. $ 191/mo 
Net Cash Flow $ 256/mo. $ 279/mo 

Energy Improvements Capitalize(@ 1090) $30,720 $33,480 
. . . . loan Value (7090) $21,504 $23,436 

Current Owner Borrows To Make Energy 
Improvements 

GOAL : Increase Long Term Return 

Building Existing Improved 
Rent/mo. $400 $400 
Owner Paid Utilities $50 $30 
P&l ($1,080@11 %-3yr:) $37 
Net Cash Flow : 

years 1 - 3 $350/rno. $333/mo. 
years 4 -1 S $350/mo. $370/mo. 

Lost/ Added lncomto per unit 
years 1 - 3 
years 4-15 

Net Future Added Income 

-$715 
$4,600 
$3,885 

GOAL: Take Maxtmum Equtty Out Of Butldmg Required Equity $ 8,496 $ 7,644 
Equity on Improvements $ 324 . 

Improved Net Equity Required $ (528) In thiS example, the current owner of a Building Existing 
Rent $400/mo. $400/mo. building wishes to maximize long term 

Owner Paid Utilitit>s $ SO/mo. 

Annua 1 Savings Per Unit 

Capitalized Savings (at 990) 

Increased Loan Valuto (at 8090) 

$ 30/mo. 

$240/yr. 

$2,640/unit 

+$2, 1 00/unit 

This owner wishes to refinance a building 
in order to withdraw equity for other 
purposes and uses energy savings to 
increase the loan value of the building. A 
savings of $20 per month is capitalized 
(at nine percent) to a value of $2,640. 
Assuming a loan of eighty percent, the 

In this case a new owner uses an 
increase in cash flow to reduce the 
amount of equity required to purchase a 
building. Assuming that owner-paid 
utilities be reduced by half ($30 per 
month), the owner is willing to add 
$1,080 per unit to the original cost of the 
building. Not cash f!ow is increased and 
therefore the loan value can be 
increased. Even after the owner pays the 
portion of the initial cost of the energy 
improvement which is not financed, the 
net equity for the project is still reduced 
over $500 per unit. 

return on investment and chooses to 
borrow the funds necessary to make 
energy improvements to the building. It is 
estimated that energy costs can be 
reduced 40% from $50 per unit per 
month to $30. The owner is willing to 
accept a three-year payback on the initial 
cost of $1 ,080. This is borrowed at 11% 
for three years. 

For the first three years, the owner's cash 
flow is $17 lower; cash flow for the next 
twelve years is $20 higher. Assuming 
that excess cash flow can be invested at 
an eight percent interest rate, the net 
increase is $3,885. 
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Energy Cost-Cutting Yields Economic Opportunities ... 
In reviewing market analyses as 
background for this study, two trends 
were noted again and again (1) that the 
demographics of the apartment 
population are changing significantly, 
and (2) that cost reductions are 
necessary if housing is going to be 
affordable in the future. Although not 
strictly energy issues, these trends were 
considered by the design teams while 
looking for energy cost reduction 
alternatives. 

The number of elderly in the U.S. is 
increasing; single parents are also 
increasing; and many likely first time 
home buyers are delaying purchases. All 
three groups commonly share housing 
with others. In response to this need, 
new "split" units are being developed that 
separate bedroom and bath areas while 
sharing living and kitchen facilities, as 
illustrated in the drawing below. Shared 

T'w'O BEDROOM - SPLIT 

Bt>droom I living 
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appliance use and greater individual 
room HVAC control are just two of the 
energy issues raised by this new housing 
alternative. 

Another common assumption about the 
future is that apartment sizes will have to 
decrease to make housing and utility 
costs more affordable. However, an 
analysis by the study team indicated that 
only about one-third of the average cost 
per unit are variable depending on 
square footage. Will future renters be 
willing to "trade" simpler kitchens and 
bathrooms for larger units? 

The requirement that all bedrooms have 
outside windows increases the costly 
exterior skin of a building. One design 
team questioned whether or not tenants 

~J .. ;~ 

INSTALL PATIO DOORS ON SOUTH 
BALCONIES TO CREATE SUNSPACES 

might give up the amenity of windows in 
one bedroom for more space elsewhere 
in the unit. 

The question of amenity came up in 
another context as well. In several case 
studies, design teams found that 
enclosing existing balconies with 
improved exterior walls could 
significantly reduce energy use. 
Although inspired by energy 
conservation motives, added rents from 
the additional space not only pay for the 
improvement in the short run but continue 
to add value by increasing cash flow in 
the long run. 



•. 

. .. But There Are Economic Tradeoffs 
Energy conservation also raises 
questions about a number of important 
economic tradeoffs. Three examples are 
given here. 

The amount of corridor ventilation 
currently required by most building codes 
is considered by many to be excessive. 
In addition, many existing corridor 
ventilation systems are actually operating 
far in excess of code requirements. The 
excess ventilation creates unnecessary 
energy costs for both owners and 
tenants. The design teams felt the rate of 
ventilation could be decreased 
significantly in most of the buildings 
studied without decreasing indoor air 

Lighting is another area of tradeoff. The 
availability of new screw-in fluorescent 
lights means that owners and tenants can 
replace existing incandescent lamps with 

First Operating Total 
LAMP Cost 

Cost 9,000 hrs Cost 
9 ,000 hrs !@..7¢/KWh 9,000 hr~ 

lncandescEmt 

t@ $6.75 $37.80 $44.80 
( 9 bulbs) 

Screw-in Fluor 

(0 $7-15 .00 $9.45 $16.45 

(1 bulb) 24.45 

quality· fluorescent alternatives without having to 
change fixtures. Ar; shown on the table, 
long term cost savings can be significant 
but not all tenants are happy about the 

8~- quality of light from fluorescent lamps. 

~~ !$ 
M~ ~~ 
HAl.VtiG FAN PUllEY SIZE I>K> CUTTING OPERATION HOURS IN HALF 
RESUlTS IN A 75~ REDUCTION II~ HEATitll COSTS DUE TO VENTLATION 

Another tradeoff is in the area of common 
area temperatures. Owner energy bills 
can be significantly reduced by extending 
the temperature setpoints of corridor 
HVAC systems -- especially during 
unoccupied hours. The issue is whether 
warmer corridors in summer and cooler 
ones in winter will be acceptable to 
tenants. 

THERMOSTAT SETTINGS IN 
PUBLIC CORRIDORS 

1 

:: ~,l!,ioo,~,,ll!llliilliiililiiiillil'li!l ... i,,IM 
80. . - . 

Noon 12am 

°F 70. 

60. 

50. 

40• 
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Energy Economics in Subsidized Housing is Complex for All Concerned 
The federal government has been a 
major factor affecting the multifamily 
housing industry since World War II. 
Through a sequence of support programs 
(608, 221d3, 236, Section 8), the 
government has extended its influence to 
over 3-1/2 million units of housing. 

As shown in this example from a public 
housing project, energy costs can be 

Energy and Rent Anel ysi s 
(Typical Ont>-Bedroom Unit) 

Tenant's Monthly 
Energy Cost/Unit.............. $ -a-
Owner's Monthly 
Energy Cost/Unit ............ ($ 89) 
Monthly Operation 
&Maintenance Cost.. ........ ($1 09) 
Total Monthly 
Cost/Unit! ........................ _J$198) 
Typical Monthly Rent 
(max : 3090 of income)... $ 1 2 5 
Net Operating Profit 
(Loss)/Unit/Month ! ........ ($ 73) 

*Assumes No Mortgage 
Payment Cost 

nearly as great in an older building as 
other monthly operating and 
maintenance costs. In the case shown, 
these costs together are greater than the 
rent charged to tenants under this public 
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housing program. Any savings achieved 
through energy conservation would 
directly reduce operating losses in this 
building. 

As illustrated in the diagram below, the 
relationship between utility costs and 
HUD subsidies is more complex in the 
Section 8 program. Basically, rent may 
not exceed 30% of a tenant's adjusted 
income. 

HUD pays the balance as a subsidy to 
the building owner. Tenants are typically 

required to pay their own utility bills but 
they receive a credit or "utility allowance" 
against these costs. 

If energy conservation is to be taken 
seriously in Section 8 housing, ways 
must be found to give all the participants 
in this transaction an incentive to 
participate. Ten ants need to receive a 
share of monthly energy cost savings to 
be encouraged to save. Owners must 
receive a share also in order to pay the 
capital cost of improvements. For 
example, market rents might be 

UTILITY COSTS & SUBSIDIES IN SECTION 8 HOUSING 

An Example Using Average Figures For The Florida Region 

TENANT 

Gross Income = $750/mo. 
Adj. Income = $550/mo. 
30% of Adj . Inc. = $165/mo. 

HUD 
SUBSIDY 

Utility 
Company 
$37/mo. 

0\v'NER 

Typical Market Rent 
For 1-Br. Unit 
is $335/mo. 



increased modestly to reflect the value of 
a higher quality energy efficient 
apartment unit, and HUD should receive 
a share of cost reductions so that 
subsidies might be reduced -- giving 
them an incentive to participate. 

Given the age of much of the existing 
subsidized housing stock, it is likely that 
significant energy savings are possible in 
most buildings. The issue is not whether 
improvements will save money but how 
the improvements can be financed. 

The final illustration shows a scenario for 
funding energy conservation 
improvements without federal grants. In 
this example, the cash flow generated 
from annual energy savings is used to 
pay off state-backed housing 
improvement bonds. As shown, savings 
of $40 per month on a unit utility bill can 
support an investment of $2,900 per unit 
after accounting for all financing and 
overhead costs. For this scenario to be 
possible, however, local housing 
authorities must be able to pledge the 
underlying value of their housing assets. 
This is not typically possible under 
current federal regulations. 

A SCENARIO FOR FINANCING 
CONSERVATION IMPROVEI"IENTS 
WITHOUT FEDERAL GRANTS --
Use Utility Savin9s to Payback 

State-Backed Bonds 
Monthly Savin9s $40/Unit 
(as sumo? 45%) x 12Mo!; 
Annual Savings $ 480/Unit 
Equivalent Loan Valuo? 
(Max. loan valuo? at 
1 0% with ar.nua 1 
payment of $480) $4,800/Unit 
Less "Soft" Finance 
Costs - $ 1,200/Ur.it 
Less Housing 
Authority Overhead-$ 700/Unit 
(15% est .) 

NET CASH to Finance Enet·gy 
Improvements $2,900/Unit 

In Summary .... 

Energy conservation merits the attention 
of even the busiest builder or developer. 
This study illustrates how energy 
operating costs can typically be reduced 
by 20-40% in most buildings -- even 
more in older or poorly operating 
buildings. The cash flow generated from 
these savings can then be used to meet 
the owner's own financial goals -- to 
increase value, to improve long term 
return on equity, or to decrease the equity 
required for a new purchase. 

As is shown in this study, energy 
improvements help justify other amenity 
improvements in a building to the benefit 
of tenants and owners alike. There are 
tradeoffs, however, and each owner must 
judge what is advantageous for his or her 
own market segment. The purpose of 
this study is to illustrate the cost and 
benefit of many different strategies in real 
and proposed buildings so owners can 
see for themselves why energy merits 
their attention. 
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To make the most cost-effective 
investments in energy conservation, one 
must commit to a formal problem-solving 
process. Understanding the steps 
involved and maintaining a constant 
focus on the original goal are essential 
elements of this process. Each step must 
be consistently and thoroughly carried 
out. 

STEP 1: THE DECISION-MAKING TEAM 
discusses the rationale for accepting a 
team approach, outlines the key disci
plines required and offers criteria for the 
selection and organization of the team. 

STEP 2: THE RESEARCH PHASE 
lists the key elements and limits of the 
research effort and establishes the 
primary roles and responsibilities of each 
team member. 

STEP 3: THE ANALYSIS PHASE 
presents the goals and objectives of the 
analysis effort, discusses analysis 
methodology and stresses the 
importance of defining the energy 
problem. 

Chapter III: The Decision-Making Process 

Step#5: The Follow-up Phase 

Step*4: The Synthesis Phase 

Step#3: The Analysis Phase 

Step* 1: The Decision-Making 
Team 

Acct>pt 
Team II I St>lt>ct 

Approach II T earn 

STEP 4: THE SYNTHESIS PHASE 
addresses the development and 
evaluation of energy conservation 
strategy sets. 

·:~Y&<~~f..-.. 

Conduct 
lntt>rvit>ws 

·~:i~:~~::~&'.;~~:~;:-: 

STEP 5: THE FOLLOW-UP PHASE 
describes the key points of 
implementation of these strategy-sets 
and the significance of their proper 
operation, monitoring, and maintenance. 
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The Decision-Making Team ... 
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Step# 1: The Decision-Making 
Team 

Accept 
Team 

Approach -.... ~ 
Select 
Team 

,~. 

Conduct 
lntervie\r(s 

The first and most essential ingredient in 
the decision-making process is the 

''"''' owner's recognition of the need for a 
jiHIH team approach. It may sound expensive, 
m~m but it costs a lot less in the long run to get 
tall necessary data and points-of-view up

front. It is very costly to redo work or, 
worse, have your effort fail because input 

l .. :lil was missed until too late in the process. 
~~~~m Once this need has been recognized and 
!!!!!!! accepte?, the problem-solving process 

~~~~m can beg1n. 

'1H1[1~i[[~111111111[111111[111l1l~[~[~[~~[~[[~~[mm[[[[[[[~[[~[~~[~mmmmmlllllllll The next issue is the composition of the 
team. There are seven key disciplines, 
points-of-view, that must be represented 
to adequately address the concerns that 
will arise throughout the process. 

The first and most important decision to 
be made regarding the team's 
composition is to determine Owner 
representation. This position is critical 
because the owner or his/her 
representative must assist in establishing 
the goals for the team. The Owner plays 
the major role in acquiring necessary 
historical information regarding the 
project, and is the only source for 
establishing investment assumptions. 

The second position to be filled is that of 

the Project Manager and information 
coordinator. This position is typically 
held by an architect. The Architect is 
traditionally responsible for the 
supervision of team members and for the 
coordination of the information which 
arises from the application of their 
specialized skills. 

The third position to be filled is that of the 
Energy Analyst. The unique skills of the 
energy analyst are absolutely required to 
determine how the existing facilities use 
energy, and how recommended changes 
will affect energy use. These skills must 
include experience with computerized 
energy analysis programs. 

Positions four and five are engineering 
positions. Both a Mechanical Engineer 
and an Electrical Engineer are essential, 
as both bring special knowledge of local 
practices regarding mechanical and 
electrical systems, codes, ordinances, 
and climate. 

The sixth team member is a Cost 
Estimator and the seventh is a budget or 
Financial Analyst. These two positions 
are complementary and essential, as the 
final decisions in this process will be 
primarily based on economic issues. 



All seven of these positions must be 
filled; however it is not necessary that 
each position be held by a separate 
individual. Make sure someone wearing 
more than one hat consciously brings 
each separate perspective to the table. 

Operation of the team is organized 
around formal and not so formal 
meetings, so the members must be good 
at working in groups and in "real-time". 
Because of the nature of multifamily 
housing development and operation, you 
probably cannot afford or tolerate a 
leisurely, "I'll get back to you on that next 
week", approach. 

T earn meetings should always include as 
many members as can be practically 
assembled. A team that meets frequently 
benefits enormously from the immediate 
exposure of ideas, the efficient exchange 
of information, the pressure, and the 
intensity of the group dynamic. 

Every team meeting should have a 
specific written agenda and the 
proceedings of every meeting must be 
documented, both to inform those not 
present and to serve as a record of 
decision-making for future reference. 

... Seven l(ey Points of View 
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The Research Phase ... 

(step •2: The Rese6rch Ph6se "' 
At the first team meeting the Owner 
should make certain that all the team 
members understand the Owner's Goal: 
to identify cost-effective energy-

28 

Pr~s~nt 
D~fin~ 

Ov~rall 
Goals 

• ... · . . ·•· ... ·~. 

Gath~r Establish 
Sch~dul~s 

~ D~fin~ Rol~s & 
~ Rtsponsibilitiu 

~ D~fin~ 

Data N~~ds 
I 

' ''i~! conservation strategy-sets. 

t The Project Manager should then 
assume the leadership role for the team 

· :im and begin the research effort by 

~ R~vi~w ! !l!~i presenting an overview of the entire 
Pr~s~nt ~ & Edit ~ 

························ :·t• -~ :·t·,,,,,;!l 
mH process to be undertaken by the team. 
!m1 A clear presentation of the key steps of 
~~m the process before actual work begins 

'lH!!!!!!mmmmil!il!mmil!!mmmmm~mmmmmmmmm~m!!!mlll!1 :::: ~::d c~n~~x~~~~~~:ny tasks that 

Once the decision-making process has 
been discussed, understood and 
accepted by all the team members, the 
Project Manager should focus the team's 
attention on the tasks to be performed 
during the research phase. Each team 
member will have specific tasks relative 
to his/her individual expertise. 

The Owner will need to facilitate the 
research effort by identifying known 
sources for the data and documents 
needed. Additionally, the Owner will 
need to advise the property manager and 
staff of the research effort and clear the 
way for each team member to get access 

to the specific information each will be 
seeking. 

If the project is an existing building, the 
original architectural drawings and 
specifications should be obtained and 
verified by the Architect for accuracy. In 
many cases changes made during 
construction are not indicated in the 
drawings and specifications available. 

It is not necessary that the drawings and 
specifications be completely modified to 
reflect exact "as-built" conditions. 
However, the Architect or building 
designer should conduct a site visit to 
compare and note discrepancies 
between the existing building 
construction and the construction 
documents. 

There are many energy analysis 
programs and each has a specific 
requirements and formats for input data, 
output reports, and computational 
capabilities. The Energy Analyst must 
discuss options with the other team 
members, determine the most important 
features for the project, and then select 
the appropriate energy analysis tool. 

Weather data or climatic data for use by 
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the Energy Analyst is available from 
several sources. The National Oceanic 
and Atmospheric Administration (NOAA) 
is an excellent source for compiled 
weather tapes, as are local airport 
weather bureaus. 

The Mechanical Engineer and the 
Electrical Engineer should check both 
available construction documents and 
actual conditions in the field. The age 
and condition of both mechanical and 
electrical systems should be carefully 
assessed. 

The Engineers are also responsible for 
acquiring equipment maintenance logs, 
talking to maintenance personnel (often a 
source of great insight),obtaining utility 
rate information, and gathering together 
system manuals and warranties. The 
mechanical and electrical engineers 
should also identify pertinent codes and 
ordinances. 

The Cost-Estimator provides the team 
with current industry-based construction 
cost data. Most professional cost 
estimators maintain their own cost data 
bases for this purpose. 

Finally, the Financial Analyst should 

. 

.. . Gathering Needed Information 

gather the project's utility bills, assemble 
current rent rolls, and identify and collect 
any expense data that may be relevant to 
the economic analysis. The Rnancial 
Analyst should also meet with the Owner 
to determine and agree on the Owner's 
financial criteria and the assumptions that 
will be used in the economic analysis. 

The Project Manager should establish 
realistic schedules for gathering and 
assembling the data. As the quality of all 
future work will depend on the data 
gathered during the initial research 
phase, the importance of accuracy and 
thoroughness should be stressed. 
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The Analysis Phase ... 

Step•3: The Analysis Phase 

Coll('ct Rank J D('nlop 
Input lmportanc(' Probl('m 
Data of Costs ~ Stat('m('nt 

' In this phase, the team should develop 
an accurate and thorough understanding 
of how the facility being studied uses 
energy, and how energy costs are 
allocated between the owner and the 

~~- - .... --
~tenants. This is true for both existing 

buildings (for operations, retrofit, or 
rehab) and future buildings (for new 

\ 
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Mod('l ~ 
En('rgy t Costs 

.. .. 

Ca llibr at(' 
to Existing 

Bills 

Pres('nt 
R('sults 

'::l1ll design) being studied to reduce energy 
·Hm costs. The analysis phase will establish 
m~! a bench mark against which all energy 
IIIII cost-cutting concepts will be measured. 

''i!iiiiiii:!!i!i!i!!l!!ii:!!mm!!!!!!!!!!i!!i!ii!ii!i!!i!!!!i!!!!!!!i!!i!ii!iiii!i!iiiilii!i ~~=i,~~u~:~·t~ei~~n~~ ~~~:~~n~ or 

) :l 

·································-- ... 

inaccurate data, to openly discuss the 
research findings, and to establish an 
agreed-upon set of data. Graphic 
presentations are very helpful for 
understanding arrays of numerical data 
that should be studied in this phase. 

In their raw and segregated condition the 
data tell us some things, but leave many 
of the connections and interrelationships 
between energy end uses and costs 
difficult to understand. Many opinions will 
surface immediately. To avoid the 
potential degeneration of the discussion 
into an argument over whose interpreta
tion of the data is correct, the data should 
be systematically analyzed. 

Computers and energy analysis 
programs are extremely useful and time
saving tools, but their effectiveness 
depends on the accuracy of the data 
input and the ability of the software to 
accurately project "real world" conditions. 
The team as a whole must rely on its 
experience and professional judgement 
to determine the value, relevance and 
acceptability of computer analyses. 

From the output of the analysis, the team 
develops an Energy Problem Statement. 
This document should answer the 
following questions, both quantitatively 
and graphically: 

1. Where is the energy being used and 
for what? 

2. Who is using it and who is paying for it, 
the owner and/or the tenant? 

3. When is it being consumed? 

4. How much does it cost? 

This statement should include and 
discuss a ranking, from highest to lowest, 
of all energy costs for the building (e.g. 
heating, cooling, hot water, equipment, 
appliances, elevators, lighting, laundry, etc. 
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Once the Energy Problem Statement is 
available, individual members and the 
team as a whole can begin developing 
cost-effective energy strategies and sets 
of strategies to cut energy costs. If the 
analysis has been carefully and 
thoroughly carried out, the problem will 
have been clearly defined and the 
opportunities to cut energy use and cost 
will become apparent. 

An Energy Problem Statement was 
prepared for each of the twelve buildings 
investigated in our research. These 
Statements are summarized on the 
"Energy Analysis" and "Economics" 
pages of each case study in Chapter IV. 
The case studies can serve as prototypes 
for developing your own "Energy Cost 
Problem Statement." 

. .. Understanding the Data 

Organizing data for analysis-- Graphics Help 

SYSTEM SPECS l 
HVAC Lowrise Utility costs 
.l!n.fu.. . 
System: Two-pl Total: 
Temp.Set: 70F $77/Unit/Month 

78F 
Common Spaces 
Laundry&Works 
Halls & Lobby -

H.?ating/Cool 
Temp. Set: E 

7 
Penthouse - Sing 

through unit 
Temp. Set: 

Gar agt> - Gas-fir 
nominal effi 
Temp. St>t: 

GlAZING 12 I 

Tenant: 
$51/Unit/Month 

~hi 

INFILTR HEATING LOADS (LOSSES) ~~ 
INT W I\LLS 3 I . . ·[11~10 

ROOF i 
! 

GLAZING I - -
! { 

INFILTRATION 17 OND 

INTERNAL 10 

MBtu/Unit 0 0 20 
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The Synthesis Phase . . . 

Step 6 4 : The Synthesis Phase 
Having now spent time gathering data 
and studying the analysis results, team 
members will be able to bring to the table 
their best recommendations. This is the 

'''"" time to fit together all the pieces, to 
t'elease the pent-up stream of ideas and 

1 *A up. r1 1 cunha:m.«oB 1 *"""""-£#. J 'J 1 opinions. Let them flow! 

,,,:::: An unstructured and open team meeting 
~mm in which the individual recommendations 

I ~~Z£;Mmo:;;:,J} I liii:~:~a. til u I M:m:s::;;.,~ ,mml of the members are freely discussed and 
!iiim debated will allow the release of an 
Ji!!!!! asto~nding barrage .of strategy options, 

~-~,.lH~~~~~~m~~~l~~lll~i.lll~lW~jjj~jjjj""jjj"".ijj~--~~jj .... ~jj ... jm .... W-H~j-~~~ .... ,~j~~-~jjj-jjj-jjj~-lil~i.l~~mllllllll!l ~~e:r;;~~~een!0o~:~a~~~t~a~0~~hs~er list of 
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strategies to be considered. 

After the initial ideas are "put on the 
table", the master list should be 
expanded through team discussion and 
careful review of the characteristics of 
each energy end-use cost category, 
looking for specific or unique cost-cutting 
opportunities. These discussions should 
focus on the development of strategies in 
response to particular aspects of heating, 
cooling, lighting, domestic hot water, 
ventilation, cooking, or other energy uses 
in the building. 

From the discussions, each team 
member will discover inter-relationships 

between others' ideas and the 
preconceived strategies which he or she 
brought to the table. A review of cost
effective energy conservation efforts that 
have worked well in other projects may 
also be useful in identifying strategies for 
consideration. When utilized as a cueing 
aid, prior results may reveal concepts that 
might otherwise be overlooked. These 
techniques should add substantially to 
the master list. 

The expanded master list should then go 
through an edit process. Editing of the 
master list by the team is itself an 
interactive process. The object, of course, 
is to utilize the full range of professional 
judgement available on the team to 
select a limited number of strategies and 
combinations of strategies sets for more 
thorough quantitative analysis and 
evaluation. The illustrations on the 
following page are examples of the 
diverse strategies that were selected by 
the decision-making teams involved in 
our research.(fhe case studies discuss 
strategies that were rejected as well.) 

One might think that all strategy sets, ie. 
the full master list, should be formally 
evaluated. However, the experience, 
knowledge, and consensus opinions of 



EXISTING RADIATOR 

,--~ .. ~ . : 

I Primary Stum Line ~ 
-1.-.. - ··---"!' ........................................ c·o;;·a;·ns·ate·· ......... . 

RADIATOR CONVERSION 

~-Install In-line Thermostat 

~~·--~ 
J_:~_!rnarll Hot "f!~ter-~ine ) 
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SYSTEM 

the team members are as important, if not 
more important, than the computations 
that will be made to determine the final 
value of particular strategies and strategy 
sets. The practicality, marketability and 
overall appropriateness of strategies in 
particular applications cannot be 
determined by simply "running the 
numbers". Experience is the best guide 
at this critical juncture. 

The edited list(s) of strategies, a 
preliminary strategy set or sets for further 
analysis, is composed only of those 
strategies that have endured the test of 
professional judgement and are 
supported by team consensus. 
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Evaluating Strategies ... 

ECONOMICS OF A NEW ENClOSED BALCONY 

• Cap tal value or enc:losOO 
IMng roonv'bolcony 
• Added rent lrom enclo6ed $30/DUIMO 

balcony (60s I. • $1 /mols I. 
base rentx ~.) 

• Value ol enclosed balcony $3,600/0U 
($:JO.s.l ,annualized & 

capotaized@10%) 
• Actual Cost of remodellng $1 ,80010U 

($301s.l. lncluding recycled 
materials) 

• Nellncrease in capital L$1,80010U] 
value 

• Value ol Reduced Enargy Costs 
• Assume -rgy savings ol 

$7/0Uiyr 

• Capotahze savings at 10% I $70/0UI 
• Value ol tax benefits 

• Oeprooatoon or $1,80010U $72/0U 
over 25 years 

· Cash value ol depredation $3610U 
on 50"4 bracket 

• Capotalae cash value et 10"1. L ~ 
• Totalcapltlhedvaluaol C lWOJ 

enclosed be loony 1 
I ··-·• ·-·· - ... - I 

.... Before: $166/unit 

120· 

··After : $109 
80· · · Owntr : $83 uvings 

.. Ttn~nt : $ (27)incrust 
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Computer simulation of the preliminary 
list of strategy set(s) begins with the 
modification of basecase input data. 
T earn discussion of the modifications to 
the basecase can be an extremely 
instructive exercise that prepares the 
team for the ultimate selection of 
strategies. The energy analyst will be 
able to identify and demonstrate to the 
team how minor changes to some 
parameters may have significant impact 
on energy end-use costs, while major 
changes in other factors achieve little or 
no benefit. 

While the energy analysis simulations 
are being run, the cost estimator is 
generating the component costs for each 
strategy set under consideration. These 
first-cost (and recurring cost) data 
become one side of the economic 
equation used to rank and select the 
ultimate strategy set to be implemented, 
so first-cost estimates require as close 
scrutiny by the team as the energy cost 
calculations. 

Results of the energy cost analysis and 
first-costs are combined to arrive at the all
important, motivating indicator --

economics. We used simple Payback; 
you may want to look at more 
sophisticated measures. For instance, a 
Payback analysis, when carried to the 
next logical step, reveals a more 
important indicator -- Yield. A Yield 
analysis assesses the implications of a 
positive cash flow occurring post
payback. 

In our work, Payback results tell the team, 
in calendar units, how long it will take to 
recover the initial investment. This puts 
final evaluation of revisions of the 
strategy set(s) in terms of one 
comparative indicator, the payback 
period. 

In summary, during the Synthesis Phase, 
the decision-making team uses 
qualitative (experience) and quantitative 
(computational) indicators to recommend 
a final set of energy cost-cutting 
strategies for the owner's consideration. 

Examples of final strategy sets from our 
work are shown at right and discussed in 
detail in Chapter IV. The preceding 
discussion only hints at the complexity in 
identifying, evaluating, and selecting the 



final stategy sets. To give you an idea, 
because of budget and time constraints, 
our results are based on simulations of 
sets, i.e. logical combinations, of 
strategies. But, even with this limitation, 
we were able to look at details within the 
analyses to get a handle on the 
effectiveness of individual strategies. 
The answers will probably be found in 
those details for you as well. 

So, there is a lot behind those numbers, 
but the effort can really pay off -- the 
process will work for you. Try itl 

... and Selecting the Final Strategy Set 

- RepeatTeamA operations 
strategies $ 296.300 
~ 
- Insula to garage roof and suspend 

ceiing wid1 R-11 bans; convert 
to dry sprinklef 29.,300 

-Install interior stOfm 
,..----::S~T:::R:-:A-::T:-;::E-;:;:G-;-;:IE:-;:;:S-.r &-;:;C::::O:;:::S~TS,_---'-, windows 283,000 

lnfill!atio[!(Exhi!ust; 

I 

Infiltration/Exhaust: - lnstaH lime clock for laundry 
-Reduce corridor vent fan speed -0- oxhaus~ occupied hours only 300 
- Install corridOf venl time dock 200 .1:fYAQ; 
I:J.llAC: -Reduce cwidor temp to 60F -{)-
-Add setback t-stat all BR 9,000 - Install HIC setback thermostat 
- REtduce rorridor tamperature -0- with water valves to units 123.400 
Ug,htina!Aw~: -Install ftow rate BTU meter in 
- Replace 17 inc. lamps wlscr<JW 260 each unit · 280,500 

-in lluOfescent; add dinwnor on 5 -Install 550 too centrifugal chiler/ 
- photocen control on exl lights 400 remove absorption unit 163,000 
- Rclamp stalr.witl screw-in ftuOf. 50 Ugbtjog!Aooljances· 
OIJW: -Use high efficiency ranges for 
- Reduce DHW temp. to 11s•F -0- replacemonts 36,900 
- ins. jacket on central DHW tank 250 -Install trash compactOf/remove 
Ir.runiog: incinerator 25,100 
- Conduct ed.prog. on setbacks ;;Q; DUW; 
TOTAL $10.160 - lnstalldedicated9011PDHW 

60-

00 OA ·-·· -·· 0- boiler 
vI IL.II I LIU.L.'-' I TOTAL COST: 

Z2.00Q 
$t.260,600 

.... Before: $166/unit 

· · ·- Before: $44/ unit 120-
33 .. After : $1 09 

· · Owner : $83 s~Yings 
10 S4Yings 

80-

$1 savings 

--Tenant : $ (27)incruse 
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The Follow-up Phase ... 
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The analytical and creative efforts of the 
previous steps in the decision-making 
process now give way to the task of 
implementing the final strategy-set. 
Bidding and Contract Negotiations, 
Implementation Contract Administration, 
Operations, Maintenance, Monitoring, 
and a continuing commitment are all 
necessary to achieve energy cost 
savings through conservation. 

The documentation of the strategy 
set to be implemented must accurately 
and adequately describe the intent, 
performance criteria, and expectations of 
the Decision-Making Team and the 
Owner/Investor/Developer. 
Documentation should consist of 
implementation contract documents, 
including memos of management 
instructions, implementation orders and 
authorizations, and working drawings 
and specifications as required. 

Those team members responsible for 
generating the implementation contract 
documents should be aware of the 
fundamental importance of maintaining 
the original design and performance 
intent when carrying out their documen
tary tasks. Thorough instructions make 
proper implementation feasible. 

With documentation complete, bids are 
sought. Bidders should be fully informed 
of the performance requirements of the 
contract documents. The potential for 
failure to achieve the targeted results can 
be minimized by a special clause in the 
Owner/Contractor agreement. This 
clause should require replacement of 
components which fail to meet 
performance specifications, regardless of 
subsequent approval of substitutions. 

After bids have been received and 
reviewed for compliance with the 
requirements of the Contract Documents, 
a contractor is selected and work begins. 
Regular and diligent on-site observation 
of the actual installation, construction, 
and/or implementation of the final 
strategy set by the appropriate decision
making team member(s) is necessary to 
assure compliance with the intent of the 
Implementation Contract Documents. 

Final testing of all systems should occur 
at the completion of the Implementation 
Phase. The final test and performance 
results should comply with the contract 
documents, and should be documented 
in appropriate operation and 
maintenance logs. 



Energy cost savings benefits begin 
accruing as soon as the implementation 
of the strategy set is complete and 
operational. Thus begins the never
ending need for proper operation and 
maintenance. 

The proper Operation and Maintenance 
of the implemented strategy-set will 
require adequate instruction and training 
for the responsible individuals. O&M 
instruction, training, and references 
should include: O&M schedules, 
manufacturers' O&M manuals, copies of 
all warranties, and all direct or indirect 
service contracts. O&M personnel will 
also require standardized reporting and 
record-keeping formats and systems for 
their routine use. 

Improper operation or maintenance of the 
strategy set will obviously be detrimental 
to the goal of minimizing energy costs. 
Continuous or periodic monitoring of the 
O&M records allows management to 
monitor both the performance of the 
responsible O&M personnel and of the 
performance of the original investment. 
Thorough documentation is the best aid 
in facilitating and maintaining an effective 
operation and maintenance program. 
The transience of the modern O&M 

. In1plementation and Beyond 

worker (or contractor) dictates an 
ongoing need for such documentation. 

This concludes the description of our 
decision-making process for architects, 
engineers and owners involved in 
consideration of energy cost-cutting for 
multifamily housing. Chapter IV, which 
follows, presents our results when we 
applied this approach to nine existing 
and three future buildings across the U.S. 

OPERATION & MAINTENANCE 
~ALE~DER\Y' 120 

[\ 

U'.'''·• 
:~: 
i/ 

! •Replace filters ~ ;& 
• - I· 

•Reset vent . - 4 
s 6 7 e t· 1 k ~:.,:: ·- ·- ·- • 1mec oc s _ ,m 
·- ·- ·- • :C.:<·~ ·- ·- · • Test compressors :=. .\ 
12 I<J l"l I X::' ·- ·- ·- . - ~~; ·- ·- ·- . :.:.::·· ·- ·- .~ .. ~ " 11~~ 1 21 22 u ;l"l 210 t~ 
==- @:::J ~ - :~ :~ :::- ==- .:fi~ 

f: 26 29 ;so 21' 28 

~:q:~!%'}:~:::&;J~;·a;:;:~J1;;)<}J.~I,:,~t::~lw::::wt:A.,.-..;:;;dw:!m· 
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This chapter contruns twelve case 
stuaes illustrating how expert design 
teams would change real buddmgs to 
reduce energy use. The buildmgs have 
been carefuUy selected to represent a 
wide spectrum of dimates. bu11ding 
configurations. and operating condrtions 
including: 

• 2 Existing Highrise Buildings (Chicago 
and Washington, D. C.); 

• 5 Existing Midrise Buildings (Boston, 
Mankato, Nbuquerque, Miami, 
and Oakland); 

• 2 Existing Lowrise Buildings (Maryland 
and Washington State); and 

• 3 Future Buildings (Boston, Phoenix, 
and Houston). 

Each case study is presented in a 
consistent format, as shown in the 
illustration at right. Following a brief 
overview of the builang. more detailed 
information is given about the burlding 
layout, specifications, energy use, and 
economcs. The opinions of I'M> 
independent design teams (called "T earn 
A" and "Team B" for convenience) are 
then presented for each of three different 
levels of building improvement: 
"operations·. "retrofit", •rehabilitation." 
The case study condudes with 
comments from a jury of experts who 
reviewed the proposed design changes. 

The next few pages describe in greater 
detail how to read a typical case study. 
This introductory material is followed by 
the twelve case studies themselves. 

Chapter IV: Case Studies 

jg(l jw-y Comments 

Reha.l>ilitation Team B ..-a. 
illfl Rehabilitation Team A 

Retrofit Team B J!!!l!!l'l 

Operations Team B ii!!!I!!(L 

Economics.J!!I(L 

Building Specifications & Operations ,;Ml 
.Mfl Building Layout 

'Piolllt~< 1-t1111lng fllr thl [111111111 

.................... , ... w-......._..... 
~ ........... ... ..... ~~ ... ....... 
,.~..-.. .. -... ...... ~ _ __. ....... ...... ~. -

..... .............. ...... ~..-..__ ....... ~. -·-.._._ ........ .. ,....._ ......... ...... ..... ......... .. ,...__... ........ . 
_ ..... ~46--

.. --
CASE STUDY FORMAT 

Boston Midrise .-a. 

----.. ..._ .......... ...__ --_.,. . .... ....,.,___.. .. -------...................... -

..... ___...~ .. ..... ............ __. 
n.-..-.. _... -..._-......._. -----...... ............ ____,_ ·--
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.-a.auil<Jing Layout 
.......................... 
..._.~ ... ... ... ~ .. .... __..._.__.. .. ., .. 
_. ............ , -----------.... ~ .... _.... 
......................... -------'--~~--. ..................... 
..-.. -........................... 

-~-
....-.~~ ... _...,.......__ .. -------_ .. ......_ --
~..._ .......... .. ......_._.._ 
~- .. _.....__ _ ........ ._.__ ........... _ ...... ................... _ . .... -- . --_., . ............_. 
__._ ... -~. --------_....... ......... ................ ~ .. ---~-... --.............. --1'\'PICAL a,.._...._ .... _. •• 

IIU ::::-~::~~ 
Klll:ll&r .......... -..... 

• P1.111n .... _.._~ 

Buildina Layout describes the physical configuration of 
the building and ~s s1te. This page often indudes a site 
plan, a typical floor plan, a ground noor plan, and one or 
more unit plans. The drawings vary from case study to 
case study and are selected to illustrate particular 
points of interest in a given building. This page also 
illustrates the rnx of units in the building and the 
location of common areas and support services. 

The purpose of this page is not only to familiarize the 
reader with the buildmg but also to begin investigating 
energy issues --like orientation. From the site plan and 
typ;cal floor plan it is posSible to deterrnne the principal 
orientations of buildmg glazing. This suggests a 
possible explanation for building healing and cooling 
loads and g1ves some preliminary indications for 
possible energy stratcg1es. 
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Buil<lna Soecificatioos and Ooeratioos 
indudes more detailed descriptions of 
the building structure, envelope, and 
mechanical systems. This page serves 
two purposes. It is both a further 
description of the building and a partial 
list of the assumptions used to prepare a 
computer model of the building. This 
computer model is used throughout the 
remaining analysis of the builcing to 
estimate energy consumption by end 
use, to do sensitivity analyses for 
evaluating possible energy conservation 
strategies, and to estimate likely energy 
savings duo to the application of 
selected conservation measures. The 
team used the most advanced version of 
the OOE-2 computer model available for 

this analysis. Complete doctJmentation 
of these analyses was compiled but is 
not reported in this book due to the 
magnitude of techrical data involved. 



BUILDING SPECS 

Building specifications are reported lor 
each bu1ld1ng in a standard format. The 
lour main categories of information given 
are: envelope, inliHration, internal loads, 
and other loads. 

The "envelope" section describes the 
materials and construction techniques 
used lor exterior walls, windows, the roof, 
and noor. An effort has been made in 
presenting this information to use 
standard building construction 
termnology. There is, however, 
additional information presented which 
relates more to tho way in which the 
building was modeled by cofTl)Uier (lor 
example the "U-value· and the "shading 
coelficienr of windows). 

The "inhllralion· section gives the 
assumptions used by the team 
concerning the uncontrolled introduction 
of outside air into the building. These 
assumptions are a combination of 
technical analysis of the wan sections of 
the building and the best judgements of 
the design teams and energy analysis 
team. 

In the case of "intornalloads" and "other 
loads", tho teams reviewed actual 
building plans and specifications to 
estimate as accurately as possible the 
energy use of lights and equipment in the 
building. In the case of the three future 
buildings in the study, the design teams 
estimated these ligures based on 
proposed plans and typical current 
practice. 

SYSTEM SPECS 

System specifications describe the 
healing, ventilation, and air condlioning 
system (HVAC) for both the apartment 
units and the commmon spaces; the 
cenlral plant (if there is one); the 
domestic hot water system for both the 
units and the laundry; and the set- points 
and seasonal changes in the control 
system. The purpose of this section is to 
give a general description of the 
mechanical systems in the building. 
Space timtalions make it impossible to 
give highly deta~ed descriptions of all 
systems. Common abbreviations used in 
this section include EER (energy 
elhciency ratio), dm (cubic feet per 
mnute), OX AC (direct expansion air 
condtioner), COP (coefficient of 
performance), T (thermostat), and Btuh 
(British thermal units per hour). 

SCHEDULES 

Tho way in which a building is used has a 
tremendous affect on energy use. The 
longer lights are left on, the more a1r 
conditioning that is used, the more baths 
taken or loads of laundry done, the more 
energy used. II was impossible lor the 
team to gel precise operating schedules 
tor each building in the study, but a 
schedule was required in order to prepare 
and run the computer model lor each 
building. The teams decided to prepare 
standard schedules for lights, 
equipment, and occupancy and use them 
in all the buildings studied. Although 
there would be modest vanations from 
actual schedules in some buildings, this 
approach would facititat&"both the 
preparation of the computer models lor 
each building and would make 
comparisons from building to building 
easier. The throe schedules agreed upon 
are shown on the graphs at right. 
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Energy Analysis describes the climate of 
the city tn whtch the butldng is located 
and the affect of this cit mate on the 
building In terms of heating and cooling 
loads. In this section, the main energy 
issues for each building are identified and 
discussed. Each energy analysis page 
includes a graph of daily ex "diurnal" 
terl'l>eratures, bar graphs of heating and 
cooling loads, and, in special cases, 
other illustrations necessary to describe 
an important or unusual aspect of the 
climate. This analysis draws heavily on 
the computer simulation for each 
building. The estimates of buildtng 
heating and cooling loads are taken 
directly from these simulations. The 
loads bar charts are drawn in thousands 
of Btus per unit (MBtu/unit) to facilitate 
comparisons between buildings. 
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Economics presents a summary of the 
key operating cost issues in the building. 
A typtcal page includes a summary of 
total energy costs for the building by end 
use, owner energy costs by end use, 
tenant energy costs by end use, an 
energy and rent analysis (where rent 
figures are available), and illustrations of 
special economic issues when 
necessary. Fcx the nne existing 
buildings, the energy analysis team made 
special efforts to match the results of 
computer simulations to actual gas and 
electric bills. This "calibration" of the 
computer models serves to increase the 
reliability of computer estimates in the 
study. The two most important summary 
mustralions in this section are discussod 
in greater detail on the next page. 



UTILITY COSTS 

It was decided from the beginning of this 
study, that the drrving force fOf energy 
conservation should be the allocation of 
energy~ in a building -- not energy 
use. Alter all, both owners and tenants 
want to reruce costs and not simply alter 
energy use. Because of the diHerential 
in cost among fuels and the complex 
interaction of building loads and 
mechanical systems, the most important 
energy cost item is olton not the highest 
energy use item. 

The bar graphs below are based on a 
"roasonable" match (-tl-10%) between a 
computer siroolabon of the building and 
actual gas and electric bills. The bars are 
average amounts per unit per year, to 

Tote I: 
$166/Unt t/Month 

Owner: 

facilitate comparison across buildings in 
the study. The division between natural 
gas (or oil) and electricity is indicated by 
diHerent shading and is taken directly 
from utility bills. The disaggregation of 
bills into various end uses is based on 
computer siroolalion and has been 
checked where possible against actual 
equipment specifications and operabng 
schedules. 

The dvision between ownor and tenant 
bills is based on actual owner records in 
most cases and on typical tenant bills as 
reported by bu~ding owners. This 
distinction is irJl)Ortant because it 
indicates the amount of capital that is 
directly available to an owner for energy 
improvements by reducing energy costs. 

$ 1 14/ Un1 t/Month 

Tenant: 
$52/ Un1 t!Month 

.. Cooking ....... $5 
s··········$11 

····Heating······· $64 
·HVAC···········$14 

electricity 0 6.2¢/kWh t>lectricity 0 9.0¢/kWh 
gas 1150.0¢/therm gas 11150.0¢/therm 

BE.t:H ANALYSIS 

The purpose of this section is to put 
energy costs in perspective relative to 
owner concerns (rent) and tenant 
concerns (shelter cost). The basis for 
this analysis is monthly rent --where 
figures are available. The owner's 
monthly energy cost is subtracted from 
the monthly rent to yield the "net• rent to 
the owner. From this amount the owner 
must take other operating costs, the cost 
of financing, and profit. Because these 
figures vary so greatly from building lo 
building, no eHort was made to 
disaggregate th1s net amount further. 

The tenant's monthly energy cost1s 
added to monthly rent to yield total 
"sheher cost.· The concept of sheller 
cost has received much more attention 
since the significant rise in tenant utility 
costs in the 1970's. It is now used by 
HUD in the computation of housing costs 
and subsld1es. The "income to qualify" 
for an apartment is computed by applying 
the rule-of-thumb that shelter cost 
cannot exceed 35% of annual income. 
Including energy costs in calculations of 
income-to-qualify is a conservative 
approach. If energy costs were not 
included, the income-to-qualify figure 
would be lower. 

Energy end Rent Anelys1s 
(TypicalTwo-Bedroom Unit) 

Net Rent to Owner ................ $661 
Owner's Monthly 
Energy Cost/Unit ............... $ 1 14 

TOTAL RENT ........................... $775 
Tenant's Monthly 

52 Energy Cost/Unit ................ $ 

SHELTER COST ........................ $827 

~ I I INCOME TO QUALIFY: $28400 t! 
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TEAM A and TEAM B pages summarize proposed 
energy cost·cutting strategies developed by two design 
teams working independently on each building. For 
existing buildings, the teams proposed changes in 
"operations·, additions of materials or equipment to the 
building (called "retrofit"), and complete "rehabilitation· 
of the builcing to reduce energy costs. In the case of 
future buildings, the teams proposed just one major 
redesign of the building to improve energy performance. 
A summary of the strategies proposed, the estimated 
cost of each, and the resulttng deaease in energy 
costs are summarized in a single column lor each team. 
This "side bar" is discussed in greater detail on the next 
page. This section is highly illustrated to provide clear 
guidance and easy review by owners, architects, 
builders, and developers ahke. 
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JURY COMMENTS summarize the reactions of a number 
ol reviewers to the strategy sets proposed by the 
design teams. Reviewers Included members ol the 
National Association ol Home Builders, representatives 
!rom the Institute of Real Estate Management, the 
Technical Advisory Panel formed for this project, and 
building owners themselves. Members of the design 
teams also reviewed each other's solutions. The 
purpose of this section is to expand upon important 
points raised by the design teams. Often, the jury 
supported new ideas or concepts proposed by the 
design teams. In other cases there were honest 
disagreements concerning the application of a strategy 
or its outcome. This section Is included, in part, to 
suggest where readers should consider additional 
analysis before applying a controversial energy 
strategy. 
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STRATEGY SETS 

Each list of proposed energy 
conservation strategies, called a 
•strategy set; is reported in a side bar as 
shown at right. The cost of each strategy 
is based on estimates prepared by a 
professional cost estimating firm. H 
strategies are used again in the following 
strategy set, they are not listed again but 
simply noted as being repeated. These 
estimates are based on the best 
infOfmation availabla to the cost 
estimating team and apply only to the 
particular builcing under study. They 
give a good indication of approximate 
costs of applying these strateges in 
similar buildings but should not be 
considered accurate estimates for all 
applications. 

UTILITY BILLS-- "BEFORE" 
The "befOfe" bar in the graph of "utility 
bills" is the total of existing utility bills in 
the bulld1ng as reported in detail on the 
·economics" page. The bar shown here 
cistinguishes between owner and tenant 
costs but does not cisaggregate end 
uses due to Jack of space. 

UTiliTY BILLS- "AFTER" (sub-head) 

The "after· column on the •utility bills" bar 
chart is a summary of the reduction in 
energy costs as a result of applying the 
strategy set. This reduced bill is based 
on careful computer simulation of the 
building including the new strategy set. 
This estimate is based on the interaction 
of all strategies combined and does not 
attempt to compute the effect of any 
single strategy in the set. 

- Wealhers~ip: 
windows $104,400 
corridor doors 13.900 
elevator doors 29,300 

lol•lc.l!~llnf~bau:~t· 
-Replace 24,000 CFM oxhaust 

fan wtlh 9000 CFM un~t 1,500 
- Cap exhaust duct and replace 

w/acliva111d charcoal fans lor 
kitchen and balh 124,000 

- Add Ve&,bule lor lobby 
doors 17,200 
~ 
- Reduce garage lemperelure 

to40F 4-
·Reduce corndor lemperalure 

to60F .0· 
Llwtioftf>llllliilll~:c:;· 
- Pholocell control lor enlty 

canopy ltghts 1,100 
- Sm<age area ~me swilches 400 
• Install elevator controller 4,500 
llliW; 
- Close leu nay 8 hrs at noght 4-
-Reduce DHW IBmp to 120 F 4-
·Require contreclor lo install high 

elflciency washers/dryers ~ 
TOTAL COST: $296.300 

.... Before: $166/unit 

120-
.. After :$141 

80· · · Owner : $ 22 s~vings 

ANNUAL SAVINGS 

Monthly savings per unit is the simple 
total of monthly owner and tenant 
savings per unit. Annual savings are 
derived by multiplying monthly savings 
by 12 and by tho number of urvts tn the 
building. 

PAYBACK 

Payback is a very Simple measure of 
financial performance. It shows how long 
it takes to "pay back" the original 
Investment wtlh savmgs generated by 
the invllstment. To compute payback, 
divide the total cost of the strategy set 
by annual savings. 

OPERATIONS 

Operations strategies propose changes 
to the way in which a buik:iing is controlled 
Of operated. These changes are typically 
less costly and involve only modest 
alteration of the materials Of mechanical 
systems in the builcing. These 
strategies can often be applied by 
existing bUilding maintenance staff . 

RETROFIT 

Retrofit strategies include mOfe major 
modifications to the building Of 1ts 
systems. Retrofit strategies can be 
major projects but are defined for this 
study as falling short of complete 
renovalion. Many retrofit strategies will 
requtr& using contractors instead of in
house maintenance staff and may cause 
some disturbance to incividual tenants or 
an entire floor of ten<~nts at one time. 

BEHABILIWION 

Rehabilitation typically occurs at a time 
when the ownership of a buil<ing 1s 
changing. It can include a complete 
change of building materials and 
systems,lim1ted only by a requirement to 
retain the ex1st1ng shell of the bu11d1ng. 
Design teams were virtually unlimited in 
the changes they could propose in this 
scenario. These strateg1es are typ!Cally 
applied only to i\n empty build1ng. 

The followmg twelve case stud1es use the 
general format descnbed above. The 
length of each case study varies 
depending on the number of illustrations 
used to cover key points. 
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This Chicago Highrise is a 450,000 
square foot building with 37 floors of 
apartments (369 units) and 2 floors of 
commercial space. Completed in 1969, 
it is estimated this building would cost 
over $27 million to build at current costs. 
Situated in Chicago, the building has a 
mtx of elderly and young professional 
tenants. 

As might be expected for a highrise 
building in a cold and windy cbmate, the 
maJor energy problem for this building is 
heating, which is paid for entirely by the 
owner. Because windows are not well 
sealed, air infiltration and conduction 
losses are key contributors to this large 
heating load. 

The owner's annual energy bill exceeds 
$500,000- 80 percent of which goes for 

natural gas and fuel oil. Utility rates to 
the owner are modest, howe•1er, with 
electricity costing just over $0.06 per 
kWh and natural gas costing about 
$0.50 per therm. The average tenant 
bill, for individually metered electricity, 
is estimated at $52 per month. 

In spite of this building's overaH high 
quality, the design teams have identified 
significant opportunities for energy 
savings with good paybacks. Savings 
in operations alone are estimated to 
range from $65,000 to $100,000 per 
year with at most a 2·1/2-year pay-back. 
One team got a payback in just 1 month. 
Retrofit strategies can save an estimat· 
t<l $180,000 to $250,000 per year with a 
3 to 5 year payback. Rehabilitation 
strategies can save up to $200,000 a 
year with as little as a 3-year payback. 

. . 

Cl1icago Highrise 
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Building Layout 

Studio 

As illustrated in the sketches below, the 
Chicago highrise typically has 10 units 
per floor: 2 studio apartments at 51 0 
square feet each, 3 one-bedrooms at 
755 square feet each, 4 two-bedrooms 
at 1,245 square feet each, and 1 three
bedroom at 1,602 square feet. The 

building has a total ol369 units. Rents 
range from $425 for studios to over 
$1,000 for a three-bedroom. 

The building is on an easVwest axis •. 
the majority of units facing either north 
or south. The amount of glass on 

'--., 
'-- ' I 

TYPICAL FLOOR 

STUDIO 

~, . 
*'f~ 

2BR 

28R 
~ 

1BR 

2BR 

1BR 

1BR 
• 

28R 

3BR 

' 

exteriOf walls is unusually high, ranging 
from 23 to 36 percent ott he floor area 
depending on the type of unit. 

The first two floors (not shown) indude a 
lobby, manager's office, telephone 
lobby, mail room, toilet and janitor 
space, and a variety ol commercial 
spaces. The owner provides heating 
and cooling fOf these spaces. The 
lobby entrance is fitted with a revolving 
door. 

The building also has three tiers ol below 
ground heated parking with a capacity 
for 228 cars. The building entry 
driveway is covered and is highly lighted 
with recessed incandescent lights. 
There is a central laundry and 
incinerator for common use, with utilities 
paid for by the owner. All units are 
provided with a frost-free refrigerator, 
electric range, and dishwasher on 
individual tenant meters. 

I 
I 
I 

,, 
',, THREEBEDROOM 

'· 

living !Bedroom Dining Living I Bedroom 

Bedroom IBedrooml Living 

TWO BEDROOM ONE BEDROOM 
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Building Specifications & Operations 
This is a luxury hlghrise apartment 
building. It is located in downtown 
Chicago just off the lake. Completed in 
1969, it houses over 500 residents 
provicing them with a wide variety of 
tenant and commercial services. The 
quality of the building can be seen in the 
rather large ullt sizes and in the large 
amount of exterior glass. Builcing 
specifications reflect that this is a pre-
1970 building. All glass is single pane 
and there is only 1" of rigid exterior 
insulation. Roof and first floor insulation 

are also minimal. 

Heat is provided through a closed loop, 
two-pipe, ch1lledlhot water system and 
is distributed to individual units through 
a combination of convectors with 
farVco~ ullts. There is no thermostatic 
regulation, the only control is through 
the use of the fan unit. The heating 
plant comprises two low-pressure steam 
boilers-- one with a high efficiency gas 
burner, the other a high efficiency 
combination gas/oil unit. They were 

BUILDING SPECS 

ENVELOPE: 
1 

• Exterior 'w' a 11 I 

8" concrete, 1 "rigid insulation with 5/8" sheetrock; 'w'all U=0.08,1 
R=12.5i medium color surface. 

• Window 
Single Pane clear glass with aluminum frames. Bottom Panel 
operable, projection type assumed U:z1.35 including frame. 

• Roof 
Tar & Gravel roofing over 1.5" cellular glass insulation on top 
of ?"concrete with air space and acoustical tile. (U-value=0.06, 
lightweight concrete R= 15.7) 

INTERNAL LOADS 
• Lights: 0.5 Watts/s.f. 
• Appliances: 0.4 'w'atts/s.f. 
• Infiltration: 1.0 Air Change/hr. 

VENTILATION/EXHAUST 

3-Br. 2-Br. 1-Br. Efficiency 

Bath 165 cfm 110 cfm 55 cfm 55 cfm 

Kitchen 125 cfm 125 cfm 11 0 cfm 95 cfm 

Total 290 cfm 235 cfm 165 cfm 150 cfm 

Time Clock control on all exhaust fans. Fan schedule is 5 pm to 8 am 
everyday. 

replaced with new units in 1984. 

Air conditioning is provided through an 
absorption air conditioning system. The 
chiller, a 650-ton gas-tired steam unit, is 
root mounted. Domestic hot water is 
provided via a steam heat exchanger 
with three-way mixing valves on the hot 
water side of the system. 

fired incinerator with a "wet scrubber". 
Pnor to the start of this energy study, 
the owner had improved the boilers by 
installing high efficiency burners, 
turbolators, and flue dampers. He had 
also Installed lime clocks to control 
kitchen and bath exhausts to 15 hours 
per day and to r&duce circulating pump 
time. All public hghtlng in the building 
had been converted to fluorescent 

Ventilation is provided primarily by tile 
kitchen and bath exhausts and air 
handlers. The building also has a gas 

SYSTEM SPECS 

HVAC 
Two pipe fan coil system 
with supplemental 
radiators 

TEMPER A TURE SET POINTS 
Heating: 70°F 
Cooling: 78°F 

CENTRAL PLANT 
2-low pressure steam 
boilers 1 gas only; 1 gas/oil 
comb. with 8090 efficiency 
1-650 ton absorption chiller 
roof mounted cooling 
COP=0.68 

DOMESTIC HOT WATER 
2500 BTUH usagl' rate 
during occupied hours 
w I efficiency assumed 
@47% 
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Energy Analysis 
Due to the severely cold climate (see 
average daily temperature graph), 
heating is the largest energy problem •n 
this building--accounting fOf nearly 60 
percent of the owner's annual energy 
bill. Heat losses of 11 to 14 Btu's per 
square loot per degree day and cooling 
loads of 368 to 260 square feet per ton 
are typical. Over 2,000 hours per year 
are below 30" F. 

The Chicago climate has cold 
winters, hot summers, and 

short swing seasons 

OF 
100·· 

DAILY TEMPER A TURES 
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40········ ·· · 
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As can be seen on the bar graphs of 
heating and cooling loads, glass is the 
c;1ngle largest contributor to both heating 
and cooltng loads. High conductive 
losses through single pane metal frame 
windows (U .. 1.35), and poorly insulated 
walls are aggravated by uninsulated 
concrete spandrels. High infiltration 
losses (induced by bath and kitchen 
exhausts) are the second highest cause 
of heating loads. Internal heat gains 
(from occupants' lights and cooking) are 
the second highest contributOf to 
cooling loads. 

The existing HVAC system also has 
some energy problems. The two-pipe 
system can deliver either heating or 
cooling on a seasonal basis; it cannot 
do both simultaneously. On cool clear 
days in the spring or fall, sunlight 
passrng through the large glass areas 
will create cooling needs on the sunny 
side of the building while heating will still 
be required on the shady .side. To 
maintain comfort, the own~r must supply 
enough heat to keep shady side tenants 
warm. As all Ulits lack thermostats, 
tenants on the sunny side of the building 
will simply open windows to stay 
comfortable - with a net loss of costly 
heat. S1nce all utilities are paid for by 
the owner, the tenant has little incentive 
(and no alternative) to avoid this costly 
solution. 

At current commercial electric rates 
($0.062 per kWh) and natural gas rates 
($0.50 per therm) it costs the owner 
about the same to cool with either fuel 
after system efficiencies are consider
ed. Should the cost of natural gas rise 

relative to electricity, 11 would be reason
able to consider changing to high 
efficiency electric chillers. 

Other areas of particularly intense 
energy usage indude the laundry, which 
is dominated by hot water and exhaust 
air requirements, and the incinerator, 
which operates 12 hours a day. The 
corridors use almost the same amount 
of heating energy that the apartments 

use. Garage lighting energy is low, at 
about one third of a watt per square foot, 
however, garage heating is significant. 

Sensitivity studies indcate that double 
glazing would save 20 percent of total 
energy consumption. lnfihration control 
would save about 14 percent. CooRng 
strategies are far less profitable. 
Replacing the absorption chiller could 
save about 4 percent 

The large areas of single pane glazing are the principal 
cause of heating and cooling loads 

ANNUAL HEATING LOADS (LOSSES)per UNIT 
; i i 

WALLS I I -7 r:IE ! 
ROOF I I -1 I 

i t : 

INFILTRATION i -32 t':-s._•,. :::~1;;:;:t.'''''~·'·''''·'~'*' ··.<.~>«!:- '-''~~·~P ! 
I I ! 

GL AZ lNG -38 18"<:.<:.~l~:' n:-' "'*~,--'""!''><:·>'·'»'"'~~' ·' <>·>A<>.:@'"'(. *~i· 1 

INTERNAL I I I 
MBtu/Unit -40 -20 0 20 

---------

ANNUAL COOLING LOADS (GAINS) per UN IT 
WALLS l 0 

! 

ROOF I 0 

INF IL TR A TION 1 -2~-6 (latent lo.ad = 6) 

GLAZING I 13 I 
INTERNAL , 1 0 (late.nt load = 1 ) 

'--M~t~{~n_i_t_ -20 0 20 40 
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As we have said previously, this is a 
high quality buildmg. It would cost 
roughly $27 million to replace at today's 
prices or about $50 p91' gross square 
foot. That price excludes addod 
insulation and invoved windows that 
would certainly be used in a current 
design. 

The quality of the building is also evident 
in the rents which the owner can 
command. An average two-bedroom 
unit renting for about $775 per month is 
$1 00 per month higher than the median 
for Chicago, according to I REM. As part 
of these higher rents, the owner 
provides all heating and cooling to the 
units. Tenants pay only for electricity 

Total: 
$ 166/Uni t/Month 

for fights and appliances, which are 
individually metered. Uhhty rates in 
Chicago are abou1 average for the 
nation. It is interesting to note, 
however, that at commercial rates for 
electricity of $0.062 per kWh, the owner 
is a liUie below average, while the 
tenants at residential rates of $0.09 per 
kWh are slightly above average. Note 
that there is a cost penalty when electric 
use is shifted from the own9f' to tenants. 

With an annual utility bill of $537,000, or 
a $114 per month average, the owner 
pays twice per unit what tenants do. As 
shown in the bar chart, natural gas for 
space heating and cooling accounts for 
over 70 percent of the owner's bill. Of 

Owner: 
$114/Unit/Month 

19 

"'ffim{'""' ... HVAC .... ·-·$19 ...... 
:::::: ···Misc ............. $22 

... cooking ........ $3 
·--DH'w' ......... --$6 

.. -Cooling .. --. $18 

--·+lu t ing ........ $64 

Tenant: 
$52/Unit/Month 

~ .. Cooking ....... $5 
.. Lights .......... $11 

··HVAC .. ·········$14 

electricity (ill 6.2¢ /k'w'h electricity [J 9 .0¢/k'w'h 
gas 1150.0¢/therm gas lll50.0•f; /therm 

~ 

Economics .d!Hii!iillllilb. 

the remaining, the largest single 
component is lighting .. a distant thtrd 
behind heating and cooling. 

On the tenanrs side, appliances 
(refrigerators, electric ranges, dish· 
washers, etc.) are the highest cost 
energy item, followed dosely by 
auxiliary uses (the fans used to blow 
heating and cooling out of unit heaters), 
andhghbng. 

Although the owner's annual utility bill is 
above the median for the area, accord
ing to I REM, it is not unusually h1gh. In 
this bUilding utility costs (excluding 
water, sewer, and trash removal) are 
roughly 15 percent of the rental income 

( '111('1\0U,tl. 

lor an average umt. I REM n10dlan for 
the area is abou113 percent. 

As shown at right, when all utility costs 
are induded, the "shelter cost" of a 
typtcal two-bedroom unit is $827 per 
month. Assuming that rent cannot 
excoed 35 p91'cent of gross income, a 
potential renter would need over 
$28,000 in annual income to "qualify" for 
th1s apartment. H u1111ty costs rould be 
cut 1n hall (and all savings were passed 
through to the tenant) shelter rost could 
drop to only $7 44 per month and income 
to qualify would drop to abou1 $25,000. 
Reducing quahhcahon reqUirements in 
this way may be of significant interest 
to owners in a competitive market. 

Energy end Rent Analysis 
(TypicalTwo-Bedroom Unit) 

Net Rent to Owner ................ $66 1 
Owner's Monthly 
Energy Cost/Unit ............... $ 1 14 

TOTAL RENT ........................... $775 
Tenant's Monthly 

52 Energy Cost/Unit ................ $ 

SHELTER COST... ..................... $8 2 7 

~ 
!INCOME TO QU ALJFY : $28' 40 0 I 
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CIIKI\IO,IL 
Operations Team A 

~ 
• Wcalhorslrip: 

windows 
comdor doofs 
eleva !Dr doonl 

lnlitrai!On!Exboust 
·Replace 24,000 CFM exhaust 

fan Wllh 0000 CFM unit 
·Cap exhaust duel and replace 

wlacovated charcoal fans lor 
kiiChen and belh 

·Add vesObule lor lobby 
dools 
~ 
·Reduce garage temperature 

to40F 
·Reduce corridor temperatura 

to60F 
I i<ttbno'Apglrances· 

• Photoc .. control lor entry 
C8110py loghts 

• SoraQ& area dmo swilehos 
• Install olovator controller 
D!:iW; 
·Close laundry 8 hrs at night 
• Reduco DIIW ~~~~ o 120 F 
• Requ•re contraciDr to lllSIDG hogh 

elfcoency washers/dryers 

$104,400 
13,900 
29,300 

1,500 

124,000 

17,200 

-(). 

-(). 

1,100 
400 

4,500 

-(). 

-(). 

jl; 
$296,300 

.. .. Before: $166/unit 

120· 
.. After : $141 

80· · · Owner : $ 22 UYings 
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Several factors combine to create the 
large infiltration problem in this building. 
Located near Lake Michigan, wind loads 
on the builcing are very high. Second, 
single pane glass, operable windows, 
and cracks around corridor doors create 
many opportunities for air infiltration. 
Finally, large "stack" effects, caused by 
long elevator and exhaust ventilation 
shafts, are aggravated by corridor 
ventrlalion. 

To cut infiltration losses, Team A 
recommended sealing the exterior 
envelope by general weatherstripping 
and caulking. A special recommenda
tion was made to replace neoprene 
seals on all operable windows. With 
over 4,000 windows, this was a costly 
item. 

To reduce stack effects, the team 
recommended weatherstripping elevator 
doors on all floors and adding a 
vestibule to lobby entry doors. In 
addition, one of the team's major 
recommendations was to cap all bath
room and kitchen exhaust vents and 
install activated charcoal recirculators . 

Finally, 24,000 CFM corridor exhaust 
fans were replaced with 8,000 CFM units 
to reduce ventilation losses while still 
providing the minirrum ventilation 
required by code. The team also recom
mended reducing corridor temperature 
set points to 60° F and garage set points 
to 40° F to further reduce heating costs. 
Taken together, computer modeling 
shows a 35 percent reduction in heating 
due to these strategies. 

Photocell control was recommended to 
replace manual control of entrance 
canopy ~ghts. Incandescent lights 
should be replaced with screw-in 
fluorescents. Lower wattage, longer-life 
fluorescents will not only cut the cost of 
electricity but also reduce labor costs 
for changing lights. Improved elevator 
controls, which call the nearest 
elevator, were also recommended. 
Three no-cost operation strategies were 
recommended to cut domestic hot water 
costs. Simply closing the common 
laundry for eight hours per night would 
not only help insure tenant security but 
also reduce heating costs by cutting 
supply and exhaust aJr. In addition, it 

Central fan 
operates continuously 

Before 

was proposed that hot water te1r4>era
tures be reduced to 115° F. The owners 
should also negotiate with laundry 
equipment suppliers to have higher 
efficiency equipment installed. This 
equipment could significantly reduce hot 
water costs. 

Two-thirds of the $300,000 total cost of 
this strategy set is for weatherstripping 
and capping exhaust vents·· key to 
reducing infiltration losses. However, 
owner utility bills are reduced about 
$100,000 per year, an attractive 2.6· 
year payback from the owner's point of 
view. 

Capped 
central exhaust stack 

_,,:l~i!lllli, . 
::· 

;'•:::='::='''' 

After 

Recirculating range hood lowers heating loads 



Team B focused on a set of low cost 
strategies to reduce heating costs and 
to cut fighting and domestic hot water 
costs. 

The greatest opportunity to save energy 
was found in reducing the heat losses 
through central bathroom and kitchen 
exhaust systems. By reducing the 
exhaust fan operation time from 15 
hours to 8 hours and schedu~ng the 
operating periods to occur at times of 
actual need, fan energy requirements 
ware reduced and heating energy 
requirements dminished significantly. 
In addition to the reduction of heat 
losses through the stack, infiltration of 
cold air would also be cut down due to a 
diminished need for make-up air. 
Computer simulation indicated that 
space heating could be cut up to 20 
percent by this simple operating 
modification. This strategy cost 
virtually nothing to ii"Jl)lement as time 
clocks are already installed to control 
fan op9fation. 

The exterior entrance canopy and the 
exterior soHit are currently lit with 150 
watt recessed incandescent lights. 
Team B recommended selective 
relamping to reduce total wattage to 74 
percent of the original connected 
wattage. Photocell controls on exterior 
and lobby lighting were recommended. 
The total cost for lighting strate{jes was 
estimated to be $1,100. 

Flow restrictors ware recommended to 
reduce hot water usage. Changeover 
would occor at tenant turnover to insure 
acceptance. The reduction in domestic 
hot water usage was estimated al8 
percent. To understand the significance 
of this strategy, it roost be considered in 
the context of the inefficiencies of the 
centralized boiler system. The total 
cost of installing flow restrictors was 
$4,800. 

The primary goal of a proposed 
education program is to raise the 
general awareness of the tenants to 
energy cost savings achievable through 
the appropriate positioning of blinds and 
draperies. The fact that the building is 
single glazed in a cold climate and til at 
the glazing area is roughly 70 percent of 
the surafce area of the building implies 
large potential energy cost savings by 
closing all blinds or draperies on winter 
nights and closing aa blinds to reduce 
solar gains in summ9f. 

The education program would also 
include instructions on proper 
thermostat settings ·• setting back to 
55° Fat night and when out during the 
day in winter, and setting up to 85° F 
when out during the summer. Water 
conservation would be stressed as a 
part of the education progam. No 
anergy savings ware estimated although 
pumping requirements and wator bills 
would be dminished. 

. 

Operations Team B 
Total cost for this set of operations 
strategies was estimated to be a modest 
$5,900. Potential energy cost savings 
are estimated to be significant, 
however. The owner's average monthly 
ullhty bill drops $15 per unit ($68,000 
total for the building per year) while the 
tenant's bill is reduced one dollar or so 
per month. Simple payback would be 
only one month--very attractive from the 
owner's point of view. 

klfiiJ[atioo/Exboust 
·Bath exhaust &ehedule r&Wc:ed 
o8 hours on lrom 15 hours on 
(winter only) 

I Jd!tioq'AM•aocc:s.: 
• Photocell on extanor lights and 
canopy lights 

QIM; 
Flow reslnetors 

J.rAiniog; 
EOOc:ation program 

TOTAL. COST: 

$ .0 

1,100 

4,800 

__jl;: 
$5,900 

· · · · Before: $166/unit 

··After : $150 
120· 

80· ··Owner : $15 s~vings 
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1 tJ!Ii!'ii!ii@ Retrofit Team A 
CliiCMiO,IL 

• Repoot Team A opetations 
stralegies s 296,300 
~ 
-Insulate gataoerool and suspend 
ceiling with R-11 bolts; convert 
to dty sprinkler 29.,300 

• lnslall onterior siOOn 
Windows 283,800 

laf~I!UQniEXbflll~t 
- Instill ~ma dock for laundty 
exhausl ocrupied hours only 300 

I::IYAC. 
• Reduce corridor to"'41 kl 60f .()-

-lnstl.ll 11/C setbock thermostat 
wtth walllr valves kl units 123,400 

• Ins tan flow ralll BTU meter in 
each urnt 200,500 

- Instill 550 kin cen1rilugaJ chlllor/ 
remove ab6orpllon unit 163,000 

I illb~o~llQ!i11m:e5· 
• Usa htgh elfiooncy ranges lor 

replacements 36,900 
• Install trash compaciOr/remove 
inanoreiOr 25,100 

Ql:fW; 
• Instill dodicaled 90 HP DHW 

boilor zz.ooo 
TOTAL COST: $1,260,600 

· · · · Before: $166/unit 

··After : $109 

.. Owntr : $83 HYings 

· · Ttn~nt : $(27)incrust 
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The central theme ofT earn A's retrofit 
strategy is to combine improvements in 
the HVAC system with control changes 
that will make it possible for the ownor to 
shift apartment heating and cooling 
costs to tenants. Also, strategies to 
reduce conduction losses are added to 
the operation strategies aimed at 
reducing infiltration. The effect is a 
whopping $83 per unit per month 
reduction in the owner's energy bill or 
$365,000 per year. This is possible, of 
course, only if it is acceptable for tenant 
bills to rise from about $51 to $78 per 
month on average. 

The heart of systems related strategies 
is to add a thermostatic control and 
metering at each fan coil unit (see 
diagram). By adding a control valve and 
thermostat to each fan coil, control is 
significantly increased from the 
previous "hillo" fan sel1ings. This not 
only allows lor increased unit comfort (in 
the face of significantly different solar 
loads on different sides of the building), 
but also gives tenants the opportunity 
to set back thermostats at night or when 
away. 

The team investigated two options for 
accomplishing individual metering of use 
of a central heating and cooling system. 
In the first option, a Btu now meter is 
added to supply and return piping at 
each fan coil unit to measure the amount 
of heating or cooling each is taking from 
the central system. This meter is then 
read by a third party contractor and the 
tenant is billed monthly for energy used 
as though from a utility. This approach 
takes advantage of central system 

efficiencies while more fairly allocating 
tenant energy costs. Although no credit 
was taken in our current modeling of this 
issue, it is estimated that tenant energy 
use drops 1 0 to 30 percent when 
tenants become responsible for their 
own energy bills. The high cost of this 
strategy shown in the cost summary, 
reflects the assumption that each fan 
coil unit must be retrofitted by cutting 
pipe and installing sensors at each fan 
coil unit. If installations can be made on 

an apartment basis, costs would be 
reduced to one-fourth of the current 
estimate. 

As an alternative, the team also 
investigated the potential of using a new 
"counting" thermostat, which monitors 
the temperature setting each tenant 
selects. A simple but precise oscillator 
produces a different rumber of "counts" 
or blips per minute for each temperature 
setting •• the higher the setting the 

A third party can transfer apartment energy costs from the 
owner to the tenant -- several devices are available for third 

party billing 

Computer 
for Billing'--~ 

THERMOSTAT 

c ~ ... .:! 
55 65 75 85 

Data 
Tnmsm1tter 

Dete Logger 
(~f* FLOW= BTU) 
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greater the number of blips per minute. 
Al l he end of each month, tenant bills 
are computed using a formula which 
allocates total system costs to a tenant 
based on each tenant's proportion of 
total energy use. 

The cooling system is modified by 
installation of a 550 ton (electric) 
centrifugal chiller in place of the current 
absorption ch~ler. lnstaiUng a high EER 
model would cost about $163,000 but 
the increase in efficiency is estimated to 
save the owner about $65,000 per year-· 
or a 2.5-year simple payback. Without 

the absorption chiller, both main boilers 
can be shut down over the summer, as 
long as a dediCated domestic hot water 
boiler is installed. This is not a bad idea 
in any case, as it increases DHW 
system efficiency from about 47 percent 
to over 70 percent. Additional savings 
would be possible if waste heat from the 
chiller were used to preheat incoming 
DHWwater. 

Once infiltration losses have been 
reduced by the operation strategies, 
cond.lction losses become relatively 
more sigrvhcant. Two strategies are 

Computer 
for Billi ng 

- llr-----_j 
Data 

Transmitter 

·- · -------------------·------· • Counting Thermostat I t ~~I ,______.....____-----, 
Osci ll at or 

·------ -··---- ---------------- .. 

~Supply i~-~~~~ 
Fan Coil Unit(s) 

Retrofit Tean1 A Jl . 

proposed to cut conduction losses. 
First, Team A recommended installing 
intonor storm Windows on both fixed and 
operable glass. The team reasoned that 
on a building this largo, it would be 
possible to fabricate the necessary 
hardware to make the JOb cost effective. 
The second pane of glaz1ng would 
significantly reduce conduction losses 
but would have the added advantage of 
modestly helPing reduce mflltrahon. 

Socond, the team recommended 
insulating the garage ceiling not only to 
cut conducllon losses from the first floor 
to the garage but also to make it 
pos~ible to reduce garage air tempera
tures. By adding a suspanded co11ing 
with ball insulation (A-11 ), a heated 
plenum is created in the garage. The 
heated plenurn protects pipes while 
mamtaining the thermal comfort of the 
first floor. By converting the current 
"wet" sprinkler system to a "dry" system, 
garage set points could be lowered to 
35° F. This would significantly reduce 
heating costs while maintaining 
ventilation required by code. 

As a final recommendation, the team 
suggested removing the incinerator and 
replacing it with a garbage compactor 
which would be supported with a 

Clll<"'l ~ l . ll 

contract for hauling away garbage. The 
team felt that it would surely be less 
costly to haul garbage than to pay for 
VIrtually constant operation of the 
inaneraiOf' and scrubber. 

At $1.25 mlllon, this is a costly strategy 
set. The most Significant 1tem is the 
cost of modifying fan coils, which might 
be reduced 1f control and metering can 
be done on an apartment baSis. 
Nevertheless, savings to the owner are 
estimated to be $365,000 per year for a 
Simple payback of only 3·112 years. 
Th1s assumes, of course, that ills 
acceptable to Increase tenant bills by 
some $27 per month. If this is not 
acceptable. net savings from this 
strategy set are still $250,000 per year 
resulting in only a 5-year simple 
payback. 

As a means of mitigating tenant energy 
cost increases, the team suggested, 
then rejected, installing high efficiency 
appliances at the owner's expense. 
Preliminary modeling eshmates are that 
th1s would reduce tenant electric bills 
roughly 10 percent or about $5 per 
month ($22,000 total for the building per 
year)-- not ne31'1y enough to justify the 
estimated $73,000 increase to buy h1gh 
efficiency stoves and refrigerators. 
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Retrofit Team B 
In addition to the lour operations 
strategies recommended previously, 
Team B took an aggressive approach to 
retrofit--recommending 17 additional 
strategies. In general, these strategies 
focused on three areas: reduction of 
energy gains and losses through large 
glass areas; reduction of unwanted air 
infinration; and major overhaul of the 
heating, ventilation, and air conditioning 
system to improve both control and 
system efficiency. 

Analyzing the building envelope 
revealed several opportunities lor 

saving healing energy. The team 
recommended that13 percent of the 
total glazing area be replaced with an A· 
24 insulating panel, designed and 
constructed to replace one hopper 
window in each ur1t. Heat conductance 
losses would be slgr1ficantly reduced. 

Single pane interior storm windows were 
recommended lor all fixed glass (68,080 
square feet). Together, these strategies 
effectively double the A-value of about 
70 percent of the building sheH. 

The cold and high winds corr1ng oil 

TYPICAL WALL SECTIONS 

Before Retrofit 
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~ 

~ 
; Interior 

· ··········storm 
'Nindows 

Panelized 
iH ...... · · · · insert for 

hoppers 

After Retrofit 

Lake Michigan also suggest large 
potential energy savings by weather
stripping all hopper windows and 
caulking an fixed glass. Combir1ng the 
effects of storm windows, caulking, and 
weatherstripping, heat losses due to 
infiltration were esbmated to be reduced 
by 50 percent. Altogether, envelope 
and glazing strategies cost roughly 
$275,000. 

The existing two-pipe hydronic loop that 
circulates either heated or cooled water 
to fan coil units in each apartment was 
split into two zones a teach ftoor. 

This modification allows east and west 
zones to receive different water tempera
tures, which not only Ina ease occupant 
comlor1 but also reduce energy costs. 
The change can be made by adding a 
new supply and a new return riser at a 
cost of about $10,000. 

With each apartment, fan coil units were 
modified by adding a thermostat 
(including an anticipator and an outside 
temperature sensor) and an hour meter. 
The thermostat Ina eased tenant control 
and the potential for conservation. The 
hour meter creates the potential to 

Large glazed areas create simultaneous heating and 
cooling loads during the swing seasons 
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pass on healing and cooling costs to 
tenants at some point in the future if the 
owner wishes. Finally, 1-1/2" of rigid 
insulation was installed behind each fan 
coil unit to reduce conduction losses. 

By installing an insulated dropped 
ceiling to create a heated plenum space, 
the garage air temperature could be 
significandy reduced while protecting 
ppes and maintaining comfort on the 
first floor. The plenum, insulated toR-
11 , has a 45° F setpoint and heat to 
provide freeze protection. The existing 
sprinkler system was converted from a 

wet to a dry system. By allowing 
garage temperatures to drill very low, 
necessary ventilation could be 
maintained while cutting heating costs. 
The minimum garage setpoint would be 
limited by tenant response to lowered 
temperatures. 

By separating domestic hot water 
heating from mechanical system boilers 
the efficiency of both systems could be 
improved. This change requires 
installation of a third boiler dedicated to 
domestic hot water. A flue gas analyzer 
and OHW pre-heater were recommended 
for the main boilers. 

Zoned heating or cooling lowers energy 
consumption and improves comfort 

55555 
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Retrofit Team B 
The team also proposed removing the 
g:1s fired incinerator and replactng it with 
a commercial scale trash compactor for 
gas fuel savings of 30,000 therrns or 
$t5,000 per year not indudtng reduction 
of water consumption by eliminating the 
sctubber. This proposal should be 
compared with the cost of garbage 
rermval to a land fill. 

Taken togethor,these strategies are 
estimated by computer simulation to 
reduce total energy use in the building 
by 37 percent -- a $40 per unit or 
$1 n,ooo per year savings to the owner 
and a dollar or so savings per month to 
each tenant. AI an estimated cost of 
$583,700, simple payback would be 
achieved in 3.2 years. 

~ 
• Replace 13% glazing wi1h R·24 

paneized insert 
• Add 1 112"on&Otabon@ lan coil 
• Storm windows onahxod glass 
• Caulk window & replace gaskets 
klftllfationiExhaust 
• Reduce bet! and kileh exhaust 

UYAC; 
• Add An~ctpeiOI$ and senGOrS 
• Add thermostat con troll@ units 

Convert wet garage spunlo.ler to dry 
• Create heated plenum tn cerltng 
- Convert to 2·zone heat syslem 
• Add hour meter on fan motor 
• Add heat recovery lor OIIW 
• Add ltue gas analyzer 
lighttng/AooltMces· 
- Reduce cenopy & Sol fit Wghts 
- Add photocell on ox tenor lighting 
• Remove ineloeretor 
t:lli'it 
• Add llow rostrictors 
• Use volume reduc~n In toilets 
• Add dedocaled DHW bode< 
• Reduce hot water terrperature 
Iw.ioi.og; 

Start tcnMt education program 
TOTAL COST· 

$ 59,300 
.(). 

153,200 
65,300 

.(). 

500 
168.300 

2.300 
6,500 

10.000 
50,500 

7.500 
5,000 

.(). 

1,100 
25,100 

4,000 
.(). 

2-4,500 
-(). 

~ 

r ....... , ... · Before: $166/unit 

~ i 
120-' 

80-

40-

.. After :$125 

· · Owntr : $40 HYings 

57 



Rehabilitation Tean1 A 

~ 
-Repeal Team A relror~ 

sltalogies $ 313,100 
lnfi!la!Joorfxhaust 
Repeal Teem A retror~ 
strategies 290,600 
~ 
• Reduce COfridor lempei'ature 

to60F {)-
• !os~n IOdiviO.Ial hydrooic heat 

pu01p61tuo-arouod loop system 
with we setbeck lharmoslaiS, 
reduce water lorrperalure to lao 
COtl 953,700 

Ld!QnQ'Aoo!iances· 
· Repeat Team A reltOf~ sntegHIS 79,800 
-Install incineratlr heal recovery 7,500 
~ 
• Repeat Team A retrofit s1rategles Z.2.00Q 
TOTAL COST: $1,666,700 

· · · · Bt>fort>: $166/unit 

120· .. Aftt>r : $124 

80· 
· · Owner : $64 snings 

· · Ten~nt : $(23)incruse 
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The focus of Team A's rehabilitation 
strategy is to replace fan coil Ulits in 
each apartment with hydronic heat 
pumps. This would take advantage of 
the existing hydronic loop in the buildng 
while increasing tenant comfort and 
control. The team also proposed adding 
heat recovery on the existing incinerator 
instead of going to a compactor. 

With double glazing at 23 to 36 percent 
of floor area, these apartments are very 
sensitive to sunlight. On a dear winter 
day, south facing units will be receiving 
more sunlight (and heat) than they can 
use while north units require heating. 
The most efficient system for 
simultaneously offering heating and 
cooling in a building like this is a 
hydronic "runaround" loop with heat 
pumps. Its main advantage is the ability 
to transfer heat from one side of the 
buildng to the other via the water loop. 
The tenant amenity of optional heating 
or cooling during the spring and fall is 
gained, and each tenant Is billed directly 
for the electrical portion of their heating 
andcoohng. 

In this arrangement Btu flow meters are 
not used. It is presumed that the owner 
will pay for heat added to the hydronic 
loop by the main boiler. This amount of 
heat is significantly reduced, however, 
by taking advantage of solar gains on 
the building. 

In comparing this solution to the retroftt 
solution, note that the owner's bill is not 
reduced as much. The owner still pays 
for boiler operation. The tenant's bill still 
lnorea!>es by about $23 on average. 

Even though much of the healing cost is 
paid by the owner, heat pumps add to 
the tenant's electric bill. However, 
tenant comfort is significantly 
increased. Tenants can have healing or 
cooling whenever they want, unlike the 
existing system which can provide only 
heating or cooling seasonally on a 
system wide basis . 

Team A also looked at using heat 
recovery from the existing incinerator 
instead of going to a compactor system. 
The team noted that while the incinerator 
•wastes· about 340,000 Btu's, the 
laundry requires about the same amount 
for domestic hot water heating. If 
incinerator flue gasses could be used to 
preheat laundry water, savings would be 
significant. 

Preliminary modeling estimates Indicate 
that heat recovery could save up to 
$10,000 per year on indneratOf' 
operation. This would be less than a 1· 
year payback on the estimated $7,500 
installation cost for a recovery system. 

Net cost of the rehabilitation is about 
$350,000 over the cost of retrofit 
strategies or a total of $1,670,000. 
Savings are estimated to be $288,000 to 
the owner alone, yleldng a 6-year simple 
payback. As In the retrofit case,lt roost 
be acceptable to Increase tenant utility 
bills for this strategy to work. With 
offsetting of tenant bills, the net building 
savings is $183,000 per year, yielding a 
9.3 year payback. 

L AUNDR'l'_QH\I'J)REHE AT 

L Cold 
'\. 'w'att>r 

Laundry 
DH'w' 
Tank 

Waste heat from the 
incinerator can be recaptured 

for hot water use 



his the presumption of Team B that 
rehabilitation would occur either as part 
of a major refinancing of the building or 
at the end of the useful life of the 
mechanical system ··or both. In 
addition to recommending the majority of 
operations and retrofit strategies 
discussed previously,the team focused 
on replaang major mechanical 
equipment. 

Replacing both hot water boilers with 
new 8,000 MBH gas boilers improved the 
over aU heating system efficiency to 75 
percent. The absorption chiller was also 
targeted for conversion by installing a 

new 650-ton chiller with a higher energy 
efficiency ratio (EER) of 11. Replacing 
the chiller would be reasonable because 
of the age of the system regardess of 
energy cost savings potential. 

Instead of using 1 112· rigid insulation 
behind each fan coil unit, dividers were 
installed to protect the fan coil, all 
remaining space in the cabinet and all 
raceways were filled with loose cellular 
perlite insulation (roughly R-43). This 
strategy demonstrates an alternative 
way to reduce wall heat losses. The 
R-43 insulation level is simply the result 
of filling the fan cotl housings and should 

TYPICAL WALL SECTIONS 
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Rehabilitation Team B 
::!lliWiilill ii-

not be taken as an optimum or 
engneered value. 

As in the retrofit solution, insulated 
panels (R-24) replaced one hopper in 
three window UJ'lts and two hoppers in 
four window units (13 percent of glass 
area). When the design team computed 
the improved U-value from both 
insulated panels and highly insulated 
fan coli units, it was decided that storm 
windows did not sufficiently increase the 
overall wall U-value to merit the cost so 
they were omitted from the rehabilitation 
strategy set. If panels are not used, the 
interior storm windows should be 
installed. 

The cost of adding the hot water boilers 
and high efficiency electric chiller 
($305,000 total) is roughly equal to 
deducts from the retrofit strategy set 
($153,000 for storm windows and 
$168,000 for individual thermostat 
control). Net cost for this strategy set is 
$586,000. Annual savings of $40 per 
unit per month to the own~r ($177,000 
per year) and $5 to the tenant give a 
payback of 2.4 years . 

UIIC\1~1. U. 

~ 
Glazing repklce 13"1. with A·24 
paooized insert $ 59,300 

• "Blown· In" insula bon in boled-tn 
extensions ollan c:oi units, R-43 18,600 

kl!dtral!orVCaulk: 
• Repe3tTeam BAetro!itStrateg.es 65,800 
~ 
• AapeatTeam Bre~ofitnategies 

but dolele individual tharmos1al6 81,800 
• Increase hot VIOter boiler system 

elf10ency o • 0. 75 
8000 MBH (gas) 1 50,000 

• Etectnc c:hiler conVNSion 
(EER • 1t) 650 ton 155,000 

Liahtini)'Aoohances: 
·Repeat reuofit Gtralegol!$ 26,200 
J:lliW; 
· Repeal retrofit strategios 24,300 
lulnioQ; 
• Eoocabon program {3,-. • c:ooltng ~ 

reason only 
TOTALCOST: $586,000 

.... B~for~: $166 /unit 

120· .. After : $121 

80· .. O .... •rttr : $40 HYirtgs 
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Cllli.:A(~l,ll 
Jury Comments .r 

In reviewing the solutions offered by 
Team A, one jury member questioned 
the use of charcoal filter units instead of 
providing bath and kitchen ventilation to 
the outside. Team members responded 
that building codes are increasingly 
allowing this conversion and thalli is 
typically acceptable to tenants. The 
question of indoor air quality was rrused. 
No information was available to answer 
this point, but it was said that electric 
ranges were hkely to cause less 
problems along this hne than gas 
stoves. 

Another jury member commented that 
heat pumps would be especially 
attractive if the building were to be 
converted to condominium ownership. 
lndvid.lal unit control would be 
increased and costs allocated more 
fairly. Allocating individual costs would 
also 9ve much greater incentive for 
conservahon. 

In reviewing the solutions offered by 
Team 8, the jury was impressed with the 
large saVIngs possible tor such a small 
investment in operations improvements. 
One jury member questioned whether 
simply reducmg operating hours for bath 
and kitchen fans would save as much as 
claimed, since the building would still 
have significant losses due to stack 
effects. 

Team 8's recommendation to cover 
existing glass with panelized insulation 
(up to 13 percent olthe glass area) was 
somewhat controversial. It was 
questioned whether this solution could 
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be made to look good from the outside 
and whether it would be acceptable to 
tenants to roduco views. 

Team 8 also identified the exposed 
spandrel as a significant source of heat 
loss but could not como up with a 
solution for covering the spandrel that 
was acceptable to the jury. 

The jury noted that neither team 
ad<kossed the issue of red.lcing garage 
ventilation which could reduce heating 
costs while maintaining warmer 
temperatures than recommended by the 
teams. 



.. 

A Capitol Solution 

This 1 0-story luxury apartment building 
located in Washington, D.C., includes 
efficiency, one-bedroom, and two
bedroom units with a 25,000 square foot 
underground garage. 

Completed in 1981, the orignal buildng 
design incorporates many energy
saving features, including double
glazed window units, heat pumps and 
individual metering of apartment energy 
use. Through OlK evaluation of this 
building, the design teams concluded, 
however, that some of these features 
could lead to increased energy 
consufTl>lion if not understood and used 
properly by the tenants. Therefore one 
of our recommended priorities for 
improving enorgy consumption is tenant 
education. 

1:1 __ r--1 
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Each tenant pays for his or her own 
electricity use, while the landlord pays 
for natural gas, and electricity used in 
common areas and exterior to the 
building. The tenanrs average monthly 
electric bill is approximately $58 per 
month. The owner's share of the utilities 
is approximately $40 per month. 

Healing and cooling are the largest 
energy end-use categories in this 
building. Together thoy account for over 
60% of annual energy costs. The air 

conditioning tonnage required for 
cooling the building is extremely high, at 
between 220 and 240 square feet per 
ton. Much of the energy use is caused 
by high levels of infiltration into 
individual apartments, due to the 
interaction of an inefficient HVAC 
system in the corridors and an overused 
kitchen and bathroom exhaust system. 

Changes to building operations alone, 
while requiring an initial investment of 
approximately $20,000 to $50,000, 

could produce savings of $50,000 to 
$75,000 per year; a simple payback of 
less than six months. The retrofit 
measures recommended by the design 
teams would produce savings of 
approximately $100,000 per year, with 
simple paybacks of less than two years. 

The teams also studied a full-scale 
rehabilitation of the building to further 
increase energy savings while adding to 
the amenities of the building. 
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WASIIINGI'ON, DC. 
Building Layout 

A typical floor plan and apartment floor 
plans are shown in the sketches below. 
Each floor has two 820 square foot two· 
bedl'oom apartments, ten one-bedroom 
apartments averaging 602 square feet 
each, of which there are two models, 
and six 491 square foot effidency units. 
There are a total of 176 units in the 
entire building. Rents range from 
$508.00 for an effidency unit, up to 
$965.00 for a two-bedroom apartment. 

The long dimension of the building lies 
on a north-south axis. All units face 
either east or west. Approximately 45 

percent of the exterior envelope is 
glazed. 

The ground floor (not shown) houses the 
lobby and the rental office. An airlock 
entry gives access to the street and a 
single level of enclosed parking lies 
below grade, direcdy beneath the 
ground floor. 

Two elevators provide vertical 
transportation and are flanked at each 
end of the main corridor by fire stairs. 
Each floor has a laundry room with 
washer and dryer. 

Public Alley 

Street 

Existing 
Building 

~ 

SITE & BUILDING PLAN 
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Built in 1978, this is a luxury high-fisa 
with approximately 300 tenants at ful 
occupancy. 

The quality of the building is expressed 
in the fairly large size of tho units, the 
standard furnishings and appliances 
provided with each unit, and the large 
amount of exterior glass, arranged as 
bay windows in tho larger apartments. 
Some units also save a privata balcony 
or patio. A sauna and sun deck are 
located on the roof of tho building. 

ENVELOPE: 
• Exterior 'w'all 

Building specifications include a 
rurrber of feallxes intended to reduce 
energy consumption, including insulated 
glass windows, individually controlled 
hydronic heat pump heating and cooling 
systems and individual electric meters 
fof each apartment. Each apartment 
also has its own electric-resistance hot
water heater. 

The building has adequate roof 
insulation (R-20), but relatively low 
thermal resistance in the uninsulated 

BUILDING SPECS 

exterior walls (R-4). Thermal breaks are 
not provided between balconies and the 
intenors of the apartments. 

Space conditioning is provided to each 
apartment by an individual hydronic heat 
pump drawing from a common runaround 
loop. A thermostat is located in each 
apartment. Supplementary heating is 
provided by in-line electric-resistance 
heaters located upstream of each heat 
pump. A cooling tower is used to reject 
hoat from the runaround loop when the 

HVAC 

units are operating in the cooling modo. 
The heat pump units are sized to provide 
one ton of cooling capaaty to 
approximately each 230 square feet of 
apartment noor area. A supplementary 
38-ton capactty OX unit proVIdes 
condtboning to the common spaces. 

Mechanical exhaust of kitchens and 
bathrooms introduces greater amounts 
of outside air than would occur due to 
uncontrolled infiltration. 

SYSTEM SPECS 

4" CMU faced with 4" brick. No insulation. Gypsum wallboard 
interior finish. Similar to ASHRAE Wall Type C. 
weight 50•ts.f . R=3.67/lJ=0.28. Surface medium dark color 

Hy dronic Heat Pump 
System with Supplemental 
Electric Resistance Heaters 

• Window 
Clear, double-pane- glass in horizontal aluminum sliding frames 
R=1 .82/U=0.55 including frame. Shading coefficient 0 .64 with 
light-colored vtnetian blind 

• Roof 
Membt·ane roofing. 2" of polyurethane insulation. 8" of light
weight concrete. Similar to ASHR AE Roof Type •12. weight 
75•/s .f. R=20/U=0.05. Surface medium color 

INTERNAL LOADS 
• Lights: 0.5 Watts/s.f. 
• Appliances: 0.4 'w'atts/s.f. 
• Cooking: 6000 Bt1J/ day ( 40~ latent) 
• Elevators: 2@ 22kW 
• Infiltration: 0.7 Air Change/hr. 

VENT ll AT ION/EXHAUST 

Kitchen & I 2-Br. I 1-Br. 
Bathrooms 160 cfm 80cfm 

Efficiency 
80cfm 

TEMPERATURE SETPOINTS 
Heating: 70°F 
Coo ling : 78°F 

CENTRAL PLANT 
Central Plant for common areas 
can provide heating or cooling 
in any month 
1-38 Ton roof-mounted DX 
Cooling unit with COP=3.03 
(EER=1 0 .3) 
Electric reheat coils : 130 kW 
Air handling unit: 5750 CFM 

DOMESTIC HOT WATER 
2000 Btuh usage rate assumed 
during weekday occupied hours 
w /8090 assumed •fficiency 
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Washington, D.C., temperatures fall 
between 30° and 80° F approximately 85 
percent of the limo. These hours are 
almost everJy distributed across this 
temperature range. 

In general, residential builcings in this 
climate require some amount of heating 
energy during 8 months out of the year. 
Moderate levels of solar radiation make 
passive-solar heating possible during 
appmximately 3,600 hours. Cooling is 
required an average of 800 hours per 
year. Except during midsummer periods 
of extreme humidity, the dimate permits 
a variety of passive and low-energy 
cooling strategies. 

The Washington climate is 
both hot and cold, creating 

significant heating and 
cooling loads 

° F DIURNAL TEMPER A TURES 
100 .. 

so .. 

60 .. 

40 .. 

20 1111 il 
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Energy consumption in the spring and 
fall is lower in this building than in typical 
buildings for the area due to the double 
glazing and the runaround hydronic heat
pump system. The hydronic heat-pump 
system allows heat gains on one side of 
the building to address heat losses on 
the opposite side of the building. 
However, the envelope construction, 
inefficient HVAC systems, high auxiliary 
electric loads, and a domestic water
heating system that consumes far more 
energy than necessary, offer 
opportunities for significant energy cost 
savings. 

Over 80 percent of the glazing in this 
building faces either due west or east. 
This orientation results in net heat loss 
in the winter and excessive solar gains, 
requiring additional mechanical cooling, 
during the summer. 

When auxiliary heating is required, 
electric-resistance coils, placed up
stream of an apartmenrs heat pump, 
raise the temperature of the runaround 
loop. The heat pump then extracts this 
energy from the loop to heat the 
apartment, an extremely inefficient form 
of electric-resistance heating during 
cold weather. 

In summer, the high cooling loads 
caused by the east and west glazing 
require one ton of air-conditioning per 
220 to 240 square feet of apartment. 
This condition highlights the 
significance of proper glazing 
orientation and/or external shacing. 

The centralized exhaust system for 

kitchens and baths is assumed to raise 
apartment infiltration loads to 1.33 ACH 
when in use. The negative pressure 
created by the exhaust system draws 
air from both the corridors and the 
exterior. 

Although corridors have significant 
uninsulated exterior wall area, the 
primary load in these areas is 
conditioning makeup air. The roof
mounted, constant-volume terminal 
reheat unit that serves all corridors 
operates using 100 percent outside air 
with no recirculation. Some 
supplementary heating and cooling in 
the corridors is provided by the owner, 
but all apartment heating and cooling 

costs, except for energy to operate the 
cooling tower and hydronic loop pumps 
are borne by the tenant. 

The heating of domestic hot water also 
requires significant amounts of energy. 
The tenant pays for the use of an 
undercounter electric-resistance tank, 
located in the kitchen of each 
apartment. Each laundry has its own 
120-gallon DHW tanks, whose operation 
is paid for by the owner. 

Major lighting loads are caused by 
incandescent apartment unit lighting 
systems, fluorescent corridor and lobby 
lighting, and approximately 2 kW of 
garage and exterior lighting. 

ANNUAL HEATING LOADS (LOSSES) per UN IT 
i i WALLS l I ! 

ROOF : I i 

GLAZING I I 
I 

i 

I : 
INFILTRATION -10 ,,,,_... ~ ·· . 

INTERNAL I 5 ! 
MBtu/Unit -10 0 10 20 

ANNUAL COOLING LOADS (GAINS)per UNIT 

WALLS 

ROOF 

GLAZING 

INFILTRATION 

INTERNAL 

MBtu/Unit -1 0 

0 

I 
I 110 ! 

-1 [ < 4 (latent load = 4) ! 
~(latent load = 2)~ 

0 

0 10 20 



It would cost roughly $3.8 million to 
replace this building,assuming a 1985 
construction cost of $60 per square 
foot. This price excfudas the wall 
insulation that should have been 
included in the original design. 

The rents charged in this building are, on 
average,$0.56 per square fool per 
month higher than the median for 
Washington, D.C., accordng to I REM. 

The owner's average anrual energy bill 
is $84,245 per year or $1.32 per square 
foot per year. His largest cost is heabng 

the corridors and lobby,lollowed by 
water heating, cooling of the corridors 
and lobby and vertical transportation. 
Heating accounts for 67 percent of the 
owner's bill. Together, these four 
categories account for 91 percent of the 
owner'sbil. 

The owner's anrual utility bill is slightly 
above the I REM medan lor the 
Washington, D.C. area. Energy-related 
utility costs are roughly 9 percent of the 
rental income for an average apartment. 

The tenant's average monthly utility bill 

. 
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varies with the size of the apartment: 
efficiency units run $40 per month or 
$480 per year; one-bedroom urjts run 
$54 per month or $648 per year; two· 
bedroom units run $78 per month or 
$936 per year. The average of these 
($58 per unit por month) was used lor 
this study. 

The largest area ol energy use for the 
tenant is space cooling, followed by 
water heating, space heating, miscellan
eous appliance loads and lighting. 
Together, these five categories account 
for 91 percent of the tenant's bill. 

WASIIlMnUN. llt 

month, the shelter cost is $908 per 
month. Assuming that shelter cost 
cannot exceod 35 percent ol gross 
income, it would take an annual income 
ol over $31,000 per year to qualify lor 
this apartment. Redlcing utility costs 
by 50 percent would reduce income to 
qualify by roughly $1,000. A factor ol 
significant interest in a very competitive 
market. 

------------------------- A typical two-bedroom unit in this 
W6shington, D.C. Highrise Utility costs buildlngrentsfor$850permonth. After 

The following six pages illustrate 
approaches to redlcing energy costs 
taken by two separate des~gn teams. 
They locus on changes to operating 
strategies, the retrofit olthe existing 
building, and its complete rehabilitation. 
In some cases, utility costs are reduced 
by more than 50 percent. 

Tot61: 
$98/Uni t/Month 

II 
... El•votors .. ·$2 
... HVAC .... ·-·· .. $3 
... Cooking ....... $4 

... . .. Misc ............ $7 

Lights·-·-· $8 

DHW ............. $13 

Cooling······ .. $25 

... Heating ....... $36 

Owner: 
$41/Unft/Month 

Ten6nt: 
$58/Unit/Month 
r.==··H\J AC ············$2 

$4 
··········$6 

:···········$1 

··············$10 

·········$21 

adding average utility costs of $58 per 

Energy 6nd Rent An6lysisl 
(TypicalTwo-Bedroom Unit) 

I 

Net Rent to Owner ................ $809 
Owner's Monthly 
Energ•J Cost/Unit ............... $ 4 1 

TOTAL RENT .•........................• $850 
T€-nant's Monthly 

58 Energy Cost/Unit... ...... - ..... $ 

SHELTER COST ........................ $ 908 

~ I INCOME TO QUALIFY: $3 1, 13 1 t 
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ln!Uratioo!Exhaust 
-Caulk windows 6,790 

• Weaflerslrip un• doors 6,635 
• Reduce kitchen & Balh exhaust-fan 

timer from 16 to 8 hrs. -(}-

WAC: 
· Ins taU time dod< on comdor 

vent supply 175 
• Ravi5a corridof ~atpolnts to 

60" F (heat) and 80" F (Cool) -o-
-lnstall progranvnobla t· stllts 19,360 
LlgbonQIAPdi;vy:M • 

• Rabmp garage w/Watt mser lamps· 
(at normal replacement schedule) -o-

• Add phoocel control lor ext lights 225 
·Add bme switches for storage etea 

and laundry 250 
-Add high efficiency axllights 16,000 
D1t.W; 
• Add insulating jackets lor aft CHW 

heaters 3,162 
- Fow restrictotS on all DHW 1320 
• Reduce DHW waler temp o 11 5"F -o-
• Install high effiCiency laundry equip -o-
• Use plasbc ·chrts• lor laundry -o-
fuloia.g 
• Prepare tenant education program ~ 
TOTALCOST: $53,917 

100· 

80· 

60· 

40· 

20· 
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·· Owner : $23 s~vings 

· · Ttn~nt : $12 s~vings 

Team A felt a cost effective way to lower 
energy bills Is through proper use of the 
existing equipment. Because tenants 
currently pay their own energy bills, they 
are already motivated to reduce energy 
costs. A memo from the manager could 
be sent to tenants advising them of 
seasonal energy savings operations. 
These operations would include: 
opening blinds on winter days and 
closing blinds on summer days to 
reduce solar heat gains; setting back 
thermostats at night in the winter and 
setting up during unoccupied hours on 
summer days to cut heating and cooling 
costs; and using operable windows for 
natural ventilation instead of air 
conditioning. Although sure to save 
energy, no credit was taken for energy 
savings due to the uncertain nature of 
the human response to these requests. 

To reduce domestic hot water costs the 
team recommended: insulating an water 
tanks; installing now restrlctors on an 
showers and sinks; and reducing the 
DHW temperature to 115° F. Addtional 
DHW savings can be achieved by the 
owner if he requires the laundry 
equipment vendor to replace the 
equipment with units that are more 
energy efficient. 

Several concepts were used to reduce 
heat losses due to infiltration. Exhaust 
of apartment baths and kitchens was 
rescheduled to morning and early 
evening hours only (totaling eight 

TIMER SWITCH TO CONTROL 
STORAGE AREA LIGHTS 

hours). In order to maintain the negative 
pressure in the apartments (so that 
odors don't invade the corridor) the 
exhaust air from the corridor was 
reduced to code minimum. To further 
isolate the units from infiltration, 
weatherstripptng was installed on each 
apartment entry door and windows were 
properly recaulked. 

Lighting concepts proposed included: 
putting timed key switches on storage 
areas; switching to high efficiency 
fluorescent lalll>S and ballasts in the 
garage; relafllling the exterior 
incandescent bulbs; and using a 
photocell control for the exterior lighting. 

The largest operations change 
recommended by the team was to the 
HVAC control system, which controls 
about 60% of the total operations costs. 
The team recommended that digital 
programmable thermostats be Installed 
in each unit to provide better control of 
both the heating and cooling systems. 
For heating, set points are at 70° F, 8 
hours a day with a daytime set back of 
60° F and a night setback of 55° F. 
Summer points are 78° F, 8 hours a day 
with a daytime set up to 85° F and a night 
setback to 75° F. 

LARGER PULLEYS INSTALLED REDUCE 
CORRIDOR VENTILATION TO CODE MINIMUM 



Team 8 opef'ations and maintenance 
strategies principally address the large 
heating and cooling loads in the building, 
with some attention gven to domestic 
hot water and lighting strategies. 

As with Team A, the recommendation 
was made that the owner/manager send 
monthly memos advising tenants to 
dose all blinds and draperies during the 
day to avoid drect solar gains in the 
summer and heat loss through 
conduction in the wintef'. An inexpensive 
approach, and one whtch could have a 
substantial impact. 

12am 
I 

100. 

90. 

so· 

Of 70· 

60· 

SO· 

40• 

To reduce the amount of electric 
resistance enef'gy required to condibon 
corridors, the team proposed setting 
thermostats at 65° F in winter and so• F 
in summer from 7 AM through 1 OPM. 
Thermostats would be set at so• Fin 
winter and 89° F in summer from 1 OPM 
through 7AM. 

Another strategy Is to disable the reheat 
co~ in the corridor and in the public 
space HVAC system from md·May 
through the first of October, to avoid 
any unscheduled Of' unnecessary 
delivery of heat. 

Noon 12am 
I 

THERI"IOST AT SETTINGS IN 
PUBLIC CORRIDORS 
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Operations Team B 
The following strategies were proposed 
to reduce infiltration, and thereby 
reduce heating and cooling costs for 
both the owner and tenant 1.) Schedule 
the central kitchen exhaust system to 
operate at full capacity from SAM 
through 1 OAM, 11 :30AM through 
1:30PM, and 5:30PM through 1 0:30PM; 
100 percent off at all other times, 
reducing fan energy requirements by 55 
percent; 2.) Sctledule the central bath 
exhaust system to operate at lull 
capacity from SAM through 9AM and 
SPM through 11 PM; 100 percent off at 
all other times, reducing bath fan 
energy; 3.) Completely seal off corridor 
gravity feed relief vents during the 
heating season to avoid loss through 
these vents; 4.) Weatherstrip all corridor 
apartment unit doors, laundry room 
doors, and stairwell doors to reduce 
infiltration by 600 CFM per floOf'. Several 
of these strategies may require special 
approval or a code variance. 

Team 8 recommended the Installation ol 
flow restrictOf's at all sinks and showers; 
that all DHW tanks be insulated; and 
that wale!' temperature settings be 
reduced from 140° to 115° F. 

The cost of implementing these 
strategies Is mnimal and depreciable. 
Utility rebates may be available lor a 
rumber of the strateges. Even without 
rebates, however, all strategies can be 
paid fOf' with the first four and one· hall 
months of energy cost savings. 

klld!tatjon!Exbaust 
·Caulk exterior windows 6, 790 
• Weatherslrop al dOO<$ (Uilf~ 

corndor. starwel, etc ) 9.387 
• nevise kitchen venblatoon schodule .(). 
·Revise be !broom ventilalion sdlod. .(). 
Tum oft corrldot ventikuon: 
reheatcolllruurrmer ·0. 
~: 
• Revise corridor &etpoonts -<>· 
UOOUoo'Aooloances: 
· Add photoooUconlrol exlloghts 225 
~: 
· Add insuladng jackets aU DHW 

healers 3,162 
• Ins taR llcw reslriciOrS 1,320 
·Reduce DHW water lemp. lrom 

140"to 115" F ·0. 
Iw!Jl:!g: 
• Prepere lenant e<b:ation program 

on window management :ll: 
TOfALCOST: $20,884 

100· 

80· 
.. After :$71 

60· · · Owntr : $20 nvings 

40· 

20· 
· · Ttn~nt : $7 snings 
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Retrofit Team A 

~ 
-Install e•L storm windows 

wltinted glazlllQ 47.000 
!o!itraborvf rhaust 
-Repeat Operations Strategies 13.425 
-Cap kitchen & bath erhaust 

Install recirculating fans 59.136 
- Ins taN ecwated chatcoal 
redrcula~ng fans in oonldor 4.900 

lfiAC. 
-Repeat Operations Stratogies 19.535 
-Convert 40 Iori roof top re-heat 

unll to vent only 290 
·Add 60 LF of StriP boseboerd 

eleclnc heaters in each conidor9.600 
LiahtinP'AOO!iances: 
·Repeat Operations Strategies 16.475 
DtlW• 
• Repeal Operations Strategies 4.482 
·Convert laundry OIIW and dryers 

togas 4.520 
fu.i!!.!lg. 
· Repeal Operations SUtegies :2:: 
TOTAL COST: $179.363 

100-

80-

60-
.. After : $48 

40- · · Owner : $22 uvings 

20-
· · Ten~nt : $26 uvings 
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Retrofit features repeated operations 
strategies recommended by Team A, but 
with a more comprehensive approach to 
rerudng ventilation air requirements. 

All bathroom and kitchen exhaust ducts 
were capped and replaced with 
redrculating activated charcoal filters, 
now commonly used In new 
construction. By recirculating the air 
through filters, heat is captured within 
the apartment unit. However, this 
"silll>fe" strategy costs almost 40 
percent of total retrofit costs to 
implement. 

The corridor ventilation system was 
substantially modified. The 40-ton 
constant air volume terminal reheat 
system was converted to a ventilation 
system only and rescheduled to run one 
hour in the morning and one at night to 
·nush" the corridors with outdoor air. 
Code requirements for outdoor air were 
met by replacing fixed corridor windows 
with operable windows. 

Electric resistance "strip" heaters were 
installed for corridor healing. At 
reduced ventilation rates, the corridors 
will be heated somewhat by "borrowing" 
heat from the apartme,.. u,Vts. It was 
judged by the team to be less costly for 
the owner to bring partially heated air up 
to temperature with baseboard heaters 
than to bring 1 oo percent outside air up 
to temperature with the existing terminal 
reheat system. 

Activated charcoal recirculating filters 
were installed to keep the corridor air 
fresh at lower air change rates. The 
corridor thermostats were set at a 
constant 600 F. 

Glazing Is a major source of healing and 
cooling loads. Tinted exterior storm 
windows were added to cut infiltration, 
reduce glazing conduction loads and 
decrease the amount of solar heat 
entering the units. Storm windows 
makeup about 25 percent of the total 
retrofit cost. The buildng laundry 
system was also targeted to lower 

energy costs. Team A recommended 
replacing electric hot water heaters with 
high effidency gas UrVts with insulating 
jackets. Also included in that strategy 
were the installation of eHident gas 
dryers with electronic igrVtion. The cost 
of venting through the wall to the outside 
was not excessive. 

The conce~ of switching from electridty 
to gas will save energy costs as gas 
costs about one-third that of electridty 
for the same amount of energy in the 
Washington, D.C. area. 

recirculatinq fan with 
charcoal filter 

ELECTRIC BASEBOARD, REC IRCUL AT lNG FAN & TWO-HOUR VENTILATION 
"FLUSHING" REPLACE 40-TON, CONSTANT VOLUME CORRIDOR HVAC 
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Team B chose to include all operations 
strategies in the retrofit strategy set. In 
addrtion, they added the following: 1.) 
install exterior operable Bahaman 
louvered shades made of dar1<, 
anodized aluminum; 2.) install through· 
wall fresh air intakes at each laurrly 
room; 3.) replace existing thermostats 
with programmable thermostats. The 
team also recommended further study of 
converting the laundry hot water heating 
system from electric to gas fuel heat, 
but did not Include this strategy in the 
~oposedset. 

During the summer, direct solar gains 
are very high due to the direct east-west 
exposure of 74 percent of apartment 
unit windows. To reduce direct solar 
gain, Team B reconvnended installing 
exterior, operable, anodized aluminum 
shades on all east/west glazing. When 
fully deployed, the shading coefficient 

of the glazing is reduced from 0.64 to 
0.15. The operable exterior shades also 
have insulating qualities in addition to 
their shading value. Thay can be closed 
tight to the window unit during the 
heating season to redlce convection 
losses. 

laundry dryers currently pull 
condlioned makeup air from the 
corridors. To eliminate this loss, Team B 
recommended installing fresh air 
intakes, through the exterior wall, In 
each laundry room and sealing the 
exrsting air intakes from the conidors. 

his to the advantage of both the owner 
and tenant to get more efficient 
operation of the runaround heat pump 
system. Team B recommended 
replacing all existing "dead-band" 
thermostats wrth programmable 
thermostats. After discussing the wide 

variation possible in J)l'ogrammable 
thermostats (98 models are now 
available) the team recommended that 
all programmable thermostats in the 
building be of the same type and that 
building personnel assist the tenants 
with the Initial J)l'ogramrning of each unrt. 

Natural gas is available at the street and 
it was assumed that the gas company 
would bring natural gas lrnes to the 
building perimeter at no cost. For this 
reason Team B recommended analyzing 
the &nergy cost savings potential of 
converting tho laundry hot water system 
from electric to naiural gas. The heat
pump booster tanks could also be 
converted to gas. The success of 
converting to gas would depend on the 
cost implicationqK$Y6ectric rates, 
demand charges, conversion costs and 
natural gas rates. 

DHW ENERGY COST SAVINGS 

lnduding the relatively htgh cost of new 
shades on the building, the strategy set 
can still pay tor itself in the energy cost 
savmgs in about a year and one-halt. 

140 Of 

160/unit/yr. 

BEFORE AFTER 

115 Of 
with Flow 
Restrictors 
and Insulating 
Jackets for 
'w'attr Tanks 

COST: $25/unit 

WA\IIIf'CiiON,UC 

floo:kllm: 
• hstaH dark e•torior anodzed 

eluminum shades 06.097 
kllillration!E•haust 
• Repeat Opera liOns So-ateg'es 16,177 
• hstal lresh u tnlake at each 

laundry 650 
W&<: 
• Repeat Opera~ns Strategies .(). 
• nstan progr111TYT18ble thermostats 9,360 
ltdJb!l!)'Aoofoances: 
·Repeat Opera liOns So-ategiea 225 
QI.JYi: 
• flepeat Operations So-ategles 4,482 
.Ja.clog: 
• Prepare 18rw1t education program 

on window management ~ 
TOTAL COST: $t16,99t 

100 

80· 

60· .. After :$59 

· · Owner : $24 s~vings 
40· 

20· 
· · Ttn~nt : $15 mings 

69 



=------r--1 

···-····· : .......... :: ...................... ···-····· .......•....• J flliE===·· J ···-·-··· ............ . 
-~~~·~.::·~~~~·o;;; --- --~ Rehabilitation Team A ,,,~§:'!'·:'>:''3:'::"3':'.'3:'==""'·:·:·:" 

• - wA~llir'i<i'mN. oc:---- • 

Team A chose to add 50 new apartment 
units (with balconies) to the existing 
builcing. This would improve building 
efficiency by adding rentable space 
without ina easing common area, 
elevators, or other services. The neigh· 
boring two-story buildings must be 
purchased and removed to make room 
for the additional units and added 
surface parking. The team argued that a 
major rehabilitation Is worth considering 
because the builcing IS appmach1ng its 
normal cycle for refinancing and the 
neighborhood is described as rapidly 
improving and a good location for young 
professiOnals. 

The new building addition offers the 
opportunity to provide balconies on the 
east-side as an added amenity. These 

w east balconies 

Team A 

balconies shade the double glazod 
windows and have hinged doors (rather 
than sliding doors) which can be better 
sealed to decrease infiltration rates. 

--...-.A- West glazing is shaded with anodized 
aluminum louvers mounted vertically 
(see drawings) to block the lower sun 
angles. The awning bottom was set at 
5'8"to allow a full standing view of the 
horizon from within the apartment. 
Energy savings would be greater if the 
awning dropped further down, but the 
owner would likely oppose this for 
aesthetic reasons. A balcony was 
considered for the west side, but the 
"bay window· protrusion of the upper 
floors already encroaches on the three 
foot setback. 

Heat loss through the exterior walls was 
-4 1,., .,, ,, reduced by furring out the interior face 

with 2"x 4" studs and filling the void with 
--------------- batt insulation. This construction is the ANODIZED ALUMINUM LOUVERED 

A \v'N INGS FOR WEST GL AZ lNG : 
vertical louvers block low-angle sun 
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cheaper way to add Insulation but uses 
2" more rentable space along the 
exterior wall than would be the case if 
2"x 2" furring and 1·1/2" rigid insulation 
were used. The same A-values are 
achievable with either approach, there· 
fore the selection depends on the initial 
cost of the strategy and the value of lost 
rentable space. 

Rehabilitation strategies also include 
changing over from indvidual 
supplemental electric resistance 
heating (for the heat pumps) to a central 
gas boiler. The change to gas would 
cost the owner about $15,000 annually, 
but is estimated to save the tenants 
about $45,000 annually. 

BTU flow meters would have to be 
installed in all units if the owner wished 
to pass this new cost of gas heating 
back to tenants. 

~: 
-RepeatRellofttStralegles 47,000 
lofiltramn;xbausl: 
-Repeat nerofit SlrallllgiM 79,534 
J:JYAC: 
·Repeat RetrofttSiralegles 19,535 
·Install ooler lor run·atoond 

hydronlc loopheaVmolsyslem 79,456 
-Install heeling coil (water) in duct 

for eotridor air, dsconnect chiller 5,531 
-lnslall Olu ftowmelera in all units 

lor lhird party billing 39, 550 
lJgbtiog/Apgfi!l!lC11$: 
·Repeat n ... or.t Slraag~t~s 16,475 
ll1rtl!: 
-Repeat Relrofit Stralegles 9,052 
~Slte A So!ar: 
·Add anodized aluminum IJWI'lings 

on wesllaang glazflg 54,752 
!mining: 
·AepeatRelrolit5nlegjea & 
TOTALCOST: $350,885 

Note: Added costlof 50,_ units on east 
side and 60 n-units on east hlc:hg uno IS 
(not paid lof wilh -rgy MVings alone) 
$1 ,804,0071or units and $613,«0 lor 
balconies 

80· 

60· 

40· 
.. After : $43 

.. Owntr : $27 uvings 

:$28uvings 
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• Add balcony/overhang to exposed 
corridor wan area on each floor Soe: No Ill 

klN!ratio!\l[rbaust 
· Repeat Rellofit Sltatogias 16,827 
l.\Y&<: 
· Repeat Rellofit StraiDgias 19,360 
• ln6131 solar assist heat pump 

lor each untt 150,000 
l.lghtioo'Aoo!jaoa:s: 
R&peatRellofitSiraiDgias 225 

.Qt.rli: 
• RepeatHellofitSirategias 4,482 
l.!Aining: 
• R~tRellolt ShlllgJH ~ 
TOTALCOST: $244,89-4 

Nolll: Amenoty, bak:onlec on alleasi!West 
bang untts (not paid lor Witt -OY 
&evings alone) $1,226,680 

1 00· 

80· 

60· 
~~jL---, .• Aft£or : $48 

40- · · Owner : $25 uvings 

20-
"Ttun\ : $25s~vings 

Three major changes were 
recommended by Team Bas 
rehabilitation strategies. These 
strategies were chosen not only on the 
basis of energy savings, but also as 
marketable amenities: 

1.) Add balconies to 15 units per floor; 

2.) Install roof mounted solar collectors 
to supplement laundry and heat 
pump hot water needs. 

The rehabilitation strategy set includes 
all operation strategies and two retrofit 
strategies: installing fresh-air intakes at 
each laundry room and instal6ng 
programmable thermostats throughout 
the building. 

Each floor has 18 apartmem units. Of 
these, nine have west exposure and six 
have east exposure. In an attempt to 
improve both the marketability of the 
units and the thermal performance of the 
building, Team B recommended building 
balconies at all east and west facing 
units. 

This approach added approximately 20 
percent to the floor area of each 
apartment. h was assumed that the 
balconies would be used regular1y since 
the Washington area has a large rumber 
of pleasant day& with comfortable 
temperatures suitable for outdoor living. 

. . 
-----= ,.-, 
···-····· ............ . ···-••tt• ............ . 

Rehabilitation Team B 
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The balcony design effectively reduces 
the drrect rolar gain on the east and 
west surfaces by 80 percent. This 
reduces both direct solar gain through 
the glazing and heat budd up and 
retention in the mass of the building. 

The flat roof and available chase access 
to each floor led Team B to recommend 
installing solar collectors on the roof to 
supplement hot water demands. All nme 
laundry rooms are stacked vertically 
and are adjacent to a vertical plumbing 
chase with adequate space to enclose 
additional plumbing. In addition, the 
solar system could be used to boost 
water temperatures supplying heat 
pumps. 

Exdudmg the new balconies, this 
strategy set is estimated to pay for itself 
with energy cost savings in just over two 
years. It is interesting to note that 
energy savings alone could pay for the 
new balconies (and the rest of the 
strategy set) in just 14 years. 

WASIII,lilllN~ OC' 
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Typ. Precast 
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Divider /Support 

Typical Railing 
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Divider/Support 

TYPICAL BALCONY SECTION 
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Jury Comments 

The jury agreed w1th Team A that it was 
correct in focusing its operation 
strategies on reducing ventilation. It Is 
questionable, however, how much 
ventilation can be reduced without 
violating code requirements. The idea of 
isolating the units from the corridors is a 
good one and works whether or not the 
corridor ventilation can be reduced. The 
jury questioned the installation of 
programmable thermostats. II is the 
most costly item in the set and its 
returns are not clear. The jury 
recommended a much doser analysis of 
this item before installation. 

The jury felt that Team B's approach of 
altering bath and kitchen ventilation 
rates is more likely to be acceptable in 
most building codes than altering 
corridor ventilation rates. Specifica
tions differ among codes and, in some 
cases, codes in this maner are 
changing. Designers ITl.ISt consult the 
applicable codes for each jurisdiction 
before applying strategies of this type. 

Regarding retrofit strateges, the jury 
again questioned the use of 
recirculating activated charcoal filters in 
k1tchen and bathroom vents. The 
energy saving potential of this strategy 
is very impressive if the solution can be 
made acceptable to tenants. The owner 
may wish to experiment by altering a few 
units as recommended and judging the 
results before committing to changing all 
units. 

The jury was impressed with Team B's 
approach to adding exterior shading to 
the building. If it can be made 
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accpetable to the owner, it could have a 
major effect not only on the building's 
appearance but also on annual energy 
costs. As the most cosdy retrofit item 
proposed, this strategy merits special 
analysis. 

The jury was interested In Team A's 
rehabilitation focusing on adding new 
units. They pointed out, however, that 
the acceptability of this stratey would 
depend on costs and economic factors 
that go far beyond energy use. 

Finally, the jury discussed at great 
length Team B's proposal to add 
insulation to the exterior of the building. 
Although this application of insulation 
has a maJor effect on both conduction 
and air infiltration, it is still highly 
questionable whether an owner would 
cover up brick with a substance 
requiring increased maintenance and 
one that changes the overall aesthetic 
of the building. 



Public Housing for the Elderly 

This Boston nidrise, with 7 stories ard 
82 units, is owned by the Boston Public 
Housing Authority and is used entirely 
lor elderly tenants. The building was 
offered lor analysis because it had the 
poorest energy consumption record ol 
the 20 buildings currently owned by the 
Authority. The total annual energy bill is 
$87,600. 

Monthly rents are limited to 30 percent 
ol income, and average about $125 per 
unit. However, management lees plus 
an $89 per unit energy bill add up to 
$198 per month •• a net monthly loss of 
about $73 per unit. For this building, 
conservation is seen as a means lo cui 
losses while increasing comfort lor 
elderly cccupants. 

. 

Boston Midrise r~n::r::mlil •• •• •u••n• •• •• ................ .. .. ........ .. .. 
£ ''1'/''"{" 'r't' .. ~ 

Although Boston's cold northern dimate 
is moderated somewhat by the sea, the 
building's main energy problem is sbll 
heating (about 55 percent of the annual 
energy bill). Heating loads are caused 
by high infiltration rates through drafty 
windows, and by conduction losses 
through uninsulated walls and Single 
panoglass. 

IIOSIWI. Mil 

Strategies recommended lor this 
building are estimated to save up to 
$11 ,000 per year lor operation 
improvements and up to $50,000 per 
year for major rehabilitation, out of a 
total annual energy bill of about 
$87,000. Paybacks range from one to 
five years. 

73 



OOSION, MA 
Building Layout 

This building has a long east-west axis, 
the entrances to this building face just 
slightly west of south, with large 
covered canopies over each of the two 
main doors. The majority of the building 
is comprised of one-bedroom units (72), 
the rest being two-bedroom units (1 0). 
One-bedroom units average 490 square 
feet; two-bedroom units are 610 square 
feet. 

Organization of the building around two 
central elevator cores gives the building 
an inherent inefficiency. Large lobbies, 
extra stairs, and extra elevators reduce 
the net-to-gross for this building from 80 
percent, which would be typical. to no 
more than 65 to 70 percent. 

Entry I 
living 

~~E::J 

Bedroom 

The building has only five parking 
spaces •• located in the rear •• but sits 
on a generous site with many trees. 
There is a central laundry, with all hot 
water supplied from the steam boilers. 

As can be seen on the ground floor plan. 
there are several generous storage 
areas and large service areas including 
a maintenance room, incinerator, 
machine room, and large boiler room. In 
addition, there is a large community 
room. 

The one-bedroom unit (shown at left) Is 
modestly inefficient because of the long 
interior hall connecting the living room 
and the bedroom. 

Although all units are Individually 
metered, the incentive for energy 
conservation is lost because all bills are 
turned over to the management for 
payment. These bills are, in turn, 
passed on to the Housing Authority. 

All units are supplied with a refrigerator 
and electric stove. The stove is known 
to be used as an auxiliary heat source 
when tenants feel the building is too 
cold. The building is not centrally air 
conditioned and there are no window air 
conditioning units in use. 

TYPICAL ONE BEDRROM UNIT 
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The specifications lor this building 
dearly indicate that it is a pre-1970 
design. The exterior walls are 
uninsulated and an glass is single pane. 
Healing is supplied from a large central 
steam system. There is no thermostatic 
regulatiOn in tho individ.lal ur1ts. 
Although the apartments are individually 
metered tor electric use,tenants are not 
responsible fOI' individual electric bills. 

Given this type of wan and window 
construction, it is not surprising that 
tenants say the buildng is "drafty" and 
thalli "feels cold." This situation is 
aggravated by the fact that the building 
is occupied entirely by elderly people 
who normally require higher 
temperatures. 

Also, given the age of the steam healing 
system, it is likely that there is virtually 
no control ol heat in the units. Manually 
operated valve stems have long since 
frozen open, so apartment tefTl)eratures 
are controlled by opening the window 
when it is too hot and turning on the 
electric stove when it is too cold. Both 
strategies, of course, aggravate an 
already high building energy bill. 

Domestic hot water is supplied to the 
units and to the central laundry from the 
central steam boHers. This requires that 
at least one boiler be operated twelve 
months ol the year. Nominal efficiency 
drops significantly in the summertime 
when hot water is the only load on a very 
large boiler. 

. . 

Building Specifications & Operations t(ijl~~l[mlfi~ 
OOSl\1.'1, MA 

Ughting, as originally spealied !Of this 
building, is generous in both number ol 
fixtures and wallage. lncandoscent 
lights are specified throughout. 

In a previous energy study, the Housing 
Authority had been advised that boiler 

modifications, conversion to Hourescent 
lights, and installation ol additional 
glazing would be economc. From 
discussions with the build1ng operators, 
it was clear that these improvements 
had not yet taken place. ThereiOf&,IOf 
lh1s study, we assumed the builcing in 

BUILDING SPECS 

ENVELOPE : 
• Exterior Wall 

4" face brick, 1" air space 
4" cinder clock, 1/2" plaster (ASHRAE typeD, R=3.83) 

• Window 

• Roof 

Metal frame. sinqle pant> qlass. slidinq 'Y(indows 
U overall = 1.35, shading cot>fficient = 0.64 with blinds 

Tar & Gravel on Built Up Roofing 
1-1/2" insulation ...,ith 6" concrett>, light-...,eight 
(ASHRAE typ• 12, R=13.2) 

INTERNAL LOADS 
• lights: 0.5Watts/s.f. 
• Appliancu: 0.4 Watts/s .f. 
• Cooking: 6000 Btu/day ( 40% latent) 
• Infiltration: 1 .0 Air Changt>/hr. 

OTHER LOADS: 
• lighting in common areas : 1.2 W /sq . ft. 
• Eleva tors : 15 kW 
• Exterior lighting : 3 kW oper <lted 12 Hours I day 

its original specified condition and noted 
the economic ifTl)act ol all recommenda
llons from our design teams whether 
previously discussed or not. 

1 

SYSTEM SPECS . 

HVAC 
Stt>am convt>ctors 
No cooling providt>d 
No range exhaust 
No bath exhaust 
No corridor exhaust 

TEMPERATURE SETPOINTS 
Heating: 76°F 
Coo ling : nont> provided 

CENTRAL PLANT 
No. 6 Oil -fired boiler, 
Efficit>ncy = 65%, 
Boilers availablt> for heatin<J 
and DH'w' on dt>mand throughout 
year 

DOMESTIC HOT WATER 
Supplied off steam boilers 
Nominal efficiency = 60% 
35 gal.lunit/day @125°F 
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Energy Analysis 

Since it is situated in a cold northern 
climate, heating is the main energy 
problem for this building, accounting for 
roughly 55 percent of the annual energy 
cost. At over 150,000 Btu's per gross 
square foot per year total energy use, 
this building is clearly consuming an 
excessive amount of energy. 

Although as northern in latitude as 
Chicago, the Boston area is actually 1 oo 
to 15° F warmer in winter because of its 
location near the sea, and has 
significantly smaller daily temperature 
swings in summer. 

To illustrate the magnitude of the 
heating problem tn this buildtng, net 
heating losses lor typical untts range 
from 12 to 17 Btu's per 
square foot per degree day. By 

° F DIURNAL TEMPER A TURES 
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comparison, a reasonably well built 
single family residence today would be 
expected to lose no more than 5 to 8 
Btu's per square loot per degree day. 
There are at least five compounding 
problems causing this high heating cost. 

which consists of 4" cinder block and 4" 
face brick. 

These three problems create a fourth, 
the fact that tenants often "feel cold"tn 
their apartments. Because exterior 

Heating loads are dominated by infiltration, but 
most heating is caused by conductive heat loss 

through the walls and windows 

ANNUAL HEATING LOADS (LOSSES)per UNIT 
' 'vi ALLS ! -1 6 F ··. ·,., · • '· ··<·>'·'··,.··:</ii~'' 

ROOF I I -2E 
! 

GLAZING I -1 7 1: :::·,~> "·>:Xk . ·.·~ <'·;." •.";. 

i 
INFILTRATION i -28 11'~:'"'"· ,._. .. "?~i"':"··:·:o;,~i":t'"~;~~('<;, 

INTERNAL l I 
! 

MBtu/Unit -40' -20 

The bar graph of annual heating loads 
illustrates three of these problems. 
First, and largest, is the problem of 
infiltration. Windows makeup a rather 
high portton of exterior walls in this 
building, about 17 percent, and are 
single pane aluminum sliders with no 
weatherstripping. There is no question 
but that they leak air badly. 

Second, because the glass is only 
single pane, there are high conduction 
losses. As most of the building glass 
does not face south, solar gains do not 
greatly offset these high conduction 
losses. Third, there are significant 
losses through the uninsulated wall, 

10 

0 20 

walls are cold due to concllction losses, 
they easily absorb radiant heat from 
occupants, making them feel colder in 
spite of the ambient air temperature. On 
two occasions, when management 
installed temperature recorders in 
"problem· units, tenants still corrplained 
of "feeling cold" when recorders never 
registered below 77° F for three days. 
When tenants feel cold, they call for 
more heat whether or not air 
temperatures are in a reasonable range. 

Finally, the mechanical system that 
supplies heat is inefficient. Due to the 
age of the boilers, they are probably 
operating poorly. Worse, however, Is 

the fact that the system is ltkely to be 
completely out of control. Valve stems 
at individual radiators are almost 
certainly "frozen open" by COfrosion. 
The only tenant option is to open 
windows when it Is too hot, thus wasting 
tremendous amounts of energy. 

Electric fighting is the second highest 
energy cost in this building. It is caused 
by a relatively high number of fix1ures in 
the building all made for incandescent 
lamps. 

Miscellaneous loads are the third 
highest cost In this building. This load 
Includes receptade use and no doubt is 
high because of the use of auxiliary 
electric space heaters. 

The fourth cause for high costs is 
domestic hot water. Although use In this 
elderly occupied building Is probably 
below average, the cost is above 
average due to an Inefficient system. 
DHW is produced by a heat exchanger 
from the main boilers. This requires at 
least one functioning boiler cwer the 
summer at a great loss of efficiency 
•• similar to keeping a large locomotive 
up to steam for an occasional blow of 
the whistle. 
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In this building, the owner pays all of the 
energy costs. The management firm 
tracks these costs with well kept 
monthly logs, enabling us to compute 
very accurate energy costs. 

W1th an amual energy bill of $87,000 
and net rentable area of about50,000 
square feet (out of 74,000 gross), 
annual energy costs are $1.75 p9f net 
square foot. This CO!ll>ares with an 
average cost for the Boston area of 
$1.18 (according to an IREM survey of 
65 buildings) and a "high• cost for the 
area of $1.54 p9f net square fool 

These high energy costs aggravate an 
already existing operating cost problem 

Owner's Ut i11ty costs 

$89/Un1 t/Month 

..... ~IV AC ---.. ·--~2 
--· Elevators-· 2 
..... Cooking ......... 5 
00 

... Appliances .. ·$7 

ooooo lights ......... $18 

ooooo DH'w'ooooooooooooooo $6 

..... Heating ._ ... $49 

electricihJ tJ 8. 
fut>l CIIB4.7~/gal 

as illustrated in the "En9fgy and Rent 
Analysis" below. Because this is 
subsidized elderly housing, tenants pay 
none of their monthly energy bills. The 
owner, the Boston Housing Authority, 
pays the entire $89 per unit p91' month 
bin. In addition, the Authority pays a 
monthly management fee of $109 per 
unit ($2.34 per square foot) which Is 
average for the Boston area excluding 
insurance costs. 

Rents are limited to 30 percent of each 
tenant's income. The average monthly 
rent is $125 per unit, compared to a 
mad an I REM rent for the area of $354 
por month. Net operating loss per unit is 
$73 per month, or an annual building 

Energy end Rent Analysis 

(Typical One-Bedroom Unit) 

Tenant's Monthly 
Energy Cost/Unit.. ......... _ $ -0-
0wner's Monthly 
Energy Cost/Unit ............ ($ 89) 

Monthly Operation 
&Maintenance Cost.. ........ ($1 09) 

Total Monthly 
Cost/Unit!. ......................... _($ 198) 

Typical Monthly Rent 
(max: 30~ of income) ... _!! 25 

Net Operating Profit 
(Loss)/Unit/Month ~ ........ ($ 73) 

*Assumes No Mortgage 
Pa~Jment Cost 

Economics ~l"T""['llm oHoOooOOOUo; ............ ,, .. 
. ........... II •• 
•• •• .... . ... II •• tY ......... ... :.~ 

operating loss of $70,000, excluding 
any mortgage payment Any sav10gs 
duo to conservallon would hkely go to 
reduce operating losses. 

With all en9fgy costs being passed from 
tenant to management and then to the 
Housing Authonty, th9fels little 
incentive for conservation. Most 
conservation improvements proposed 
would have th~ attractive advantage of 
simultaneously reducing operating 
costs while ina easing tenant comfort. 

Our recommendations, which follow, 
show that incremental operating 
improvements are possible, but that 
maJOr retrofitting or rehabilitation is more 
likely to produce signifiCant savings. 
The question is, of course, how these 
improvements would be financed. One 
possible scenario is shown in the box to 
tho right. 

It is presumed, for the sake of 
argument, that annual en9fgy savings 
could be used to fund state backed 
bonds which would pay for conservation 
improvements. The analysis illustrates, 
basad on some very simple assump
tions, that if this concept W9fe 
accepted, significant budget oudays 
could be justified. In this case, a 
monthly savings of $40 per unit would 
support a c:>ns9f'Vation i!TlXove-mant 
budget of nearly $3,000 per unit or a 
total project budget of approximately 
$240,000. These figures includo no 
value for the i!TlXoved comfort of the 
elderly occupants. 

IKo:>IU'<.MA 

Fi nenci ng Conservet ion 

A SCENARIO FOR FINANCING 
CONSERVATION IMPROVEMENTS 

'w'ITHOUT FEDERAL GRANTS-
Us~ UtilitiJ Savings to Payback 

Stat~-backed Bonds 

Monthly Savings 
(assum~ 45%) 

$40/Unit 

X 12Mos 

$480/Unit 

t 
Annual Savings 

Equivalent loan Valu~ 
(Maximum loan v a lu~ 
at 10% with annual 
payment of $480) $4800/Unit 

L~ss "Soft" Finane~ 

Costs -$1200/Unit 

L~ss Housing Authority 

Ov~rhead (15~est.) -$700/Unit 

NET OUTLAY to Finance 

Cons~rvation $2900/Unit 
X B2 Units 

TOTAL PROJECT 
BUDGET $238,000 
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STRATEGIES & COST~ 

w.lAC 
• Clcon and paint radoat()(S 8,040 
• Chedl radlillor and valve 

operatiOn 2.000 
·Clean botler; check flue gas: 

tnm botler 1,752 
UgiJQn!)IAooliances 
·De lamp (remove 10% ol 

inc. lomps) ..(). 
-Relar1"9Witl30%tesswattaoe -o-
• AI repamDng. conmon aie;)S wMe ..(). 
Tmtnllo:fOtbet-
·ln<:antiY8 Program- Owoerff eoant ..(). 

Spilt energy C05l S3VIn!)S 
• Convert 2 pa~nger elovators 

tolrelght ::.Q: 
IOIALCOST: $11,792 

UTILITY BILLS 

, ........ , · · · · · · · · · Before: $89 

$80·1 M· ······After : $78 
i 
I 60·! 
j 

40·! 
: 
! 
i 

20·~ 

I 

OwntrS~Yings: $11 

I(Ttl'l~l'lt S~Yil'lgs: $ 0) 

Monthly Utility Savings: $11 /unit 
Annual Utility Savings: $11 ,200 

PAYBACK: 1 Ve~L __ 
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Both design teams focused on the 
mechanical system as a source of low 
cost oparation impmvements. This 
team recommended a major effort to 
improve radiator function. 

First, radiators would be cleaned to 
improve infrared radiation. Next, both 
steam traps and radiator valves would 
be repaired. If steam traps are "frozen" 
open, steam is wasted. If radiator 
valves are stuck open, overheatmg 
occurs. If stuck closed, heat can1 get 
into the apartment, and other more 
costly means of heating are used by the 
tenant ··like the oven or small electric 
heaters. The team also recommended 
cleaning the boiler and 1uning up• its 
operation. The cost for all mechanical 
system maintenance was estimated to 
be $12,000. 

Team A focused on lighting as a source 
of low-cost savings. The team 
estimated that at least 10 percent of the 
existing incandescent lights could be 
removed without any detrimental effect 
on the buildtng and probably without 
notice (note the reftected ceiling plan). 
The team also recommended that 
remaining lights be relamped (at 
burnout) with lamps of 30 percent less 
wattage. This reduction in wattage 
could be offset somewhat by painting all 
common areas white at the next 
scheduled painting. 

In order to reduce the cost of vertical 
transportation, the team recommended 
turning off one elevator in each bank, 
except as needed to haul freight or to 

asstst move-tnlmove-out. Waiting time 
and shared rides would increase 
modestly, but otherwise there would be 
no "hard" costs. 

Finally, Team A recommended an 
incentive pmgram to encourage 
occupants to get Involved in energy 
conservation. One proposal put forward 
was for management and tenants to 
share electric savings. The problem, of 

course, with any shared savings 
scheme is that it is difficult to give up 
any savings when the building as a 
whole is operating at such a loss. 

Our analysis estimates that this 
package could reduce the average 
unit bill by $11 per month or an annual 
total ol $11 ,200 for the building. This 
would yield an attractive one-year 
payback. 

Large numbers of incandescent lamps offer numerous 
opportunities to reduce energy consumption 

o• 
• • • • •• •• 

1.26 w/sf 
Lighting 
Before 

1.08 w/sf 
Remove 10% 

of Lamps 
0.74 w/sf 
Reduced 
'w'attaqe 
Lamps· 

1(30% Reduction) 

• 

• 

60% 
0.36 w/sf 
Convert to 

Fluorescent PL:$ 
(60%Red•JctionJ 
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Team B focused its attention at U1e 
other end of the mechanical system, 
recommending a thorough look at botler 
operations. As illustrated below, its 
main recommendation was the 
installation of a flue gas analyzer and 
combustion elfidencycontroner. This 
relatively low cost piece of equipment 
would allow lor continuous testing of flue 
gases to determine boiler etfidency, 
and the IX)Iontial for automatic adjust
ment to achieve the best balance 
IX)ssitje for the system. 

The basic function of this equipment is 
to measure the mixture of oxygen, 
carbon dioxide, and carbon monoxide 1n 
nue gas and to compare ~ with the rate 
of fuel consumption. From these 
measurements, a micro·processor 
computes system efficiency and then 
issues command signals to adjust boiler 
controls for maximum eHiciency. 

The team also recommended a close 
look at boiler operation and domestic hot 
water needs to determine if one boiler 

Flue gas analyzer aids optimum operation of boilers 
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could be turned oil in the summer, and 
to limit its oporation in the spnng and fall 
seasons. It was estimated these botler 
improvements would cost only a few 
hundred dollars. Team B also 
recommended a signiftcant reduction in 
hghllng wattage, as well as the 
installation of a photocell control for all 
oxtorior lighting, to insure that outside 
lights are oil when not needed. This 
v.ould be especially im~X)rtant for the 
entrance canopy lights whi~h have a 
rather high wattage. These controls are 
estimated to cost a total of $240. 

Fmally, the team recommended the 
installation of flow restricting shower 
hoads in all untts. To keep costs down, 
installation would be done by building 
staff as time permits. It was also 
racommended that this installation be 
done at change over of unit occupancy 
to make the change in shower flow less 
nohcable. The cost of the flow 
restrictors was estimated to be $650, 
not includtng state or utility incenbves 
that may exist. 

The total cost of this package was 
esllmated to be roughly $6,300 with 
projected sav1ngs of nearly $7,000 per 
year. This is a 11 .IIl2JJ1h payback. 

STRATEGIES & COSTS 

~ 
Comlluslion effooency conltollef ~00 

· Flue gas an11lyzor 5.000 
C".ut oH 1 Looter In 5wing sea:;on o-

i..tgbl!no'Aool•ances 
flelamp to lowest wattage po6Sble .(). 

· Photocell on allelt(lrior lighhng 240 
QUW; 
~low reSU'odors on llllshowera 6!iQ 

TOTALCOST: $6.290 

UTILITY BILLS 

j""""! · · · · · · · · · B~fore: t89/unit 
$80·! IJ ....... After :$82 

~ 
60·! 

I 
: 
i 

40·! 
: 
! 

20·! 

l 

OwnerSnings: $ 7 

(Ttn~nt s~vings: $ 0) 
Monthly Utility Savings: $ 7 /unit 

Annua 1 Utility Savings : $6,900 

PAYBACK: 11 Months 
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STR A lEG IES & COSTS 

5,000 

24,738 

lnclud8d above 
2,592 

Repoat Operation Slralegies 11,792 
iohtinw'Aool•aoce: 
Re~t OperabOn ~alegies 4 
Change incandos(;en to ftuorescent 
in all public areas 9295 

Time switches in st>rage & 
low use areas 470 

h 
Repoat Operation Stralegy .:2: 

fOTAL COST: 53,807 

UTILITY BILLS 

, ........ , · · · · · Before: $89 
i : 

$80·• i I : 
~ ! 

60 .j )-, · · ·After : $53 
I 
i 
i 

40 ·1 

I I I Owntr : $36 s~vings 
20·! 

: 

! I ICTtnant s~vings: $ o) 
Monthly Utility Savings: $36/unit 

Annual Utility Savings: $35 000 

PAVBACK: 1.5 Veers 
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The centerpiece of Team A's retrofit 
strategies is the installation of exterior 
storm windows. Although a cosily item 
(about $25,000) it attacks the two major 
causes of heating problems in the 
building ··infiltration and conduction 
losses through glass. Installation of the 
storm windows also creates an 
opportunity to caulk exterior windows to 
further reduce infiltration. 

The team also recommended reinsula
lion of the existing roof up to R-28 at the 
next regular roof maintenance. 
Incremental cost for the insulation would 
be a modest $5,000. 

The team also considered means to 
Insulate exterior wall surfaces. 
However, because of the cost and 
disruption involved in the alternatives, 
tho team elected to consider exterior 
wall insulation only in a rehabilitation 
situation. 

The team also recommended the 
addition of vestibules at each entry. 
This would further reduce unwanted air 
infiltration. 

Finally, the team recommended that all 
incandescent lights in common 
areas be replaced with "screw-in" 

fluorescent lamps. This would reduce 
electricity consumed in public areas by 
about two-thirds. All storage areas and 
low-usage areas should be put on time 
switches to eliminate the possibility of 
lights accidendy being left on for long 
periods of time. 

When combined with the operation 
strategies discussed previously, this 
strategy set costs about $54,000 and is 
estimated to save up to $36 per unit per 
month or a total of $35,000 per year. 
Simple payback is stin very attractive at 
only a year and one-half. 

Effects of Mean Radiat Temperature on Human Comfort 

Air "$- Wall 
Temperature n Temperature 

74 •F ss·F ...... ) 

~~ ~ll.-w/7 
Single-pane \f~::::: Uninsulated 

glass ·.':,. '.:·:. exterior 
·.':.: ·.:-:.- surfaces 
~~ 

I 

UN INSULA TED SURF ACES CAN 

CAUSE WINTER DISCOMFORT 
--

~ 

~ 

~ 

OUTSIDE AIR 
TEMPERTURE 

Fo 
so_ 

60_ 

40_ 

20_ 

o_A& 
v 

JNSUL AT JON IMPROVES COMFORT 
BY REDUC lNG RADIANT LOSSES 
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Team 8 also added exterior storm 
windows and more insulation in the roof, 
but took a much more aggressive 
apptoach to improving both the HVAC 
system and lighling. 

As shown in the ciagrams below, Team 
8's main recommendation was to 
improve control of the heating system 
by replacing valves at each radiator. 
Assuming that old valves would be 
"frozen" and needing replacement any
way, the team recommended replace
ment rather than repair. Replacement 
would allow the addition of thermostats 
which would not only increase occupant 
comfort but also reduce overall heating 
in the building •• it would no longer be 
necessary to heat the whole building to 
the highest temperature needed in only 
a low units. Although a costly stratogy 
at $27,000, payback for the entire set 
appears to eas~y justify this cost. One 
problem, however, is that corrosion 
inherent with steam systems will cause 
even these new valves to "freeze up· 
again within 5 to 10 years. 

Team 8 also recommended conversion 
from #6 to 114 fuel oil. Although the 
bo1lers were originally specified for 114 
oil, the team believes that lower cost #6 
is actually in use. If this is the case, 
higher maintenance costs and poorer 
performance of the boilers may, in fact, 
be costing more than the savings in fuel. 
This should be Investigated dosely. 

The other main strategy ofT earn B was 
to convert as much of the builcing 
lighting as possible from incandescent 
to more eHident alternatives. They 
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recommended changing all bath and 
kilchen fixtures in the units to fluores
cent fixtures and a similar change in all 
public areas. OUtside l1ghts should be 
changed to high pressure sodium and 
should be controlled with photocells. 

Altogether. the lighting strategies cost 
$20,000, but should reduce electric 
consumption for lighting by 30 percent. 
Team B also recommended installation 
of a separate domestic water heating 
system. This would eliminate the need 
for any boiler use in the summer and 
would yield a signiftcant 

increase in overall system efficiency. 
The team r&commended using gas 
already at the site for fuel. At $6,500, 
saVIngs due to lower enorgy use and 
lower fuel cost should pay back in 5 
years or loss. 

Although tho total cost of this package 
of strategies approaches $100,000, 
estimated savings of $36,000 per year 
(about $37 per unit per month) would 
give an excellent payback of about 2-
1/2 years. From the Housing Authority's 
point of view, operating losses for this 
building could be cut in half. 

Thermostatic valves can be installed either directly on 
radiators or on adjacent walls 

STRATEGIES & COSTS 

~ 
• Rogod roof insula lion (R<lJ) 
• Ex1er10r 610<mWindows 
.kl41D:alioo/Exbaust 
·Caulk all exlefiO! windows 
lJYl&; 
·Cut oll1 bo<ter on swing season 
• Upgrade bo<lens/convurt fuels 

•modify bollor burners 
•roplace booler lUbes 
"hydrolic lltsbng 
•use 14 fuel 011 

• Thermostalconllol, 
all radiators 

UaMno'Aoolances 
· Repeal Opera bon Slrategiec 
• FUO!escenl on lutchens. 

balhs. & common areas 
• High pressure sodium 

on exleri01 
.Q1l'{t 
· Repeal Oporabon Sllaleg.os 
· Soparoto gas DHW systom 
lOTAlCOST: 

UTILITY BILLS 

7.500 
24.738 

in above 

~ 

4,000 
5,000 

300 
~ 

26,800 

240 

16,099 

3,480 

650 
~ 

95,307 

i ........ i · · · · · B~for~: $89 
$80·1 i 

1 ! 
~ i 

60·j h" ·Aft~r : $52 

40.1 
i 
! I I Owner : $37 s~vings 

20·1 
! 
i I IOmnt s~vings: $ o) 

Monthly Lltility Savings: $37/unit 
Annual Utility Savings: $36 000 

PAYBACK: 2.6 Years 
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Rehabilitation Team A 
STRATEGIES & COSTS 

~ 
-lnstiU wall insulation (R-6) 87,536 
• lnstaa a• tenor storm w.ndows 24,738 
lnlltmtioo!E !haust 
·Repeat Relrofit Slrateglos 2,592 

~ 
- Repeat Relrolt Slrategles 11,792 
·Thermos title radiatot valves 26,800 
l !ahtjoR'Aoollaoces 
• Repeat Retrofit Slrategies 9, 765 
·High effioency apphances upon 

Replacement 20,500 
Qlili; 
• Separalll OilS OHW system 6,500 
l.clllnJo.g; 
·Repeat Retrofit Strategy :.Q: 
TOTAL $190,223 

Nota: Added cost for 8th "oor wf 16 units & 
spnnkler sys (not paid lor with energy 
savongs alone) $570,000 

UTILITY BILLS 

,. ....... ; · · · • · Before: $89 

$8o.i i 
: ' i ! 

60_j i 
i I 
i j 

40 .~ r-T .. After : $42 

20 ·I I I o ..... ntr : $4 7 s~vings 
! I IOtn~nt s~vings: $ o) 

Monthly Utility Savings: $47/unit 
Annua I Utility Savings: $46,000 

PAYBACK: 4. 1 Veers 
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Turning to rehabilitation, Team A made a 
radical departure from its previous 
thinking. It was presumed that this 
would be a major rehabilitation and that 
everything but the structure of the 
building could be changed. They kept 
previous ideas, such as adding storm 
windows and converting to lower 
wattage fluorescent fixtures, but added 
several totally new concepts: new wall 
insulation, thermostatic valves at all 
radiators, high efficiency appliances, 
and a separate OHW system to eliminate 
summortime boiler use. 

Their most radical recommendation, 
however, was the addition of 16 more 
units as a new eighth floor. They argued 
as follows: since the building would be 
torn to pieces tor the rehabilitation 
anyway, why not look at new construc
tion on the top floor? Preliminary 
analysis showed that the structure of 
the building could hold another lloor. By 
taking advantage of the existing builcing 
structure and other building systems, it 
was estimated that the new lloor could 
be added for $25 to $30 per square foot 
or about $25,000 per unit. This is rough
ly half the cost of new units in the area. 

This would make sense only if the 
Housing Authority were in need of 
additional housing units. If it is, this 
approach could deliver 16 new units at a 
very attractive price. 

In this case, energy needs (such as a 
new roof) could be included as part of an 
overall building revitalization. However, 
payback calculations are not applicable. 
Energy savings alone will not pay for 

REHAB ADDS 16 NEW UNITS 
2 Seventh Floor Terrace Units 
14 Units on New Eighth Floor 
~hntfinn St>am "Mansard" with R-28 Insulation 

newdwening units. Nevertheless, 
energy considerations are important as 
one of the driving forces for making the 
improvements at all. 

It should be noted that the overall cost 
estimate for this package includes 
adding sprinklers to the entire building. 
Again, this is not an energy related cost 
but would be considered reasonable to 
add at the time of a renovation of this 
magnitude. 

~IIIIDJIIIIIIIQMIIII(IQIIIIDJIIII.IIIIDJI~ 

Cost of this package, exdudng 
sprinklers and the new floor, Is 
$190,000. Projected energy savings of 
over $48 pet' unit per month or $46,000 
per year would yield a payback of just 
over 4 years. Energy savings alone 
could pay for the whole package, 
including the new floor, over $700,000, 
In 16 years. 
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As did Team A, Team B impi'Ovod the 
basic building shell by adding wall 
Insulation, storm windows. and addition-
al root insulation. In an elfort to keep 
costs down, this team recommended 
interior storm windows, but found the 
total job cost only $3,000 less than 
exterior units·· hardly worth the 
distinction. 

The nucleus of Team B's approach was 
a major upgrade of the heating system 
from a steam system to a hot water 
system. The major problem with control 
in thts building is that radiator valves 
,reeze up" every 5 or 10 years. It is 
better to replace the steam system with 
a hot water systom which can be 

1
EXISTING STEAM BOILERS 

-··r----... 

ET I 
~I t - . 

l§fi 
~~). 
Tank 

\._ 

maintained in good condition with 
hydro!Vc additives for 20 years. 

This renovation would add control at 
each apartment by installtng thermo-
static control valves at each radiator. 
System effldency would improve by 
adding sophisticated controls on the 
boiler. 

As illustrated in the diagrams below, 
existing boilers can be converted from 
steam to water but a new hot water 
supply and return line must be installed 
in place of the old steam supply and 
condensate line. At the time of 
conversion, the DHW system will be 
removed from the boilers and a 

HOT WATER CONVJ:RSION 
Primar\J Hot Water(rtust stum lint) _ .. r:t. I f Ne'!" Retw:-.!!. 

. I . : t 

1.~~.11+-+l 
i-1 1-1 

f--
Hot 

Water 
Boilet· 
•t 

Convert 
Boilers 
to Steam 

11'1. 

~I 

Install 
Separate 
DH\v' Heater 

. 
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separate DHW system installed. 

This rehabilitation is estimated to cost 
over $180,000, but annual energy bills 
are reduced by 50 percent. With 
estimated savings of $46,000 per year, 
simple payback is ach1eved in about 4 
years. 

The team investigated the possibility of 
apply1ng an exterior synthetic stucco 
finish as a low cost option to intenor 
furring and batt insulation. This, 
however, proved to be nearly twice as 
expensive. This approach would be 
attractive only where It was desirable 
not to disturb tenants during 
construction. 

EXISTING RADIATOR 

I -oomn ............ i 
...L• Primary Steam Line ~ .. .. 
........................................ c·on·a;·ns·ate:· .. ········ 

RADIATOR CONVERSION 

~-Install In-line Thermostat 

~~--~ 
~~-!rnar, Hot ~~ter_2!::j 

Hot Water Return 

STRATEGIES & COSIS 

~ 
· Oopoat netrofit Stralejlies (except 

use rnlonor 6t()(m wondows) 29,445 
• Install wullnsulatlon (R-11) 83,811 
tlldRalmf KbiiU~t 
-Rl'peat Retrofit Strategies 
~ 
· Oopeat Retrofit Stretegies 36,100 
• Now 2-pipe hydronic system: 

• 2 zone pu~Tll5 and 2zone 
control 1,200 

• use 5team supply f()( hot walor 
supply ..(). 

• replace condenstJtellna 10,250 
LklllltO!iAoolil!ll!;l!Ji 
-Repeat Retrofit Srategoos 19,819 
D..t.iW: 
·Repeat Retrofit Slnltegoes l.1.5ll 
TOTAL COST: $187,775 

UTILITY BILLS 

$aof ...... ! · · · · · Before: $a9 

I I 

i ! 
i i 

60·1 ! 
40J h' ··After : $42 

! 
! 

20·1 
Owner : $4 7 Owner 

! Otnillt s~vings: $ o) 

Monthly Utility Savings: $47/unit 
Annual Utility Savings: $46 000 

PAYBACK: 4. 1 Ve6rs 
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The jury questioned Team A's incentive 
program. Would the Housing Authority 
really want to give away any possible 
saVIngs considering the amount of loss 
on the building already? 

One engineer on the jury complimented 
both teams for sticking with both the 
radiators and the oil fuel of the existing 
system. He noted that because there is 
no need for cooling, radiators alone are 
very good heaters. He also noted that 
the Housing Authority's ability to buy oil 
at virtually wholesale prices is well below 
the price of natural gas. 

One reviewer strongly objected to the 
concept of turning off or limiting the use 
of one or two elevators. However, it was 
pointed out that this building was not 
designed for low-income tenants, as 
demonstrated by the generous common
space, stair, and elevator configuration, 
but was purchased by the city for use as 
subsidized housing. FHA mirimums 
require 2 cars with a maximum of 120 
bedrooms per car, but then oAy for 
burldings over 7 stories, with potentially 
long response times, which this is not. 
Team members responded that the 
conditions would not be unsafe given 
the design of the building and that 
modest concessions were reasonable to 
ask of the tenants given the large 
amount of money being lost in operating 
this buildrng anrually. 

Pundits in the group could not be 
suppressed. They noted that as long as 
the Housrng AuthOf'ity is losing $73 per 
unit, how could they "make it up in 
volume• by adding 16 more units? 

8t1 

Both teams were questioned about the 
quality of lighting that would result by 
going to screw-in fluOf'escents and high 
pressure sodium on the exteriOf' of the 
building. It was noted that several of the 
new Japanese screw-in fluorescents 
have improved color correction but that 
high pressure sodium was still likely to 
be less attractive than the current 
situation. 
The question of exterior Insulation was 
also discussed. In adcition to 
questronable economics, there was 
considerable skepticism by the jury that 
a synthetic stucco product would stand 
up over the years as weU as the existing 
brick. New finishes inside would be 
significantly more attractive to tenants. 
As to the conversion to a hot water 
system, using the existing supply line 
for hot water heat was questioned. II 
was also questioned whether the 
potential for downsizing boilers was lost 
by using the existing boilers. Useful life 
of the existing borlers would be 
critical in making this choice. 

One jury member added that it is 
unfortunate the Boston Public Housing 
AuthOf'ity probably will not be able to 
take advantage of its very substantial 
equity in this project in order to raise the 
capital required to realize these cost
effective savings. The mortgage 
agreement typically made with the U.S. 
Department of Housing and Urban 
Development forbids such additional 
encumbrances on property, and there
fore precludes the normal and business
like financing of improvements. 

The Authority's ony resource is to 
petition the City of Boston to advance 
the required capital for alterations. This 
will inevitably introduce political 
consideration into what would otherwise 
be a straightforward business decision. 
Since the uhimate savings from this 
program will go entirely to reduce federal 
rental subsidies and will bring the City of 
Boston no pecuniary return, it will be 
suprising if any action Is taken. 



The next building in our series is located 
in Mankato, MN. Completed in 1959, 
this 6-story apartment building contains 
49,307 square feet, <ivided between 
one-bedroom apartments, two-bedroom 
apartments and public space. 

The six-story apartment tower is fla~ed 
by a heated parking garage for up to 20 
cars, and a heated swimming pool. A 
large penthouse game room is located 
on the roof. 

Space heating is the largest single 
cause of enorgy use, followed by 
cooling, water-heating, and lighting. The 
buildng presents a number of 
opportunities to signilicandy red.Jce 
energy use and costs for both the owner 
and the tenants. 

The tonant's average utility bill is 
approximately $20 per month. The 
owner's share of the Utilities is 
approximately $59 per month. 

• 

Minnesota Midrise 

Changes to building operahon and 
maintenance procedures could produce 
an average savings of $8,400 per year 
for an initial investment of between 
$1,000 and $2,000, providmg a simple 
payback of less than three months. 
Monthly average energy cost savings to 
tenant and owner would total 
approximately $14 per apartment. 

The retrofit measures recommended by 
the design teams would produce 

MANKA"IO, MN 

average total saVIngs of over $11,500 
per year, with a simple payback in three 
to five years. 

Strategies selected for use in full-scale 
rehabilitation would produce average 
annual savings of approximately 
$15,000 'Mth a 15-year payback period. 

85 



MM;KA10 , MN 
Building Layout 

Typical apartment floor plans in the 
Minnesota midrise are illustrated at 
right. Each floor has four 689 square 
foot one-bedroom apartments, and four 
945 square foot two-bedroom units. 
There are a total of 46 units in the entire 
building. During 1985, rents for a one
bedroom unit ranged from $297 to $340 
and from $410 ro $426 fOf a two
bedroom unit. 

The building is cubic in form. All 
apartments have either east or west 
exposure and all two-bedroom unrts are 
corner apartments. An equivalent of 13 
percent of the floor area is glazed. Site 

2 BR 1 BR 1 BR 2 BR 

~~ 

9 ~ 
~ ~ ~ 2 BR I .I I ~ 

~~ . 1 BR I 2 BR 
Both entrances to the building are air
locked with swinging doors. The ground 
floor includes the laundry, WOfk-room 
and the rental office. 

~~ TYPICAL 
~ FLOOR 

.. t.--.C:::£1 

I 
I 
I 
I A single elevator and stairs provide 

vertical transportation, and a covered 
walkway joins the building to the 
enclosed parking garage. The heated 
swimming pool is located adjacent to 
and east of the parking garage. 

Each tenant pays for the electricity he 
or she uses for lighting and appliances, 
while the landlord pays fOf the natural 
gas and electricity used to heat and cool 
the apartments, common areas, garage 
and sWimming pool. The owner also 
pays for common area and ex1erior 
lighting and for all domestic hot water. 
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Building Specifications & Operations 
MAI'KATO. MN 

The Mnnesota midrise is consistent in 
form and quality of construction with 
many apartment buildngs of its era. h 
houses approximately 115 tenants at 
maximum occupancy. 

The apartment units are fairly large with 
standard appliances provided for each 
unit. The amount of exterior gass is 
larger than on some newer buildings, 
and can be operated to provide cross-

ENVELOPE: 
• Exterior 'w'all 

through ventilation in the two-bedroom 
apartments. Mechanical ventilation of 
kitchens and bathrooms introduces 
significant amounts of outside air. The 
building has three central gas-fired hot 
water heaters. 

Compared to current practice, the 
bUlldog has relatively low thermal 
resistance in the built-up roof (two 
inches of rigid insulation) and in the 

BUILDING SPECS 

walls (one inch). The windows are 
double-glazed. 

Space conditioning is proVIded to each 
apartment by a two-pipe fan coil unit, fed 
by a central chHier and gas-fired boiler. 
This equipment is located in a 
mechanical penthouse on the roof of the 
apartment building. A separate heating 
and cooling system using 1 00 percent 
outside ail' is used to condrtion common 

HVAC 

areas. A gas-fired furnace, operating at 
70 percent efficiency, maintains 
temperatures above 45" F in the garage. 
No cooling is provided to this area. A 
single-zone draw-through unit provides 
supplementary space condtiollng to 
the mechanical penthouse. The 
swimming pool is heated for three 
months a year by a gas heater 
connected in-line with the filtration 
system. 

SYSTEM SPECS 

4" face brick, 8" concrete block; 1 " styrofoam insulation, 
1/2" gypsum board(garage'llfalls not insulated) 

Apartments: T'Yto-pipe fan-coil 
Laundry&'w'orkshop : Same as apts . 
Halls & lobb~ : same ,1 00%outsi~e • 'w'indo'llf 

Double Pane, R=2.0S/U=0.49 including frame 
Shading coefficient 0 .64 'Ytith light-colored venetian blind 

• Roof 
Main: Built-up roofing, 1-1/2" roof insulation, metal deck, 

joist airspace, gypsum plaster ceiling . 
Garage: Built-up roofing, 2" roof insulation, 

3"1ight-'l!feight cone. deck 

INTERNAl LOADS 
• Lights: O.S 'w'atts/s .f. (t9SO'w',garage) 
• Appliances: 0.4 'w'atts/s.f. 
• Cooking: 6000BtrJ/day (40~ latent) 
• Elevator: 1@ 22k'w' 
• lnfiltr at ion: 1 .0 Air Change /hr .,apartments; 0 .S ACH ,common space 

VENT IL AT ION/EXHAUST 
• Apartments: 40 cfm/apt 
• Gar age :1 0~ outdoor air/'Winteri SO~ outdoor air/ summer 

Penthouse : dr a'Yt- through unit aw 
Gar age - Gas-fired furnace; 70% 

nominal efficiency 

TEMPERATURE SETPOINTS 
Heating: 70°F, apartments 

6S°F, common spaces 
4S°F, garage 

Coo ling : 78°F (no coo ling in 
garage) 

CENTRAL PlANT 
1 Boiler 1,200,000 Btus/hr . 
75% efficiency 
1 Open 60-ton Centrifugal Chiller 
C.O.P.= 3.33 720.000 Btus/hr . 
Coo ling T o'Yter 
DOMESTIC HOT 'w' A TER 
3 Gas-fired water Heaters, 67~ 
efficiency, 60,000 Btus/hr. ea . 

87 



MAI'o~Aill,MN 
Energy Analysis 

Mankato, Minnesota has approximately 
2,000 hours per year below 30° F. The 
daily average temperature range In 
December, January, and February Is 
between 30° F and 1 oo F. The average 
daily temperature swing In summer is 
greater than 20° F and temperatures 
above 95° F occur rarely, with relative 
humidities of 30 percent to 50 percent 
common during hot weather. 

Space heating in this Minnesota midrise 
accounts for 70 percent of total energy 

Extreme temperature 
variations and cold winter 

temperaturE!s show heating as 
a maJor concern 

0 f DIURNAL TEMPERATURES 

1 oo .. n. n . n .n .n . n .~ .n .n .n . n.n ... . 

80 .. 11·11·1 H 1·1 HI· ·•· ·· ··• •·• •·· .... . 

60,11·11 ·11·1 J.ll ·ll · ... ... ... ... ..... .. 

40 .. 

20 .. ~1· 11· 11 · 11 · 

o~s-A-~- ;-~-~-~~ 

1111 ~~:~: 
-M-ll-J!-
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use and cost. The majority of this cost 
is due to heating the apartments, which 
accounts for 70 percent of the floor 
area. Major causes of heating loads In 
the apartments are conductive losses 
through the exterior walls (A-value less 
than 8), and high infiltration/ventilation 
loads, induced in part by the forced 
kitchen and bathroom exhaust systems 
that have a typical daily operating period 
of 16 hours. When these systems are 
turned on, outside air infiltration rates 
increase from a reasonable rangA of 3/4 
to 1 air change per hour to 2 to 4 air 
changes per hour. 

Because window areas are relatively 
small, conductive losses through the 
walls are the major component of 
envelope loads. Correcting the 
excessive infiltration due to the exhaust 
systems is therefore more important 
than reducing infiltration through the 
exterior skin of the building. The 
uninsulated pat1<ing garage is heated 
whenever its intenor temperature drops 
below 45° F and Is mechanically 
ventilated at a rate of 4 air changes per 
hour to prevent the build-up or car 
exhaust. 

The largest portion of energy cost 
occurs in heating which is supplied to 
the apartments from September through 
May by a two-pipe fan coil system with a 
gas-fired boiler operating at an 
efficiency of 70 percent. Cooling is 
supplied in the remaining months by an 
electric chiller with an average EER of 
11.3. Incandescent lights are used In 
the apartments and paid lor by the 

tenant, while the owner pays lor the 
higher-effidency fluorescent and HID 
lights in the common areas, garage, and 
on the building exterior. 

The majority of the appliance energy 
cost is the responsibility of the tenant. 
accounting for the largest single 
component of the tenant's energy bill. 

Water is heated centrally in two gas
fired heaters and paid lor by the owner; 
the overall efficiency of the heaters is 

67 percent. Approximately 15 percent 
of the water -heating requirement is 
generated by laundry equipment. 

The space heating, lighting, domestic 
hot water and appliance energy costs 
account lor approximately 83 percent of 
the owner's monthly average energy bill 
per apartment. The remaining 17 
percent is made up of: operation of 
HVAC equipment (1 percent); cooling 
(1 percent); and vertical transportation 
(3 percent). 

ANNUAL HEATING LOADS (LOSSES)per UNIT 

WALLS 

ROOF 

GLAZING 

-15 f<,iw-:w:%8;; 
I 

-11 I : ~· r'>iJ: / ;;. 'E§Y$$.~ 

-6 B£'r! 
INF IL TR AT ION -45 m~qv ,,. ¥i"%'!!>.:''?-•~%M"' "'''{~J~:1%g-{~-::z:~> 

INTERNAL I 
I 

I 11 

MBtu/Unit -40 -20 0 

ANNUAL COOLING LOADS (GAINS)per UNIT 

WALLS I 0 I 
ROOF I 0 

1 I GLAZING i 
I I 

INFILTRATION 
I 

7 (latent load = 7) I : 
INTERNAL 8 (latent load = 1 ) 

MBtu/Unit -1 0 0 10 20 
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Th1s building ~M>uld cost roughly $2.5 
million to replace at today's prices of 
approximately $50 per gross square 
foot. That price includes added wall, 
roof, and foundation insulation which 
would certainly be standard in current 
design in the Minnesota region. 

The average energy costs of 
approximately $0.1 0 per square foot per 
month or $1.20 per year are reasonable 
for a building constructed in this dimate 
in 1959. An average t~M>-bedroom unit 
rents for about $418 per month and 
energy costs represent 22 percent of 
the average monthly shelter costs. The 
rent analysis at the lower right corner of 
the page shows both the owner's and 

tenant's proportional shares of the 
energy costs. 

Utility rates in Mankato, Minnesota are 
slightly below the national average. The 
electric rate is the same for the tenant 
and the owner and there1s no cost 
penalty when electric use IS shifted from 
the owner to the tenants. 

At an annual utility bill of $45,504 total or 
$79 per month per unit average, the 
owner pays almost three times por unit 
what tenants d>. As shown in the bar 
chart, space heating and cooling 
account for roughly 70 percent of the 
owner's bill. Of the remaining utility 
costs, the largest single component is 

Minnesota Mi dri se Uti 1 ity costs 

Total: 
$79/Uni t/Month 

.... Cooking ...... $2 

I . .'.'.'.E lev~tors .. $2 
Coohng ........ $4 

.... HVAC .......... $6 

.... Misc ............ $9 

···Lights ....... $12 
... Misc ............. $1 
... DH'w' .............. $5 

... Heating .... $37 

Owner: 

$59/ Uni t!Month 
Elevators -.. ·~2 

~:::::::,:'l"Cooling ......... 4 

;;;;;;;;;;;; ::::~~~~ ::::::::::: $~ 
$1 

""DH'w' ............... $5 
Tenant: 

... Heating .... $37 $20/Uni tl11onth 
= ..... cooking ...... $2 

AC .......... $2 
......... $1 

..... Misc ........... $9 

electricity [] 6.1¢ /k'w'h 
gas Ill 52.0¢/therm 

Economics 
MANKAHI,MN 

lighting which represents 13 percenl of 
the owner's bill and 16 porcent of the 
total energy costs. 

On the tenant's side, appliances 
(refrigerators, electric ranges, 
dishwashers, b-oilers, mixers, etc.) are 
the highest energy cost 1tems followed 
closely by thew auxiliary fans (used lo 
blow heating and cooling out of the unit 
heat exchangers) and interior lighting. 

According to I REM, the owner's annual 
utility bill is typical for the reg1on. In this 
building utility costs (excluding water, 
sewer, and trash removal) are roughly 
16 percent of rental income for an 
average unit .. 

As shown in the rent analySis example, 
when all uhlity costs are included, the 
"shelter costs• of a typical two-bedroom 
unrt are $418 per month, and should not 
exceed 35 percent of a tenanrs gross 
annual income to ''QUALIFY" for this 
apartment. 

Assuming utility costs could be cut by 
one-third (and all savings were passed 
through to the tenant) sh131ter cost for a 
two-bedroom unit could drop to $392 per 
month and income to qualify 'M>Uid drop 
to about $13,440. This is likely to be of 
Significance to owners 10 a competitive 
market and to renlers in general. 

Energy and Rent Analysis 

(TypicalTwo-Btdroom Unit) 

Net Rent to O"tner ................ $339 

Owner's Monthly 
Energy Cost/Unit ............... $59 --
TOTAL RENT ........................... $398 
Tenant's Monthly 
Energy Cost/Unit... ............. $20 

SHELTER COST ........................ $ 4 1 8 

v 
I INCOME TO QUALIFY: $143281 

--
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Operations Team A 
STRATEGIES & COSTS 

lnfihmlionlfxhaust 
- Add CO sensor lor gar11ge $750 
-Slow lao speed of roof vent motors 750 
lrlAC: 
- Reduce outside air supply in corridof 25 
- Reduce corridor temperature to 58"F -o-
· lnstal progranvnable the rmostat 

in garage 300 
DI:!W: 
- l'leduce boiler temp to 115"F -o-
.Ira.iJ..rul; 
- Shut oH spoce hell~og booler pilot 
nw~r 4 

- lnslriJct1enants to reduce OHW 
lempwheo on vacation 4 

- Have ga.s company chock nue gas -<>-
TOTAL COST: $1,075 

UT IL lTV BILLS 

$80 · ! ........ i ---- Before: $79/unit 

l i .. After :$61 
60- ; n _ l --o .... •ntr : $ 16 smngs 

! 

:::~ · · Ten~nt : $ 1 uvings 

Monthly Savings: $17/unlt 
Annual Savings: $9,367 

PAYBACK: 2 Months 
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Under Operations, Team A evaluated 
several low or no cost items. Although 
none of these strategies saves a large 
amount of energy, they are simple 
enough to be implemented immediately 
by the property manager and the 
maintenance crew as part of the regular 
maintenance schedule. The computer 
analysis of these concepts was not able 
to identify all of the potential energy 
savings for all of the strategies. 

Temperature setpoints were changed in 
the corridor,lobby, garage, and in the 
hot water tank. The heating set point of 
the corridor and lobby areas was 
reduced from 70° F to 58° F, 
correspondtng to their main use as 
transient buller spaces, rather than 
regularly-occupied areas. In the 
garage, the heating setpoint was 
reduced to 34° F from 45.° F, on the 
premise that the lower temperature 
would sl!ll provide for easy starttng of 
the automobtles on winter mor01ngs. 
Temperatures in the two centralized hot 
water heaters were lowered from 140° F 
to 115° F. 

Incandescent lamps in the garage were 
replaced with screw-in fluorescent 
lamps. These lamps offer both lower 
power consumption and longer life than 
incandescent lamps, so their higher 
initial cost is offset by savings due to 
less-frequent maintenance, as well as 
reductions in energy cost. The existing 
ventilation rate in the garage of four air 
changes per hour was significantly 
reduced by adding a carbon-monoxide 
sensor to the fan-control system. 
Pending code approval, this device will 

turn on the ventilation fans only when 
levels of carbon monoxide reach a 
predetermined threshold. 

The local gas company should be called 
in, free of charge, to analyze the boiler 
flue gases. From the results of this test, 
the maintenance crew was able to adjust 
the burner air intake to the optimum. 
This test Will be repeated regularly in the 
future. Since the boiler was already 
operating at roughly 80 percent 
effidency, no credit was taken for 
energy savings for this strategy. The 
gas pilot light wean also be extinguished 
during the summer, when heating is not 
needed. 

I I o 

The design team established that 
informed tenants could reduce their 
energy consumption by 1 0 percent to 30 
percent. The educational program 
includes monthly or seasonal mailers 
with tips for consllf'Ving energy for 
space heating and cooHng, and water 
heating. Because of the current billing 
structure, however, the tenants are not 
motivated to conserve energy in the 
major end-use groups. The Team felt it 
unlikely that a tenant education program 
could be effective over the long term 
unless the tenants pay for their own 
energy use. For this reason, no savings 
were credited for this concept. 

r~n 
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Team B chose a restricted set of 
options, all implementable at low cost, 
and all capable of being maintained by 
the building managor and maintenance 
staff. 

Careful attenllon was gven to reducing 
operating temperatures in commom 
areas and in the garage. The 
temperature in the corridor joining the 
garage to the apartment building was 
lowered from 70° F to 58° F. In the 
garage, a programmable thermostat was 
installed to raise the building to the 
desired setpoint temperature of 55° F 
only between 5 A.M. and 9 A.M. A 

12AM NOON 12AM 
100 

D 90 

E 
G 80 

R 
E 70 
E 
s 60 

F0 50 

40 

30 
Winter Thermostat Settings 

in Pub lie Corridors 

telll>erature ralll> function raises the 
te!ll>eralure to 45° F between Midnight 
and 5 A.M. The thermostat turns off the 
heating syst&m the rest of the time. 

Quantities of ventilation air In common 
areas were also reduced. OJtdoor air 
supphed to the corridor was reduced to 
10 percent of supply volume. This 
measure will reduce the amount of 
supplementary heat needed to mamtain 
the desired interior temperature. A 
carbon monoxide sensor was added to 
the garage to reduce fan operation to 
only those times when carbon monoxide 
approaches unacceptable levels. In 

NOON 12AM 12AM 
1004-------~------~ 

Th"rmostat S~ttings 
in Garage 

Operations Team B 
MANKA10,MN 

addition lo decreasing the heating 
requirements, this measure will produce 
some savings in fan energy consump
tion due to reduced hours of operatton. 

The speed of the roof vent motors was 
reduced to 50 percent of the current 
operating rate. This measure will reduce 
exhaust rates in kitchens and 
bathrooms in the apartment building. 
This will, in turn, decrease the amount of 
outside air drawn Into the build1ng 
through the negative pressure created 
by the exhaust. 

A photocell was specified to reduce the 
hours of operation of the outside lighting 
sy:;tem. At relatively low cost, this 
measuro controls the lighting 
equipment. 

As with Team A's operations strategies, 
the main asset of these measures is the 
respectable energy savings that they 
produce, in return for low implementatiOn 
cost. 

~: 
·Add CO sensolfor garage $750 
· Slow fan 6poed of roof vent motors 750 
l:JYf&: 
· Reduoe ouiSide air supply in amidor 25 
Roduoe oorndor tempera lure o 58" F ~-

· lnstaft prograrrrnable lhermostat 
in garage 300 

Ugh tinQI,A,oooi!Mces: 
• Add phot>cell conlroiiD outloor 

l!ghbng lli 
TOTAL COST: $2.050 

80· 

60 

40 

· · · · Before: $79/unit 

.. After : $65 

· · 0\oJntr : $ 13 nvings 

· · Ten~nt : $ 1 nvings 
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Team A Retrofit 
MANKAI'O,MN 

~: 
• ~staH exiBfi<w SIDrm windows 
• 9ow R·40 insula~ iniD roof 
• ~solate garage wall Wlfl z- rigid 

Insula bOn board 
~61~at•onlfxhaust 

· Repeat Operations Strategy 
• lnslalt ducdess range hood 
· ~s1an 60 CFM SWitched IDdet fan 

$12,313 
7,636 

2,000 

750 
2,990 

In BliShng duct 9,180 
· ~staa outoma•c ftue vent damper 1.000 
WAC: 
· Repeat Operations Strategies 325 
- Boh tenants for heating by 

metenng fan cools 13,000 
• ~sulale pipong 10.000 
· ~stall programmoblo thermostats 

tn apartment uniiS 7,590 
-Improve boiler efficiency -o-
Ql.JW 
· Repeat OperatiOIIS Strategy .0. 
ll!Jtl?ng Stte !ks!gn/Mass A Sola! Control: 
• Plant v1nes on ga rooe walt 
· Plant wind break on north side 

of pool 
.I!I!!l!!!g: : 
· Repeat OperatiOnS Strategy 
TOTAl COST: 

.0. 

.0. 

:n: 
$66,784 

· · · · Before: $79/unit 

60· 
:~52 

40· ··Owner : $ 24 uvings 

· · Ten~nt : $ 2 uvings 
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Two main approaches to retrofitting the 
Minnesota midrise were developed by 
Team A. While they both involve 
increasing the insulation of the building 
envelope, they feature different 
solutions for the HVAC equipment, 
involving either improvement in the 
efficiency of the existing central 
system, or its replacement by individual 
heating and a1r conditioning units 
located in each apartment. 

Insulation was added to the building and 
to the garage. Fiberglass insulation was 
blown into the attic joist space of the 
apartment tower, to bring the insulation 
level to R-40. This method allows the 
owner to retain the relatively new 
surface on the building roof. The 
exterior walls were insulated on the 
interior surface, using 2" rigid foam 
board covered with 1/2" gypsum board, 
nailed to 2" x 3" furring strips. This 
approach costs more, but uses less 
floor area than fiberglass insulation 
nailed to 2" x 4" furring. The garage was 
insulated with unfinished foam board 
glued directly to the interior of the walls 
and roof. 

Exterior storm windows were installed to 
further reduce envelope conduction and 
uncontrolled infiltration of outside air. 
These windows were attached directly to 
the metal frames of the existing 
windows, allowing the window sections 
to remain operable. As the second most 
expensive retrom option, after 
insulation, the cost effectiveness of this 
measure was evaluated carefully. 

Acttvated charcoal recirculating air 
fresheners installed in the kitchens and 
bathrooms. replacing the central 
exhaust system. These areas are major 
sources of sensible and latent heat 
gain. Capping the exhaust systems 
traps this heat in the apartments, where 
it reduces the need for auxiliary heating 
energy. 

Improvement in the efficiency of the 
central HVAC system would involve 
replacing the current boiler with a new 
unit one-half its size, with an automatic 
vent damper and insulated piping. 

Greater energy savings could be 
achieved by the replacement of the 
existing central HVAC system by 
individual mechanical u,.ts. Thts was 
the single most expensive retrofit 
strategy evaluated, accounting lor up to 
hall of the total cost of the retroltt 
package. This approach would see a 
split electric air conditioning system, a 
high-efficiency gas furnance and water 
heater, and a dead-band thermostat 
installed in each apartment. 

After careful consideration, both of the 
above strategies were rejected in favor 
of a substantially less costly approach 
where savings are produced by shifting 
the responsibility for paying for energy 
from the owner to the tenant. Meters 
were Installed on each fancoil unit and 
programmable thermostats in each 
apartment so that tenants could 
individually control the amount of heat 
being called for. 

• 

Additional energy saving concepts 
recommended induded conversion of 
the Incandescent lighting systems to 
fluorescent lighting in kitchens, lobby, 
corridors, and common spaces. 



... 
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Retrofit Team B 
In designing its retrofit measures, Team modifiod by installing louvered dampers the joint between metal window frames 
B focused on Improving the building with pneumatic controls. Carbon and the brick exterior finish was 
envelope and investrgating a variety of monoxide sensors were coupled to the recommended to minimize wmd induced 
HVAC concepts. The most cost- ventilation controls to activate the fan infiltration. By pluggng this tnftltralion 
effective approach was found to focus system and draw in fresh air when, if pathway in this very cold climate, 
on reducing envelope loads on the ever, indoor air quality in the garage heating and cooltng loads are 
ext sting central HVAC system. exceeds prescribed limrts. The srgniticanUy reduced. 

apartment building ventilation system 
Rigid insulation was recommended for was redesigned to include individually Team B initially considered a series of 
installation on the roof of the apartment switch-operated bath fans and range modrfrcations to the central HVAC 
buildtng at the time when the roof would hoods, to replace the roof powered system, including replacement of the 
normally be reroofed. The insulation ventilators. By placing operation of chiller and cooling tower with new, high-
value of R-40 was specified. these systems under the control of the efficiency equipment. Followtng 

tenant, hours of operation will be evaluatton of the results of computer 
Additional measures were taken to reduced, decreasing in turn both fan analyses of the envelope strategies, tt 
reduce uncontrolled infiHration and energy consumption and rates of was noticed that the infiltration/exhaust 
excessive rates of exhaust tlvoughout infiltration. strategies reruced energy CO!:ts to 
both the apartment building and the such an extent that HVAC system 
garage. In the garage, the outside air In addition to these efforts, to reduce modifications were no longer cost-
intakes for the gas-fired heaters were fan induced infrltration, caulking around effective. 

CARBON MONOXIDE 
SENSORED PNEUMATIC 

GARAGE 

CONTROLLED ""' m»J FILTER FAN 0 AS 
INTAKE VENT YJt!pi!l ;I; * .. f FURNACE 

OUTSIDE 

AIR 

INTRODUCED 
RECIRCULATED 

INSIDE AIR 

~: 
Install R 40 ngtd rootn"Ubtion at 
replacement $7500 

hi~ 
Repeal Operations Strategy 750 

·Remove out:ilde alr ~nliiJ..e from 
garage heaters. &eal ontake vent 320 

· Reduce bott1 and lulchen uhaust 
Install GO CHA in-dict switched 
both lan 5.780 

• lnstan 140 CFM in-dlcl&WIIChed 
range hood 5.060 
Remove powered root ventilators 700 

- Install rooftop goosenocks 1.750 
· Caulk exlertor wmdows 4.500 
~: 
· He peal Qverations Stra!Algies 325 
L•!iJ!ingt~oo!•l!ll~: 
- Repeal OpcrallOOS Slralegy lli 
TOTAL COST: $26.910 

80· 

60· 

· · · · Before: $79/unit 

.. After : $63 

· · Owner : $ 15 Hvir1gs 

40· 

· · Ten~nt : $ 1 s~vings 
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Mi\NKi\10, MN 
Team A Rehabilitation 

~; 

·Repeat Retrofit Slralflgies $21,949 
-Insula II inner lace of exler. wall: 2• 

ng;d lnsut. wllx & 112" gyp. bd. 9,076 
tJfil!rahofk'Exhoust 
• RepeatRolrofitSiralflgies 13,920 
·Caulk Windows 6,500 
t:ri&<: 
• RePNt Retrofit Slralllgoes 7,915 
- Install higl offiaenc:y l'ldviduol 

AC wilh breed air gas boat 97,366 
·ln&lall hgh efficiency individual gas 

fired OHW at replacement .{). 
· Direct uiJ,ty ~ny boli ng to 

lllnants .{). 
Uahtino'Aoolianoos: 
• lnlilall high olficiency ranges and 10,350 

refrigeral()(Sinaemenlaly 
DUW: 
• Repea I Retrofit Slra lllgy .{). 
BuildJna S!le DesigrvMoss & Solar Control: 
·Repeal Retrofit Stratogies 
• Add 2· 1 BA to 1st floor 

· Add H BA to penthouse 
-Add gameroom 
Iminioa: 
·Repeat Retarift Stralegies 
TOTAL COST: 

.{). 

22,833 
10,491 
89,309 

~ 
$329,67'11 

.. .. Before: $79/unit 

60· 

40· 
. . After ; $43 

.. Owntr : $31 uvings 

:$ 5 uvings 
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The basic rehabilitation strategy 
included all of the insulation and 
ventilation control strategies developed 
for the retrofit package, as well as the 
installation of indiviwal high-efficiency 
gas water heaters and heating and 
cooling systems, with setback 
thermostats in each apartment. The 
tenants would be directly biUed for DHW 
and HVAC, increasing their awareness 
of the cost of these items. and in turn 
better controlling their use. 

Rehabilitation measures included the 
upgrade at replacement of existing 
refrigerators and stoves with high
efficiency models. No salvage value 
was assumed for the existing 
appliances. 

Major changes were made to the 
building. Two new one-bedroom 
apartments were added in part of the 
space occupied by the laundry/work 
room'mechanical room, on the ground 
floor, and a new one-bedroom apartment 
was created in the penthouse. The 
game room was moved to a new passive 
solar solarium on the ground ftoor 
between the garage and the apartment 
building. To accomodatethis move, the 
walkway's north wall was insulated, its 
flat, buih-up roof was removed and 
replaced with a partially-9lazed atrium 
roof, and its south wall was relocated on 
new footings parallel to the south face of 

the building. A new concrete floor slab 
was poured in this space. The existing 
walls of the garage and apartment 
buildng serve as low-cost thermal 
mass. Excess heat, generated by 
occasional solar overheating of this 
space, will be dueled Into the garage. 

Three apartment units (2,1 08 SF) and a 
solarium game room (1 ,680 SF) were 
added, at a total cost of $123,000 ($32 
per square foot). Additional strategies 
were applied to the pool and the garage, 
In an effort to reduce as many of the 
owner's remaining energy related costs 
as possible. The garage and pool 
strategies are a major part of this cost. 
Photocell controls were recommeded for 

NEW 
SOLARIUM ) 

0 
6?.0 

0 

.. ,, 

the garage, to completely reduce the 
lighting load during the daytime. 

The skylight and photocell system was 
uhimately rejected by the owner, we to 
marginal economc performance. The 
cost of these components was 
approximately $26,000, versus a total 
cost of $1 ,000 per year for all common
space lighting. The pool enclosure was 
accepted by the owner we to the 
amenily value of having the pool open 
for an extended period in the spring and 
fall. Although this will actually lead to an 
increase in energy consumption, Ills 
anticipated that this concept will pay for 
itself through added rent we to 
increased amenity value. 



l~ehabilitation Team B 

In its rehabilitation strategies, Team B 
incrementally expanded on the envelope 
modifications that had proved cost
elfective as retrofit options. 

Major addrlrons to the earlier options 
package include the insulation of the 
outside surface of the exterror concrete 
block and brick walls with 4" of rigid 
insulation with a fiberglass reinforced 
concrete frrish or comparable reinforced 
elastomeric finish. To further tighten the 
envelope, storm windows were installed 
supplementing the existing double 
glazed window units. 

The extenor insula bon strategy was 
chosen to exploit the thermal storage 
capacity of this massive masonry 

building. This strategy generated 
considerable debate among team 
members regardrng the magnitude of 
benefit achievable. No consensus was 
reached regardrng the best way to model 
the energy implications of the strategy 
and the various methods used generat
ed signrhcantly different answers. To 
avoid presenting potentially misleading 
lnformalion, the Team used the most 
conservatiVe approach in analyzing this 
strategy. Unfortunately, the results of 
this analysis showed the exterior 
insulation strategy to be less benefiaal 
than Team B's retrofit strategies. 
Optional evaluation methods, however, 
showed this strategy to be extremely 
effective in reducing heat loss, the 
largest single energy cost issue. One 

8" CMU-------------~::u.;;;..:.;:.·.t __ EXISTING 
BRICK 

EXISTING 
1" RIGID 
INSULATION ________ _ 

HEAD DETAIL 

__ SYNTHET JC 
FIBER 
RE tr~FORCED 
STUCCO 

____________ NEW ~SULAT~G 
THERt1 AL BREAK 

analysis method suggested this solution 
has the A-value of 60 rn combmation 
with the internal mass. Several options 
for the central HVAC system wore 
evaluated and drscardod due to their 
marginal economic performance when 
considered in context With the extensive 
err,., elope solutions including, the 
replacement of all healing equrpment 
with new high efficiency equipment. 
Since the exrstmg boiler operates at 
approximately 70 percent efficiency, a 
new boiler would not cost-effectively 
improve performance and replacement 
of tho cooling equipment was sttll not 
determined to be cost-effective. 

One strategy that drd meet the criteria of 
the Team and was found viable was heat
recovery from the boiler exhaust as a 
preheating option for the domestic hot 
water system. 

Among the options considered and 
ultirnately rejected were various 
configurations based on the addition of 
windows or skylights in the garage for 
natural lighting and ventilation. The 
window options considered were nei!her 
adequate for sufficient natural lighting, 
too expensive or failed to comply with 
veo11ilation code requirements. 

--------------1 1/2" AIR SPACE 

NE'w' STORM 
'w'INDO'w'---------------

1/2" GYPSUM 
BOARD-------------

SILL DETAIL 

------------EXISTING DOUBLE PANE 
HORIZONTAL SLIDER 

__ NE"tl 4" RIGID 
INSULATION 

~· 

• RepcatAetrofttSiratcgy $7,500 
· lnstal14" exlonor insula Lon 

and lono$h 102,551 
· lnst..Hslormwondows 12,313 
lnbiJllltjoOIExhiluSI: 
- llcpeat Retrofit Slralegies 18,860 
lli&<: 
· Repoal Retrofit Sutcgolls 325 
llabtong!Arohances: 
RepeaiRetrohtSira~ 225 

OI..I.W: 
• OHW pteheat oil of gas oo•er nue 2Q.2!l 
TOTALCOSf: $142,974 

· · · · Before: $79/unit 

60· :$60 

.. Owner : $18 HYings 

40· 

· · Ttn~nt : $ 1 sHings 
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MANKATO, loiN 
Jury Comments 

In reviewing the options for operations 
the jury felt the control of the infiltration 
rates caused by the kitchen and bath 
exhaust system would be one of the 
least expensrve and most effective 
methods of saving energy cost. The 
indvidual control of the exhaust fans in 
each apartment would certainly lessen 
the infiltration and energy use. The jury 
commends the strategy of redldng air 
infiltration and lowering the tefl'l)efature 
in the garage. 

With regard to the Team A retrofit 
strategies, one jury member felt that 
foam board Insulation in the garage 
would not save enough energy to 
outweigh the unsightly appearance of 
the boards alter a few years. The fragile 
nature of loam board makes its use on 
the garage walls questionable. The 
addition of storm windows seemed 
excessive, especially since the 
windows are already double gazed. By 
caulking around the existing windows, 
the infiltration should be lessened 
enough not to require the addition of 
storm windows. 

Both Teams, operation and maintenance 
strategies achieved exceptionally short 
paybacks and both adeved financially 
attractive payback results for their 
retrofit strategies as well. Both Teams 
are to be rommended lor the cost 
effective soluttons and the short 
payback periods achieved. 

Redlcing energy use in the garage was 
applauded as some indignation was 
expressed at the use of precious fuel for 
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auto pampering. Carbon monoxide 
sensors were accepted as a good 
solution to reducing outside air intake 
into the garage conditioning system as 
long as they are maintained property. 

The insulation of the roof seemed 
sensible. 

In reconsidering Team B's rehabilitation 
strategy of insulating the outside 
surface of the exterior walls there were 
two trains of thought. Part of the jury 
felt that there could be an added cost of 
maintenance for the new elastomeric 
skin as compared to the simplicity of 
caring for the existing bfick surface, 
making this option less leasable. 
Another jury member, though, felt that 
the added skin and insulation would 
create a mass that would stabilize the 
building in terms of temperature swing 
and could make major energy savings 
possible. The jury felt more detailed 
study was necessary to evak.Jate the 
cost effectiveness of this strategy. 

It should be noted that in Team A's 
rehabilitation strategy of adding new 
units, payback consideration was given 
only to energy cost savings. The 
add~ional rent from these new unts was 
not included in the payback analysis 
and ~ included would gready decrease 
the payback time. 

The probability of over heating in the 
new solarium was considered 
insufficient, by one juror, to warrant 
constructing duct work to the garage. 
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Built in 1979, this six-story, 150,000 
square foot building is the residential 
portion of a larger complex serving the 
eld9fly. Another building in the complex 
off9fs nursing home care. There are 
common dining facilities for those who 
want. Only about one-third of apartment 
tenants eat in the central fad~ty. 

The complex is owned and run by a 
church affiliated group. The owner 

pays allen9fgy costs for both common 
spaces and tenant apartments. 

The building reftects good energy 
conscious design of the late 1970's. 
Wafts are reasonably insulated and 
windows have double glazing. The 
budding has hydronic heal p.~mps off of 
a central "California" loop. Supplemental 
heating is by natural gas. Supplemental 
cooling is provided by a cooling tow9f. 

Albuquerque Midrise .~i!U !!~ IW!~!l!Ji !lRJIOO 
~ AI BIIQUIJtf)l•l l'o\1 :t 

Although located in the sunny 
southwest, Albuquerque has a cold 
climate (ov9f 4,200 healing degree 
days). Heating, therefore, is the largest 
load for the building, although cooling 
loads are also Significant. 

The total en9fgy bill for this building is 
est1mated to be about $116,000 p9f 
year. Improved op9fations in this 
building wore estimated to save up to 

$14,000 per year With a two to tour year 
payback. Retrofit improvements can 
save up to $28,000 p9f year with 
paybacks in tho six to eight year range. 
In the case of rehabilitation, both design 
teams studYing this buildng 
recommended enclosing balconies to 
make them more attractive tor elderly 
tenants and to reduce energy costs. 
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Building Layout 
The building is connected to the 
extended care facility on the ground 
floor level of the northeast wing. The 
common dining faality is located at this 
point to allow easy access from either 
complex. In order to make this building 
comparable to other multifamily 
buildings in this study, the common 
dining area was not modeled as part of 
our analysis of this building. As shown 
on the typical floor plan below, the 
building is laid out wtth three double 
loaded corridors radtating from a central 
core. In addition to containing 
elevators, the core has a laundry room, 
small storage area, and a balcony with 

* Handicapped Unit 

patio. Every unit has a balcony. 
Stairwells for fire exit are located at the 
far end of each wing of the building. 

The ground floor, not shown, has a mix 
of apartments and common facilities. In 
addition to a dozen standard one
bedroom and two-bedroom units, there 
are four handicapped units, the lobby, a 
gift shop, beauty shop, lounge, library, 
and manager's office. 

As shown In the "Mix of Unit Types" 
below, the building is designed for 
elderly occupancy. The majority of units 
are one-bedroom (65% including 

handicapped units). In doing computer 
simulations of this building, it was 
assumed that two-bedroom units have 
only two occupants - unlike other 
butlcings in the study which typicaHy 
assume families In these units. 

Handicapped units are only thirty-six 
square feet or 6% larger than standard 
one-bedroom units yet meet all criteria 
for handicapped access: including 
increased door widths and greater 
interior turning radiuses. Handicapped 
units need not be significantly larger 
than standard units to meet necessary 
specifications. 

MIX OF UN IT TYPES 
T e Tot Mix Size 

1-Bedroom 88 56CJIS 621 SF 
1-Bedroom 14 9<Ri 657 SF 

Handicapped 
2-Bedroom 54 35<JiS 821 SF - --

TOTAL 156 1 OO<JO 

TYPICAL FLOOR PLAN 
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living Bedroom 

HANDICAPPED UNIT 

Living Bedroom I Bedroom 

TWO BEDROOM TWO BATH 
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TI1is building has a number of energy 
conscious design features. wans have 
a modest but reasonable amount of 
insulation. Windows use double pane 
insulated glass. 

Oecause of added glaZing and improved 
construction practices to caulk and seal 
buildings, it is presumed that infiltration 
into the apartment ur1ts is about 0.6 air 
changes per hour -- sigr.ficantly lower 
than the older buildings in the study. 
Elocause of large balcony doors in tho 
common area of each floor and rrult1ple 
entries on the ground floor, the lobby 
and corridors are estimated at 1.0 air 
changes per hour. 

The mechanical system is a hydromc 
loop with a central gas boiler for 
supplemental heating. a cooling tower 
for cooling, and hydror1c heat JXJmps 
(plenum mounted) for distribution of 
heating and cooling to the apartments, 
lobby, corridors, and common spaces. 

Individual 50 dm fans provide 
ventilation from all ur1t bathrooms to a 
central duct with a single rooftop fan 
operating 24-hours a day. Range hoods 
are recirculating. As with other mdriso 
and high rise projects in this study, it is 
presumed that "stack effects• with this 
type of ventilahon system can be a 
sigr1ficant but relatively hidden cause of 
added infiltration losses in the building. 

. 

Building Specifications & Operations 
Domestic hot water is supplied to all 
apartments and laundries from a central 
gas boiler. There is a significant amount 
of storage (2,000 gallons) and the tank 
Is moderately insulated. 

All units have an electric stove and 
refrigerator. h is presumed that use of 

these appliances is somewhat below 
norrnal given the elderly occupancy of 
the bulldmg. 

This building is virtually all-electric. (A 
modest amount of natural gas is used 
for water heatmg and to supplement 
heat required in I he hydron1c loop.) 

BUILDING SPECS 

ENVELOPE : 
• Exterior Wall 

Stucco on 8" semi-solid CMU. 1-1/2"Z furring with 1-1 /2" 
thermofiber batt insulation, 5/3" gyp. bd. 

• \'Iindow 
Aluminum sliders, insulated gl~ss U=0 .57 

• Roof 
shadinQ coefficient=0.64; whit(' blinds partially closed 

Ballasted built-up roof, tapered expanded polystyrene (5" thick 
average), 2-1 /2" concrete on metal deck, bar joists, 1 /2" 
suspended 9'JP· bd. ceiling 

INTERNAL LOADS 
• Lights : 0.5 Watts/s.f. 
• Appliances : 0.4 'w' atts/s .f . 
• Cooking: 6000 Btu/day ( 40% latent) 
• Infiltration: 0.6 Air Change/hr. (0.4 ACH in common spaces) 

OTHER LOADS : 
• Lighting in Cot·ridors : 
• Lighting in Lobby : 
• Lighting in Lobby : 
• Elevators: 
• Exterior Lighting: 

VENT ILATION/EXHAUST 

3 .68 k'w' /fioor (24 hrs./day) 
2.64 k'w' /fioor (16 hrs./day) 
3 .28 kW(16 hrs./day) 
40 k'w' 
4 k'w' 1'1etal Halide & HPS on clock timer 
12 Hours I da•J 

• 50 cfm bath exhaust to central duct with fan operating 24 hrs./day 
• recirculating range hood. 

However, individual meters were not 
installed. It appears to have been a 
policy decisiOn from the beginning that 
all utility b1lls would be paid by the 
owner. 

SYSTEM SPECS 

HVAC 
Plenum mounted hydronic heat 
pump (coo ling EER= 1 0 .3; 
heating COP=2 .4) with central 
gas boiler and cooling tower 
supplementing hydronic loop 

TEMPERATURE SETPOINTS 
Heating : 72°F(storage I 55°F) 
Coo ling : 78°F (storage, none ) 

CENTRAL PLANT 
Tube type natural gas boiler 
(capacity 4.6 MBTU's): 

DOMESTIC HOT WATER 
Central gas boiler, "With time 
clock; 125° F hot "Water supply; 
25 gallon/day /unit domestic use 
10 gallon/day /unit laundry; 
2000 gallon storage tank with 
1-1 /2" fiber batt insulation 
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Energy Analysis 
In reviewing the Albuquerque climate, it 
Is interesting to compare it to the climate 
of Phoenix Oust 300 miles away and the 
location of another builcing in this 
study). Although both cities are located 
in the sunny southwest, Albuquerque 
has a much different climate due to its 
4,000 foot elevation. Albuquerque has 
three limes more healing degree days 
than Phoenix, but one-third the cooling 

degree days. In terms of daily 
temperatures and degree days, 
Albuquerque is more like Washington, 
D.C. than its neighoor aaoss the 
border. 

Unlike Washington, the humidity in 
Albuquerque is very low. There is a 94% 
probability that the relative humicity will 
be below 50% at3:00 p.m. on any 
summer day. Albuquerque is also much 
sunnier than Washington. As shown on 

,....----------------. the diagrams (at right), Albuquerque is 
°F DAILY TEMPERATURES 

1oonnn nn~JU 
80··1 1·11-11·1 HI· · · · · 

60 

~ 1111
11

1111 . . 40· . . .• .II. . . 11111111<-hi 

20l~UUlllUr~ 0 ------------
JFMAMJJASOND 

not only twice as likely to be sunny as 
Washtngton, but horizontal solar 
radiation also causes a greater heat 
load per square fool in Albuquerque. 
This strong sun is a good source of solar 
heal in the winter but a different problem 
to protect agamst in summer. 

The cost of heating and cooling is about 
equal, as illustrated on the bar chart of 
utility costs on the next page. 

ANNUAL HEATING LOADS (LOSSES) per UNIT 
WALLS 

ROOF 

GLAZING 

INF IL TR A TION 

INTERNAL 

MBtu/Unit - 1 0 

100 

-6 M'~olli<V.V:!t' l 

6 

0 0 20 

As shown on the bar charts of loads, 
infiltration is the principal cause of 
heating loads, followed by roughly equal 
losses through glazing and walls. 

In spite of the strong sun, internal gains 
are still the principal cause of cooling 
loads. This is true in part because it Is 
assumed that all internal heat gains from 

people,lights, and equipment are 
removed mechanically from the building. 
In fact, conscientious use of windows to 
naturally vent~ ate apartments when 
they overheat is a baUer solution but 
one which cannot be assumed to OCCllr 
with certainty. II is not surprising that 
solar gains through glazing are the 
second highest cause of cooting loads. 

% 

100 

BTUs/SF 

3000 

50 
,--·--, 

,..- ' 
r ' 

Ol''""""' J F M A MJ J AS 0 N D 

2000 

1000 

MEAN PERCENTAGE OF HORIZONTAL SOLAR RADIATION 
POSSIBLE SUNSHINE MONTHLY 

ANNUAL COOLI NG LOADS (GAINS)per UNIT 
WALLS 0 I i 

! 
ROOF 0 I ~ ! : 

GLAZING 8 ! I 
INFILTRATION - 1 [ • 1 (latent load ~ 1 ) I I 

INTERNAL 12(1atent = ~) 
MBtu/Unit -1 0 0 10 20 
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The owner pays for all energy costs in 
this building. At $61 per unit per month 
average for the residential portion ol the 
complex, this is an annual energy bill of 
over $116,000. With costs of this size, 
and lacking individual tenant meters, the 
owner has all the incentive to look for 
energy cost reductions. 

Heabng is the largest single annual 
energy cost, followed dosely by 
cooling. The cost of lights, for both 
tenant apartments and common spaces 
together, ranks third. Appliance 
receptade loads are fourth, and 
domestic hot water heating is a distant 

fifth. These five categories together 
account for 85% of the total biH. 

Use of hydrontc loop in this building 
means that excess heat from solar 
gains can be captured from the warmer 
side of the bu1lcing and used elsewhere 
in the building as needed. This feature 
is well adapted to the dimate and serves 
to reduce heating costs from what they 
would have been without this 
supplement from the sun. 

Because heating and cooling costs 
are modest, lighting becomes pro
portionately more significant in this 

Albuquerque Midrise Utility costs 

Total: 
$61 /Unit/Month 

Owner: 

$61 /Unit/Month 

:m····Coolina ........ $13 

l .... j.j .. nHnn ........ $15 

electricity (ill 7.5¢ /k'w'h 
fuellll48 .8¢ /therm 

. 

Economics ~~~~ 
building. After reviewing the drawings 
for this midrise, the design teams feh 
that more incandescent lighting was 1n 
use than necessary. This can be 
expansive from a long term perspective 
as Illustrated in the chart below. 

Although incandescent lamps are 
considerably less expensive per unit 
than screw-in fluorescent lamps, recent 
declines in the cost of lluorescents 
have made them more competitive 
especially all or accounting for their 
longer life. It takes roughly nine 
incandescent lamps With a life of about 
1,000 hours each to equal the 9,000-

hour life of one fluorescent. Because 
fluorescents give roughly the same 
amount of light at one-thltd the wattage, 
the cost of operating a ftuorescent for 
9,000 hours is one- third that of 
incandescents. 

For owners, hke those in the 
Albuquerque project who intend to hold 
thetr buildings for the long term, the 
h1gher first cost of the sa ew-m 
fluorescent lamps is likely to be less of a 
stumbling block when compared to their 
long·term savmgs. 

Screw-in fluorescent lamps cut operating and 
replacement costs for incandescent fixtures 

First Operating Total Cost 
LAMP Cost 9 000 hrs Cost 

9 000 hrs 13>'7¢/K'v/h 9,000 hrs 

INCANDESCENT un@ 
Std Type A ( 'w' $6.75 $37.80 $44.80 

( 9 bulbs) 

F { l:J PL Twin 
L gJf 'b .. \. Tube 

s u ('t) ~~r13 w $6.00 $8.19 $14.17 

c 0 ~ (1 bulb) 
R R em(] 1 8 'w' ) E E 

$20.00 $11.34 $31.34 'vi s 
c SLLAMP (1 bulb) 

I E E) N N $16.45-
c $7-15.00 $9.45 

T (1 bulb) 24.45 
MARATHON 
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Operations Team A &Team B 
Team A focused its recommendations 
on rerucing heating and lighting costs. 
Judging that the building was row seven 
years old, the team believed that a 
careful job of recaulking could reduce 
infiltration and thus reduce heating 
costs. They recommended redlong 
the rate of bath ventilation by down· 
sizing the fan and reducing fan speed. 
As shown in the dtagram below, they 

STRATEGIES&. COSTS 
lnfitrMoniE l!bausl 
· Reduce bath vent by down· 

siziog tan and reWclog pulley 1,200 
. Recaulkas reqwed 21,000 
• Adjust da~ 10 reduce 

oulsido air supply to corridor ..(). 

L IOOtincil.pg!jooces: 
· Relamp corrrnon 111eas wllh 

screw in nuor. 9,000 

l:l.'i& 
• Raise comdor oool11g selpolnt ..(). 

lulio.ilo 
• Educalional Program: open 

windows when unilaovem.t _;:0,_ 
TOTAl COST· ~1200 

UTILITY BILLS 

$80· 

60. r ....... i · · · · Bt>f ore: $61 I unit 
j rL- .. Aft t>r :$53 

I · · Owner : $ 8 uvings 40·j 

! 
20·1 

i 
! 
: 

Monthly Savings: $81 unit 
Annua 1 Savings : $1 4 ,826 

PAYBACK: 2. 1 Years 
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recommended adjusting dampers to 
reduce the amount of outside air to the 
corridors as well. 

After reviewing the comparative 
economics of screw-in fluorescent 
lamps, the team also recommended 
replacing as many incandescent bulbs 
as possible. Relamping incandescent 
light bulbs to fluorescent also saved on 
cooling energy costs. 

With total savings over $14,000, the 
team achieved a two-year payback on 
the set of strategies costing just over 
$30,000. 

Team B recommended a ffiOI'e 
aggessive strategy to reduce 
inftllralton. In addition to caulking, 

Outdoors 

Team B also recommended weather
stripping all stairway and common area 
doors and reducing bath ventilation by 
installing a time dock to fimit central 
ventilation fan operation. Team B also 
recommended installing programmable 
thermostats to allow better setback 
strategies. 

Team B was also more aggressive in 
reducing lighting costs. They 
recommended actually replacing 
common area lighting with more efficient 
fixtures including higher effidency 
ballasts. They also added photocell 
control for all exterior lights. 

Team B's strategy set is more costly 
than Team A's, but its payback is still 
under four years. 

~ 
Supply 

~ 
Air 
Return 

Adjus t Outdoor Damper s to 
Reduce Corri dor Ventilation A1r 

STRATEGIES &. COSTS 
Jnfiltrationl1:xhaust: 
• Disconnect outdo« air supply 10 

corridor 200 
• Weatherstrip stall and cornnon 

III&B ex l doors 1,000 
• Caul< ex"'rior doors & 

windows 21,000 
• Install dme docks on cent 

beth exhaust 2,000 
WAC: 
• Ins tan progr8I'I'W1"ebbe 

thermostals throughout 6,000 
l!ghi!lQ/Aoollaocn: 
- Instal hlgleft. ten..,. and 

ballasts In corrmon 111eas Q,OOO 
· Add p/loiOCell control on 

exterior llgh~g 1,400 
QliW: 
. lnslnl! high en.taundry equip. ..(). 

• Install tow restrldors on 
~ 2,300 

• Increase iosul. jecket on 
centraiOHW !iOO 

Tenant EsiJcation: 
· Provide •aming on window 

management & thermostat 
operation ~ 

TOTAL COST: $53.400 

UTILITY BILLS 

$80· 

60. !""""j · • · • Bt>fore: $61 I unit I ...:.__ .. Aftt>r : $53 

40 ·l .. Owner : $ 8 uvings 

I 
20 ·! 

I 
Monthly Savings: $8/unit 

Annua 1 Savings : $14,227 

PA YBACK: 3.8 Year s 
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Turring to retrofit strategies, Team A 
recommended capping bathroom vents 
altogether, and installing recirculating 
charcoal fllt9f's instead. As in other 
buildings in the study. the elirrination of 

STRATEGIES & COSTS 

In filltaOonlfx baust 
· Ropealopera~oosstraleglos 21,000 
· Cap bath vents & install rearc. 

cbatcoal litera 38,000 
J::IY.&<: 
· Ropeat opera~ons straklgies ..(). 

• Add 2 evaporabve coot.ra a 
mrridof 10,000 

Uohlloa1Aooltances: 
• Ropeat Operations strategy 9,000 
· Install high oil. reb ig. on 

replacement 12.000 
8\!1!2ng aod St!g: 
• Add tinted storm windows 

on east and -st lacing unit& 32,000 
lwJJ.ag: 
· Repeat operation 61tategy :ll:. 
TOTAL COST: $122,000 

UTILITY BILLS 

$80· 

60-r-·----~ · • • ·Before: $61/ unit 

I j_ .. After :~50 

40·! · · Owner : $11 uvings 

! 
i 

20-! 
j 
! 
Month 11J Savings: $11/ unit 

Annua 1 Savin9s : $2014 98 

PAYBACK: 6. 0 Veers 

I 

. 

Retrofit Team A &Team B 
"stack effects• by this change reduces 
infiltration significantly. 

Given the dry dimate, the team 
proposed installing two evaporative or 
"swamp· coolers to cool corridor 
ventilation air. The team loll that these 
units could operate more cheaply than 
the existing chiller. 

To reduce unwanted solar gain and thus 
reduce cooling loads, the team 
proposed tinted storm windows on east 
and west facing urits. On a job of this 
size, the Team believed bnted glazing 
could be custom built if required and still 
be cost effective. 

As shown on the drawing below, Team B 
suggested even more changes to the 
envelope of the building. In addition to 

adding llnled glass on the east and 
west, Team B also added it on the north 
to protect from diffuse sunlight in this 
climate. On the south face of the 
building, Team B recommended 
improving the A-value of the wall by 
increasing insulation on the non-gazed 
pol lion of the wall. Nthough the existing 
CMU block can be effective in delaying 
conducted heat to the space, added 
insulation would help reduce the gain 
altogether. The team also added a 
storm door for the sliding glass doors on 
each urvt and louv9f'ed overhangs on all 
south glass. 

Although nearly twice the cost ofTeam 
A's solubon, this strategy set increases 
energy cost savings to nearly $29,000 
per year wi!h a payback of 7-1/2 years. 

Retrofit concepts control unwanted solar gains 
and cut conductive heat loss 

RETROFIT: 
ADD LOW-E 
GLASS ON SOUTH 
WINDOWS 1 

FURR OUT MAJOR !nfi=ll 
PORTIONS OF 
EXTER lOR WALL 
W /2 x 6 STUDS AND 
R-19 BATT INSUL. 

TINTED GLASS 
EAST & WEST 
WALLS 

STRATEGIES & COSTS 

~: 
· lnslalsklrm wradows: a.1111d 

glass on east and west lowE 
hard cast on soutt 50,000 

· Furr out ext waN witt 2l<6 
&tuds;addA· 19 ban insul, 
and 112'" gypwm bd. 36,000 

• Add siDrm door on sl•dong 
glass doors 35,280 

rnr.nratxuv£xbaust 
• Aepoat operatiOn stmlcgies 24,200 
!..lll.AC: 
• Ropeat oporation stralegy 16,000 
• Add ono cethng fan pet apt. 21.000 
Lidltinq'Aool•orgs: 
· Aepoat operatiOnS strategtes 10,400 
• Ret. ace 12ft 3 relrig. W1th 8 

12.000 It high elf. modal 
DU.W: 
· Repeat operatiOn strategies 2.800 
Buill!log 11od Slla !l!::iioa: 
• Add alum lowered overhangs 

on south 7,500 
Tenant Edycal!oo: 
· Repeat operations 6trategies .:!1: 
TOTAL COST: 215,180 

UTILITY BILLS 

$80· 

60·l"'"'"i ····Before: $61/ unit 
: I 
l ..L .. After :$46 

40·1 · · Owntr : $1 5 uvings 

i 
20·! 

I 
Month 11J Savings : $1 5/ unit 

Annua 1 Savings: $281773 

PAYBACK: 7.5 Veers 

l03 



Rehabilitation Team A 

lnfil!ratioo'Exhayst: 
- Repeat rer ofit strategies 
~: 
- Repeat retoflt strategies 
UOObng'Aooharx:es: 
- Repeat retrofit strategies 
Build1ng and Site: 
- Repeat retrofit strategies 
I.!il!nlno: 

COSTS 

59,000 

10,000 

21,000 

32,000 

- Repeatretofitnategy 
TOTAl COST: 

....:n:_ 
$122,000 

NOTE: Cost of encl06ing balconies (not 
pod lor by energy costs alone) • 
$150,000 

UT IL lTV BILLS 

$80· 

60-i"'"'"i · · · · B~fore: $61/ unit 
: I 

l ; .. Aft~r : $48 

40-l n-- .... , :$13 ..... ,. 

20-, 
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' 
Monthly Savings: $13/ unit 

Annual Savings: $24,373 
PAYBACK: 5.0 VeBrs 

Team A chose to repeat all of their 
retrofit strategies and focus attention In 
rehabilitation on converting existing 
balcontes tnto ·sunrooms." The team 
argued that sunrooms would probably be 
more attractive for use by the elderly 
tenants than the more exposed exi~tlng 
balconies. From an energy point of 
view,the sunrooms would not be 
conditioned but would serve as "buffer 

spaces; mitigating the effects of 
climate on the conditioned living 
spaces. 

As shown on the diagram below, the 
team relocated the existing set of glass 
doors to the exterior edge of the 
balcony. The living room wall is then 
replaced with an insulated stud wall and 
a much smaller slidtng glass door. With 

IIC R~ locat~ Glass Door 

SUNROOM 
""'Add 6' sliding 

"\.-Glass Door 

lov~rhang 

!F;d Storm Window 

L Add lnsulat~d Stud Wall 
(R~duced Glaz~d Area 50%) 

Enclose balcony to create additional 
rentable space 

these two imPfovements, both the 
shading and the A-value of the living 
room wall is increased-- thus cutting 
both heating and cooling costs. On the 
glass not protected by the balcony, the 
team added a tinted storm window with 
an overhang. 

Because of the amount of new 
construction, this renovation is costly 
•• estimated at about $150,000. If this 
were a normal for-profit building, these 
added costs could be paid for out of 
additional rents while simultaneously 
Increasing the value of the budding-- as 
illustrated in the Oakland case study. In 
the case of this church operated 
building, the comfort of tenants would 
have to become a larger factor in the 
economic decision to improve the 
balconies. 

Because of the southwest location of 
this building, the team spent a great deal 
of time looking for a passive solar 
solution that could be added to this 
building cost effectively. The team 
considered enclosing the common area 
patios in a glazed tower at the front of 
the building that could be used as a 
solar pre heater for corridor air in winter 
and as a solar chimney to assist 
ventilation in summer. After extensive 
analysis, it was decided that the added 
cost could not be justified against 
corridor and common area energy 
savings alone. Although not cost 
effective in a retrofit or rehab situation, 
the Team believed the concept definitely 
merited attention In a new building 
design. 



Team B also focused on remodefing 
existing balconies into ~ving spaces but 
took a much simpler approach than 
Team A. This team moved existing 
glass doors to the front of the balcony 
and reused existing railings for 
pmtoclion. This approach cost only 
about $28,000. As shown on a skolch 
of the proposed solution, the result can 
be quite attractive even at lower cost 

This team also spent considerable time 
designing a low cost louver that could be 
installed to shade all glass on the south 
face of the but !ding. As shown in the 
sketch, the team setUed on a simple 
rigid design which could be easily 
attached to existing window frames. In 
the op~nion of the cost estimators, a 
rigtd design made out of aluminum would 
be less costly to both build and install 
than a fabric alternative. The design 
shown cost only about $125 each 
including instaUallon. A louvered design 
was recommended to allow air now 
around and up the face of the building 
so as not to "trap" hot air at the windows. 

If the $28,000 estimated cost of the 
enclosed balconies were added to the 
cost of the entire package of proposed 
strategies, it would only increase the 
payback from 7.2 years to 8.1 years. 

Rehabilitation Team B 

~11\11~1 
i r=:r~ : -:<-: -:< 

• 0 0 0 • 
• 0 0 • 0 • 

0 • 0 0 • 
• • 0 • • 0 

0 0 •• • 
• • 0 • •• 

0 0 0 •• ::::::::::: ::::::::::: 
> :.:. :-:· : 

~ TT~ ~~~ .•.· .·.·. ·. 

~~ ~~n~uu ·.·.·.·.·.· 
[ nn~~n ~ ~ 

REHAB: ~~ I: ::::::::: : 

INSTALL sINGLE pANE RETROFIT ::: : : : : : : : 
PATIO DOORS ON S. BALCONIES INSTALL ALUMif'~liM LOU'vfR h~iHi 
TO CREATE SUNSP ACES 0'./ERH ANG ON ALL NONl~ llll~ 
(66 SO. FT. APERTURE) BALCOriY SOUTH GLASS 

~: 
• Repeat relrofitatrategitiS 
lofi!Lcaborufxbays.l 
• Repeatrelrofl t&talegMIS 
WLAC: 
• Repeal relrofol slreleg~os 
LiabOoo!AI>ohances. 
• Repeat relrohl stratogios 
OHW: 
• Repeatrelrolltnetegoes 
Bydsioo and sno Design 
• Repeatrelrohtslralegy 
Tenant EcM;abgn: 

121.280 

24,200 

37.000 

22.400 

2,800 

7,500 

• Repeal relrofll51relegy 
TOTAL COST: 

;;Q; 
$215.180 

NOTE: Coslofmovmgsbdingdoors 10 
enclose balcony (not lobe pax! for by 
energy savings alone) is $28.000 

UT ll ITY BILLS 

$80-

6o-r·····i ···· Before: $61/ unit 

! n! .. After : $45 
40-i .. . ! Owner :$16 smngs 

I 
20-i 

i 
~ 

Monthly Savings: $16/unit 
Annua 1 Savings: $30,083 
PAYBACK: 7.2 Ve6rs 
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Jill~~~l!t~UUI 
ALOUQUI:.RQlll;. NM 

Jury Comments 
In reviewing the surYooms proposed by 
Team A, the jury noted how these 
spaces would function diHerently, 
depending on lhe1r locatiOn around the 
buildng. The surYooms on the south 
would truly be ·sun• rooms and would 
beneht from solar heat gains in winter. 
On the other three sides of the building, 
these spaces would serve as "buffer 
zones· and redJce conduction losses. 

The jury lamented the lack of Team A's 
suocess in finding a passive solar 
solution lOt this building but agreed that 
the only way to get savings sufficient to 
pay lOt a renovation of this scale would 
be to s.gnficanUy reduce heating and 
cooling costs in units as well as in 
common areas. 

In reviewing Team B's strategies, the 
jury questioned whether programmable 
thermostats would be effective lOt 
elderly tenants who tend to occopy their 
apartments rTI()(e hours per day 
(because they are not working). 

The jury noted that neither team 
suggested any methods for shifting 
some respons1bdity for energy costs to 
tenants. Although the current 
management of this building is willing to 
pay all tenant utility bills, it is recognized 
that th1s gives tenants httfe incentrve to 
conserve energy. It is also a very likely 
issue should a change in ownership of 
the buildng be considered. Some 
means of allocating costs from the 
central system is likely to be more 

106 

attractive than a complete replacement 
of the existing system in favor of 
individual meters. 

Finally, one jury member questioned the 
use of different glazings on the windows 
of the same unrt. This would give 
different views and different amounts of 
light in a room, which could be 
objectionable to tenants. A "day run· on 
one or two unts to test for aoceptibility 
was recommended before retrofiHing the 
entire building. 



•. 

COOL SOLUTIONS FOR A 
HOT CLIMATE 

This live-story midrise in Miami was 
plaMed as ek:lerly housing under the 
HUD Section 8 Progam. Cofl'l)leted in 
1979, all 51 units have single bedrooms. 
Nine units are specially designed for 
handicapped oocupants. 

Miami is the warmest and most humid 
dimate in this study. Although the 
maximum daily tefl1>erature almost 
never goes above 90" F. Miami has more 
coobng degree days than Phoenix, 
where tefl1>9ratures reach into the 1 oo·s 
daily in the summer. Miami has virtually 
no heating load-- about 200 heating 

degree days annually-- distinguishing it 
from al other buildings in the study. 

Given the warm dimate and high 
humidity, air conditioning is dearly the 
leacing energy cost in this buik:ling. 
Taking owner and tenant bills together, 
cooling accounts for over 40 percent of 
the annual energy bill. 

The owner's energy bill is large enough 
(nearly $12,000 annually) so that energy 
conservation measures can produce 
significant savings. Tenant bills total 
$22,500 collectively or about $36 per 

. 

Miami Midrise Jli . . . . 
. 

unit per month. Although each tenant is 
responsible for his or her own bill 
- based on individual meters-- the bill is 
subsidized by a "utility allowance· as part 
olthe Section-S program. 

The design teams were able to reduce 
annual energy bills up to $1,800 by 
altering building operations (with a 6-
month payback) and up to $12,000 per 
year With a major rehabilitation (w1th a 6 to 
8 year payback). 

Because this is Section·S housing, it is 
difficult lor the owner to alter rents in 

'-111\MI, IL 

order to capture a portion of the benefit 
of lowering tenant energy costs. For 
this reason, it is questionable how many 
energy conservation improvements the 
owner will be willing to finance. II all 
conservation improvements must be 
paid for out of owner savings alone, it is 
likely that the operations strategies lor 
this building will be applied, but less 
~kely that the retrofit and rehabi~tation 
strategies will be done. Paybacks for 
the more captal intensive changes 
become too long when based on owner 
savings alone. 
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tlijllm@wl, Building Layout 
MIAMI, H. 

The building is sited to minimize the 
visual and acoustic impact of 1-95 to the 
east. By having the long easVwest axis 
of the building perpendicular to the 
highway, only the end wall (which has no 
windows) faces traffic. Windows are 
onented north and south, p(Oviding good 
exposure fOI' units. 

Par1<ing and services are to the rear of 
the building -- an area that could later be 
used for expansion if necessary. The 
front entrance has a covered canopy so 
residents coming or going by car are 
protected from the elements. 

The building itself, which was completed 
in 1979, is designed specifically for 
elderly occupants. Of the 51 units in the 
building, all are one-bedroom. Nine 
units are designed for handicapped 
occupants. The building has a compact 
geometry to minimize corridor lengths 
from the one centrally located elevatOI'. 

As shown on the unit plans, one the next 
page, handicapped units are17 percent 
larger than the other one-bedroom units. 
The entryway of these units is larger to 
allow for a five-foot turning radius fOI' 
wheelchairs. The bathroom and living 

((J ................. o 
:::::::::::::::::::: ·Hmmmmm~ 

~ 
SITE 
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room spaces also contain more square 
footage than in standard units. Kitchen 
and bedroom floOI' areas are the same as 
standard units. 

Half of the ground floor accommodates 
the office,lobby, reception area, 
resident manager's apartment, 
mechanical room, trash room, and a large 
community room. 

*Handicapped Unit 

The community room is a very popular 
space with residents and is estimated to 
be occupied 16 hours a day. High use of 
this space and the resulting need for 
conditioning this space turned out to be 
mOI'e of an energy issue than originally 
thought by the design teams - as will be 
apparent in the strategy 
recommendations to follow. 

~
1BR 

I ,.,.,.,-! 0 ··::::: 

~ ,, H::::l 
'\: :::.:::: 
Cl 

TYPICAL FLOOR 

UNIT HIX AND SIZES 

42 - One-Bedroom- 525 SF 

9 - Handicapped - 614 SF 
One-Bedroom 

51 - Units Total - 27,576 SF 
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Building Specifications & Operations ~ . . . . 
MIA\11,11 

This building has masonry bearing walls 
with precast planks for floors and roof. 
The exterior treatment is stucco to 
provide an inexpensive facade. lntorior 
partitions are drywall on metal studs with 
spedal attention given to sound 
treatment between units. Floors are 
carpeted. Baths have ceramic tile 
floofs. 

Heating and cooling are done with 
individual through-wall direct expansion 
(OX) air conditioning units with electric 
resistance healing. Existing oqutpment 
is not especially energy conserVIng with 
an :1ssumed EER of 7 .3. Corndors are 
neither heatod nor cooled but do have 
continuous ventilation with outside air. 
Although the lobby 1s not heatod or 

BUILDING SPECS 

ENVELOPE : 
• Ext~rior 'vi a 11 

1/2" stucco on 8" r~gular CMU, 1-1/2" Z furring with 
1-1/2" batt insulation, 5/8" gypsum board 

• Window 

• Roof 

Aluminum framto with insulattod glass U=0.57; 
shading co~ffici~nt = 0.64 with blinds 

Ballast~d built-up roofing, over 2" ~xpand~d polystyren~, 
on 6" concret~ d~ck with sprayed interior finish . 

INTERNAL LOADS 
• Lights: 0.5 'vlatts/s.f. 
• Applianc~s: 0.4 'v1.1tts/s.f. 
• Cooking: 6000 Btu/day ( 40% latent) 
• lnfiltr at ion : 0.6 Air Chang~ /hr. (lob t-oy , 0.8 ACH; corridors, 0 .5 ACH) 
OTHER LOADS : 
• Li9hting in common ar~as: corridors, 0.7 W /s .f . 

lobby, 2 .7 W /s.f. 

• El~vator : 10 k'vl 
community room,2 .7 'vi /s.f., 16hrs./day 

• Exterior Lighting : 1350W, HPS; 400'vl, incand~scent; 1 Ohrs .I day 
VENTILATION/EXHAUST : 
• 70 cfm bath exhaust and 100 cfrn range fan, both individually switched 
• Lobby, 2700 cfm; corridors, 400 cfmifloor; continuous 
• Community room, 540 cfm, 16 hrs./da•J 

cooled, it is presumed, based on 
inspection, that the lobby, office, and 
rroch of the connecting corridor are 
cooled off of the commonty room 
which is served by four through-wall 
OX/resistance units. 

Domestic hot water is supplied from a 
central system with gas boilers. There 
are also two gas dryers 1n the laundry. 

SYSTEM SPECS 

HVAC 
Individual thru·tht>·wall DX AC 
units with electric resistanc~ 
heating (EER=7 .3 cooling) 
4 units in community room 

TEMPERATURE SETPOINTS 
Heating: 72°F 
Cooling: 76°F 
No h~ating/cooling provided in 
corridors or lobby 

DOMESTIC HOT WATER 
Central gas boilers; 
120°F water storage; 
25 gal /unit/day domestic use; 
10 gal/ unit/day laundry; 
709iS nominal system effici~ncy 
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,rmm!~mt, Energy Analysis 
~IIAMI,Il. 

The Miami climate is interesting because 
of the way it is warm. Miami does not 
have exceptionally high daily 
temperatures (Phoenix is consistently 
much warmer in summer), but instead 
has warm temperatures for many hours 
of each day and for many days of the 
year. These consistently warm 
temperatures add up to over 4,000 
cooling degree days per year-- the 
highest for any climate in this study. 

In add1tion to warm temperatures, Miami 
also has consistently high relative 
humidity. With high humidity and warm 
nighttime, there are many hours per year 
when mechanical cooling IS the only way 
to achieve ocrupant comfort. It is not 
supc-ising, therefore, that cooling is the 
largest single energy cost in this 

building-- about 40 percent of the total 
energy bill. 

As shown on the bar chart of cooling 
loads below, internal heat gains, and 
latent heat gains from infiltration and 
cooking are the largest single 
contributor to cooling loads, followed 
closely by gains from infiltration and 
glazing. In northern dimates, these 
gains are typically a benefit, offsetting 
heat losses. In this climate, however, 
the opposite is true. Because there is 
so little heating required in this building, 
internal loads only add to cooling costs. 

When the sun clirrbs high in the summer 
sky, it is virtually directly overhead-- so 
that diffuse solar radiation is nearly 

equal on the north and south sides of 
the building. In this situation, shading is 
designed to block direct sunlight 
(overhangs, etc.) is typically less 
effective than window f1lms (which can 
shade out both direct and diffuse 
radiation). 

Because this building is occupied 
entirely by the elderly, addtional energy 
Issues had to be considered. For 
example, kitchen use is significantly 
less than in family- type apartments. A 
local community program picks up most 
of the tenants daily and takes them to a 
nearby center for lunch. For most 
tenants, this is the pnncipal meal of the 
day and little additional cooking Is done 
in the units. 

,, 

The summer sun is so high 
that diffuse/reflected light 
is a problem on all sides 

of the building 

°F DIURNAL TEMPERATURES ANNUAL COOLING LOADS (GAINS)per UNIT 
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The total energy bill fa" this building is 
about $56 per unit per month or about 
$34,000 per year. Of this, the owner 
pays about one-third or $12,000 per 
year. Tenanrs bills range from $30 to 
$40 per unit per month and are 
subsidized by HUD. 

An oxample of the interaction between 
utility bills and subsidies in Section-S 
housing is illustrated below (based on 
average numbers for the Florida 
Region). By HUD standards, the tenanrs 
contribution toward rent~ an 
allowance for utility costs typcally should 
not exceed 30 percent of the tenant's 
adjustod gross Income (in our example 

30 percent of $550 per month or $165 
per month). 

The utility allowanca is computed once, 
typically before the building is occupied. 
The tenant contribution is computed 
when he or she qualifies for a subsidized 
unit. The tenant is responsible to pay 
the tenant contribution to the owner and 
to pay the actual uti~ty bill-- whether or 
not the actual bill matches the "utility 
allowance" (or credit) which has been 
computed for the unit. 

From the owner's perspective, a "market 
rent" based on typical rents in the area 
must be computed and then approved 

Miami Midrise Utility costs 

Total: 
$56/Unit/Month 

Tenant: 
$37 /Unit/Month 

Owner: 
$ 19/ Unit/Month 

--·····$4 
··········$5 

··Misc.············$7 

.. Cooling·········$20 

~ lectricity (ill 7.5¢ /k'v.'h 
fuellll52.0¢/therm 

by HUD ($335 per month in our 
example). The tenant contr1bubon 
($128) is subtracted from this figure, 
and the balance of the market rent 
($207) is paid by HUD as a subsidy. 

Now, what happens if energy 
conservation reduces the monthly utility 
bill? In actual fact, the "utility allowance" 
is seldom recalculated. So, a reduction 
in utility bills actually increases the 
tenant's net income. A good incentive 
for tenants but little incentive for either 
HUD or the owner -- the two most likely 
sources of capital to make energy 
conserving improvements to the 
building. 

. 

Econon1ics rl1liHHim~m. 
MI,\MI.I-L 

H the utility allowanca were adjusted to a 
new lower figure based on lower actual 
utility bills, the tenant contribution would 
have to be increased so the total would 
agam equal 30 percent of adJUsted 
income. The increased tenant 
contribution would decrease HUD's 
subsidy. In this case a major incentive for 
energy conservation is removed from 
tenants and sh1lted to HUD. However, 
th1s stin gves the building owner little 
incentive to invest in energy conser
vation improvements lor tenants. 

UTILITY COSTS & SUBSIDIES IN SECTION 8 HOUSING 

An Example Using Average figures for The florida Region 

TENANT 

Gross Income = $750/mo. 
Adj. Income = $550/mo. 
30% of Adj. Inc.= $165/mo. 

HUD 
SUBSIDY 

Utility 
Company 
$37/mo. 

O'w'NER 

Typical Market Rt>nt 
for 1-Br. Unit 
is $335/mo. 
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Operations Team A 
In terms of operating strategies, Team A 
focused on red.Jcing the owner's utility 
bills. Ughting, being the largest owner 
cost, received the greatest attention. 
Since all stairwelllandngs have a 
window, they should be lit only at I'Mghl. 
The design team recommended 
Installing photocell controls ··one for 
each bank of stairwell lights. 

lnijtraborvf•haust 
· Use eulomobc door clo6el'l 4 
~: 
• Addtil'l'lllr., cutmrridof ventilllion 165 
L !gbon()'Aillll,ances: 
· Add one pho~el on stauwel ighl5 200 
·Add bme dock 1D half comdor ights 350 
• Replece han end lobby lights w.lh 

screw In ftuoresoents 1 70 
ILa!oilg: 
- Conduct tenant education progem on 

usng HVAC units lor venblaiiOn only :Q: 
TOTAL COST: $885 

60· 

40· · · Owntr : $3 s~y;ngs 

20· 
· · Ttn~nt : $0 HY;ngs 

1 12 

The team also recommended reducing 
lamps in the corridors by one-half and 
installing a time clock to turn off half of 
the remaining corridor lights during 
sleeping hours (six to eight hours per 
night). Screw-in fluorescent lights were 
recommended for all lobby and corridor 
lights which had not already been 
converted to nuorescent fixtures. 

Three strateges were recommended for 
redudng cooling costs. First, the team 
recommended installing an automatic 
time clock to cut off corridor ventilation 
completely between 10 PM and 6 AM. 
Given the reduced amount of cooking 
done by the elderly population of the 
building, it Is extremely unlikely that 
cooking odors would be a problem during 
this period. 

Second, the team recommended that a 
tenant educabon program be conducted 
to instruct tenants to operate HVAC 
controls on "fan only" settings to 
exhaust internal heat gains during 
appropriate times of the day. This 
ventilation strategy could extend periods 
of natural ventilation and reduce the 
number of hours tenants may be cooling 
unnecessarily. 

Finally, the team recommended that 
special effort be made by 
management to see that doors to the 
community room remain closed. As 
shown in the diagrams below, if doors to 
the community room are left open, the 
community room cools the lobby and 
corridors for the entire first floor. The 
team recommended a simple sign saying 
"Please Keep Dclof' Closed At All Times· 

to encourage residents to keep the door 
closed. Glass doors could be installed 
between the community room and lobby 
to allow monitoring from the office 
without leaving the door open. 

Total cost of this strategy set, excluding 
glass doors, is a modest $885, which 
would be paid back In energy savings In 
6 months or less. 

The owner's cooling bill can be cut by installing 
door closers which isolate the 

community room from the unconditioned corridors 

BEFORE 

~ = A;r Cond;t;oned Space AFTER 



Team B look a similar approach in 
reduc1ng lighting costs. T earn B 
recommended photocell control in the 
stairwells and felt that such controls 
would also be of benefit in the lobby and 
community room, since both have 
abundant natural light much of the day. 
Rather than "disabling" one-half of the 
corridor lights, Team B suggested 
repladng existtng 96-watt fixtures w~h 
new high efficiency ·u tube" fixtures at 
52 watts. As exterior lighting Is already 
ellicient high pressure sodium with 
photocell control, rt was judged that little 
could be done to cut energy costs 
furthOf'. 

The largest cost item recommended by 
Team B was the caulking of aN windows 
by those sped ally trained in the 
procedlres necessary to get a tight seal. 
The team believed that reducing 
infiltration would significantly reduce 
energy costs-- given that infiltration is 
the second highest cause of coobng 
loads. The team agreed that it would be 
impof'tant to ventilate apartment units 
whenever the climate permitted natural 
ventilation to reduce air conditioning 
costs whenever possible. 

The team also suggested two improve
ments to the community room. First, it 
was assumed that exhaust fans in the 
community room toilets were often left 
running for long periods simply by 
Inattention. An Inexpensive timer switch 
was recommended to see that the fans 
shut off automatically, thus preventing 
the continuous exhausting of 
conditioned air from the space. 

. . 

Operations Team B ~ . . . . . 
MIAMI,I'L 

Second, the team recommended the 
installation of a programmable 
thermostat. As shown in the diagram 
below, a programmable thermostat 
makes~ posSible to have different 
temperature settings for several dill &rent 
limes of the day. For example, in 
summer, the room can be cooled to 76° 
F during occupied hours, but allowed to 
rise to 80° F dlring unoccupied hours. 
The programmable thermo~at insures 
that these settings will be adjusted 

85° 

automatically and not "f()(gotten· by 
either management or tenants. 

Givon the added costs of caulking and 
new high-eff1dency lighting fixtures, th1s 
strategy set is significantly higher than 
the Team A option-- costing just over 
$9,000. However, estimated savings in 
the owner's bill of some $3,000 per year 
give the package an attractive payback of 
only 3 years. 

85° 
Additional savings with 

80°j prog~~:~:~:~~ :~~;:J:~ :"1 .. :.:.:. 
r ............. ),._ [ : .•. : ... : ... : ... : ... : ... : ... : ... : ... : ... : ... : ... : ... : 
I 
I 

75° TYPICAL THERMOSTAT DEADBAND 

PROG~AHHACLE I .. -IHERHOSTA\ 70• •. nat sav;nqs "dlh 
!... .......... ) Add1ho d setback 

65° 
I 

12 6 
AM 

programme 

12 
I 

6 
Pl"l 

80° 

---~-~-~ .. ~ 

HEAT/COOl 
THE~HOSTAf 

70° ! 
............... J 

65° 
I 

12 

Programmable thermostats save energy by varying 
indoor temperature to meet user needs 

kl!jl!ratjro'Exhaust· 
- Coulk all windows $5,580 
• Utilize aut>maoc door doGers 

on conYilUnoty room ..(). 
· Add bmer fan con•ollor 

oomrrunny room !Oolots 100 
~: 
· Add progrornmable lhermostot In 

oomrnmoty room 350 
LJWllllO'Aoo!jaoccs: 
· Add pllotooencono-ol; on corrmunity 

room, lobby, and llalrweft 400 
• Add nU(J(escent screw-In hghts 2 t 6 
· Ins Ia II high efhcit~ncy lamps and 

ballasts in all COITYTlOO areas 2.500 
TOTAl COST. S9.14G 

60-

40-

20-

·····Before: $56/unit 
"After :$51 

· · Owner : $ 5 uvings 

· · Ttn~nt :$ 0 uvings 
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~ . . . . . Retrofit Team A 
MIA~U.Il .. 

!nf~tration!Exhoudt: 
• Repeat Opera dons Stratogies ..(). 
-Install ceiling fans in all Irving IOCliM 

and bedrooms 12,500 

~: 
·Repeat Operoms Strategies 165 
·Replace apat1ment and community 

room OX units wilh higher elfkiency 
~~ 6~4 

Lk!hbno'Aooliaoces: 
·Repeat Operations Stratogies 720 
• Replace refrigerak>rs wtlh high 
elf~eoency mod&~ 5,000 

OJ:!W, 
· Add &40 s.l. solar DHW syslam 18,000 
Bu•!doa god Sole 
·Add landscap.ng on soulh 3,500 
·Add solar him to windoYtoiS 12,000 

ItDlao 
· Repeat Ope roms Slra!egies ~ 
TOTAL COST: $58, 149 

$80· 

60· 
· · · · · Befon~: $56/unit 

40- .. After :$37 

20· 
· · Owntr : $5 uvings 

:$14 uvings 
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When considering retrofit alternatives, 
Team A proposed a broad set of 
strategies to improve tenant comfort 
while reducing cooling bills. This set of 
strategies consists of four elements. 

First, ceiling fans are recommended fOf' 
all living rooms and bedrooms. 
Increasing air movement makes a room 
"feel" about 4° F cooler. 

Second, as shown in the diagram below, 
trees are planted near the building for 
shade and to add additional cooling by 
the evapotranspiration of water from 
their leaves. It is estimated that the 

shaded area under trees can be 
7°--9° F cooler than the ambient 
temperature. 

Third, the team recommended installing 
solar films on all windows to reduce solar 
heat gains in the units. As explained in 
the energy section, Miami is so far south 
that solar films are the most effective 
option for blocking diffuse light. 

Finally, the team recommended instal~ng 
higher efficiency AC units at 
replacement. Equipment which is now 
available is significantly better than those 
with an EER of 7.3 installed in 1979. 

Shade, natural ventilation, and air movement 
can greatly reduce air conditioning loads 

)(\ f4' 

Air Movement 
Provides a 4 °F 
Cooling Benefit 

Trees Shade 
the Building 
and Surrounds 

Trees Cool the 
Air Through 

Ev apotr anspir at ion 

To reduce misceUaneous costs, second 
highest for tenants, the team 
recommended installing high efficiency 
refrigerators at the time of the next 
normal replacement. The only cost Is 
the slighdy higher incremental cost of 
the equipment over less efficient 
models. 

Finally, the team suggested the addition 
of a solar "pre-heater• to redlce the 
owner's hot water costs. It is estimated 
that the heater would reduce DHW costs 
by $600 to $1,000 per year. At an 
estimated cost of $18,000, the 
Investment would not be at all practical. 
However, the team believed that a lower 
cost system using cheaper materials 
should be possible. The concept was 
left in the package at the estimated cost 
pending further analysis. 

Even with the solar system, the package, 
at an overall cost of $58,000, can 
achieve a reasonable 5-year payback 
based on energy savings for the 1Q1ill 
building (owner plus tenant savings of 
$11,500 per year). However, owner 
savings alone are only about $3,000 per 
year, which would give an unattractive 18· 
year payback on the total investment. H 
the owner is to finance a package of 
Improvements which would significantly 
improve tenant comfort while reducing 
tenant energy costs, further owner 
Incentives will be required beyond what 
is possible under HUD's current 
methods of accounting fOf' energy cost 
savings. 



Team 8 focused on a balanced aPPf'oach 
between savings for the owner and for 
the tenant. The team repeated most of 
their operations strategies. In the area of 
lighting, they installed higher efficiency 
fixtures in the lobby and canopy. 

To reduce tenant heating and cooling 
bills, Team 8 recommended Installing 
progammable thermostats in all units. 
As explained in their recommendation of 
this strategy for the community room, 
these improved thermostats will provide 

a closer match between tenant needs 
and HVAC selpoints. Allowing 
temperatures to vary more widely, when 
tenants are not in or at night, offers 
significant energy savings. 
Team B, also recommended planting 
additioal trees to reduce ambient 
temperatures around the building. Team 
8 was more specific than Team A, 
however. They recommended at least 
six Royal Poinciana trees. These trees 
were selected not only because they are 
fast-growing, but also because they 

The team recommended installation of high efficiency, 
smaller-sized refrigerators, but not high efficiency ranges 
because the elderly tenants make minimal use of their 

kitchens 

Retrofit Team B ~ . . . . . 
grow to a height of 40 feet .. offenng 
coverage tor most of the five-story 
building. Their dense fernlike leaves 
and wide branching structure increase 
shading and therefore benefit cooling in 
summer. 

To reduce owner's bills, the team 
focused on reducing water heating 
costs. The team recommended 
installing low-flow shower heads in all 
units as part of the normal maintenance 
and repair process at the time of turn
ovor. The team also recommonded 
reducing the temperature at the main 
storage tanks to 115° F and adding 
insulating jackets to the tanks. High 
efficiency laundry equipment should be 
installed at the time of normal 
replacement. 

As with Team A. this team also 
recommended the installation of more 
efficient refrigerators at the time of 
replacement. Team 8 also 
recommended downsizing to 8 cubic 
foot units. This smaller size would surely 
meet the needs of the elderly tenants, 
givon their reduced cooking 
requirements, and would reduce 
miscellaneous electric loads. 

Team B's approach cost only $23,000, 
with estimated annual savings of total 
building energy costs of nearly $9,000 
per year, yielding a 2 to 6 year payback. 
Even though owner savings are only 
about $5,000 per year, the owner could 
still pay for the entire package of 
improvements in less than 5 years. 

MIA\11,1-1. 

klfilll:allonll'abmu:;~ 
· Repeat ClpefaliOns Strategies $5,680 
~: 
- Repeat Operadons Strategies 350 
· Add pr<>gfammeble lhetmootats 

In all unite 6.~00 
LjgbboQ{AIXliiWKI::i: 
- Ad peat Opera liOns Strategoes 616 
• Install h9l elfic1ency fixtures 

WI lobby llld canopy 600 
- Install h9l elfictency relrigeratn 

end downsiZe to 8 cubic loot lila I 
on replacament 5,000 

OI.J.W 
• Install low flow shower heads 750 
- Install high efficiency laundry 

equipment at replacemont -o-
- Ro<lJce nnge temperature to 

115'F -o-
- Insulate central storage 250 
Buildiog IIDd Sdc Destgo: 
• Plant SIX Royal Poinciana .-eea 

on south side :L!iOO 
TOTAL COST: $23,1-46 

60· 

40· 

· · · ·Before: $56/unit 

.. After : $42 

· · Owntr : $8 uvings 

20· 
:$6 mings 
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~ . . . . ' Rehabilitation Team A 
~tlA~II,tl. 

lnRtra~ooiE~hoUlt 

·Repeat Retrofit Strategies 
HYAC: 
·Repeat Retrofit Strategies 
LiOOtin<Mooliaoces: 
·Repeat Retrofit Stategles 
Dt!W; 
·Repeat Retrofit Strategies 
Building and S.to; 
• 0e1e10 50iar r11m on windows 
·Add landscaping (as previously) 
·Add awnings on nor1h and south 

5ldos o1 bu•ldtno 
fuioil.g: 
· Repoot Retrofit Strategies 
TOTAL COST: 

12,500 

6.614 

5,720 

18,000 

~ 
3,500 

30.000 

.::Q: 
$76,334 

No Ill: Added "florida Rooms" (not paid lor 
with energy savlng& alone) $115,000 

60· 
····· Before: $56/unit 

40·i.--L-, .. After :$36 

20· 
· · Owner : $6 uvings 

: $14uvings 
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Team A repeated all of its retrofit 
strategies in the rehabilitation set, with 
one important exception. Instead of 
applying solar film to the tenant wiroows, 
the team recommended adding awnings 
on the north and south sides of the 
buHding. Although not as effective as 
solar film, the team recommended an 
awning to be Installed low on the existing 
windows and one that Is designed in 
such a way that the overhang prevents 
direct sunlight from entering units during 
the warm months and blocks a significant 
amount of diffuse sunlight as well. The 
awnings are made of fabric on a tubular 
frame to keep costs down. However, the 
choice of colorful fabrics could make a 
sigmficant design statement for the 
building. The design team felt that the 

low awning could be nearly as effective 
as film in blocking diffuse radiation from 
much of the sky dome, but would still 
allow the use of dear glass in the 
windows which would likely be more 
acceptable to tenants. 

Team A also "filled In the notch" on the 
north and south side of the building 
(next to the handicapped units) to create 
a new "Florida Room" or endosed 
balcony off of four of the one-bedroom 
units on each noor. This endosed porch 
would not only be an attractive usable 
space, but would provide a temperate 
buffer zone with lots of shading between 
the units and the outside. 

Cost of the package (excluding the 

balconies) is $76,334. Awnings are 
roughly twice as expensive as the solar 
film option. The 18 Florida Rooms can 
be added for additional $115,000or a 
relatively modest $6,400 each. h 
should be noted that the addition of the 
Florida Rooms is likely only if the 
building is taken out of the Section-S 
program at some point in the future. In 
that case, increased rents could be 
used to pay for the new spaces. 

The energy package reduced tenant 
bills by some $235 each per year and 
would reduce owner bins by over $3,000 
per year (not counting tax advantages 
from improving the building) yielding a 
payback of just over 6 years. 

Enclosed "Florida Rooms" increase the rentable square footage with energy conserving 
buffer spaces which are easily ventilated. Window awnings placed on all apartment 

windows act like a cowl, shading the windows from direct sunlight and diffuse sky brightness 

T earn A Rehabilitation South Elevation 



Rehabilitation Team B .JHIHIKmll, 
MIA\11,11 

Team B also proposad creating a 
balcony in the "notch" of the building on 
the north and south sides, chosing a 
simple design and not enclosing the 
balcony. Total cost of the balconies is 
estimated to be $58,000 or about 
$3,500 each. As shown In the box 
below, a very modest rent increase of 
$0.25 per square foot of balcony 
($27.50 per unit) per month would cover 
the cost of the improvement. The 
tenants would benefit by reduced 
energy costs and the owner would gain 
somo modest tax advantages through 
increased depredation. 

Team B also took a different approach to 
shading. They used solar film only on 
the north side of the building to block 
diffuse ~ght. On the south side of the 
building, they designed a low cost 
alumirum louvered sunscreen. This 
solution proved less costly than the 
fabric awnings and has the potential of 
being more durable. 

Team B recommended installing ceiling 
fans in the living rooms of all units and 
three fans in the community room. They 
also recommended installing new high
efficiency HVAC units at the time of 

replacement·· recommending an EER of 
at least 11.0. 

Cost of this pad<age of improvements is 
about $1 00,000, excluding the solar 
system. Assuming that the balcontes 
could pay for themselves with increased 
rents, the real cost of this package is 
only about $43,000, yielding a paybad< 
of 3.5 years. Estimated owner sav~ngs 
alone of $5,700 per year could pay for 
the pad<age in just 7-1/2 years. 

Balconies off of the public corridors and apartments add amenity value to 
the whole building while shading the glass. Aluminum louvered sunscreens 
provide low cost shading devices which stop direct sunlight, but allow much 

of the diffuse radiation into the building 

ECONOMICS OF A NE\1 BALCONY 
N~w Balcony Ar~a 110 sf 

Rehab Cost $3,300 /unit 
(at $30/sq.ft.) 

B lncr~as~d R~nt $ 330/yr 
(at $27.50/mo.) 

B Capitalize Rent $3,300 
(at 1 0%) 

B Conclusion: Rehab balconies 
can pay for th~ms~lves with 

B r~asonab le incr~as~ in r~nt. 
Plus : R~duced En~rgy Cost 

B to Tenants 
Plus: Tax Benefit of 

Depreciation on Balcony 

T earn 8 Rebailitation South Elevation 
to Own~r, $40/balcony /yr 

klUIJraboo!Exhaust 
· Aopeat Aelrofit Shtegles 
l!'l6.C· 
·Add programmable fuwmoslat 

in c:ommumty room only 
• Modlly existing machamcal 

systems In all units 
• ~s1all ~8" ceiling lant a:> allhv•ng 

rooms and three a:> c:ornroonlly room 
l iOObDQ'Aoohances. 

Repeat Aelrofit Slrateg.ea 
ouw. 
• Aopeat Aelroftt Slrategoes 
But!sl!ng end St!e Destan: 
·Add raftective l~m on north glass 
• Plan I SIX Royal Poinciana 1rees 
• Add balc:o01es on aech 1toot 
·Add 21eet exiBoorloovered 

aluminum sunscreens on 19 
south &ide unit& 

TOTAL COST: 

$80· 

$5,680 

350 

10,31~ 

7600 

6,216 

1,000 

900 
3,500 

58,000 

3,250 
$42,810 

60-
· · · ·Before: $56/unit 

40 · L...rJ._., .. After : $36 

20· 
· · Owner : $9 uvings 

:$11 mings 
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Jjlllll!K!l~l~ Jury Comments 
~UAMI.~L 

For Team A. the jury expressed concern 
about the plan to red.Jce corridor lighting 
In the operations strategy set. Ahhough 
the jury agreed that light levels were 
currendy too high, care should be taken 
not to reduce light so rn.rch that the 
corridors ,ook dingy and feel unsafe." 

One jury member offered that the use of 
solar film might have an additional benefit 
not mentioned by the team. To the 
extent that tinted film would reduce the 
contrast between the brilliant window 
and the darker wan ( as seen from inside 
the units) it could improve visual comfort 
lor occupants. 

The jury questioned whether Team A 
could really get a solar collector lor $21 
per square loot in the retrofit set The 
jury believed that the search lor a low 
cost solar system merited attention but 
feh that the teams had not yet found 
one. 

In reviewing the "Florida Rooms; the 
jury leh that the final design selected by 
the owner would reflect far more what 
the market wanted than what was optimal 
from an energy po1nt of view. For 
example, an enclosed balcony would 
probably be more attractive to elderly 
tenants, but they would also be likely to 
cool it -- thus negating some of the 
energy credts claimed. If used property, 
though, the rooms could be a very 
attractive lllllfovement. 

The jury pointed out that neither team 
had proposed using vertical fine-mesh 
solar screens. These products are 
available and do block diffuse radation. 
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An analysis of possible design solutions 
and comparative costs merits attention. 

Turning to Team B. the jury noted that 
the use of a photocell control, a dimming 
system, in the community room would be 
more acceptable to occupants. but 
would likely be more cosdy to install than 
an "orVolr system. 

Team B reported that they had 
Investigated the possibility of going to 
indVJdual hot water heaters for all units 
and found it to be a complex Issue. 
Although the cost of the conversion 
would significantly reduce owner bills (by 
transferring them to tenants), the overall 
payback based on energy savings would 
be over 25 years. If the building is ever 
removed from the Section-S program, 
this would be a likely strategy for a new 
owner to consider. 

The jury commended Team B for their 
strong effort in finding a low cost exterior 
shade. Based on the designs 
presented, it appears possible that a 
durable shade could be installed lor less 
than it would cost to apply window films. 
This definitely merits further analysis to 
see if estimated costs can be achieved. 

The jury recognized the logic of different 
window treatments on the north and 
south of the building but wondered 
whether or not this would be acceptable 
to owners and tenants. 

The jury concluded v.;th a discussion of 
landscaping as a means to lower ambient 
air temperature next to the building. 
Ono concept suggested was moving 

parking further south, away from the 
building, to allow for more lawn and 
landscaping next to the building. 
Another suggestion proposed covering 
parking spaces with an arbor giving 
tenants cooler cars while also shadng 
the paved parking area. 



. . . . 

Energy costs in this 1979, six-story 
building in Oakland are the lowest of any 
building in the study. The cormination 
of an extremely mild dimate and below 
average energy costs give both the 
owner and tenants an average energy 
bill of just over $20 per unit per month 
each. 

The building is designed for elderly 
occupancy. All seventy-seven units are 
either eHiciency or one-bedroom types. 
There are five units specially designed 

for handicapped occupants. 

Tenants pay their own utilrty costs which 
are metered individuaHy. The owner 
provides all hot water for apartments 
and laundries. No cooling is required in 
the builcing. 

The bu~ding is urusual for the large 
amount of community space provided 
tenants. In addition to a large social hall 
on the first noor, each floor has a 
community or ·rv· room. Higher than 

Oakland Midrise riU!U!Ulllt ; n ,. 1 
UAA.l...ASO. (.A 

average rents In this building represent 
a way of paying for this added space. 

Because the dimate is so mild and 
energy costs are so low, it is drHICullto 
achieve dramatic energy improvements 
cost eHectively. Proposed operations 
strategies focus on improved setback 
thermostats and lowering hot water 
costs. One innovatrve retrofit strategy 
proposes shifting DHW costs from the 
owner to tenants through the use of 
remote flow meters. Bolh rehabilitation 

strategies focus on endosing part of 
existing balconies in order to enlarge 
living rooms. 

The modest energy proposals for this 
burldrng have good paybacks of about 
one year, though one strategy set goes 
as high as four years. The proposal to 
improve balcories actually adds value 
to the building while modestly improvrng 
energy performance. 
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Building Layout 
A typical floor in this L-shaped building 
has fifteen units laid out along two 
intersecting double loaded corridors. 
Thoro are trve residential ftoors, as 
shown on the typical floor plan below, 
and tho ground floor which is 
approximately half parking (nineteen 
spaces) and halt common areas 
induding: a large social hall (25 teet by 
40 teet) with an adjoining kitchen, a 
large lobby, laundry, office, and the 
manager's apartment. 

As indicated by the unit mix table below, 
this building was designed specifically 
for oldorly housing. All units are either 
one-bedrooms or efficiencies. Five of 
the 77 units in the building are designed 
for handicapped access. Careful 
comparison of the typical and 
handicapped units,shown at right, 
illustrates important differences 
between the two units. The 
handicapped unit is five feet wider 
than the typical unit which allows tor a 

larger kitchen ftoor, a wider entry, a 
larger bath, and direct access form the 
beckoom to the bathroom. 

The building is designed so that only 
three units per ftoor face south. In this 
situation, ills difficult to seek any 
passive solar design options for this 
building. 

An unusual feature of this building is a 
community room or "TV room• on each 

floor •• at the intersection of the two 
corridors. All heating and lights are 
provided to these rooms by the owner. 
With the exception of one efficiency unit 
per ftoor, all units have balconies. 

With a net rentable area of about 47,000 
square feet and a gross of about 70,000 
square feet, the nat-to-gross ratio for 
this building is about 67"/o •• a little below 
average, raft acting the large amount of 
common space in the building. 

MIX Of UNIT TYPES 
Tuoe rTot Mix Size 

Efficiency 5 6~ 593 SF 
1-Bedroom 67 88~ 604 Sf 

1-Bedroom 5 6~ 753 Sf 
Handicapped 

------

fj}::::::::~::::~::::::~~::\.~:~:~:~i_~_~\lfifg:::~~~~f£ 
I 

::::}:::::::~:~:i:f::::~~:~~~i~.::::::~::::::::~~H£ 
,... I 

EXISTING FLOOR PLAN Bedroom Living/Dining 
Bedroom lliv1ng/Dining 

!01! ~ of 

IIM'C 
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HANDICAPPED UNIT ONE BEDROOM UNIT 



Built in 1979, this building shows an 
interesting miX of energy conserving 
features and common sense equipment 
selection. For example, the walls are 
well insulated with R-11 batt insulation 
and the roof has both 3-1/2 inches of 
expanded polystyrene insulation and 
fight weight insulating concrete. One 
may be surprised, however, to see 
single pane glass and all-electric 
resistance healing. Upon reftection, 
these lower first cost alternatives make 
perfectly good sense. The extremely 
mild Oakland climate cannot justify very 
cosUy HVAC equipment. 

Given the fact of single-glazed sliding 
windows and the number of years since 
construction, the design teams 
assumed that air Infiltration in the 
apartment units must be at least 0. 7 air 
changes per hour - somewhat higher 

SITE PLAN 

Building Specifications & Operations 
than current practice but still well below 
many of the older buildings In the study. 
The lobby has a higher infiltration rate 
(1.0 ACH) because of its multiple 
entrances. 

Tenants pay for their own healing and 
lighting costs via individual electric 
meters. No cooting is provided for the 
building as none appears to be required. 
The owner provides all domestic hot 

water for the units and the central 
laundry from a central boiler (borler 
efficiency equals 80%; nominal system 
efficiency equals 70%; and estimated 
seasonal efficiency equals 63%). 
Ughting and appliance loads are 
average. Incandescent lights are used 
in most common areas. 

A separate ventilation system serves 
the corridors, lobby, and TV rooms. It 

BUILDING SPECS 

ENVELOPE : 
• Exterior 'w'all 

7 /8" cement plaster, 3-5/8" metal studs@ 24" o.c . 
with R-11 batt insulation. 5/8" gyosum board 

• Window 
Aluminum frame, single-pane 1 sliding and fixed units 
U= 1.42; shading coefficient= 0 .64 with blinds 

• Roof Ba Hasted built up roofinq, 3-1 /2" expanded poly sty rene 1 

5" light weight insulating concr·ete 1 7-1/2" concrete roof slab 
acoustic spray finish on interior 

INTERNAL LOADS 
• Lights: 0.5 w~tts/s .f. 
• Appliances: 0.4 'vlatts/s .f . 
• Cooking : 6000 Btu/day ( 4090 latent) 
• Infiltration: 0.7 Air Change/hr.(lobby 1 1.0 ACH; corridors, 0.5 ACH) 
OTHER LOADS: 
• Lighting in common areas : corridors, 0.4 'vi ls.f . 

socia 1 hall, 1600'vl, 16hrs ./day 
garage, 450'vl, fluorescent; 1 Ohrs./day 

• Eleva tors : 20 k'vl each 
• Exterior Lighting: 1250'vl, HID; 10 hrs./day 

VENTILATION/EXHAUST : 
• 70 cfm bath exhaust and 70 cfrn range fan, both individually switched 
• Lobby, corridors ,TV rooms, 3500 cfm, 16 hrs./day 

has a gas-hred rooftop unit for healing 
only. The system supplies 3,500 CFM of 
1 00% outside ait, 75% of which goes to 
the corridors. 

Although indivicl.Jal metering provides 
incentives for tenants to conserve, the 
units are not equipped wtth automatrc 
setback thermostats. 

SVST EM SPECS 

HVAC 
Units and Social Hall : electric 
resistance heating; 
Corridors /Lobby /TV Rooms: 
Gas-fired rooftop unit 

TEMPER A TURE SET POINTS 
Heating : 72°F 
No coo ling provided 

DOMESTIC HOT 'vi A TER 
25 gals/unit/day from 
central gas-fired boiler 
(6390 efficiency); stored at 
140°F in 120 gal. tank 
Laundry: 10 gals/unit/day 
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Energy Analysis 
With a good basic design In a very mild 
climate, this is one of the lowest energy 
consuming buildings in the study. With 
total annual energy USQ of less than 
50,000 Btus per square foot, energy 
bins are so low as to make significant 
energy investments difficult to justify on 
the basis of short payback periods. 

As indicated on the graph below, daily 
temperatures are almost constantly 
between 50°F and 70° F. The 
temperature virtually never falls below 
40°F and never above 75-80°F As a 
resuh, there are o~y 2,900 healing 
degree days (65° base) and cooling 
degee days are virtually nonexistent 
•• only 128. 

Oakland temperatures are 
temperate and constant 

On a total building basis, heating is the 
largest energy problem. As shown on 
the bar chart of heating loads, infiltration 
losses (mostly around windows) and 
glazing losses (through single gazlng) 
are the principal cauSQs of heat losSQs 
in the building. 

Given the mildness of the climate, there 
is an important tradeoff to keep in mind, 
however. If the building is SQaled too 
tightly to reduce heating loads, there is 
a risk of inaeaSing cooling loads, or at 
least uncomfortable conditions of 
overheating. Any attempts to "seal up• 
the building roost leave tenants the 
opportunity to naturally ventilate their 
apartments when m11d outdoor 
temperatures warrant. 

Although there are often doudy 
conditions in this area, solar gains In 
winter are almost always helpful and are 
to be encouraged. In this location, there 

,...---------------, is 25% more heat gain on a south wall in 
winter than occurs in Washington, D. C. ° F DAILY TEMPER A TURES 

1 oo .. n.n.n.n.n.n.n.n.n.n.n ..... 

80··· ······· ·· ··························· 
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Because heating and cooling loads are 
so low, lighting and domestic hot water 
healing become a rroch larger share of 
the energy problem In this building. As 
shown on the bar chart of energy costs 
on the next page,lighting is nearly as 
costly as heating, and water heating is 
not far behind. 

The continued USQ of incandescent 
lights in much of the building contributes 
to higher energy costs. Given the 
habits of elderly tenants, it is unlikely 
that cooking is likely to ever repreSQnt a 
serious energy problem. 

ANNUAL HEATING LOADS (LOSSES)per UNIT 

WALLS I -20 
ROOF I - 1 I 

GLAZING -7 '· .·.'.· . ! . . . 
INF IL TR AT ION j -8 I~'.., ,:,·'(.;"·~21~1;<;:. 

INTERNAL I 8 I 
MBtu/Unit -10 0 10 

ANNUAL COOLING LOADS (GAINS) per UN IT 
WALLS I ROOF ! 

I 

GLAZING I INFILTRATION 
I 

-3 

INTERNAL ! 
MBtu/Unit -1 0 

Ventilating the corridors with 1 00% 
outside air is also contributing to the 
heating problem. Using a gas-fired uri! 
to meet any necessary healing loads 
clearly keeps this cost down. 

There is no single overriding energy 
issue in this building and only limited 
savings to be found in energy 
conSQrvation •• a tough problem for the 
design teams assigned to cut energy 
costs with reasonably short paybacks. 

0 I 0 

I 2 

.. , 1 (latent load = 1) 
I 

7(1atent load = 1) 

0 10 

I 
20 

I 
I 
I 
I 
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At an average cost of $44 per unit per 
month, this bu~ding has tho lowest 
energy cost of any building in the study. 
This is not surprising given the very mild 
dimate and energy costs which are 
below the national average. 

As shown on the bar charts of energy 
costs below, the owner and tenant 
virtually split the annual energy bit The 
owner pays, on average $23 per urit per 
month and the tenants $21. 

Because tho owner supplies aD 
domestic hot water for the building (and 
because heating costs are so low in this 
mild climate), water heating is the 
owner's largest energy cost. Heating 

and lights are the second and third 
highest costs at about $5 each per 
month. Elevators costs a modest $3 per 
month, and the cost of running fans for 
corridor ventilation (called HVAC on the 
bar chart) cost about $1 per month. 

Heating is the tenant's highest energy 
cost, but the fact that it is almost equal 
to miscelaneous receptacle loads 
indtcates how small a load it really Is. 
Ughts are the third highest energy cost 
at $5 per month. Cooking is a very 
modest $3 per month. All apartment 
units are indivicilally moterod. 

In looking for energy conservation 
alternatives, tho design team dd 

Oakland Midrise Utility Costs 

Total: 
$44/Uni t!Month 

owner: Tenant: 
$23/Uni t!Month $21 I Uni t!Month 

AC .. ; ......... ~1 ... 5 
····--··· 5 

l!!!!!!!J···Hiating········ $6 
IIIIHillllll ... r\U\J ··· ............ $8 

electricity 0 7 .0¢ /k'w'h electricity 0 6.0¢ /k'w'h 
gas 11116 7 .5¢/tt.erm gas 11116 7 .5¢/therm 

. . 

Economics 
several sensitivity analyses using a 
computer model of the buildrng to see 
what might be economically feasible in 
this mild climate. Results were 
restrictive at best. If infiltration wore 
lowered from 0.7 to 0.5 a1r changes per 
hour, rt would rocilce burldrng energy 
costs only about $1,500 per year-- not a 
lot of money to pay for ext~nsive 
caulking and weatherstripprng. If double 
glazing were added to the buildrng, it 
would save about $3,000 per year-· not 
enough to justify the high first cost of 
the second pane of glass. 

Hypothetically turning off outside air 
supply to corridors completely would 
save over $5,000 per year- suggesting 
a good area for investigation. Outside 
air cannot be eliminated completely, of 
course, for code reasons, but there 
doos seem to be sufficient savings here 
to merit further investigation. 

As shown on the "Energy and Rent 
Analysis" below, this a good building 
which is able to command substantial 
rents. Rents are well above tha average 
high rent for the region as reported by 
the Institute of Real Estate Manage
man!. From an economrc point of view, 
these higher rents can be seen as 
paying for the uncommonly large amount 
of common space in this building. 

Given that anergy costs are such a 
relatively small part of total shelter cost, 
it is difficuh to find ctamatic energy cost 
reductions in this building. 

ENERGY & RENT ANALYSIS 

Typical One-Bedroom Unit: 

NET RENT TO O'w'NER Is 818 

O'w'NER 'S MONTHLY Is 23 ENERGY COST /UNIT 

TOTAL RENT Is 841 
( IREM Median) 

TENANT'S MONTHLY Is 21 
ENERGY COST 

SHELTER COST Is 862 

I 
I 
r 
I 

I 
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tions Team A & Team B 

lnfitration.fxbaust 
-Reduce corridorvonlfan speed -0-
- Instal corridor VIIOl time clodl 200 
~: 
-Add setback I -stat all bedrooms 9,000 
- Reduce corridor le"ll&f&IUAI -0-
Lkt!DoQ'AooljpQCM: 
- Replace I 7 inc.leCilJS wlscrew-in 260 

ftiJOfosceot; add dimmer on 5 
- Add photocel contro4 on ext lights 400 
- Rela~ stalr.Yo~~ttaae'*'ln luor. 50 
Ol:IW. 
- Reduce DHW Ill~. to 115"f -0-
• Install Ins. jacket on central DHW lank 

250 
JI.alnbg: 
- Conductteoant ed.prog. on selbocks :ll::. 
TOTAL COST; $10,160 

$80· 
' 

60· I 

1 .... Befor•: $44/unit 
40·! I 

~33 

10 snings 
20·~ 

$1 s~Yings 
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The centerpiece of Team A's proposals 
to improve building operations is to 
provide tenants with the ability to cut 
their energy costs with automatic 
setback thermostats. It is 
recommended that the owner select and 
install these thermostats to insure 
consistency and easy maintenance 
across all units. Although a costly item, 
the improved thermostats can be seen 
as an amenity that gives tenants more 
control and an opportunity to reduce 
costs. 

Team A also recommended reducing 
corridor ventilation by reducing fan 
speed somewhat and by installing a time 
clock to run the fan only when needed. 
The team also proposed replacing many 
incandescent lamps with screw-in 
fluorescents. Where aesthetics 
seemed to require continued use of 
Incandescent lights, the team 
recommended installing solid state 
dimmers to redlce energy use. As 
shown on the graphs below, solid state 
dimmers are recommended because 

' SOLID STATE DIMMER 
0 

I 0 
I~ - I VI 

::::> ···········:·· 

._ 
0 

~ 
50 100 

% of Light Output 
ENERGY IS CONSUMED 
ROUGHLY PROPORTIONAL 

they actually reduce energy use when 
lights are dimmed. The package of 
improvements proposed by Team A is 
estimated to pay for itself in about a 
year. 

Team B recommended a package of 
many smaller items. Team B also 
reduced corridor ventilation with a time 
clock but did not redlce fan speeds. 
The team also noted that putting time 
switches on lobby toilet fans would 
prevent them from being left on and 
aggravating Infiltration losses. The 
team also recommended reducing 
corridor temperatures during 
unoccupied hours with a time clock. 

In an attempt to reduce the owner's 
largest energy cost, the team also 
recommended installing flow restrictors 
on all showers, reducing water 
temperature, and insulating the central 
domestic hot water tank. The entire 
package has an attractive payback of 
only four months. 

RESISTANCE DIMMER 

~~----VI 
I 

::::> 
I... )n ____ 

0 
0.. 

I 

._ 
0 ---- I 
~ 

% of Light Output 
CONSUMPTION OF ENERGY 
IS CONSTANT 

' 

lnfiltradon!fxbaust: 
• Install 'me dock on corridor vont 200 
- Install '""--lche• on lobby laos 100 
l!YAC: 
• Install clock l·slat!o social room 170 
- Reduce corridor·~ Wilma clock 200 
Uohbno{Apo!iaoces: 
- ReiM1p Slair wl5crew-io luor. 50 
DUW: 
- Reduce DHW ~to 115"f -0-
- Instal los . jacket on DHW lank 250 
- lnstallowrestrictorsinshower 1,100 
- 1ns1:1n high ell. laundry equip. -0-
IW:llcg: 
- Conduct tenanted. prog. on setbocka :ll::. 
TOTAL COST: $2,070 

I 60· 

I 40 

I 20· 

44/unit 
37 
7 uvings 

:$0 snings 



,. 

~filtraboo/fxholl$t 

• Ropeat operations stralllgies 200 
- Cautlt &-therst1p doors & wind. 16,600 
J:riAk: 
· Repeat operations &tralllgle8 9,000 
Lld11iro'Aoo!ianoos: 
• Repeat operations atralllgle8 710 
• Install high ell. relrig. on replac. 7,000 
J:lliW: 
- Repeat operations stralllgioe 250 
· Add GPM flow meters on OHWIIne 11,165 

kl each unit with remolll read out 
I.m!ni!Jg: 
• Repeat operalionutralllgies ::Q: 
TOTAl. COST: $44,925 

60· 

· · · · Before: $44/unit 
.. After ;$33 
· · Owner : $ 10 uvings 

: $1 uvings 

Retrofit Team A & Team B 
Turning to retrofit strategies, Team 1\ 
recommended three rather costly 
building alterations. First, the team 
recommended caulking and 
weatherstripping all doors and windows. 
Although results of the sensitivity 
analysis suggested a long payback on 
this item, the team argued for its 
indusion to improve tenant comfort. 

Second, the team recommended 
installing gallon-per -mirute flow meters 
(shown below) on all apartment DHW 
lines so that tenants could be billed 
arecUy for hot water use. At a cost of 
about $150 per unit, this Improvement 
allows the owner to shift most of his $8 
per month DHW bill to tenants (a 1-112 
year payback) while also encouraging 
water conservation. The team also 
recommended installing high efficiency 
refrigerators at replacement to reduce 
tenant bills. The entire package costs 

~~~ 
Be~heater 
Corridor ru TV 

L
Room 

Constant 
Outside Air 

about $45,000 with a reasonable four
year payback. 

Team 8 focused on changing the 
ventilation system for the corridors and 
"TV" rooms, source of the owner's 
second highest energy cost. The team 
proposed disabling the package heater 
from the corridor ventilation and sealing 
existing corridor ducts. Existing 
windows in the corridors would be used 
for natural ventilation. Small in-duct 
fans would be installed at each "TV" 
room with switches to provide ventilation 
on demand. Lights alone were judged to 
be sufficient to heat these rooms 
without the ventilation heater. 

Team 8 also recommended installing 
more energy efficient refrigerators at 
replace mont. Cost of this strategy set 
was a modest $10,000 with an attractive 
one-year payback. 

~-~ 
Aft;;! r-
co~'L_~ 

8~ TV 
~ Room 
Outside Air 
on Demand -

~ JNST ALL METER ON 
INCOMING APARTMENT 
HOT WATER LINE 

/

REMOTE DIGITAL 
READOUT CAN BE 
ROUTED TO CORRIDOR 

, , GANGED IN UTILITY 
'"~<._ ~~~~ ~~'>'?\: CLOSET OR CONNECTED 

b , , BY A PERSONAL 
"'~ COMPUTER FOR THIRD 

.,___ ____ -.~ PARTY BILLING 

k!ljl!ratjoryf xhO!J$t 
• Dtsableroohopcomdorhoabng 1,400 

uOII and 611111 corndol' supply gnll 
• Instal bme liWitcbes on lobby todet 100 
~: 
• lnstaH clock t·stat lonociaJ room 170 
UOO!JOQ'Aodorux;es 
• Repeat operationura l&gy 50 
• Replace 12 cu. II. n1frig. wolh 8 cu ft. 7,000 

high efficiency unit on replacement 

OI..IW: 
- Repeat operotionsslralllglea 1,350 

Jmilino: 
• Repeat operations slralogy .:0:. 
TOTAL COST: $10.o70 

60· 

40· 

20· 

· .. · Before: $44/unit 
.. After :$33 
· · Owner : $1 0 uvings 

: $1 snings 
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~: 
• Add Z' 1o Ins. garage ceiling 
lnlitralloo/E!hau$t 
• Repeat retrofit sttalllgies 
~: 
- Repeat retro~tstralegies 
Lld!Rnq'Aooliooces: 
• Repeat retrofit sttalllgies 

Ol:Ml: 
• Repeat relroltattalllgies 
• Add solar DHW preheat 
Ita!o.ilg: 
• Repeat retrofitstretogy 
TOTAL COST: 

9,100 

16,800 

9,000 

7,710 

11,415 
25,000 

~ 
$79,025 

NOTE: Add!Ml cost lor enclosing ba!conlel 
(not patd lor With energy 68lliD9$ alone) Is 
$142,000. 

80· 

60· 

40· 

20· 
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· · · · Before: $44/unit 

: $31 
: ~ 1 1 s~Yings 

: $2 uvings 

Team A recommended three major 
strategies in the event of a complete 
building rehabilitation. First, as shown 
on the sketches below, the team 
JXOposed enlarging living rooms by 
endosing half of the existing balconies. 
The exteriOI" living room wall is removed 
and replaced on the outside edge of 
each balcony with a new and improved 
wall, from an energy point of view. Metal 
studs and batt insulation in the new wall 
are similar to the original design, but one 
inch of exterior insulation is added to 
further reruce cond.lction losses and to 
seal butldtng seams to reduce 
infiltration. As shown on a typical wall 
section, exterior insulation extends over 
the exposed end of the balcony slab to 
prevent radiative losses and a 

1" Exterior 
Insulation -+ 

potentially cold living room ftoor. 
Installation of masonry or tile ftoor is 
recommended for the southeaast and 
southwest balconies for thermal 
storage. This will moderate the tempera
ture savings In these areas and help 
store solar gains fOI" use during the 
nighttime periods. 

Existing patio doors are removed from 
the living room portion of the exterior 
wall and replaced with a new four by 
eight foot window. The new windows are 
double glazed. The team argued that if 
Installed as a new unit, the second pane 
of glass would not be very costly and 
would be effective In rerucing both 
Infiltration and cond.lction losses. This 
recommendation was disputed by the 

• 

other team and should be stucied more 
closely before it is accepted. 

The team also recommended adding a 
solar pre heater fOI" the domestic hot 
water system. Engineering estimates 
are that this system would require about 
fifty standard sized solar coHectors and 
about two thousand gaftons of storage. 
At an estimated cost of $25,000, the 
system could pay fOI" itself in six or 
seven years if it reduced the owner's 
water heating bill by half. 

Not counting the cost of the remodeled 
balconies, which could pay for 
themselves in added rent, this strategy 
set has about a seven-year payback. 

Remove railing and install 
new exterior wan and new 
8'-0" x 4 '-0" window 

1/2" Sheathing-+ 
on 3-1/2''meta1 
studs 

.__New wan Remove existing exterior 
wall and door~ 

J[ 
Existing balcony-+ 
slab 

double glazing 

• 
Exterior insulation reduces floor slab heat loss 

New weatherstripped 
door----... 

:~$~~~~~:~~~~~:}~~{!!; 
Bedroom living/ Dining 

Enclosing the balcony converts 
seldom used space into living space 



Team B also Pf'Oposed enclosing half of 
each existing balcony in order to enlarge 
the living room. Team B, however, 
proposed reusing more of the existing 
building materials in order to keep the 
cost of renovation down. As a result, 
the cost estimate for Team B's awoach 
is $47,000 (or 33%) less than Team A's. 

As shown on the elevation below, the 
team reused existing sliding glass doors 
and simply moved them up to the 
balcony rail. The rail can thus be used 

::::: ~ 
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to meet code requirements for 
pl'otecting the opening out of the living 
room and save the cost of replacing the 
existing sliding door with a window. 
These renovations can be made without 
disturbing the current exterior 
appearance of the building. 

Team 8 also provided an analysis of the 
economic value of this renovation to the 
building owner. As shown in the box 
below, the additional sixty square feet of 
space should generate at least an 
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Team B rehabilitation relocated existing glass doors 
to minimize building costs 

additional $30 per month. The 
capitalized vAlue of this increased cash 
flow is $3,600 (at 1 0%). If consttuction 
costs can be held to $30 per square 
foot, the net value of the new enclosed 
space is $1,800. Capitalizing very 
modest energy savings of $7 per unit 
per year adds an additional $70 per 
dwelling unit. Under current tax law, 
depreciation on the impl'ovement adds 
another $360 of value. Total value is 
$2,230 and after paying the added cost 
of construction, is $430 per unit in the 
first year. 

ECONOMICS OF A NEW ENCLOSED BALCONY 
Capital value of enclosed living 
rOOI'IVbalcony 
• Added rent from enclosed 

balcony (60s.l. x $1/rnols.f. 
base rentx 50%) 

- Value of enclosed balcony 
($30.&.1 ,annualized & 
capitalized @1 0%) 

- Actual Cost of remodoling 
($30/s.f. including recycled 
materials) 

- Net increase in capital 
vulue 

Value of Roducod Energy C06ts 
- Assume energy savings of 
- Capilaize savings at 10% 
Value of tax benefits 
- Oepreciationof$1,800/0U 

over 25 yean; 
- CIISh value of depredation 

in 50"1. bracket 
• Capilaize cash value at 10% 

Tollll capitalized value of 
enclosod balcony 

Less Consl Cost of 

Nel value of enclosod 
balcooy (year 1) 

$30/0UIMO 

$3,600/0U 

$1,800/0U 

'$1,800/0U 

$7/0U/yr. 
'$70/0U 

$72/0U 

$36/0U 

'$36010U 

'$2.230 

1,800 

'$430/0U 

klfi!Jratioo/Exhaust 
• Repeat retrofit stralllgies 
~: 
• Repeal retrofit stralegies 
LigiJtioo'Aoo!iMCes: 
• Repeat retrofit strategies 
Ol:!W: 
• Repeat retrofit strategies 
T •• :..IM• 
-~· 
• flopeat retrofit stralDgy 
TOTAL COST: 

1,500 

170 

7,050 

1,350 

::2: 
$10.070 

NOTE: Added oosts lor endOGing balconies 
(not paid lor by energy savings alone) is 
$95,000. 

· · · · Before: $44/ unit 
.. After :$33 
· · Owner : $ 11 s-~vings 

: $0 uvings 
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A 

a~IAf.l!,~. Jury Comments 
During disC\Jssions with the jury, Team A 
reported that they had spent 
considerable time trying to find 
alternatives to the indivicilal electric 
heating and central gas wat8f' heating 
systems in the building but without 
success. It appeared, based on 
preliminary analysis, that the cost of 
constructing flues and piping gas in 
order to be able to install indivicilal gas
fired space heaters and wat8f' heaters 
would outweigh the modest savings 
possible in such a mod8f'ate dimate. 

The jury agreed that the current 
ventaation system in the building was 
likely to be excessive but questioned 
the extreme measures taken by Team B 
in dosing off the system completely. 
One jury memb8f' commented that 
although the existing windows would be 
sufficient to meet code, it was unlikely 
that they would be controlled effectively 
by hand. If windows were not opened 
and closed daily, corridor air would 
surely be unacceptable to tenants. 

The jury generally liked the balcony 
solutions proposed and commended 
T earn B for their economic analySis of 
the issue. The jury pointed out 
that the existing balconies are probably 
excessively large for elderly tenants 
who would probably be happier with a 
larg8f' living room. 

The jury commented that neith8f' team 
had considered outdoor lighting. It 
appeared to one jury memb8f' that 
exterior lighting was sufficienUy high 
that it merited review for possible 
reductions. 
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Situated just south of Washington, 0. C. 
in southern Maryland between the 
Potomac River and the Chesapeake 
Bay, this four-story lowrfse built in 1980 
reflects good conteflllOI"ary bu~ding 
practice. It is one of six buildings. 
each with 34 units. With R-16 exterior 
walls, an R-30 roof, and a reasonably 
efficient heat pump, one might well ask 

how much more can be done to reduce 
energy costs in this climate? According 
to design teams working on the problem, 
another 15 to 30 percent can be cut from 
annual energy bills by a collection of 
modest inlp(ovements. 

The buildmg is an electric and individunl
ly metered, with the owner paying about 

Maryland Lowrise JIIilll 
ST. CIIARIJ'.S. Ml> . 

$9,500 per year in electric costs. 
Because this building is entirely Sectton-
8 subsidized housing, the majority of 
the total annual tenant utility bi:l of 
$21,000 is paid for by the U.S. Govern
mont. With potenhal savings rangng 
from $4,500 to over $9,000 per year per 
building, conservation in this SIX· 

building complex could generate over 

$50,000 per year in energy savings. 
Whether or not max1mum energy 
savings are sought depends to a large 
extent on contracts between the build
ing owner and the government If the 
owner is to pay for major energy improve
ments to the building. he must be allow
ed to realize a gain from the savings 
generated by energy conservation. 
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Building Layout 
By coordinating building layout and site 
topography, designers of this project 
were able to achieve a very efficient four
story design without elevators. 
Topogaphic lines are not shown, but the 
site slopes dramatically from north to 
south. Tenants parking in the higher 
north lot walk directly onto the second 
floor or up two flights of steps to the 
fourth. Tenants parking in the low south 
lot walk directly onto the first floor Of' up 
onelhght of steps to the second floOf'. 
The effect is the efficiency of a four-
story building with the access of a three
story building. What is gained in buildng 
efficiency, however, is lost in building 
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orientation. Only one of the six 
buildings on the site is oriented with a 
southern exposure suitable fOf' solar 
design strategies. It would have been 
Interesting to see if the efficiencies 
gained by uSing a double loaded 
corridor, with only two stairs per 
building, could be preserved in a site 
design that also had good solar 
orientation. 

Each building has nine units per floOf', as 
shown on the typical floor plan below. 
The mix is roughly 1 0 percent three
bedroom units (1,055 square feet), 60 
percent two-bedroom units (865 square 

SITE PLAN 

feet), and 30 percent one-bedroom Ul'lts 
with an option of either 600 or 855 
square feet. Unit plans are shown on 
the next page. However, only the larger 
one-bedroom unit is illustrated. 

On the first floOf', two one-bedroom units 
are omitted to make room for the 
laundry, storage areas, and other 
services. No elevator is provided fOf' the 
buildng, and there Is no lobby. 

With a net rentable area of about 33,000 
square feet and a gross of about39,000 
square feet, the net-to-gross of this 
buildng is an excellent 87 percent --the 
highest of any buildng in the study. 

FIRST FLOOR PLAN 

TVPICAL FLOOR PLAN 
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One Bedroom 

0 

Two Bedroom 

0 

Three Bedroom 

. . 

Building Specifications & Operations .ltlllt 
~LCliARIJo.S, MD 

This boild1ng was dearly designed aft9f' 
the en91'gy crisis of the 1970's. It is weN 
insulated in both the walls and roof and 
all windows are double glazed. Good 
quality heat pumps give tenants 
individual comfort and the opportunity 
for individual conservation. In gen91'al, 
a good basic design hard to improve 
upon. 

With frame construction and double 

pane glass, this building is assumed 
to have infiltration of about 0.8 rur 
changes per hour on average. 
Infiltration into the units may be 
somewhat lower because they are 
isolated from the corridor with weather
stripping on the entry doors. In 
corridors, inhltraticn is likely to be 
somewhat high91'. The corndor ventila
tion system provides 100 percent 
outside a1r and may leak a good deal 

BUILDING SPECS 

ENVELOPE : 
• Exterior 'vi a 11 

4" brick facing, 4" CMU 70% solid. with R-16,2.5" urethane 
insulation, 2 x 3 studs 24" O.C., 1 /2" gypsum board 

• 'Window 
Metal frame ,double pane glass, sliding windows 
U = 0.57, shading coefficient= 0 .64 with blinds 

• Roof 
Asphalt shingle, plywood, airspace, R-30 insulation, 
gypsum board; U = 0 .03 

INTERNAL LOADS 
• Lights: 0.5 'vlatts/s .f. 
• Appliances: 0.4 'vlatts/s.f. 
• Cooking: 6000 Btu/day ( 40% latent) 
• Infiltration: 0.8 Air Change/hr . 

OTHER LOADS: 
• Exterior Ughting: 2 k'vl operated 12 Hours/day 

VENTILATION/EXHAUST 
• 70 cfm bath exhaust; 150 cfm range exhaust; individually switched 
• Corridors, 2000 ofm 

when the system is not in operation. 
Th1s system m9f'its special anention 
because existing electric resistance 
heating (with a 70° F setpoint) causes 
the single highest cost fOf the owner. 

Ughting energy use is above the 
rririmum possible because of 
incandescent lamps in the corridors and 
stairwells. <Aitside lighting, however, is 
modest and automatically switched on 
with a timer. 

SYSTEM SPECS 

HVAC 
Split air-to-air hut pump with 
supplementa 1 electric resistance 
heating; coo ling EER=7 .06, 
heating COP=2 .07 
corridors: resistance heating 

no coo liniJ ' 

TEMPER A TURE SET POINTS 
Heating : 70°F 
Coo ling : 78°F 

DOMESTIC HOT 'vi A TER 

Nomina 1 efficiency = 71 % 
35 gal./unit/day @125°F 
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Jijf1Jlllit Energy Analysis 
ST. OIARU•~. MD 

The mid-Atlantic region is a "middling• 
climate •• about half as cold as 
Minneapolis and about half as hot as 
Savannah, Georgia. 

Although heating degree days (5,000) 
are frve times greater than cooling 
degree days (1 ,000), the heating oosts 
are only twice cooling costs. This is true 
because heat generated and held within 
the building (from occupants, lights, and 
equipment) helps to offset winter 
heating loads but seriously aggravates 
summer ooofing loads. High summer 
hurndity also increases the need for 
mechanical cooling. 

The typical wall section (shown at the 
right), illustrates the various energy 
conservation design features already 

° F DIURNAL TEMPER A TURES 

100 -n . n -n . n . n.~ - ~ · ~·~-n.n. n-

ao IIIIIIIHIIJIIII ~~· ··· ······ 
60··II.JI.JI.II.II.II.II.II. w, .• ,.,, .,, .. 

40 ·· 

20 1111 il 
o-lll 

~hi 

l
ll~lo 

. - n~ 
-Jl-

uFMAMJJASOND 
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Included. It is dfficult to achieve 
dramatic improvements on a good basic 
design such as this. 

Furthermore, saving energy Is difficult 
due to "trade-oils" between oonserva
tion strategies. For example, sealing 
the building to cut infiltration win reduce 
heating costs by holding more heat in 
the building but will aggravate cooling 
loads. When savings in one area 
creates costs in another, it is difficult to 
get the total savings necessary to pay 
for major energy improvements. 

In analyzing the causes of loads In this 
building (see bar charts at right), it is 
clear that infiltration Is the principal 
cause of heating. It is large enough that 
it cannot be offset by the benefit of 
internal heat gains. 

On the cooling side, internal heat gains, 
heat gains from direct solar radiation on 
glazing, and infiltration are the three 
main causes of cooling loads. 

Given that infiltration is a cause of both 
heating and cooling loads intuition 
suggests it should be reduced. There 
are times however, espedaRy in the 
spring and fall, when infiltration is a 
benefit because it offsets internal heat 
gains. At these times, redudng 
infiltration will jngease coofing costs. 
This illustrates the energy problem in 
this building. How does one reruce 
heating costs without increasing coofing 
costs? 

R-30 
Insulation 
~ 
~ fUo 

' 

Ventilated 
Roof Cavity 

, ·rcaulk Around 
Weatherstrip · AJJ Openin9s 
alJ openin9S • --Double Pan• 

~ Olazin9 
Furrin9@ 24" O.C. . • -Thermal Bruk 
Ri9id Insulation · ~~~ Metal Frame 

Sash 

Insulation 
A 11 Ductwork Insulated ____ _,. 

This existing building wall section illustrates good 
contemporary design 

ANNUAL HEATING LOADS (LOSSES)per UNIT 

w;~~: ~, --- I ~3 ~ 

GLAZING -21!1 
INFILTRATION ,-17ti':~~ii~1',~&~, .... 

INTERNAL 

MBtu/Unit -20 -10 0 

ANNUAL COOLING LOADS (GAINS)per UNIT 
: 

'WALLS 0 

ROOF 0 

GLAZING 9 
I 

INFILTRATION -2 7 (latent load = 7) 
I 

10 

I 
I 
I 
I 

I 
I 

I 
INTERNAL I 13(1atent = '3) 

MBtu/Unit -1 0 0 10 20 



The economics in this building are 
influenced to a great extent by the fact 
that an units in the project taM under 
government regulations for Section-a 
housing. Although the owner's energy 
bill alone is large enough to justify many 
energy conservation efforts, it is 
questionable whether there is suf~dent 
incentive for tho owner to pay for energy 
conservation improvements that benefit 
tenants only. 

As shown on the bar chart of energy 
costs below, the owner's biH in this 
building is less than half that of the 
tenants. Heating is dear1y the most 
important energy cost for the owner. 
The owner has no cooling costs 
because only heat is provided to the 
corridors. The tenant's bill is divided 
almost equany among coo~ng. heating, 
water heating, receptacles, and Wghts. 
The relative equality of these costs 

Maryland Lowrise Utility costs 
Total: 
$7 4/ Unit/Month 

........ $2 
I;;;;;:;:;;:J .. ·Cookma ..... $3 

···-··$11 

... Heating .... $26 

Owner: 
$23/ Unit/Month 

····IWAC ....... $1 
.... Lights ........ $2 
.... DH'w'-......... $4 

.... Heating .... $16 

Tenant: 
$5 1 /Unit/Month 

:::::::::::•··H.-nting· ....... $1 0 

.. DH'N' .............. $9 

.. Cooling ......... $12 

electricity 08.7¢/kWh 

makes it diffiruh to focus on any one 
area to obtain major energy cost 
savings. 

Allocating costs and benefits under the 
S&ction-8 program is complex. The 
government first computes a "market 
rent• and a "utility allowance· for each 
unit to be subsidized, based on 
comparable units in the area. GeneraUy, 
30 percent of the tenanrs adjusted 
annual income is computed to be tho 
"tenant's contribution· and tho balance 
is paid by HUD as a subsidy. Although 
tho tenant is typically responsible for 
paying tho entire utdrty bill when due, he 
really pays only the drftoronco (rf any) 
between the actual bill and the credrt 
they have already received in tho "utility 
allowance·. Tho owner's revenue for 
each untis the total of the tonanrs 
contribution and tho subsidy payment 
from tho government. 

If tho utility allowance is not reduced 
based on actual bill information , any 
savings on utility bills actually 
increases tho tonanrs not income. The 
government subsidy is not reduced and 
the owner's revenue is not increased. 

Economics IDI ... .. .. ..... ...... ..... . - .... :.·~ :·.:.' 
s-r.CtlAih.l -"'·~'lU 

H bonefits of energy conservation go 
entirely to tho tenant, there is little 
incentive for either the government or 
the owner to pay for conservation 
measures. Both the government and 
building owners must share energy cost 
savings, rf building Improvements are 
going to be made. 

One reason an owner rllght be inclined 
to pay for energy conservahon without 
any immedato return is to improve a 
building before removing it from the 
Soction-8 program. If plans are to 
convert the building to condommium 
ownorshrp, a history of low energy brlls 
would be attractive to prospective 
buyers. 

In considering strategy sets for this 
building, the design teams dd not focus 
on dlsllncllons between owner and 
tenant savrngs. They took a whole 
building approach in seeking the best 
total pac;f(age for the price. It is 
interesting to note that paybac;f(s can 
increase significantly when improve· 
ments roost be paid by owner savings 
alone. 
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!o!itcadon!Exbaust 
- Add lime clodl on corridor & 

laundry HVAC 
~ 
-Disable stairwell beet 
-Add heat tape on standpipe 
- lower laundry and cor odor 

set potots to 55-F 
LightinQ'Aooljaoccs· 
- Add photocel to ex. ltg. 

~ 
-lower DIIW Blr1> to 120-F 
- Install on5Ulation jacket on ind. & 

laundry OHW tanks 
- High eH laundry equipment 
TOTAl COST: 

250 

200 
400 
.(). 

200 

.(). 

1820 

~ 
$2.870 

60· 

· · · · Before:$74/unit 
.. After : $63 

· · Owner : $9 uvings 

40· 

20· 
· · Ten~nt : $ 2 uvings 
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Both teams focused on cutting the 
owner's operating costs and both 
achieved paybacks of less than one 
year. 

In the area of Infiltration and HVAC, both 
teams focused on redJdng the owner's 
largest energy bill ·· the healing of 
corridors. Both teams suggested 
controlling corridor ventilation with a 
time dock to linit ventilation to times of 
the day when it is most needed (e.g. 
meal times). Both teams also 
recommended lowering the corridor 
setpoint to 55• F. Team A disabled 
stairwell heat, but protected the stand 
pipe with a heat tape. Team B refit the 
corridor fan with new pullies to get a 
lower fan speed. 

For domestic hot water, both teams 
recommended a lower temperature 
setpoint on the laundry water storage 
tank and the add1tion of insulation 
around the tank. Both teams also 
recommended that higher effidency 

BEFORE 

laundry equipment be provided by the 
laundry subcontractor. Team B also 
recommended a time dock on the 
laundry heater and fimiting hours of 
laundry use. 

T earn B recommended insulating the hot 
water heaters in each unit. At a cost ot 
$1,700 per builcing and estimated 
annual savings of $575, less than a 
three-year payback. 

T earn A recommended photocell control 
on exterior lighting. Team B recom
mended screw-in fluorescent lights In all 
common areas. 

Team A strategies are estimated to save 
$4,500 annually for an investment of 
$2,900. Team B strategies will save 
$6,700 annually at a cost of $4,500. 
Both sets will pay back in about eight 
months on a total building basis. If all 
costs must be paid for with owner sav
ings alone, the paybacks ina ease to 9 
months and 15 months respectively. 

~ ~$ 

HALVING FAN PULLEY SIZE AND CUTTING OPERATION HOURS IN HALF 
RESULTS IN A 75'1iS REDUCTION IN HE;.TINO COSTS DUE TO VENTILATION 

kllilfratiory'Exhoust 
-Seal duct penenOOo lrorn 

mech. closet 
- Add lime clock on c:orrldorl 

laundry IIVAC 
- Slow corridor aupp . .. n b 115 ACH 
t:m&; 
• Aecllc:e corridor temp HI points 

b55"F 
L!ghti!IQ'Aoo!!aoces: 
• Replace al com area 

locandescents wifl - -In 
luorescents 

.QHW; 
- Time dock on cent laundry OHW 
- Ins Ia• big! all laundry aqulp. 
- Add Insula Bd jacket lor laundry 
· Add insula led jad<etlor '-til 
- lower OIIW &brage temp b 120"F 
TOTAL COST: 

667 

250 
400 

.(). 

1,000 

333 
.{). 

120 
1,700 

~ 
$4.470 

60· 

· · .. Before: $74/unit 

.. After :$59 

· · Owner : $1 3 mings 
40· 

20· 
uvings 
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Team A added strategies forused 
primarily on reducing tenant cooling 
costs. Three basic strategies were 
proposed. 

First, Team A recommended capping 
kitchen ventilating ducts and replacing 
range hoods with recirculating charcoal 
filters. They argJed that this would 

reduce infiltration, reducing both healing 
and cooling loads. Howev(l(, careful 
inspection of the COrJllUier simulation 
showed that retaining the heal from 
cooking outweighed the effeds of 
infiltration. As a result, annual healing 
loads dropped, but annual cooling loads 
ina eased. The strategy was retained in 
the set because of its benefits for 

Landscaping with a combination of evergreen 
and deciduous trees adds amenity value, 

buffers winter winds and shades the buildings 
from summer sun 

SUNSET 

,·· 

Retrofit Team A !Oil. 
Sf (:llAMIJ.~. \10 

heating, not for cooling. 

Second, the team recommended 
appltcation of solar f~m to all east and 
west glass. This is an easy way to block 
low east or west sun and reduce cooling 
loads due to the orientation of these 
butldings. The comput(l( model showed 
this to be an effedive strategy for 
reducing cooling loads. 

Finally, the team recommended 
landscaping to reduce climate effects 
on the building. Deciduous trees were 
recommended for the east and south 
sides of the building so leaves could 
block sunlight in the summer but allow 
sun to warm the building in winter. 
Neither the amenity values nor the 
maintenance costs of these landscap
ing recommendations were computed in 
detail. 

Evergreens wera recommended for the 
west and north - to block prevailing 
winds in the winter and to block low 
western sun all year long. II appears 
that the relatively high cost of 
landscaping may be justified on energy 
savings alone. Some marketing 
advantage, due to better landscaping, 
might better justify the costs. 

Total cost of this strategy set is 
$18,400. Wtth annual estimated 
savings of $6,300, payback is under 3 
years. If costs must be justified on 
owner savings alone, the payback 
inaeases to 4.6 years. 

klfillla••mlbaUlit 
• Repeat Operations S•etegy 250 
·Cap extstmg kitchen and l»il 

exhaust; ropl3ce with 
re1:iculahng fan 5.000 

l:l.'l6.C; 
- Repeat Operabons Strategies 600 
ltoo~olll61)gjt~~~M:~ · 
-Repeat Opera bans Strategy 200 
- Replace all com. area inc. With 

screw-in lklor. 1,000 
- Add t1mer SIMtdles on laundry/ 

storage lights 400 
~ 
·Repeal Operabons Sllatcgius 1,820 
B!lih:liog Sila IIOd S!llar; 
- Af!Py solar ~lm E/W glazing 5,000 
• Plant deciduous trees on east 1,250 
- Plant evergreens on west and 

north (30) 2,500 
-Plant IV'( on south and west 

srdes of bldg ill 
TOTAl COST· $18,3~ 

60· 

.... Before:$74/unit 

.. After :$58 

· · Owr.tr : $1 0 Hvings 
40· 

20· 
HYings 
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Jrrumu .
·~··:= ..... .. .... . 
• tl . ..... .. . 

• · -,·. t f e e I I It ' __ f 

3 '.II. IIAJUJ:S. MD ~ 
Retrofit Team B 

~ 
- AddsiDrmwlndows (3fdpe.ne) 21,667 
!o!ilcabon.fxbaust 
- Repeat Opera boos Sntegies 

except in laundry 1,067 
• Tbermoslat a>ntrol on '-undry 

exhaust fan 1,500 
· Cap exist1ng eparrnont erheust 

ducts end 1nsl4ll recirculating 
fans in lut:ben and bafl 5.000 
~ 
· Repeat Opera dons Strategy ..(). 
liohbng'/loohAI!Cl!S · 
- Repeat Opera bans Sntegy 1,000 
• H•gh·•"· appl. atreplacement 6,667 
1lliW; 
- Repeat Operaklns Srategies 2.153 
Bu!ldno S!lc and Sobr 
· Landscape With 2-4 white pines on 

east and wost J..66li 
TOTAL COST: $-40,720 

· · · · B~for~: $74/unit 

60· .. Aft~r :$55 

40· 
· · Owner : $1 3 snings 

20· 
· · Ttn~nt : $6 snings 
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Team B also focused on reducing 
building heating and cooling loads, 
but with a slighUy different 
approach than Team A. Team B 
added a third pane of glass as a 
storm window and caRed for more 
efficient appliances tor tenants. The 
cost of this approach is nearly twice as 
high, while savings increased by only 25 
percent •• giving this retrofit strategy 
set a significantly longer payback. 

This team had the same problem 
with 1radeoffs" as Team A. It is 
very diffiruh in this climate to find 
strategies that will reduce heating 
loads without increasing cooling 
loads, and vice-versa. The dagram 
below illustrates the problem. 

Triple glazed windows reduce both 

A DIFFICULT EQUATION ... 
..... 

North 

Triple
Glaze-d 
Windows 

East/W~st 
Ori~nt~d 
Glass 

infihration and con<ilction losses, 
east/West glass increases heat from 
solar gains, and using recirculating 
range hoods keeps the heat from 
cooking in the kitchen. All three add 
heat to the apartment space. This 
added heat has the benefit of lowering 
mechanical heating costs, but has the 
offsetting effect of increasing 
mechanical cooHng costs. The om 
effect is small annual savings. 

It is possible, as in this strategy set, to 
achieve modest savings in both heating 
(13 percent) and cooling (9 percent) 
costs. However. a major aHempt to 
reduce one cost is likely to create a 
major offsetting increase. This climate, 
in particular, will not allow forusing on 
only one load. 

Re-circulatinq 
Range
Exhaust 

Low~r 
Huting 
Costs 

Cutting the cost of Ope!'ating appliances 
is a clear benefit, without tradeoffs. 
Conversion to higher effidency 
appltances is the second most costly 
item in this strategy set. The Increment
al cost of high efficiency models over 
standard models, at the time of normal 
changeout, Is about $7,000. That is a 6· 
year payback with estimated aMual 
savings of about $1,100. This is over 
the 5-year payback rule of thumb, but 
still less than the useful tile of the 
appliances. 

With a total cost for the strategy set of 
$41,000 and estimated aMual savings 
of about $7,800, the payback Is just 
over 5 years. If all improvement costs 
must be paid for out of owner savings 
alone, payback increases to 7.8 years. 

High~r 
Cooling 
Costs 

Small 
Annual 
Savings 



ln~lttaljon/Exhaust 

-Cap exisdng ki!chen and ba!h 
exhaust; replace with recirc lan 

l.i~ 
·Repeal Relro~l S!ral9gios 

-Replace COiridor HVAC wi!h 
61rip electric 

- Add ceiing fans, all MBA's and 
living rooms 

Li<iltino!Appjiancu 
- Repoal Relrofit Slra~les 

- Uigh-elf. applianoes at 
replacement 

Dl1l't 
- Repeat Relrofit S!rategies 
Building SilO and Solar 
-Repeal Retrofit S!ra~ies, but 

omit solar film 
TOTAL COST: 

5,000 

600 

2,580 

8,500 

1,600 

6,667 

1,820 

illl3 
$30,850 

· · · · Before:$74/unit 

60-i ! 
.. After : i53 

40 _ W'i iiJIO .. ·Owner : $15 uvir1gs 

t'J~-20- ~: 
· · Ttmt :$6 ..,;,~ 

Rehabilitation Team A & Team B ElL 
n.CIIARIL~. MD 

Team A recommended installing ceiling 
fans to reduce cooling costs and 
increase tenant comfort. They also 
suggested completely removing the 
corridor ventilation system and using 
strip heat instead. Code requirements 
could still be met by windows existing in 
the corridors. Solar films were omitted in 
this strategy set. 

Team 8 recommended installing newer, 
high eHiciency heat pumps at the time of 
rehabilitation and suggested they be 
"downsized" due to reduced loads from 
conservation. Team B also suggested a 
more widespread use of fluorescent 
lights in the building, assuming that new 
color corrected lights, now becoming 
available, would be acceptable to 
tenants. 

Costs and projected savings are shown 
in the sidebars and on the chart below. 
Team A achieved a 3-1/2-year payback 

on a $31,000 investment. Team 8 got 
an 8-year payback on a $74,000 
investment. 

Differences in the approaches of these 
two teams illustrate very well the lack of 
incentives lor energy conservation in 
Section-S housing. Team 8's strategy 
set focuses far more on reducing tenant 
energy bills. Of the $74,000 cost of the 
strategy set, 75 percent is for a third 
pane of glass and high eHiciency heat 
pumps-- strategies affecting tenant bills 
far more than owner bills. 

As shown on the chart, if paybacks are 
recomputed lor both strategy sets, 
assuming that all improve-ments must 
be paid for by savings from the owner's 
bill alone, the payback for Team A 
increases from 3-1/2 years to 5 years, 
while the payback for T earn 8 increases 
from 8 years to 18 years. 

PAYBACKS ARE VERY DEPENDENT ON WHO BENEFITS FROM SAVINGS 

Rehabilitation 
Strateg\1 \v'HOLE BUILDING VIEW OWNER'S V IE\1 

Team Cost ANNUAL _l PAYBACK 
SAVINGS sAA~~M~§ I PAYBACK 

A $31,000 $ 8,600 13-1 /2yrs.l $6,200 I 5 yrs. 

8 $74,000 $9,500 I 8 yrs . I $4,100 I 18yrs. 

~ 
- Repeat Re11ofi! S!rategy 
lofi!!!ation!E xbaust 
- Repeal Ae!rofil S!ralegies 

l.:lJ'AC.; 
- Repeal Aelrofit Strategy 
- Replace existing heel pumps 

with high-ell. down-sized unit 
Liah!joo'Aoollaoces: 
• nepoa! Relrofil S!rategies 
- Replace incand. In unt! baths, 

ki!chons, and bed corndors wi!h 
screw-in ~or. 

.llliW; 
- Repeal Re!rofit Slrategies 
Building Site and Solar 
- Repeat Relrofil Strategy 
TOTAL COST: 

2t ,667 

7,567 

-o-
33,300 

7,667 
583 

2,153 

li6l 
$ 74,604 

· · · · Before:$74/unit 

.. After :$51 

··Owner : $1 0 uvings 

- -Ten~nt : $13 uvings 
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Jury Comments 
In this building, COI'ridor ventilation 
creates the largest single energy cost 
for the owner. It is dear that the owner 
hasstrongincenbvestoreduce 
ventilation as much as possible. Jury 
members commented that currert 
buildng codes require unnecessarily 
high ventilation rates in COI'ridors, 
causing many building owners 10 simply 
turn off corridor ventilation systems for 
most of the day rather than seek 
reasonable ahernatives. Based on the 
Importance of corridor ventilation to 
bu~dng load, as shown here and in 
many other buildings in the study , the 
jury recommended that the government 
should work Wllh researchers and code 
ottidals to arrive at better corridor 
ventilation solutions which will serve 
tenant comfort needs while still 
significantly reducing energy costs in 
multifamily housing. 

One reviewer questioned the use of 
tinted glass in residential buildngs at all. 
Team members responded that tinted 
glass has often been used in rruhifamily 
housing and is one of the only effective 
strategies for reducing low angle sun 
and glare to provide tenant llisual 
comfort. The team noted that the tint 
used in residential applications is 
typicany not as dart< as is sometimes 
used in office buildngs. 

Concerning the issue of energy 
conservation incentives under Section
a. most jury members agreed that there 
currently is little reason for owners to 
pay for energy conservation in tenant 
apartments. One jury member did point 
out, however, that the Department of 
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Housing and Urban Development (HUD) 
has been willing in the past to spend 
$5,000 to$10,000 per unit for major 
rehabilitation projects. Energy 
lmpmvements are an Important issue in 
this program. 

on'e jury member questioned the 
assumed infihration rate in this building. 
He argued that an overall infiltration rate 
of 0.8 air changes per hour is stiH 
relatively high; too high in fact, tor a 
building as tight as this one. If he is 
correct, projected savings would be 
lower and paybacks longer than those 
reported here. Given normal construc
tion practices for frame bu~dngs, the 
majority of the design team members cfid 
not agree with this point of lliew. 

Finally, one jury member proposed a 
rellision of current HUD regulations that 
would anow the government and buildng 
owners to share in energy sailings. 
Energy cost saVIngs could be shared by 
the three principal interested parties. 
For example, an energy bill reduction of 
25 percent could be dVlded into three 
equal portions. One-third of the sailings 
would be an increase in tenant's net 
income and an incentive to conserve; 
one· third could be used to reduce 
government subsidy; and one-third 
could be used to increase owner 
revenue as an incentive to finance 
conservation irTlpfovements. The 
tenant's contribution would have to 
increase as a percentage of IOtaJ 
Income, but this should be acceptable 
given that net income actuaHy 
increases. 
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low energy costs in a 

northwest low-rise 

Situated in Bellevue, Washington, just 
east of Seattle, this three-story low-rise 
building presented a most diflicuh 
problem when looking lor cost-effective 
energy savings. Not only is this area 
relatively tell1>9fate, but it has the 
lowest energy costs in the country- 30 
percent below the national average in 
spite of recent significant increases. 

Although there are 48 units in this 
55,000 gross square loot all-electric 
building, the owner's J.Q1al annual energy 
bill is only $3,000. This is true because 
of very low common area heating and 
fighting costs, and because tenants 
pay all energy costs lor the units 
through individual meters. Tena.-. 
energy bills average $49 per unit per 

Washington State Lowrise ~ 

month or $28,000 annually for the 
building. 

Although the design teams found 
potential energy cost savings of $3,000 
to $11,000 par year, benefits fell almost 
entirely to tenants. II reasonable 
paybacks are to be achieved on 
improvements paid lor by the owner, the 

owner must 9et some advantage lor 
lowering tenant utility bills •• either in 
higher rents or in some market 
advantage gained by offering a building 
with lower utility costs. This may be 
possible in an area recently sensitized 
by rapidly nsing energy costs. 
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~ Building Layout 
The building selected for analysis is one 
of 19 buildings on a large 16-acre site. 
As seen on the site plan (at right), 
building orientations are highly varied. 
The building selected is the largest of 
three types on the s~e. It has 48 units 
allocated equally over 3 ftoors (see 
typical floor below). Thirty units are 
modest sized one-bedrooms (700 
square feet average). Nine un~s are 
larger one-bedrooms (900 square feet) 
and nine un~s are two-bedrooms (1 ,000 
square feet). The most common unit 
floor plan is illustrated below. 
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Parking is provided in open garages 
located beneath the first floor. There 
are 27 covered parking spaces per 
buildng. 

A sman common area (not shown) is 
located at the juncture of the two wings 
of the building on the garage level. h 
has a small lobby, three large storage 
rooms with individual storage closets, 
and a laundry with six washers 
and four dryers. One elevator is also 
located In this area for freight access. 

B~droom Living 

Dining 

Typical Floor 

Each unit Is supplied with an electric 
stove and refrigerator. According to 
management., there are no electric 
window air cond~ioners in the buildng. 
The building is Individually metered. The 
common area of each buildng is 
metered separately from all other 
buildings in the complex. The 
community pool is heated but was not 
Included In this analysis. 

Gard~n Apartm~nts 

~ 
SITE PLAN 

Net rentable area is approximately 
38,000 square feet out of a gross area 
of 55,000 square feet. This yields a not
to-gross ratio of approximately 70 
percent. 
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Building Specifications & Operations ~ ~ 
UCI ICVUC, WA 

The specifications for this 1968 building 
show an awareness of energy conserva
tion ahead of its time. h has 2" batt 
insulation in all exterior walls, 4" batt 
insulation in the roof, and an overall 

electrical design well under tm watts 
per square foot. All are good basic 
conservation strategies and hard to 
improve upon cost-effectively. 

BUILDING SPECS 

ENVELOPE: 
• Exterior Wall 

1 /2" cedar siding, 1 /2" gypsum sheathing, 2" batt insulation, 
2x4 -wood framing, and 1 /2" gypsum -wall board (R=12.0). 

• Windo-w 
Aluminum frame anodized sliding windo-ws -with single pane, 

R f 
U = 1 .42, shading coefficient = 0.64 -with blinds 

• 00 
3-ply built-up roofing, 1 /2" plywood roof sheathing, 4" batt 
insulation. joist/attic space, and 1/2" gypsum wall board 
ceiling finish (R= 14 .2) 

INTERNAL LOADS 
• Lights: 0.5 Watts/s.f. 
• Appliances: 0.4 Watts/s.f. 
• Cooking: 6000 Btu/day ( 40% latent) 
• Infiltration: 0.8 Air Change/hr.(corridors, 1.0 ACH) 

OTHER LOADS : 
• Lighting in common areas: 0.3W /sq. ft. 
• Exterior Lighting: 2.4 kW operated 12 Hours/day 

Given the wood frame construction, 
single-pane sliding windows without 
storm windows, and the likelihood of 
modest caulking, the team assumed the 
infiltration rate for the building to be 
between 0.8 and 1.0 air changes per 
hour. This is not especially high but 
could be improved. 

Eloctric resistance heat provides 
tenants with a high degree of individual 
control and opportunities for individual 
conservation via nighttime and daytime 
set-back. Modest sot-backs are 
assumed in our calculations. Although 
electric resistance heating is a costly 
option when heating is called for, more 
efficient heat pumps cannot really be 
justified here because there is virtually 
no cooling load and therefore no need 
for the air conditioning feature offered 
by heat pumps. 

Although the owner does supply a 
modest amount of heat to the corridors, 
tho main energy issue for the owner is in 
supplying hot water for the laundry. We 
have assumed usage of ten gallons per 
unit per day for the laundry. 

Since the owner is supplying "free" hot 
water to the units, management may 
want to monitor laundry use. It has been 
found that outsiders sometimes enter 
tho building and use washers. Since the 
coin fee goes to the laundry equipment 
supplier, the cost of extra hot water is 
lost to the owner. If this problem is 
found io exist,launcky equipment can 
be changed to accept only tokens which 
may be purchased by tenants from the 
resident manilger. 

SYSTEM SPECS 

HVAC 
Electric resistance baseboard 
with individual thermostats 

TEMPERATURE SETPOINTS 

Heating: 70°f. weekda1J s : 
7-9~.m, 6-11p.m. 
-weekends: 
7 a.m .- 11 p.m. 

60° F, at other hours 
(corridor, 45°F, 
at all times) 

Cooling: none provided 

DOMESTIC HOT WATER 
25 gallons/unit/day 
Nominal efficiency = 75% 
Stored at 125 °F 
Laundry : 10 gallons/unit/day 
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[kllc\'Ut, WA 

Energy Analysis 
With a reasonable design and a 
te1r4>erate climate, this building has one 
of the lowest annual energy 
consumptions of the nine existing 
buildngs studied In this book. In an 
area with the lowest energy rates in the 
country, it also has the second lowest 
annual energy bill. There are 
opportunities for energy conservation in 
this building, but the savings to pay for 
these impl'ovements are small. 

The climate has cool 
temperatures throughout the 
year. It rarely gets extremely 
cold, but many hours of the 

year require heating 

°F DIURNAL TEMPERATURES 
1oo .. n.n.n.n.n.n.n.n.n.n.n.n .. 

so .- )) o )) o JJ • II o l) o )J o JJ oJJ o JJ o JJ o ll • llu 
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Although this climate is generally 
temperate, there is stin a heating 
requirement. As illustrated on the chart 
(below), average daily temperatures in 
December and January ckop into the 
30s. A low but rather constant require
ment for heating adds up to 1,600 hours 
a year requiring some mechanical 
heating. Heating can be called for in~ 
month of the year. 

Also, this is not an ideal climate for 
passive solar heating. There Is simply 
not enough winter sun. On average, 
there are only four to seven dear days 
during any winter month. 

Heating Is the greatest energy demand 
In the building. On average, heating 
costs tenants $24 per month, but 
heating bills in winter can be twice that 
amount. There are two main causes of 
heating loads. The main heat loss Is due 
to air infiltration. Relatively "leaky" 
windows, Jack of storm windows, and 
typically rather loose frame construction 
all contribute to air infiltration. The other 
main cause is the Joss of heat by 
conduction through glass. In this case, 
there is little dally solar gain to offset 
losses. 

Because heating and cooling loads are 
so modest, the cost of heating domestic 
hot water becomes relatively more 
important in this climate than In more 
severe climates. Water heating is the 
second highest energy cost for 
tenants in this building. This is based on 
assu1r4>tions of average use which, of 
course, can vary widely depending on 
occupant habits. This system also has 

ANNUAL HEATING LOADS (LOSSES)per UNIT 
WALLS ! I -6 B?~'''' $ 

ROOF I 
! 

I -3 LBi 
l 

GLAZING ! 

JNFIL TRATION 1-18 · 

-1 2 l['t!;:?,$;» . ·=· •. " 

I l 

.·- ' ·· : ·.· $·::: ·,,. . ,. z . 

INTERNAL I I 

I 11 

MBtu/Unit -20 -10 0 10 
--- -- ---- - ---

ANNUAL COOLING LOADS (GAINS)per UNIT 
WALLS 

I 

I 0 

ROOF 0 

GLAZING 5 

INF IL TR AT ION -1 E • 1 (lat~nt load =: 0) 
! 

INTERNAL 

MBtu/Unit -1 0 

high stand-by losses because storage 
is decentralized. There are water 
heaters within each apartment. Also, 
tanks are located in exterior ulllity 
rooms where the benefit of lost heat 
goes to the outside rather than to 
occupied spaces. 

The third highest energy use is for 
appliances and receptacles -· dJe 
largely to energy used by the refrigera
tor. Lights are the fourth highest use 

0 

6 (lat~~t load - 2) 

10 20 . 

due to the use of incandescent fixtures 
In the apartment urits. 
The owner's greatest energy cost Is 
supplying hot water to the laundry-
- averagng over $3.50 par unit per 
month or over $2,000 par year. This Is 
based on assu1r4>1ions of average use 
and average efficiency of laundry 
equipment. The owner's other main cost 
Is in lighting for the exterior of the 
buildng, for halls and corridors, and for 
storage areas. 
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In this building, the proportions of the 
annual en91'gy biA paid for by owner and 
tenant are signficandy diff91'enl than in 
most of the olh91' buildings studed. Due 
largely to the mild chmate, the common 
area energy bill paid by the own91' is very 
low-· about $6 per unit per month or a 
total bill of about $3,500 per year. 
Tenant btlls from indivirual met91's 
aver ago $49 per unit per month or about 
$28,200 p91' year (see bar chart below). 
On a per unit basis, tenant bills outweigh 
owner bills by eight to one. 

Who pays the en91'gy btll is important 
when 11 comes to paying for 
conservation improvements. 

W6sh1 ngton Sl6le Lowri se 

Tot61: 
$54/Unit/Month 

An owner bill of $3,000 leaves litUe room 
to achieve good payback without other 
considerations. 

As will be shown in the pages to follow, 
conservation can save from $5,000 to 
$11,000 per year on the total building 
energy bill, but most of the savings 
benefrt will fall to tenants. If owners are 
going to be expected to pay for energy 
conservation improvements, they will 
either have to accept unusually long 
paybacks or in some way share the 
benefits of reduced tenant energy bills. 
Raising rents would be a simple solution. 
If not, value would have to be found in 
some other part of the rental equation, 

electricity[) 5 .1¢/kWh 

Ten6nt: 
$48/ Un1 t/Month 

... r ........ a..;ng········$3 
···········$6 

:············$7 
:;:I .•• I"'U\J •••••••••.••••. $9 

Owner: 
$6/Unit/Month 

such as higher occupancy Of lowor 
turnover rates. 

In the noar term, lower utility bills could 
be a real market advantage in attracting 
tenants who are highly sensitized to 
energy costs. As shown on the gaph, 
the Bellevue area (served by Puget 
Power & Light) has recently experienced 
a dramatic increase in electric ratos 
altar a V91'Y long period with the lowest 
rates in the country. Although still30 
percent below the national average, 
electricity rates have doubled in the last 
three years. 

Accordng to comparative statistics, the 

Economics ~ 
lklkVUf. WA 

opportunity fOf raising rents significantly 
in this bu11ding may be limited. This 
budding rents on average fOf $6.35 
per square foot of rentable space. This 
is slighdy above the high average fOf the 
Seattle area, according to a 1984 study 
of 1,600 apartments by IREM. Never
theless, a modest 4 percent increase in 
rents ($17 per unit per month), could 
raise$ I 0,000 per year. This would be 
enough to finance a signficant 
conservation improvement program. 

OveraH shelter costs, Including energy 
costs, are modest in th1s area. Tenants 
can qual1fy for this building with an 
income that is well below the median 
income for the nation. 

AVERAGE RESIDENTIAL ELECTRIC RATE, 1972- 1985 
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llcUcvue, "" 

Operations Team A 

~ 
• Add 4-rril poly lo crawl rpace 
!o!ltca!joryfxbaust 
· Caulk al cracks: Floor joists & 

bendboatd 
·Add adj. crawl space ~nts 
LklllbostAooliaoces· 
• Relamp common 8118 wilh 

saew· ln luoresceniS 
• Instal lin-. docks on ext lights 
-lnslal high-ell. rangos & relrig. 

Oi.rtL 
• Insulate leundry OHW he alar 
• Ae<lJca OHW ~~~~ to 115 • F 
·lnsta.H time docks on laundry OUW 
·lnstaH high-all. laundry equip 
TOTAL COST: 

60-

250 

4,303 
396 

870 
440 

7,000 

150 
-o-

125 
:Q; 

$13,534 

· · · · Befort>: $54/unit 
~~ .. After : $45 

40 · > · · Owner : $ 2 nYings 

20- · · Ten~nt : $ 7 nYings 
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Team A took an aggessive approach to 
operations improvements, recommend
ing conservation strategies that would 
reduce energy bills f()( both the owner 
and tenants significantly. Total esti
mated savings of $5,000 per year would 
reduce annual energy bins 17 percent 
with an overall payback of 2.7 years. 

The team focused on two major 
strategies to reduce tenant bills. To cut 
heating costs, Team A recommended 
three measures to reduce infiltration. 
The most costly would be maj()( re
caulking of the building at all important 
construction joints. As shown in the 
illustration , caulking should be applied 
to do()( frames, window frames, band 
boards, and balcony spacer boards. 
Team A also suggested adding a 4-mil 
plastic sheet on the ground below the 
ftrst floor) to reduce moisture migration. 

The second major recommendation to 
reduce tenant bills was to replace 
standard ranges and refrigerators with 
high efficiency models at the normal 
lime for replacement. Wtlh an 
Incremental cost of about $70 per 
appliance, this is the most costly item in 
this strategy set. 

To reduce owner costs, Team A focused 
J)fimarily on lighting. They recommend
ed relamping with screw-In ftuorescents 
In all common areas and installing time 
clocks to control an exterior lights. 

Several low cost lmJ)fovements were 
recommended to cut owner OHW costs. 
The four strategies recommended cost 
$275, but are estimated to save over 
$500 per year In owner water heating 
costs. The distinction between owner 
and tenant bills is important here. If the 
owner cannot In some way share In 

•·. 
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tenant savings, the cost of making al 
lmJ)fovements ($13,500) would have a 
payback of over 13 years. 

Thorough caulking at door and window joints 
will reduce infiltration 
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Team 8 took a 1ruch more restrained 
approach to operations improvements, 
focusing primarily on reducing the 
owner's operating costs. This Is the 
only strategy of the five proposed for 
this building where the owner would 
rece1ve a payback under five years from 
savings on his bill alone. 

Starting with the owne(s largest anrual 
energy cost, Team 8 recommended two 
strategies to reduce hot water heating 
costs for the laundry. First, the team 
proposed reducing the temperature of 
delivered water from 125° to 11 oo F. The 
team felt this temperature was sufficient 
to meet most laundry washing needs. 

Second, the team recommended install· 
ing high efticiency laundry equipmeri to 
reduce both hot water needs and 
electric drying costs. If the present 
laundry equipment Is owned by the 
building, this change-over should be 
made at the end of Pfesent equipment 
life. If the equipment is owned and 
maintained by a contractor, this change 
should be mada as part of negotiations 
for the next contract period. 

To reduce owner lighting costs, Team 8 
recommended Installation of photocell 
controls on outside stairweU tights. As 
shown on the illustration, a photocen 
control can significantly reduce the 
number of hours when lights are on. 

To roduce tenant hot water costs --the 
second highest annual cost for t9nants 
-- the team recommended installing flow 

Operations Team B ~ 

AVERAGE HOURS OF USE PER DAY 
0 5 10 
! I ! 

I Switch 
. . - "''. . . ' ... '-. .. ,~ 

I 'I I i ! I Time Clock • : ~ 
i i l Jr 1 2 hrs l•i!;;;;;J 
i I i ~ 

!Photo-c.n ' ~ 8)!(1 
· 1 Jiv 11 o hrs r. • J 

Manual controls for exterior lighting are rarely 
as efficient as automatic controls 

restrictors in showers and sinks. 
Although flow rates through these 
devices are generally acceptable, there 
can be cof'llllaints from those who are 
aware of "before· and "alter" flow rates. 
For this reason, it is recommended that 
the owner install these devices at a 
change in tenancy. The devices are 
typically very Inexpensive and are often 
::~vail able from local utilities as part of a 

package of conservation improvements. 
Tile main cost is labor. 

With total building saVIngs of $1,600 per 
yoar, a total conservation budget of 
$1,160 could be repaid in only 9 months. 
The entire cost of improvements could 
be paid for with owner savings alone in 
2.3 years. 

LiOOttno'Aoo!iances · 
· Photocells (2) on ext stair 

hoh• 
Dl.lW. 
- Oeduce laundry OHW temp.'> 110" 
0 Install now restrictots in showers 

11ndsinks 
• Install hloh-efl. equip In laundry 
TOTAl COST: 

60· 

40-

$350 

.(). 

810 

:2: 
$1,160 

20- · · Ttn~nt : $ 2 nvings 
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~ RetrofitTeamA 
lkllt..,.,WA 

f.lrt.cJlu:lA 
• Repeat Operations Strategies 250 
• Add 4" ln5ulation in ceolmg e. 400 
·Add second pane of foced gf8S5 

to DXISbng Windows Q,983 
lnB!rab9Dif xboyst 
·Repeat Operations Strategies -4,699 
·Add recirculating fans for balhs 4,275 
[ighbnQ'AQQI!ances· 
·Repeat Operations Slrat~~g~es 1,310 
·Instal hogh-efliciency ranges & 

re .. igerators at repl~t 7,000 

llli'lt 
·Repeat Operationsslralllgies 275 
• Add insulating Jacket to 

indi\IIWal un1t OHW 1,200 
Butldmg S111! DesmMas:;ing and Sotw 
~ 
• Land5capong • 4 nas and rvy ~ 
TOTALCOST; $39.892 

60· 
·· · · · Bt>fore: $54/Unit 

40·1-i,;:t_ .. Aftt>r : $35 

· · Owner : $ 2 nvings 
20· · · Ttn~nt : $ 1 7 s~vings 
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In this strategy set, Team A is able to 
reduce the total energy bill for the 
builcing by one-third (and the heating 
portion of this bill by over one-half) 
without any major modifiCation to 
existing tenant spaces or to the 
mechanical system. 

The team forused on reducing both 
conduction and infiltration losses. As 
shown on the illustration below, the team 
cut conduction losses by blowing 4" of 
additional insulation into the ceiling. A 
second pane of glass was added to 
each aluminum sliding window. (As 
shown on the diagram, the new glass is 
secured so that windows open and close 
as before.) To reduce air infiltration, 
Team A installed recirculating fans with 
charcoal filters in all bathrooms. 

Team A repeated all operations 
strategies to reduce owner OHW costs, 
but also recommended adding insulation 
"jackets" to all apartment water tanks to 
reduce stand-by losses and related 
costs to tenants. 

The team recommended adding land
scaping to provide shading on the 
building in the summer while reducing 
wind loads in the winter. 

Overall payback for this strategy set 
was under five years. However, if owner 
savings alone had to pay for all strategy 
costs, the payback would irterease to 38 
years. For this strategy set to be 

....................... ·.::::::.:.::.:.;:..-.... · ....................... ·:::: •. : .. 
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acceptable, the owner would have to 
see an advantage in offering tenants 
lower energy costs and more 
comfortable apartments. 

Added insulation and additional glazing 
are used to cut heat losses 
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Team B took an approach similar to 
Team A, but spent the majority of their 
retrofit budget on adding a second, 
separate aluminum slider (sim~at in 
design to the existing windows) to serve 
as an operable storm window. Energy 
results are similar, with a total building 
energy bill reduction of one-third, but the 
cost of the summary set is somewhat 
higher. 

In this strategy set it is dear how much 
more cosdy it is to purchase and install 
separate and operable storm windows, 
about $20,000 more than the fixed glass 
solution used by Team A. In general, 
the suggestion of adding additional 
glazing in this climate may be 
controversial. Team members argued 
that a combined strategy to il1l>fove the 
skin of the bu11d1ng should include more 

,---......... 
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Energy efficient models make a lot of sense. The incremental 
cost is smail compared to years of low-cost efficient 

operation 

Retrofit Team B ~ 
lkllr\w,WA 

insulation, illl>foved caulking, and storm 
windows. It was believed that major 
savings can be achieved only with a 
complete package of Improvements. In 
fact, the whole package of heating
related strategies is estimated to 
payback in about five years. 

To reduce owner lighting costs, the team 
recommendod using screw-in 
fluorescent lights in aiJ common areas 
and converting to high pressure sodtum 
for all exterior lights. The conversion to 
high pressure sodium is relatively cosdy 
and should be studied further before 
implementation. 

Tearn B also recommended converting 
to high efficiency appliances in the 
apartment units at the time of normal 
replacement. This improvement would 
reduce each tenant bill by about $2 per 
month with a payback of about 6 years 
- much shorter than the life of the 
appliance. As shown 1n the illustration, 
the "Energy Saver" label on all new 
appliances makes it much easier to 
identify the most effident models. 

Total building savings of over $11,000 
yield a 5 year payback on a total 
investment of $56,000. However, if 
owner savings alone had to pay the full 
cost of il1l>fovements, the payback 
would be unacceptable. 

~ 
- Add roof insul. m (A·30) 
- Add new single-pane Glider 

liS Sloml windows 
k!fil!mtpnlfxhoust 
- Caulk Of seal all doors end 

window& 
Ustltino'Aooljonces · 
- Repeat Operabons Slrategy 
- Add screw-in luor.ln COfM'lOtl 

atoe 
- Ctlenge allexllights m high 

pressure &Odium 
- nstal high ell. appliances 
WW; 
- Repeat Opera bone S~ategies 
- Add insulo•no jacket 10 

indlviduol UM OHW 
TOTAL COST: 

60-

8,111 

29,272 

4,500 

350 

870 

4,140 
7,000 

8 10 

.1.ZQQ 
$56.253 

.. ··· Before: $54/Unit 

.. After :$35 

· · 0\'lntr : $ 2 Hvings 
· · Ttn~nt : $ 17 mings 
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~ Rehabilitation Team A 
Oc:lk~."" 

~ 
• Repeal Re"ofil Strategies 25.063 
·Insulate carport and Cfawt 

spoca lo R·26 2,415 
lor~lration!Erhavst 

·Repeal Rerofit Srategiea 8,Q74 
LlgbboQ IA""'"loces 
·Repeal Retrofit Strategies 8,310 
• Add skylights b top floor 

INoog room 5.600 
· Add 4 CQ(ridor 6kylighlll 

and phobcalllighling control 1,650 
QIJ1t 
· Repeal netrofil S•ategles 1,4 75 
BU!Id•no SilO Dcsjoo/M!ISsroa and Solar 
~ 
·Repeal Re•ofil SUiegy 2..50D 
TOTALCOST: $55,987 

Nola: Added cost br balcony sunspeces 
(not paJd br With energy S8Wlg& 

alone) IS $54,720 

60· 

40· 

20· 
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.. ···Before: $54/Unit 

.. After :$35 

··Owner : $ 2 snings 
· · Ttn~nt : $17 uvings 

Team A began with the assumption that 
rehabilitation typically occurs at a 
change in ownership, when there Is new 
financing and a chance to make very big 
changes. 

Team A proposed enclosing existing 
balconies to create "sunspaces" or, 
given the climate, "rainless• spaces. As 
shown on the illustration below, existing 
handrails are rebuilt to become insulated 
knee walls with operable windows 
above. The existing concrete noor is 
refinished with thin set bt'ick or quarry 
trle. The wall between the balcony and 
the living room remains insulated. 

The major values In this conversion are 
an added amenrty lor the building and a 
5 to1 0 percent Increase in rentable 
space. The main energy advantage is 
creation of a thermal buffer between the 
outside and the living room as well as a 
reduction in infiltration. 

The team also recommended using 
natural light to further add to the 
amenities and to cut lighting bills. 
Skylights are proposed for the top floor 
of the building in both living rooms and 
common corridors. Corridor lights would 
be controlled by photocells to insure 
sufficient lighting levels at an times. 

The crawl space and the joists above 
the carports are Insulated to reduce 
heat losses and make warmer noors. 

Anrual energy costs are reduced by 
$11,000 (about the same as retrofit), for 
a cost (exduding new balconies) of 
$56,000 or a payback ol5 years. 
It Is surprising to see that energy 
savings alone could pay for the 
new sunspaces in just ten years. 

However, added rents from the extra 
rentable space could pay lor all the 
proposed energy improvements. 
Paybacks are unreasonable if they are 
computed only with savings accruing 
directly to the owner. 

?• HIJA;::::m::::::::::::m::::::tnJ:::::::: Provide operable 
!J.nllti""'''''"'''''"'''''''( 1111 P'.. -windo-ws at balcony 

.;: .. ·.:::· .... · ........ · .. · ... ·::::.· ....... : ...... :.· .... : ........................... . 

.· :.· :.·: .· .... :.· .... :.· .... :. 

~}:{::::::::::::~::~:::~:{~:~:~~~:{ ~:~~:: 

rail in lieu of storm 
-windo-ws on sliding 
doors 

Enclose Balconies to Create Suns paces 



Rather than focus strictly on the issue 
of rehabilitation, Team 8 chose to do a 
*sketch problem• on the issue of building 
orientation. The team believed that 
highly varied building orientations on the 
site limited the potential fof solar and 
other building improvements. Their goal 
here was to see if the same number of 
buildings could bo reoriented on the 
same site to achieve better north/south 
exposure and thus create the 
opportunity for simple solar solutions (to 
take advantage of what sun is available) 
and for other srte oriented strategies like 
landscaping and building shading. 

The north and south faces of each 
building are treated differently to take 
advantage of d11ferent climate 
characteristics. The north face of each 
building has limited exposure, higher 
insulation, and a high degree of 
buffering from prevailing winds. South 
faces, on the otherhand, have more 
openings to the sun, roofs situated for 
activo or passive solar applications, and 
entrances protected from wind. 

Other goals for the site were to increase 
the rumber of units with views to trees 
rather than to other units, to reduce the 
amount of traffic past most units, and to 
eliminate parking under the buddings. 

Doing a precise cost and energy 
analysis of this full· site study was 
beyond available resources, so no 
strategy costs or savings are given. 

Rehabilitation Team B ~ 
Bc1kYW. W!t. 

, ......... ,. a·t··j· §'''"'T"T"i'"!"~···~ i . t • , • t ~ • 

j • I !, .• i • i i ! ' ! ' 1 . . . . 
i 

; : i L~ .. : .. i .. : ... ~····::··;:······~:-········: ... :. i .. ... .• ., 
r . . ,... . ~:-.· § ·~ . .___. . ~c. • • •• ?. ~~ 

. ~ - .. ·': . .. : ·.··. . . . . .• ' . . . . 

Site Plan: 

North Units: 
1. Minimize stairs facing North 
2. Views to treed windbreaks 
3. Reduce glazing area 
4. Higher insulation levels 
5. Radiant barriers 
South Units : 
1 . Optimize glazing for passive 

solar heating 
2. Potential for greenhouses 
3. Roof slope for active solar 

systems 
Overall; 
1 . No parking under buildings 
2. Taller buildings to north 

(-.v-indbreaks) 
3. Open space to south to allow 

solar gain. 
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In the area of operations, the jury 
complimented Team A fOf focusing on 
limiting the use of laundries to tenants 
only. With the owner supplying all hot 
water, there is a hidden cost fOf allowing 
outside use of the laundries. H the cost 
of using laundry equipment is kept low to 
benefit tenants, the amount of outside 
use can be even higher. As mentioned 
earlier, one jury member suggested 
converting coin machines to plastic 
tokens which are purchased by tenants 
from the resident manager to control 
use. 

As to retrofit strategres, the jury again 
questioned the acceptability to either 
owner or tenants of the color of high 
pressure sodium lighbng on the exterior. 
Some members feh that mercury vapor 
or metal halide provided light with more 
acceptable colors. 

One jury member questioned the cost 
effectiveness of adding 2" ol insulation 
beyond the 2" already in the walls. The 
team responded that healing is still an 
issue in this building; the quality of the 
original insulation job could not be 
judged; and that should energy costs 
rise in this area to match the rest of the 
country, added insulation would become 
more economical very quickly. 

One jury member suggested going to 
raciant heat panels instead of 
baseboard electric heaters in the 
corridOfs to improve appearances. 
Baseboard heaters typically 1ako a 
beatmg" in COfridors. 

As to rehabilitation strategies, one jury 
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member suggested checking tho cost 
effectiveness of heat pufTl>S in this 
climate, given tho new higher electric 
rates. Healing costs would be reduced 
and air condtioning would be available 
for those who wanted to use it. Closer 
study would be required to see if 
savings could justify higher first cost 
and higher maintenance costs for heat 
pufTl> equipment. 

Another jury member pointed out that it 
is very msleading to compute payback 
on the proposed new sunrooms based 
on energy savings alone. There are 
many economc issues involved and the 
relatively long payback shown is totally 
misleacing. In this case, energy is only 
one factor inftuencing tho decision to 
significantly improve the builcing and 
should not be portrayed as the only 
issue. 

Finally, there were a rumber of 
comments on the new site design. FOf 
one, the new linear arrangement of the 
buildings was criticized as "visually 
boring." For another, efirrinating parking 
under the building was questioned. 
Even though it cut both builcing costs 
and energy costs, shehored parking 
could be an attractive marketing 
advantage in this rainy dimate. Also, 
the whole question of trying to improve 
solar orientation in the Seattle dimato 
was questioned. It would be interesting 
to sea if orientation issues such as 
reducing wind loads and inliltration could 
justify the proposed approach without 
any benefits from solar energy. 



The preliminary design proposed f()( this 
highrise apar1menl in Boston called for a 
twelve-story structure of about 165,000 
square feet situated on a two and one
half aae site. Its bc'oad mix of unit types 
includes some less conventional designs 
including a den or a "splir noor plan more 
attractive to those wishing to share an 
apartment with an unrelated individual. 

For purposes of comparison, the 
pretimnary design met current ASH RAE 
standards. Subsequent designs 
proposed by the design teams improved 
on these basic standards to illustrate 
what is possible using innovative energy 
conscious design in the future. The base 
building as proposed uses 30% less 
energy than the pre-1973 public housing 
building in this study, and is 1 0 to15 

............... .... ···- ····-··· -... . . . . ...... . -... . .. . ...... . . . . . . . . . .... .. . . . . . . . . . ...... . ~--·· ···e·• · ~uo · .. ·: . um~ . .. . . . . . ...... . . . . . . . . . ...... . .. . . . .. . . -.. . . . . . . . . . -- .. . 
F ... ;.~: g . : f.->~ - _. --" Future Boston Highrise 

ou~nol"'l , MA 

percent below average energy usa 
for buildings of this type in the Boston 
area. 

Through design changes, both design 
teams were able to reduce the energy 
use in this building an additional one-third 
-· a savings of over $35,000 per year in 
both cases. Team A accomplished th1s 
by redesigning the building into virtually 

one large passive solar collector. 
Team B did 11 with an tnnovatrve atrium 
design. Team A's changes were made at 
virtually no Increase in first cost and 
Team B's recommendations were paid for 
in six and one-half years with energy 
savings alone -- not including added 
rents from the extra units they put into 
the building. 
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DO.'i 1(),..,., MA 
Building Layout 

This is a h1gh density p-oject at seventy 
dwelling units per acre. There is 
sufficient space on the lot for 148 spaces 
of surface parking. A garage under the 
building houses an additional thirty-one 
cars. Although only one-third of the 
available parking is covered (beneath the 
building), there is a 1 :1 parking ratio for 
the proJect overalL 

As shown in the table below, there are 
five different unit types 1n the building. 
Most units are one-bedroom (34%), 
followed by two-bedroom and 
conventional un1ts. This project uses the 
same unit designs as the other two future 
builcings in this study, which have been 
downsized to reflect current market 
trends to reduce unit costs. Unit plans 
for the one-bedroom un~t and the rTl01'9 

Innovative two-bedroom "split" unit are 
shown on the next page. 

2BR 1 BR 

TYPICAL FLOOR 

The building is laid out with a simple 
double loaded corridor. The fifteen units 
per floor are arranged to minimize corridor 
lengths and to make the builcing as 
compact as possible. Glass area in the 
units ranges from eleven to sixteen 
percent of ftoor area •• roughly twice that 
required by code. 

As shown on the site plan, the building 
has an east-west axis with all units fadng 
either north or south. This orientation 
presents an opportunity for passive solar 
solutions, but they were not considered 
in the base design. 

MIX OF UNIT TYPES 
TtJpe Total Mix 

Efficiency 24 13% 
1-Bedroom 60 34% 
1-BR and Den 35 20% 
2-BR Conven. 36 20% 
2-BR "Split" 24 13% 

Total 179 1 00~ 
- -- -·-·-----·-·-·-·-

All Units Are Oriented North or South 
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Size 
480 SF 
648 SF i 

708 SF I 

808SF 
836 SF 

.A. 
Site Plan NORTH 



Spedfications fOf this future building 
repc-esent good pc-actice as of 1986, 
without exceptional efforts to achieve 
outstanding energy savings. The roof 
and walls are insulated to current 
ASHRAE-90 standards. Windows are 
double glazed. W1th good quality 
windows and with anention to caulking 
and weath9fsttipping during construction 
- as might be expected today - it is 
assumed that infiltration in both the 
corridors and apartment units of this 
building will be only 0.4 air changes per 

ONE BEDROOM- DEN 
I L AI I I I 

living 

B•droom 

TWO BEDROOM - SPLIT 
I L £1 I I I 

Bedroom Living 

········- ·······-.... --.. . ...... -.... --.. . ...... -..... -. . . ...... . ........ ·······- . JrG·nm =--·:-:: ::::::::: :::::::: : 
" :::::::: ··: ::::: ' 

.. ~·~.:.:~ F ·,-- ... 
B<l-\ JllN, MA 

Building Specifications & Operations 
hour. This rate is signifteantly low9f than 
rates for the existing build~ngs in th1s 
study. 

Ughting in the units is pc-esumed to be 0.5 
Watts per square foot and in the corridors 
0.3 Wans per square foot. Both are 
modest and below the norm for most 
existing buddings. 

Units are heated and cooled with 
hydronic heat pumps which are supplied 
from a ·run-around" hydronic loop. During 

the heating season, supplemental heat 
is supphed to lheloop from two gas-f1red 
boilers (70"/o eff1cient). In the cooling 
season, excess heat is removed from the 
loop with a cooling tow9f on the roof of 
the building. The pc-incipal advantage of 
this system is that excess heat from 
solar gains on the south side of the 
building can be "collected" mto the 
hydronc loop (via the heat pumps), and 
delivered to the cooler norther1y s1de of 
the building. This process not only 
reduces overheating and irtereases 

BUILDING SPECS 

ENVELOPE: 
• Exterior W a 11 

4" Brick, 4" block, 1-1/2" furring,(R-6) rigid insulation 
1/2" foil back gyp bd. 

• Window 
Double pane. 1/8" clear aluminum fram• with no thf'rmal break 

R f 
U = 0.57 i shading co•fficient= 0.64 with blinds 

• 00 
Single ply black rubber roofing, 6" tapered poly sty rf'ne 
(R-24), cone, deck,sprayed acoustical ceiling finish. 

INTERNAL LOADS 
• Lights: 0.5 Watts/s.f. 
• Applianc•s: 0.3 Watts/s.f. 
• Cooking: 6000 Btu/day ( 40% latent) 
• Infiltration: 0.4AirChange/hr. 

OTHER LOADS: 
• Lighting in common arus: 0.3W/sq. ft.(garage, 0.5 W/ s. f.) 
• Eleva tors : 1 9 k'w' 
• Exterior Lighting: 25 k'w' operated 12 Hours/day 

tenant comfort but also reduces the 
amount of supplemental energy that must 
be supplied to the loop by the owner. 

Corridor heating is done with a constant 
volume packaged HV AC unit located on 
the roof of the building. h conditions 
1 00"/o outside air. 

SYSTEM SPECS 

HVAC 
Hy dronic heat pumps( 1 ton units, 
f'fficlency and on•-bedroom; 
1-1 /2 ton, two-bedroom) off 
central"run around" loop, 
COP=3.0, EER=9.2 
(t·oof-mounted package HVAC, 
gas hut•d, for corridors) 

TEMPER A TURE SET POINTS 
Huting: 70°~weekdays: 

6-8 ~.m, 4-11 p.m. 
weekends: 
7 a.m.- 11 p.m. 

65° ~at other hours 
Coo ling : 78"F, weekdays : 

6-8 ~.m, 4-11 p.m. 
Wf'ekends: 
8 a.m.- 11 p.m. 

82°F, at other hours 
CENTRAL PLANT 

2 supp lf'menta 1 gas fired boilers 
systtom tofficiency = 70% 

DOMEST JC HOT WATER 
Supplied off boilers 
Nominal efficif'ncy = 70% 
35 gal.lunit/da•J @125°F 
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DOSl ON, MA 
Energy Analysis 

Boston is a cold climate, though not as 
cold as other cities in the same latitude 
because its ctimate is tempered by 
pmxim1ty to the sea. As shown on the 
graph of daily temperatures below, there 
is less difference between high and low 
daily temperatures than in many other 
climates because of this dampening 
effect. Boston has over 5,600 heating 
degree days (65° base) and 660 cooling 
degree days. 

As shown on the bar chart of heating 
loads, infiltration IS the principal cause of 
heatmg loads, in spite of the low 
infiltration rate in this building (only 0.4 air 
changes per hour). Heat losses through 
glazing and walls tied as the second most 
signifiCant cause of heating loads. 
These losses are offset by internal heat 
gains from people lights and equipment. 

OF DAILY TEMPER A lURES 

100 n n nnni~~-~-~ ~ w 
ao .. IHHHI·II· · · · · · · .... 

II II II II 
60"11·11·11·11 ·11·.,·11-11 -· -· .... 

Boston is the only city in the study which 
is represented by two buildings -- an 
existing midrise building built before1973 
and this proposed future ot post-1985 
building. The graph below provides an 
interesting contrast of heating loads 
between a pre- and post-energy crisis 
buildng. 

Infiltration losses in this building are 
reduced 45% (from the pre-"73 buildng) 
by replacing with tighter windows and by 
making special efforts to caulk and seal 
the build1ng. Conduction losses through 
walls are reduced 70% because of 
additional insulation and the second pane 
of glass. Heating costs in this future 
bulldng are further reduced by using a 
hydronic loop to "capture" heat gains 
through glass on the south side of the 
building to offset losses through glass on 

Comparison of Heating Loads 
in two Boston Buildin s 

Pre-1973 Bldq Post-1985 Bld 

I I 16 

s ~roof 
4o .. IHI·II·•I. ..... · ll · ll~hi 11 I ~ ~~ 20 1111~ · · .•••• ll 127 infil - 15 

o-~-~- - - - I 
1
3o 20 1 o o o 1 o 20 30 

u F M AM J J AS 0 N D MBTU/Unit 
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the north side of the building. 

Although infiltration rates have been 
reduced significantly in the corridors 
(assumed to be 0.4 ACH), corridor 
ventilation is still a source of significant 
energy use - especiany with a constant 
volume system heating 100 percent 
outside air. Also, the amount of energy 
required to heat the garage while 
ventilating sufficiently to maintain air 
quality is significant. 

As shown on the bar chart of cooling 

loads, heat gains through glazing and 
internal heat gains from people,lights, 
and appliances are the principal causes 
fOf cooting the building. Both can be 
affected by tenants: heat gains through 
glazing can be reduced through 
conscientious use of window shade; and 
internal gains can be red.Jced by opening 
windows whenever possible instead of 
using air conditioning. These possible 
tenant savings are not assumed as 
definitely occurring, however, in the 
energy modeling of this base design. 

Reduced loads for the post-1985 building are still 
dominated by infiltration and glazing loads 

ANNUAL HEATING LOADS (LOSSES)per UNIT 

I i WALLS ~ - S ~-' "'' ···~ ·:-:w I 

ROOF I 0 I ' 
GLAZING I ' -s ... ·; 

7 I 
! 

INFILTRATION : -1 Sr;r •· "''."'1'-~>-.'•· • .. ·.· ~- :- ·-.···~ 

INTERNAL I I 
MBtu/Unit -20 -10 0 10 

ANNUAL COOLING LOADS (GAINS) per UN IT 
' i ! 

WALLS ~ 0 i 

~ I 
I 

ROOF 0 

GLAZING 
! 

1 I 

I I I 
INFILTRATION i -1r<- 3(1atent load"' 3) 

I I 

INTERNAL ! 1 (latt•nt load - 1) 

MBtu/Unit -1 0 0 10 20 
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As with the other future bu~dngs in this 
study. all economic variables must be 
estimates. In this case, computer 
simulations suggest that tha annual 
energy biU lor this building should be 
about $143,000 or about $67 per unit per 
month. The owner's portion of this bill is 
estimated to be $24 per unit per month 
(32%) and the tenant's portion $43 per 
unit per month. The total energy cost for 
this build1ng is about 30% less than the 
pre-1973 building in this study.At a total 

energy cost of $t .15 per net square foot 
of space, this build1ng is about 
10-15% below the average fOI' the Boston 
area (according to a survey by the 
Institute of Real Estate Management) -
-as would be expected fOI'a buildng 
better than the average buildng stock. 

It should be noted that the owner's 
energy bill would be considerably lower if 
he or she ad not provide supplomentary 
energy into the hydronic loop and did not 

Future Boston H1ghrise Utility Costs 

Tote I: 
$67/Unit/Month 

···Coo ling·-·-···$14 

Tenant: 
$43/ Uni liMo nth 

Owner: 
$24/Uni t/Month 

electricity fill 8.7¢/k'w'h 
fuellll63.5¢/thtorm 

Economics 
supply domestic hot water. Domestic hot 
water is the most significant cost, add1ng 
$6 per unit per month to the owner's 
energy bill. Supplemental 
healing costs about $5 per unit per month 
and operation of the cooling tower 
averages about $2 per unit per month. 
The owner's bill could be reduced by 
nearly half if these costs were 
transferred to the tenants. 

Although heating degree days far exceed 
cooling degree days in this climate, 
heating and cooling costs are about 
equal in this building. This is true 1n large 
measure because the hy<tonic loop 1n 
the building is vory good at "capturing• 
both solar and internal heat gains and 
using them to offset heating loads. It is 
also due to the dfferenllal in prices 
between gas and electricity. The 
tenant's highest energy biH is for cooling. 
This is true because the majority of the 
tenant's heating bill is paid fOI' by the 
owner via the central boilers and the 
hydrcnic loop. The large tenant cooling 
bill is 101' electricity to run heat pumps. 

The "Energy and Rent Analysis" shown in 
the box below is also based on assumed 
figures. According to the Institute of 
Real Estate Management, the median 
rent fOI' the Boston area in 1985 was 
$8.53 per net rentable square foot 01' 

$574 for our conventional two-bedroom 
unit of 808 square feet. Given the energy 
costs we have estimated, return to the 
owner at this cost would be $550 and 
total shelter cost to the tenant would be 
$617. lfrentscanbeupto35%of 
income, the income to qualify fOf this unit 
is just over $21,000 -- still well below the 

medan fam~y income fOI' the U.S. of 
about $26,000. 

It should be noted, however, that Boston 
is a city with rent control regulations that 
tend to reduce the average rents 
reported fOI' the area. Several building 
managers who reviewed this case study 
questioned whether it would be possibla 
to build this building With the cash now 
generated by average rents, unless 
some subsidy was also included 1n the 
economic equation. Although energy 
cost reduction has improved the income 
potential for this bu11d1ng, energy savings 
alone may not overcome other very 
important econon-.c factors in the 
decision to build this building. 

ENERGY & RENT ANALYSIS 

Typical Two-Btodroom Unit 

NET RENT TO OWNER [$ ___ 550 I 

OWNER'S MONTHLY 
ENERGY COST /UNIT 

TOTAL RENT 
( IREM Median) 

I • 24 I 
I• 574 I 

TENANT'S MONTHLy I$ 43 I 
ENERGY COST 

SHELTER COST I$ 617 I 

INCOME TO QUALIFY [ $ 21,150 I 
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DOSIO.-.,MA 
Redesign Team A 

STRATEGIES & COSTS 
~: 
• Replace masonry skin on south 

with 2" exlerior Insulation finish 
syslem on OYJl. board shea"inQ on 
2x-4 metal SIUds, 3·112 • battlnsul. 
(R-11 ), and 1/2" gyp. board interior; 
on notfl, -~ and-Siwallsusa 
2x6 metal SIUds with S.112" 
insulation 

kl!ilk;!!Jon/Exbaust 
• Weatherslnpstairwoalldoora 
~: 
• Replace apettnent heat pu~ 

woth high affoc untts; add through
wall fan and controls 

• Down-size al heat pumpa 
• Add att11110 1ans 11'1 MBA and 

living room· south s.de only 
• Replace pod<aged oonldot vent 

syslem With 2-popo fan cod 
• mprove boiler and chiler ellic. 
• Add 10.000 gal ;,onnal s~o• 
I d!hn!)'Apg!tana:s: 
• Install hogh effic~ency appltances 

(at replacement) 
• Replace Apl att11110 blJros 

woth lluor86Conl 
- Replace staitWOII with &erew

inloorll$0&nl 
• Replace llrnltdock with phobcell 

oonlrolfor exlloghoog 
ouw· 
- Instal high efficiency laundry equ". 
· lowet DHW temperatura to 120" F 
• h1ptove central OHW boiler 

effioancy through heat reclaim 
Ycr!!QII TranSOOC!I!bon: 
• Add microprooessor control 

(200,000) 

1,000 

67,000 
(20,000) 

31,000 

(25,000) 
1,500 

-47,000 

18,000 

-4,000 

-400 

(100) 

-G-
-O-

2.500 

18,000 
Buildng & Sjto Oesjm!Massino A Sol« 
~ 
• Move buildng to norilslde of lot 
• Dele Ill besemont periling 
• RedK:e glasa on norfl and on 

tn06t shaded units 
· ncreese glass on &OU., 
• Add &OUt! bok:ony on loor 11 
• Add so Hit overhangs 
• Redesign 16 units to provide 

2-story glazing & "spit! unds" on 
&OUth 

TOTAL COST: 
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-G
(200,000) 

(1-4,000) 
-40,000 
30,000 

1-48,000 

.II!I.22Q 
37,300 

The theme of Team A's design is making 
the building into one large passive solar 
collector·· increasing insulation on the 
North, East, and West; redudng glazing 
on north; and generally opening the 
builting to the south. The net result of 
many tradeoffs is a builting that costs 
virtually no more to build than the original 
design but has an annual utility bill that is 
reduced by 32%. 

The team replaced the masonry skin 
originally proposed with a lighter option 
consisbng of ban insulation 
between metal studs, gypsum sheathing, 
and two-inch exterior insulation with a 
finish system -- similar to the "light" 
solution used in the future building for 
Phoenix. Metal studs are two inches 
wider on the north, east, and west to 
allow for more insulation. This alternate 
system reduced building first cost by an 
estimated $200,000. 

.. · · Btfort: $67/unit 
60-

42 40- 10 Hvings 

20-
· · Tmnt : $15 HYings 

The image of a giant passive con ector is 
carried out over several design changes. 
First, the builting was moved to the north 
edge of the site to insure solar access to 
the south. South glass was increased 
significantly by using wider windows and 
increasing heights from five feet to six 
feet. At the same time, north glass was 
reduced in height from five feet to four 
feet. Were it not tor the hydronic loop, 
the increased south glass would lead to 
overheating in the south units. But, with 

two storl) 
livingroom 

the loop, heat is "captured" In the south 
units and transferred to the rest of the 
builting. A 10,000 gaHon thermal storage 
tank was added to the basement to 
provide heat storage for the hydronic 
loop so that heat collected during the day 
could be used at night As shown on the 
wall section below, the south face of the 
builting was also redesigned to add 
balconies and overhangs to prevent 
overheating. 

----·Pavers on 
5" Struct. 
Cone. Slab 

2" Ext lnsul. 
on 2 x 4 Met 
Studsw/ R-11 
Batt lnsul. on S. 
and on 2 x 6 w I 
R-19 lnsul. on 
N., E. & W. Sides 

Ctiling Fan Tl)p 
for a 11 S. Facing 
MBR & LR 

SOUTH 'vi ALL SECTION 



UNIT A UNIT B 
SECT ION THRU UN ITS 

MASTER 
BEDROOM 

BEDROOM 

UNIT A 
12TH FLOOR 

KITCHEN 

L IV lNG /DININO 

BALCONY 

UNIT A 11TH FLOOR 

The passive solar theme also inspired a 
redesign of the top two stories on the 
south side of the building to create 
"piggyback" units with two tun stories of 
south fadng glass each. As shown on 
the unit sketches, by ahernating the 
location of the second bedroom in two
bedroom units and adding an internal 
stairway, sixteen units on two separate 
floors are transformed into fourteen "split
level" units. This change not orly 
increases the amount of glass on the 
south side of the building but also makes 
an lnterest.ing modification to the 

Redesign Team A 
DO.~IUN, MA 

south elevation of the building. 

Team A also elimninated basement 
parking in the building. They argued that 
even at $50 per space per month the 
owner would be losing money when 
capital costs and energy costs of each 
space are considered. The team feh that 
if the majority of spaces could be above 
ground, all spaces could be that way. 

As indicated on the strategy list, nearly 
all equipment was replaced with higher 
efficiency models. In addition, apartment 

heat pumps were downsized to meet 
smaller antidpated loads and l'l'l()Qfied to 
have an economizer cycle. More 
efficient lighting was spedfied and with 
better controls. Improved elevator 
controls which call the nearest car 
instead of an all-up'all-down cyde were 
also pi'Oposed. 

The net effect of very significant 
increases and decreases in cost from the 
original design is an overall incroase of 
only $37,000 which can be paid lor in 
energy savings in orly ten months. 

Team A chose to make the building into one large solar collector with a 
run-around hydronic heat pump system to distribute the heat and basement 

water storage to minimize peak loads 

TEAM A SOUTH ELEVATION 
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O<>STON,MA 

STRATEGIES & COSTS 

1~: I· Increase roo I Insula lion ID R-30 3,000 
: • Insulate Qlll'llge ceiling with R·111 

ball -4-4,000 
• Addlow"E"glassonnllf1h 16,000 
ln!itration.f xhayst 
• Add carbon rronoxide sensor on 

garage ventilation &yslem 750 
• Add ~nfiltrabon br a~um (see below) 
Liahtincr'Aoo!IBrx:es: 
• Reduce garage lighdng Wanage .(). 
• Install high etfiCiency appliances 18.000 
CHW: 
• Add insulabng jacket for central 

OHW tank 1,000 
• Install high effiCiency laundry 

eqUipment 4 
• Increase OHW boilenfliaency 2,500 
• Lower OHW IDmperature to 120"F 4 
• Install now restric!Dt's br 

showers 1.200 
Yerticn! Trno$oortalkm · 
• Install rnctop<QC8SSO( elevator 

con tra1 18.000 
Build•n'k'S!!o Design: 
• Reduce exiOrior wellaraa & gla.zlng 
• AddcoveradatriumWith operable 

touveralor ventiallon 
• Add balconies and &hding glaS6 

door on units 
• lnstnll high effiCiency lighting 

system 111 atrium. comdora, and 
other common arees 

• Net ol Above .1!i!l.Q!l!! 
TOTAL COST: $254,450 
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Team B chose to focus on the question of 
the affordability of housing and creating 
alternatives to simply making units 
smaller in order to redlce building costs. 
They selected two radical concepts for 
investigation-- (1) moving one bedroom 
to the interior of each unit and (2) 
redudng kitchen sizes. 

Under most building codes, all apartment 
bedrooms must have exterior windows. 
Although originally required for ventilation 
and as a means of egess in case of fire, 
the fixed glazing in most current midrise 
and highrise buildings really provides 
only light and view. Ventilation is done 
mechanically and tire protection is 
provided by sprinklers, the use of 
non-combustible materials, and other 
provisions for safe escape. Not only are 
exterior glazing systems expensive in 
themselves, but their location tends to 
dictate minimum unit width, unit layout, 
and corridor length. If codes were not an 

60· · · · · Before: $6 7/unit 

. ..After :$45 
40·~ ··owner :$12 mings 

20· 
· · Ttn~nt : $1 0 nvings 

Issue, Team B argued that tenants might 
be willing to trade costly windows in one 
bedroom for a significant increase in 
space in the rest of the ur»t. 

In the first option, called the corridor 
redesign below, one bedroom Is put in
line behind the tivinglcining area. This 
change allows units to be somewhat 
longer and narrower •• so more units can 
be located on a given length of corridor. 

In this design, the length of the building 
remains about the same while the width 
expands from 57 feet to 96 feet. This one 
change allows the rumber of dwelting 
ur»ts per floor to increase from fiheen in 
the original design to twenty-four in this 
design. Whereas the original design 
required twelve stories for 179 units, this 
design puts 192 units in only eight 
stories. The reduction from 12 to 8 stories 
in the corridor redesign reduces exteriOI' 

The atrium design offers added common space, and daylight 
for interior bedrooms 

1BI1BI1BI1BI2B 

ATRIUM REDESIGN 

The corridor redesign maximizes building efficiency and offers 
up to 20% more space than the base case for the same cost 



wall area by 22"/o and allows the building 
to be built of fire-resistive rather than 
more costly fireproof materials. The 
building not-to-gross ratio Increases from 
75% to 83%. From the tenant's perspec
tive, savings in other building costs can 
be used to increase unit sizes by 20% 
and to add balconies on all two-bedroom 
units. The team proposed designing a 
transom over the closet or kitchen so 
that light could be "borrowed" from the 
ftving area for the bedroom-- making the 
Jack of windows Jess significant. 

The second option proposed by Team B 
puts an atrium in the center of the 
building. The main feature of this design 
is that it allows the be<toom which is not 
on the exterior of the building to get 
natural ~ght from the atrium. It also 
creates the potential for egress, as 
shown on the unit design. In this case, 
the bu~cing becomes a more compact 
"cubic" shape. It puts 183 units in eight 
stories while redJcing the exterior of the 
building by 33 percent. The not-to-gross 
of this builcing is the same as the original 

Redesign Team B 

design (75 percent) after iocludjoq the 
atrium. 

From the tenanrs perspective, unit 
spaces are increased in size by about 
1 o percent and all units now have a 
balcony. It is presumed that the atrium 
will be as attractive to tenants as it has 
already become in office and hotel bu~d
ings. Not only does the atnum proVIde an 
opportunity f(J( plants to decorate the 
building year-round, but it also enhances 
the opportunity for natural ventilation. 

In their other maJOr proposal to reduce 
first costs, the team recommended 
installing smaller "ship's" kitchens in the 
efficiency and one-bedroom units. A 
design with Jess counter and catmet 
space and smaller appliances could be fit 
into one wall. Market surveys have 
indicated that renters of these smanor 
units do not use kitchen facilities as 
much as families who rent the larger 
umts. Larger ~VIng rooms, bedrooms, 
and closets might be an attract1ve 
alternative to an unused kitchen. 

Team B recommended improving the 
garage to reduce heating costs instead 
of eliminating it. They proposed adcing 
insulation and installing a CO sensor to 
provide ventilation only when necessary. 
Team B also recommended installing 
low emissivity glass on the north side of 
the builcing. This approach was judged 
to be more cost effective than triple 
glaz1ng and more practical than altering 
window sizes on one side of the building. 

Allor considering all the many tradeoffs 
in this design, it was roughly estimated 
that the atrium building could be built for 
only $250,000 more than the origmal 
design, while yielding four more rental 
units. Energy savings alone (over 
$48,000 per year) could pay for all the 
improvements in 5-1/2 years. 
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HON,MA 
Jury Comments 

In reviewing the solution proposed by 
Team A, the jury complimented the team 
for attempting a truly "solar· solution to 
the problem, building on rruch of the 
innovative work in solar design over 
recent years. The jury liked the 
"practical" approach of using a well 
known technology such as a hydronic 
loop with heat pumps. 

The approach is not without its problems, 
however. A main concern was whether or 
not owners would ever even consider 
building a building where the south face Is 
significantly different from the other three 
faces. The inaeased cost of 
construction supervision alone (to make 
sure that windows specified for the south 
side of are actually installed on the 
south) could overwhelm proposed energy 
savings. It was also asked whether or 
not the owner might be creating a 
mar1<ehng problem by building two very 
different dasses of units in the same 
building-- one very much ~ghter and more 
open than the other. A lengthy 
discussion ensued about the extent to 
which such owner concerns will be a 
limibng factor to innovative solar designs 
in the future. 

From a tenant point of view, the jury 
pointed out that tenants on the south 
might be asked to experience 
uncomfortable radiant temperatures 
and poss1ble overheating so that the 
system in general would work. For 
instance, n a unit starts to heat up on a 
sunny day, a smart tenant might 
reasonably open the window instead of 
turning on the air conditioning -- a good 
solution for the tenant but possibly a bad 
solution for the building overall. 
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Needless to say, the concept of an inside 
bedroom as proposed by Team B was 
extremely controversial. It was pointed 
out by one jury member that the Southern 
Building Code, in response to those 
building underground homes, now allows 
bedrooms to "borrow" light from a room 
with an exterior exposure or from so
called ,ight wells" or "light shafts.· A 
member of the jury pointed out that at one 
time all codes required that bathrooms 
have an outside window but that 
improvements in mechanical ventilation 
had changed this view. Still, the main 
issue may be aesthetic. As one jury 
member put rt, "I never thought I would 
hear an architect defend such a terrible 
idea." On the otherhand, a builder in the 
northeast is now in the process of 
offering similar units to the marketplace 
for their opinion on the tradeoffs. 

The jury was intrigued by the proposal for 
smaller or at least less conventional 
kitchens. They suggested this might be 
a fruitful area for more study. 



The Future in Phoenix: 
Working with the Climate 

This proposed budding for Phoenix is 
one of three "future· buildings in this 
study. The orignal, "before·, design 
represents a typical building, on the 
drawing boards today, which would be 
built in the next two to four years. h is 
intended to reftect good current practice 
and current energy codes, but with no 
special effort to achieve exceptional 
energy cost red.lct1on. From an energy 
point of view, it is beHer than most 
existing bu~dings, but it Is sliM short of 
what is possible Y.ith current knowledge 
and careful attention to energy issues. 

The basic building design has 6 stories 
with 118 units in 114,000 gross square 
feet. The building is estimated to cost 
$3.9 million (1985), which Is $34 per 
square foot or $33,000 per unit. 

Unit sizes and designs are particularly 
interesting, because the design team 
focused on efforts to "downsize• uniis 
by 10 to 15 percent over current 
practice. This reflects anticipated 
market trends and builder efforts to 
keep costs down. The design team also 
tried to reflect two other market trends 
by adding a den to a one-bedroom unit 
and "splitting" a two-bedroom unit, to 
facilitate sharing by unrelated 
individuals. 

Cooling is the main energy cost In this 
building, requiring about1 ,800 hours of 
mechanical cooling annually. h 
accounts for nearly 40 percent of the 
average tenant bill. 1 his all electric 
building is estimated to have a total 
annual energy bill of just over $1 00,000 

Future Phoenix Midrise 

per year. 20 percent of which would be 
borne by the owner and 80 percent by 
tenants. 

As with all three "future• buildings, the 
design teams were asked to come up 
wllh one entirely new design for the 
building instead of operations, retrofit, 
and rehabilitation strategies as done for 
the nine existing buildings. This gave 
the design teams greater nexibility to 
invec;tigate more innovative design 
strateg1es. The Phoenix dimate offers 
tremendous natural resources for 
energy innovation. In this particular 
case, one team agreed to investigate a 
,ight" building where tighter weight 
building mat&rials, shading, and 
insulation ware the principal elements of 
the solution. The other team investigat-

ed a "heavy· solution using generous 
amounts of building mass as the 
principal strategy element. 

Both"redesigns· reduced estimated 
energy bills by one-half with 
paybacks under six years. Uke many 
of our other buildings, however, these 
savings fan largely to the tenants. The 
owner rrust participate in these savings 
if paybacks are to be acceptable. 
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......... ..... 1m ·-r .. ··m JVU#dil .. i~n Building Layout 
PIIOI\NlX, AZ 

The future Phoenix baseline design 
assumed a modest 3-acre site with a 
relatively high density of 40 units per 
acre and a parking ratio of 1-112 cars 
per unit. 

The builcing is laid out in a ,ee· shape 
with common facilities located at the 
"knuckle" of the building, giving the 
builcing roughly the same surface area 
in each orientation. With this layout, the 

farthest Ufllt is only 120 feet, about 50 
steps, from the nearest elevator. Only 
two elevators are used. One stair is 
located near the elevators as a conveni
ent and low energy alternative for those 
who donl like waiting. 

A 24 foot deplh for units on each side of 
the corridor creates the potential for 
using ·quad tees· on bearing corridor 
walls. 

SITE PLAN 
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As illustrated on the floor plan below 
and in the table at right, there are five 
different unit types. Two less common 
unit types are illustrated. The one
bedroom unit with a den is designed for 
tenants (like a young couple) who can't 
afford a two·bedroom unit, oot would like 
some extra space for a library or 
computer room. The two· bedroom 
"split", on the otherhand, is designed for 
unrelated singles who want incivtdual 

IBR 

1BR 

2BR 1BR 

bedrooms and baths but are willing to 
share a living room, dining room, and 
kitchen. Both the mix of units and the 
design of individual units are done with 
the possibility of future conversion to 
condominium ownership in mind. 

Wrth a total rentable area of aoout 
85,000 square feet, the net-to- gross for 
this ooilcing is a respectable 75 percent, 
in spite of down-sizing the units. 

s 2BR 

1BR 2BR 

TYPICAL FLOOR PLAN 



.· 

The b.Jilcing envelope, renecting a 
southwest location, is concrete block 
with a stucco finish. It has a well 
insulated roof (R·20) and typcal walls (R· 
7). Windows are steel frame, single 
pane, with thermal breaks to redJce 
conduction losses. 

ONE BEDROOM - DEN 
I L .... 1 I I I 

Living 

Bedroom 

T'w'O BEDROOM - SPLIT 
I L _: I I I 

Bedroom Living 

.J 

Building Specifications & Operations 
Air infiltration is assumed to be 1.0 AC~ I 
for the entire b.Jilding. This is a good 
level, b.Jt not exceptionally low. 

Ughling in the units is a mix of 
incandescent and fluorescent with an 
average of 0.5 watts per square foot. 
High eHiciency appliances reduce loads 

about 30 percent to 0.28 watts per 
square foot. EX1erior lighting is 
switched. Units are both heated and 
cooled Wtth good quality "spltt" system 
heat pumps -- the coJll)l'essors for the 
heat pumps are located on the roof ol 
the building to reduce noise. Wtth an 
EER of 11.5, they 

BUILD lNG SPECS 

ENVELOPE: 
• Exterior 'w'all 

Medium 'Neigt.t construction, Stucco on 8" light 'tleight 
Concrete masonry units--70% solid, 3/4" EPS, 1/2" gyp. bd. 

• 'w'indo"' 

• Roof 

Steel sash single pane, clear, 
U overall = 1 .42, shading coefficient = 0.64 W'ith blinds 

Light 'tleight construction; built up roofing; 1/2" ply'tlood 
R-20 insulation 'tlith Q~psum board or. the inside face. 
U = 0.045, dark color 

INTERNAL LOADS 
• Lights: 0.5 'w'atts/s.f. 
• Appliances: 0.3 'w'atts/s.f. 
• Cooking: 6000 Btu/day ( 40% latent) 
• Infiltration: 1.0 Air Change/hr. 

OTHER LOADS: 
• lighting in common areas: 0.35 'w' h'q. ft. 
• Elevators: 18 k'w' 
• Exterior Lighting : 4.5 k'w' c:>per attd 1 2 Hours I day 

represent good currently avatlable 
equipment. Corridors are conditioned 
with a constant volume system. Heating 
is supplied by eleclttc resistance and 
cooling by a dtrect expansion (OX) 
system. There is a good spread 
between the heating (700 F) and cooling 
(78° F) setpoints. 

SYSTEM SPECS 

HVAC 
Air-to-Air heat pump, split 
s4 stem 'tlith auxilian.1 electric 
heat; COP= 3.10 ; EER=11.5 
(corridor: Forced·air constant 
volume 'Nith electric resistance 
htatinq &OX cooling; EER = 8.5) 

TEMPERATURE SETPOINTS 
Huting: 70°F 
Cooling: 78°F 

DOMESTIC HOT 'w' A TER 
Individual Eltctric 'w'ater 
Heaters 'Nith 85% tfficiency; 
Nominal efficitncy = 60% 
35 ga 1./unit I day @ 125°F 
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Energy Analysis 
The most outstandng feature of the 
Phoenix dimate is its very dear sky. h 
allows for both intense sunshine in the 
daytime (creating high cooling loads) 
and radiation to the night sky (creating 
heating loads). This is a dimate wh91"e 
cooling is dearly the principal en91"gy 
Issue. 

Shown on the graph below, the av91"age 
temperature in Phoenix doesnl go below 
30° Fin wint91", although record low 
temperatures are significantly lower. 
What is Impressive, however, is the 
spread between the average dally high 
and low temperatures -- the aurnal 
swing. As shown on the graph below 
right, the temperature swing on an 
av91"age July day can be nearly 30 
degrees. 

By comparison, Los Angeles, which is 

only 375 miles away on the same 
latitude, has only a 13 degrees diurnal 
swing --largely a result of less dear sky 
conditions and ocean influences. 

Intense daily sun is the principal cause 
of high cooling loads. Cooling degree 
days (3,500) are more than double 
heating degree days (1,550). 

As illustrated on the bar char1s of 
bu1lcing loads, the principal cause of 
cooling loads are heat gains through 
glazing. Most of this cooling load 
results from arect sunlight. Although 
glass Is generous in this building (11 to 
16 percent of the ftoor area), it is not 
excess111e. The balance of the cooling 
load comes from internal gains (largely 
hghts and people) and from infiltration. 

Heating loads are only one-tenth the 

Phoenix temperatures vary widely during the day 

° F DIURNAL TEMPER A TURES Daily July Temperature Swing 
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Heating loads are small. Large cooling loads are 
dominated by glazing loads caused by strong solar gains 

ANNUAL HEATING LOADS (LOSSES) per UNIT 

WALLS 

ROOF 

GLAZING 

INF ll TR AT ION 

INTERNAL 

MBtu/Unit -1 0 

-4 ............... 

0 

3 

10 20 

ANNUAL COOLING LOADS (GAINS) per UN IT 

I WALLS 

ROOF ! 
GLAZING 

INFILTRATION 

INTERNAL 
I 

MBtu /Unit -1 0 

size of coofing loads. Infiltration is the 
principal cause of heating loads. 
Conduction through glass is second. 

As with other buildings In relatively mild 
climates, because this building is 
already "energy-efficient", as defined by 
current design practice, heating and 
cooling loads are modest The cost of 
heating domestic hot water is relatively 
signifiCant for this building. It is the 
second highest cost f(l( tenants and the 
highest cost annually for the owner. 

3 i 
. I 

I 
I 

t 1 

: I . I 
! 

I 

I 

0 

17 

6 (lateni load = 2) 
: I 

13(1atent = 3) 

10 20 
--------------------

lighting Is the next highest cost for both 
owner and tenants. 

The basic design of this building is 
energy conserving, but does not go to 
any lengths to take advantage of the 
tremendous opportunities offered by 
this dimate. Evaporative cooling, 
shading, and load shifting are all 
possible in this climate and were studied 
by the design teams as part of the 
redesign exercise. 



Because this is a future bu~ding, th8f'e 
are no existing energy bins for 
comparison. Instead, the design team 
estimated an annual bill using the DOE-2 
computer en8f'gy analysis program. 

The annual energy bill is estimated to be 
just over $100,000 per year. Because 
all units are indivicllally met8f'ed, tenant 
bills are significantly great8f' than owner 
bills. Ten ants pay roughly 80 percent of 
the annual bill or about $59 per unit p8f' 
month. The owner pays about 20 
percent of the annual bill or about $16 

per unit per month. With an annual 
owner bill of $22,000, there is room to 
pay for building improvements with 
energy cost savings. However, the 
owner must oither share in tenant 
savings (by an increase in rent) or get 
soma other market advantage if reason
able paybacks are to be achieved on 
major improvements. 

The rent and energy analysis, shown in 
the box at right, is also based on 
assumptions. The rent for a typical two
bedroom unit is based on the median 

Phoenix Midrise Utility costs 

Total : 
$75/Uni t!Month 

Owner: 
········--$18 $16/Uni t!Month 

Tenant: 
$59/Unit/Month 

······-··$22 

electricity (ill 6.0¢/k'w'h eleotdcity 0 8.0¢/k'w'h 
fue 11156¢ /Tt.erm fuP.lll $1 .07 /Ther m 

.. 

Economics 
rent for the area as reported by the 
Institute of Real Estate Management, 
adcing 15 percent to represent inflation 
from 1984 to the date of occupancy 
some 2 to 4 years hence. With an 
estimated sheher cost of $639 per 
month, a renter could qualify for this unit 
with an annual income below the national 
median In 1985. 

Both design teams were able to to 
reduce annual energy costs by 50 
percent, over $50,000 annually, giving 
anractive paybacks between 5 and 6 
years. 

I Average Cost Per Unit I 
$30000 • ···Total Cost 

$20000 

$10000 
·Fixed Costs 

Energy ~md Rent Analysis 
(TypicalTwo-Bedroom Unit) 

Net Rent to Owner_············-$ 564 
Owner's Monthly 
Energy Cost/Unit ............... $ 1 6 

TOTAL RENT ........................... $580 
Tenant's Monthly 

59 Energy Cost/Unit ................ $ ---
SHELTER COST·-···-···-·········-$ 639 

~ I INCOME TO QUALIFY:$ 19 J 900 I 

Ills a common assumption that In order 
to cut housing costs in the future, 
aparment sizes must be reduced 
To lest this theory, the design learn 
conducted a simple sensitivity analysis. 
II al spaoe related buRding costs 
(loundations, slbstructure, 
superstructure, roofing, and interior 
partJiions and finishes) are removed 
from fle buikling cost estimate, tho cost 
per unit drops by about35%. It aJ:lP(Iars 
that U 111 majority of costs (plumbing, 
wiring, HVAC, etc.) are fixed. 

This analysis suggests that reducing unit 
sizes by 10% wilactually reduc.e 
construction costs by only about3'Y •. 
Would the market be willing to accept 
reductions in liKed costs (fewer 
appliances, simpler kitchens, fewer 
amenitieS) to preserve larger unit sizes? 
An Interesting quesbon worthy of 
furlt'.er study. 
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IJJ!H!I1!111W Redest·gn Team A rc~ '"'n PIIOI~IX.AZ 

STRATEGIES & COSTS 

~ 
-Go to 1-112" ext. lnsul. system 
-Go to 4"1oed beanng metal 

studs walls wttl R-11 Insulation 
-Insulate to A·30 on sllllel rool deck 
-T yvek on courtyard -Its 
ln!itrai!OO!Emaust 
- Wealherslrip and caulk al extenor 
-Go to Dueled ranoe exhaust 
J:CLe&; 
- lower hea~ng &et points 
- Down&~ze wttl higher ell. heat ) 

pumps 
- Dele I& conidor mech. sys. 
-Add cellong r-in bedrooms and 

livng rooms 
Uahbo g!Aoo!iaoces · 
- Replace all inc. lights with ftuor. 

13,200 

(22,000) 
24,000 
3,000 

5,800 
.0. 

.0. 

(42,000) 
(8,000) 

111,720 

4,000 
-Add photocel control on corm10n & 

ex tenor ltghts 
Q!:flY. 

.0. 

-Go to hoat·pump OfiW n each unit 76,800 
2,000 

.0. 
25,000 

-Add Wier saving fixures 
-Use high elf. laundry ~~t 
-Add a ewe solar OIIW lor laundry 
Bujldmg Sora OesJoo/Mnssing & Solar 
l&okol;; 
- Go to cancra• slab on grade 
- Floor: 2-112" cone topping on 

dock & bor joists 
- Go to 4" loed booting metalsiUd 

parDtoons 
- Un~ E: add SF end reduce deck 
- Unh B: delete bolcooy & 

pai!Odoof 
- Un• A: add SF to perimemr 
-Add two 12" louncairw 
-Add 1' hod glass clofestory 
-Add courtyard overhang 
TOTAL COST: 

166 

26.000 

44,000 

10,000 
(18,000) 

(&eeebove) 
56,000 
60,000 
11,000 
zaJ!QQ 

$325,520 

Team A redesigned the Phoenix ruilding 
using a ,ight weight" or low-mass design 
approach. The team used light weight 
building materials, insulation, shading, 
and evaporative cooling (from a 
courtyard fountain) as the principal 
strategies to reduce cooling costs. The 
result is a ruilding that is very 
reminiscent of the Mediterranean 
•• another hot and very sunny climate. 

As shown at left, the net cost of all Team 
A strategies was about $325,000, rut 
anrt.~al savings are an impressive 
$57,000 per year -- a 5.7 year payback 
including the added amenities of a 
courtyard, fountains and single loaded 
corridors. 

80-
· · · · Before: $75/un;t 

60-

40-
. . After : $35 
· · Owner : $ 11 HYings 

20-
: $29 s~vings 

Team A began by totally reconfiguring 
the building. Whereas the original 
design in a "tee• shape had equal 
exposure in an directions, the redesign 
has a north/south axis with units 
surrounding two courtyards. 

To accomplish this, both the basic 
building floor plan and the site plan had 
to be redone. The building was red.lced 
from six to five stories without altering 
the site or the basic unit mix. As 
illustrated on the site plan below, the 

building fits on the same site with only 
modest alterations. The pool is moved 
slightly. parking is redJced to a single 
row on the north, and the entry drive is 
changed to the east side of the ruilding. 
As illustrated on the table on the next 
page, the size of the units did not 
change (except studio units, 20 percent 
larger), rut the mix of units was altered 
significantly. The number of one
bedroom and two-bedroom "split" units 
was increased. 

TEAM A AXONOMETRIC SITE PLAN 

/ 



As part of an over aU shading strategy, 
the apattment units were "reversed" so 
that corridors were moved to the exterior 
of the building and living room and 
bedroom windows moved to face 
inward onto two courtyatds. This 

r------------

i _____________ _ 

approach is much like the use of 
courtyards with adJacent living spaces 
found in the Mediterranean areas of 
Africa and Italy where the sun is also 
very hot and dwel~ngs shade them
selves in order to maintain comfort. 

TEAM A 

,r-OVERHANG 
,-----------------
1 
I 

I 
I 
I 
I 

-----------------

Overhangs and exterior corridors shade the 
windows and the exterior wall 

COMPARISON Of UNIT TYPES AND SIZES- T~am A 
TtJPt> Numbt-r of Units Sizto of Units (sf) 

!ha R~design ChanJI!. ~ Redesign Change 

A Studio 12 10 -17~ 480 576 +20S6 
B 1-Br. 34 20 -41% 648 648 -0-
C 1 -Br. 'y/ /Den 24 30 +25~ 708 708 -o-
D 2-Br. 2 Bath 24 20 -17SVI 808 808 -o-
E 2-Br. "Split" ~ 40 +67~ 836 960 + 3% 

118 120 
- --- -----

... 

The "Light" Solution 
Principal features of the courtyard ate 
two very large fountains and a roof open 
to the sky. Each fountain, w1th four 
water sprays, is used to cool the 
courtyards by evaporation. h IS 

estimated that these fountains can 
lower the ambient temperature in each 
courtyard by roughly 15° F. This not 
only lowers the ambient temperature on 
one·half of the exterior skin of each unit, 
but also aeates the potential for 
ventilation with cool air through the 
units. 

The courtyard roof is open to the sky to 
allow for ventilation and also to allow the 
entry of ciffuse ~ght. A large overhang 
is used to reduce cirect beam sunlight 
and attendant cooling loads. As illuslrat
ed on the axonometric draWing of the 
budding, this rooftop shading device is 
designed in response to sun angles and 
does not have a symmetrical shape. 

The net effect of these strategies is to 
aeate a building in whiCh the exterior 
skin of most units (except the top floor) 
is shaded from the direct rays of the 
sun during most hours of the day. In 
addition, ambier.t temperatures in the 
courtyards are reduced, further 
reducing coohng loads on the urits. All 
other bu~ding systems are redesigned 
to act in concert with this approach to 
the intensely sumy environment. 

As shown on tne detailed section, walls 
are of ~ght construction, consisting of 4" 
load bearing matal studs with batt 
insulation (R-11 ). The exterior has 
sheathing, 1-1/2" rigid insulation, and a 
continuous plastic infiltration barrier. 

INTERIOR GYPSUM 
BOARD 

2x4 METAL STUDS 
WITH R-11 BATT 
INSULATION --""' 

EXTERIOR 
SHEATHING 

RIGID 
INSULATION 

EXTER lOR FIN ISH 
SYSTEM 

WALL DETAIL 

T earn A's lightweight wall 
section minimizes cost while 

it maximizes insulating values 

The interior is gypsum boatd applied 
cirectly to the metal studs. All exterior 
walls are painted glossy wMe to reftoct 
as much of the sun's energy as 
possible. 

The roof has rigid insulation (R·30) on 
steel deck. It also has a light color to 
reftect the sun. 
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The "Light" Solution 
Alterations to the building envelope 
include a revised approach to glazing 
and strategies to reduce infiltration. On 
the courtyard side of the building, all 
glaz1ng is operable to take advantage of 
cooler atrium air. This glass is 
unshaded because little direct light is 
allowed into the courtyard from above. 

On the corridor side of the building, 
glazing is limited to a one-foot strip, a 
clerestory, at the top of the wall. This 
glass is high and inoperable for both 
serurity and pnvacy reasons. It is 
intended only to raise ambient light 
levels in the dining areas. It is not used 
in the closet, bath, or knchen (because 
of cabinet work). 

Because fixed glass makes cross
ventilation impossible, the team 
specified a range hood and I an with 
dueling to the outside (over the top of 
the corridor). As shown on the 
schematic design of a typical unit (next 
page), it is possible to "pult air through 
the unit from the courtyard and exhaust 
n through the kitchen vent. 

Shaded courtyards with water fountains offer cool oases for tenant viewing 

SECTION 

Exterior glazing is mounted high against the bottom of the exterior 
corridor for shade and privacy 

WEST ELEVATION - TEAM A 
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Infiltration control is accofTl)lished by 
specifying expert application of 
caulking and weatherstripping on an 
exterior doors, windows, sill plates, and 
band boards. A plastic r•m Is also used 
In the exterior wans beneath the gypsum 
wallboard. 

The original mechanical system is also 
changed significantly to complement the 
strategy of reduced cooling loads. By 
moving the corridors to the exterior of 
the building, a corridor ventilation 
system is no longer needed. This is an 
obvious reduction in both ftrst cost and 
annual operating costs. 

Although the split system heat pumps 
for the apartment units are retained in 
this redesign, they are "downsized' to 
reflect lower loads on the building. In 
the studio units, heat pumps are 
reduced from 1-1/2 to 314 tons, in the 
one-bedroom from 2 tons to 1 ton, and in 
the two-bedroom units from 3to 1-1/2 
tons. The team considered using 
"through-the-wan· heat pumps, but did 
not because of the added noise in an 
otherwise very pleasant courtyard. 
They also considered eliminating air 
conditioning altogether, but felt this 
would be too radical a recommendation 
unt1l the basic theory of the building is 
proven. 
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Heat pump water heatefs replace 
standard electric watef tanks and 
support the design approach of 
eliminating air condtioning altogether. A 
314 ton heat pump watef heater in the 
conditioned space (with a 40-gallon 
tank) would cool the apartment while 
heating domestic hot water. 

Economizer controls WEife considered to 
operate the heat pump fans for ur1t 
venblation. They Wefe eliminated as not 
being cost effective over what tenants 
could do with existing controls if 
instructed on how to use them properly. 
Programmed thefrnostats were flQ1 
recommended lor use with the heat 
pump systems because they can 
actually lead to higher energy use than 
by simply holding temperatures within a 
reasonable ·deact>and" -in this case a 
low ol70° F and a high of 78° F as in the 
original design. 

Ceihng fans WEife added to further 
enhance tenant comfort while redudng 
energy costs. A 48" ceiling fan Is 
instafted in each living room and a 36" 
fan in each master bedroom. In a dry 
dimate, the movement of air created by 
a fan moving 150 feet of air per minute 
can make 83° F air feel fike 78° F. 
Therefore, with the use of ceiling fans, 
the setpoint in the ur1ts can actually be 
increased from 78° F, as originaly 
spedfied, to 82° F. Cei~ng fans are also 
seen generally as an added amenity and 
could support the owner's need for 
rnodesdy highEif rents to support energy 
improvements. 

Ughting loads were reduced by 
sped lying nuorescent light fixtures in all 
the units. For fixtures where tenants 
might want an option, screw-in fixtures 
could be spedfied so the tenant could 
use eithef incandescent lamps or screw
in nuorescent lamps. All corridors, 
stairs, and parking lights are on 
photocell control to insure use only 
when needed. 

The team assumed that units would 
already be supplied with high efficiency 

... 

The "Light" Solution 
appliances. To reduce the owner's DHW 
bill, they recommended installation of 
front loading washers in the laundry and 
high efficiency dryers which auto
matically turn off with humidistats. The 
team also recommended installing a 
solar domestic hot watef heating system 
(see schematic design at right) in this 
nearly perfect climate for solar 
technology. 

Aux . 
Heater 

Turn on Pumps 
When Collectors 
Temp. is 1 0° F 
Above Stora9e 
Temperture 

1 ~Hot 'w'ater 
L____J "" ' Supply 

0~~0 

Soler DHVv' System 

Light Solution - Uses air movement, heat reclaim and evaporation 

OVERHEATED KITCHEN 
AIR IS EXHAUSTED BY 
RANGE HOOD 

• 

I 
HEAT PUMP WATER 
HEATER PROVIDES 
APARTMENT COOLING 
AND DOMESTIC 
HOT WATER 

LJ 
• 

I! 
;;.,;.;~._ ..... ·. 

HIGH EFFICIENCY 
AIR SOURCE HEAT 
PUMP "ff ITH REMOTE 
CONDENSER KEEPS 
COURTYARD QUIET 

CE ILINO FANS 
AID COOLING 
WITH AIR 
MOVEMENT 

PRECOOLED 
ATRIUM AIR 
THROUGH 
SHADED 
W INDO'w'S 
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Redesign Team B 
STRATEGIES & COSTS 

~ 
- Go to 8" x 16" somi-solld 

c:onaele blod( wit. sl.loco 
- Go to exposed concrete plank 

cethng 
- Add balconies and sliders 

on more units 
- Add window OYert\angS 

- Reduce window glass area 
(more units) 

- Revise Boor plan; add exterior 
skin 

- Aluminized plastic mopped on 
roof 

lnl1trabontE xhaust 
- Caulk and seal pnts 
lrlAC;: 
- Replace spt~ sya. with 

downsized high eft. eir·lo· 
airbeatpo~ 

- Add economizer package 
on HVAC 

- Add ce~ing fans (2/U/141) 
Llobdop!AOOjaocc, 
- Add nuorescents where 

poss<ble 
- Add phoba!l control 
- Install high eft appl181lC85 
Dl:iW; 
- Roduce OHW lllmp. to 1201= 
- Add solar domes•c OHW 
IrwniJg; 
-T anent ed. on night - lushing 
TOTAL COST: 
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140,000 

98,000 

55,136 
26,500 

11.000 

30,000 
6,000 

6,000 

(42,000) 

3,500 
19,720 

4,000 
450 

12.000 

~ 
140,000 

:2: 
$288,306 

Team B redesigned the Phoenix midrise 
using a "heavy· or high- mass approach. 
The basic strategy was to reduce 
cooling loads by using extra mass in the 
external wall to reduce skin loads and 
exposed mass on internal walls to shift 
heat gains to times of the day when they 
can be eliminated by ventilation instead 
of mechanical cooling. Additional 
strategies focused on reducing cooling 
loads from glass. 

As shown in the summary, a total 
redesign cost of $290,000 will produce 
estimated savings of about $55,000 per 
year, or a payback of 5.2 years. In 
comparing Team A's and Team B's 
results, note that totally afferent design 
approaches produced roughly equal 
savings and paybacks. 

80-
· · · · Befor•: $75/unit 

60-

40·f~'g__ _.After : $39 
··Owner : $5 s~vings 

20-
: $31 s~Yings 

Unlike Team A, Team 8 fell that the 
building should be reoriented on an 
east/west axis, facing most units either 
north or south. Inspection of the 
comput9f' model for the original design 
confirmed that east and west units with 
glazing experienced significantly 
greater daily loads than north and south 
units. 

On the revised floor plan, shown on the 
next page, all but four units face either 
north or south, where shading strategies 
can more easily be applied. The design 
team was able to accomplish this new 
layout with the same unit mix per floor 
and virtually the same square footage 
per unit (see table). The layout is 
actually more efficient because the 
number of required stairs has been 
reduced from four to two. 

The team did, however. revise the 
proportions of all the units except the 
studio apartments as shown on the 
typical floor plan at right. By moving 
closets and altering room shapes 
somewhat, the team subtracted two feet 
from the width of each unit and added 
two feet to the length --reducing the 
exposed exterior surface for most units 
in the builcing. In the process of 
redesigning the units, the team also 
added a baloony to the 72 units that did 
not have one in the original design. This 
not only improved shading for the 
builcing but also added value. This 
added value was not accounted for in 
computing the payback for this strategy 
set. At a cost of about $290,000, 
energy savings of about $55,000 p91' 
year can bear the cost of the redesign 

~ 

improvements with an acceptable 5-year 
payback. 

As shown below on the revised site plan, 
modifications are modest to accomo
date this new bu~cing on the same 
relatively constrained site. The pool is 
moved slightly and parking Is removed 
from the east and west sides of the site 
to the north. 

cmmnnmmmmmmmmmmmm1111Hi1i1i1D 

SITE PLAN -TEAM B ~ 

The redesigned building has 
minimized exterior exposure 
and oriented most units north 

or south 



The main focus of this strategy set, 
however, is the use of building mass. 
Building mass is used instead of 
insulation to prevent condJction of heat 
through the exterior walls of the building. 

After reviewing preliminary research in 
this area by the Lawrence Berkeley 

Laboratory (LBL), the team Pf'Oposed 
two options which could be bu~t with 
readily available building materials -· a 
16" block wall (the "mass only" solution), 
and a 12" block wal with 2" of exterior 
insulation (the "mass plus insulation" 
solution). Both options are detailed at 
right. 

2 BR TEAMS ~ 2BR 

2 BR 2 BR 
TYPICAL FLOOR PLAN 

COMPARISON OF UNIT SIZES- T•am B 
Typ• Size of Units (sf) 

Bas~ R~d~sign Change 
A Studio 480 480 -0-
B 1-Br. 648 630 -3Wi 
C 1-Br. 'WIDen 708 720 +2Wi 
D 2-Br. 2 Bath 808 800 - 1Wi 
E 2-Br. MSplit" 

(no change in unit mix) 
836 860 +3Wi 

•l 

The "Heavy" Solution 
From the LBL work, the team estimated 
that either approach would very nearly 
eliminate tho penetration of heat to the 
interior of the building. If modest 
amounts of heat did penetrate, it would 
arrive with sufficient 1ag time• so that it 
could be eliminated by ventilating with 
cool night air instead of by expensive 
mechanical chilling. 

The 16" block wall (made from 8" X 16" 
somi-solid block laid side by side 
instead of end to end), was chosen 
because it would cost 15 percent less to 
budd than the 12" sand filled block 
approach. A Slrf1)1e stucco finish 
applied to the exterior is low cost and 
gives the building a massive or "earthy" 
look which is very much. in keeping with 
local architecture and its adobe themes. 

The other bas1c strategy is to leave 
mass exposed on interior spaces so 
that it can absorb internal heat gains 
and "shift" them to a time of day when 
they can be removed by ventilation. 
According to LBL, about 30 percent of 
the interior sur1ace of a unit needs to be 
exposed mass in order for a strategy 
(called "night refreshing" by the team) 
like this to work. The team exposed the 
interior side of the massive exterior wall 
(painted with a sand finish) and exposed 
the ceiling (or underside) of hollow core 
floor planks. This approach means 
ceiling fixtures must be kept to a 
minimum or eliminated, but the floor can 
be carpeted and remaining walls can 
have standard finishes. Ceiling Wiring 
can be run in the hollow cores where 
necessary. The ventilation system 
must be redesigned to work with this 
strategy. 

s~misolid 
CMU --'~·;; 

12" 

Ext~rior 
Finish 
Syst~m--

co 

"MASS & 
INSULATION" 
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W~)1~11~1[~j~)ln The "Heavy" Solution r PIK>U-IIX, Al 

The next most important set of 
strategies focused on redJdng heat 
gains through glass·· the principal 
cause of the largest load in the original 
building. Whereas the Team A design 
focused inward toward a courtyard, 
Team B leh that outward views were 
important. Over twenty different 
mountain ranges corll>letely encircle 
Phoerix proper -· an important natural 
resource with marketing potential. 

The addition of balcories to 72 units In 
the building not only enhanced views 
and access to the outside, but also 

provided direct shading of most Uving 
room glass. On an other glass, the team 
reduced glass area and significantly 
ina eased shading. In bedrooms, glass 
is used principally lor light and ventila
tion instead of views. For this reason, 
glass areas were redJced to a standard 
4' x 4' window. As shown on the window 
details at right, windows are set on the 
inside of the mass wall and shaded by 
angled "fins" on each side. Although the 
net effect is to reduce the window 
aperture, it creates a pleasing transition 
of diffuse reflected light from dark inner 
walls to intensely bright sky. 

All windows are protected with deep recesses and 
overhangs to minimize solar heat gain 

SOUTH ELEVATION- TEAM B 
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n ~n 
o ~n 
n ~n 
n ~n 
~n 

n 

I 
Overhang Above 1 

I 
I 
I 

Window Jamb Detail 

Shades above the windows are fixed 
timber slats which block direct beam 
sunlight, but allow air movement up the 
side of the building which prevents hot 
air from being trapped against window 
heads. The use of timber lor shades 
and other trim features complements the 
building mass In creating an indigenous 
appearance for the building. 

The team considered using either a 
second pane of glass or 1ow emissive" 
glass to h.Jrther reduce heat gains 
through windows. Both strategies were 
eliminated because they were not cost
effective. In this climate, major cooling 
loads are caused by direct solar gain 
rather than by conduc1ion of heat 
through the glass. In this climate 
shading is far more effective than 
strategies to reduce conduction. 

H :Jt::r 
.,,_-.. ,,_-... ,,; .. ,,_-.. ,,_-.. ,,_-.. ,,_-... ,,_-.. ,,_ .. 
, ... , ... , .. ,. ... , ... ~ 

~t::JJ:r 

~/~1f'~u 

l:lll 
'T"::"r.'T' 

lilT .,.......,..... 
lltll 

Window Section 
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With loads on the building significantly 
reduced, and with "right refreshing" as a 
key strategy, the HVAC system also 
had to be modified. First, the team 
recommended installing 1hrough·the
wall" heat pumps instead of split 
systems. By adding a mecharical 
do set aqacent to the new balcony to 
house the heat pumps, compressors 
could be moved from an intensely hot 
root to a shaded environmer1 thereby 
improving efficiency. 

With reduced loads, the heat pumps can 
also be downsized significantly from the 
original design. In all but the studio 
apartments, cooling equipment was 
reduced by one full ton over the 
previous design. 

An economzer is used on each heat 
pump to automatically blow cool outside 
air through a unit when cooolions permit 
instead of using mecharical air 
conditioning. The theory ol"night 
refreshing" is that internal heal gains 
from lights, appliances, and people are 
absorbed into building mass during the 
day and then ,lushed" out of the 
building at night by ventilation with cool 
right air. This flushing process also 
cools (charges) the mass, making it 
ready to accept heat from the unit the 
following day. 

Two ceiling fans are added to each 
unit to increase air now and to achieve 
air movement Fans help the transfer of 
heat from the building mass to the air 
and vice-versa. 

Although the building is designed to 
enhance air now through the units at 
right when desired, there is also a 
strong effort to reduce infihration of hot 
air during the day when it is not wanted. 
The team specified an aggressive 
program of caulking and weather
stripping. h is estimated that caulking 
and weatherstripping in combination with 
the thick mass walls and smaller 
windows wiD reduce infihration from 1.0 
ACH to about 0.4 ACH. 

The net effect of these strategies is 
dramatic. Tenant cooling btls are 
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The "Heavy" Solution 
estimated to drop from over $22 per 
month, on average, to less than $5. In 
fact, without other changes, the cost of 
heating domestic hot water would be 
twice cooling costs. 

To sigrificantly reduce OHW costs for 
tenants, the team recommended gotng 
to a central distribution system with 
4,000 square feet of solar collectors as 
the pr1ndpal heating source. Although a 
costly solution (about $140,000) it would 
reduce monthly water heating costs for 
tenants from over $13 to less than $6. 

O.Vner hot water bills would be reduced 
to virtually nothing. The system is 
estimated to have an eight year 
payback, assumng no tax credits. 

As an ahernative, the team suggested 
using a conversion device that would 
allow pre·heating of OHW from the heat 
pumps. This solution is attractive 
because it allows the use of individual 
water heaters and the ass~gring of 
ioovidual costs. 

HIGH MASS BUILDING STORES NIGHT COOLING FOR DAYTIME USE 

~?/J1\~( .......... 

'--+ 
_....--+ 

/ 
ECONOMIZER 
COOLS BUILD lNG 
MASS 'w' ITH LO'w' 
NIGHT TEt-IPS 

THRU 'vi All HEAT 

~
UMP PROVIDES 
IGH EFF IC IENCV 
EATING AND 

COOLING 

CEILING FANS COOL 
OCCUPANTS AND 
IMPROVE THERMAl 
TRANSFER 'w'ITH 
THE BUILDING MASS 

EXPOSED HIGH MASS 
CE !LING AND 'w' ALL 
SURF ACES STORE 
DAVTit-IE HEAT AND 
RELEASE AT NIGHT 

FLUORESCENTS lIGHTS 
PRODUCE MORE LIGHT 
'w'ITH LESS HEAT GAIN 
THAN INCANDESCENT 
LIGHTS 
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Jury Comments 
Starting with the ,ighr solution, the jury 
questioned the amount of water to be 
used by the two courtyard fountains. 
How much water would be consumed by 
evaporation and at what cost? This cost 
would have to be subtracted from 
en8f"gy savings and might be an issue in 
the water-short southwest. 

Another question arose concerning the 
window strategy. As the design now 
stands, ~vtng rooms and bedrooms 
would receive only indirect light from the 
courtyard. As one jury memb8f" put it, 
·no one will ever see the <irect light of 
day." 

In spite of these questions, the jury 
complimented the team and was 
espedally pleased that the team had 
attempted to see into the future and 
recommend truly different design 
strategies. 

The jury liked the match with the 
Indigenous architecture embodied In the 
"heavy• or massive solution by Team B. 
They also liked the simplicity of the 
bearing wan structure and the general 
effidency ol the building. They ad, 
however, question wheth8f" the buil<ing, 
as laid out required another stair for fire 
egress. 

One jury member complimented the 
team for moving closets from the side 
waHs to the end walls of the unit and 
th8f"eby redudng unit widths by two feet. 
However, he viewed this not as an 
Innovation but an error in the original 
design. "Closets should be perpen
dicular to the building face only when 
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used as a sound barrier between 
units in garden apartments or oth8f" light 
frame buildings where sound 
transmission is more of a problem· he 
said. 

As an alternative to 8" X 16" blocks set 
side by side on the ext8f"ior wal, one jury 
member suggested using 16" x 16" 
blocks with grout. Another jury member 
pointed out that corridor walls could also 
be used if additional exposed mass was 
required in the building. 

The jury questioned how easy it would 
be to use the hollow cores of the floor 
planking lor electrical wiring. They ten 
there would be some added cost for this 
approach which should be counted 
against the cost-effectiveness of this 
solution. The jury also emphasized the 
need for the designer to pay added 
attention to sound transmission Issues 
with this solution. 

The jury had two comments affecting 
both teams. First, they felt that both 
teams had so significal'ldy reoocod 
loads in the building that they were 
approaching the limits of small heat 
pumps. If loads really tlKn out to be as 
small as expected, could heat pumps be 
eliminated anogeth8f" and still be 
acceptable to tenants? Could even 
smaller units be used than are now 
readily available? 

The jury also pointed out that both 
teams were calling for special efforts to 
make the buil<ing "tight" They agreed 
that this is possible With the techniques 
specified, but only with close construc
tion supervision. 
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The p(Qposed buihdng for Houston is one 
of three prototypical buildings in this 
study. The design renects good current 
design practice and current energy 
codes, without a spedal effort made to 
achieve exceptional levels of energy 
conservation. It is representative ot 
designs that could be built within the next 
2- 4 years. The total anrual energy biU is 
estimated to be $69,000. Although the 
building is more ellicient than most 

existing buildings, much more can be 
done to further reduce energy use and 
cost. 

The design features five separate three
story buildings, located on a four-acre 
lot. A total of 120 apartments are 
included in two distinct building types. 
The plan contains 48 one· bedroom 
apartments, 30 two-bedfoomllwo
bath("spl~"), 30 two·bedroom /one-and-

Future Houston Lowrise ~ 
IIOU~n 0:-1, TX 

one·hall-bath units, and 12 three
bedroom un~s. 

Each team redesigned the project with a 
specific focus on cutting expected 
energy costs while enhandng the 
amenities of tho project. Both teams 
achieved cost savings of over 40 
percent, with paybacks of 18 and 33 
months, respectively- well worth a 
developer's cot.sideration. 

The design teams considered a major 
marketing trend in designing the three
bedroom and two-bedroom split 
apartments to allow sharing by unrelated 
individuals. As with the other future 
buildings in our work, the design also 
incorporates smaller un~s than are 
generally common in current projects. 
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Building Layout 

STREET 

176 

.A 
North 

SITE PLAN 

A total of 240 parking spaces have been 
provided on the site. Due to the 
restricted nature of the site, units are 
oriented in all directions. 

Reflecting the relatively effident design, 
the major energy problem in this dimate 
proved to be space cooling, followed 
closely by lighting and appliances. 
Approximately 1,900 hours a year require 
cooling. Although extended periods of 
the year are within the comfort zone, high 
levels of relative humidity limit the 
potential for natural cooling. The anrllal 
energy cost for the design is approximate
ly $69,000. Roughly 85 percent of this 
cost would be borne by the tenant and 
the remaining 15 percent by the owner. 

The two design teams each developed an 
entirely new design for the building, 
instead of separate packages of retrofit, 
renovation and rehabilitation strategies. 
This greater nexibility allowed the teams 
to evaluate more innovative strate~es to 
reduce energy use and cost. Both 
redesigns feature reduction in the 
number of separate buildings, and 
developement of alternative insulation 
strate~es. Greater differences appear In 
the choice of mechanical systems. 

Energy costs in the redesigned building 
were reduced by between 40 percent and 
45 percent. Considering total savings, 
payback periods were under 3 years. 
These dollar savings fall largely to the 
tenants. While the owner's energy costs 
have been reduced by between 70 
percent and 80 percent from the level of 
the basecase design, greater 

participation by the owner in these 
savings is necessary to ensure that 
payback periods are adequate from his 
perspective. 

In creating the building, the design teams 
assumed a four-acre site, with a density 
of 30 units per acre and a parking ratio of 
2 cars per unit. 

The 120 apartments are located in five 
separate 3-story buildings, laid out in 
blocks, with apartments facing all 
cardinal points. The common services, 
including the swimming pool, are located 
in the main group of four buildings. All 
vertical movement In the buildings is by 
stair. 



1BR 

1BR 

Four separate types of units are included 
in the complex, induding a mix ol at least 
three unit types in each building. A 
separate exterior mechanical room savos 
space in the apartment that would 
otherwise be taken by this function. A 

1BR 2BR 
1 1/2 BATH 

1BR 

two-bedroom, two· bath "splir unit is 
designed lor urYelated occupants (like 
students) or elderly indiviwals who 
desire separate bedrooms and baths, but 
are willing to share kitchen and living 
lac~lties. A two-bedroom, one-and-one-

Building Layout ~ ~~ 
IIOWnv .... , lA 

1 BR 

I BR 

BUILDING B 

half bath apartment, and a three
bedroom, two-bath "split" unit 1s also 
available lor families or tenants desiring 
more space. The layout of the builcings is 
compatible with ovantual conversion ol 
tho housing complex to condornniums. 

2 BR 
1 /2 BATH 

TYPICAL FLOOR PLAN 

The gross area por building is 34,848 
square feet. Tho nat-to-gross for each 
building is 85 percent in spite olthe 
relatively large proportion ol one
bedroom units equaling 40 percent ol the 
total. 
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& Operations 
The architectural and mechanical 
specifications for the base case building 
are based on current accepted p!'actice. 

The exterior walls are wood frame 
oonstruct10n, with R-11 fiberglass batt 
insulation. The roof is composed of 
asphalt shingles over plywood, with R-19 
batt insulation. Windows are single
glazed with steel sash and thermal 
breaks to reduce oonductive heat gain 
and loss. 

Standard· quality oonstruction is 
assumed, with an air·infiltration rate of 
approximately one air change per hour. 
While this is a reasonable rate, further 
reductions and savings in energy use are 
possible. 

A mix of incandescent and nuorescent 
lighting is used in the units, with an 
average level of 0.5 watts per square foot 
of power consumption during occupied 
periods. Standard-efficiency appliances 

BUILDING SPECS 

ENVELOPE: 
• Exterior 'W a 11 

Light weight construction, cedar siding, 1/2" plywood, 
R-11 batt insu,lation. 2x4 wood stud@ 16" o.c., 1/2" gypsum 
board : U =0 .071 

• 'Window 
Steel sash single pane, clear, 
U overall = 1.42, shadin9 coefficient= 0.64 with blinds 

• Roof 
Asphalt shingles, 1/2" plywood, air space, R-19 insulation, 
gypsum board; U =0 .045 

INTERNAL LOADS 
• lights : 0 .5 'w'atts/s.f. 
• Appliancu: 0 .4 'Watts/s .f. 
• Cooking : 6000 Btu/day ( 40% latent) 
• Infiltration : 1 .0 Air Change/hr. 

OTHER LOADS : 
• lighting in common areas :2.7 k'W 
• Exterior lighting: 1 k'W HID operated 10 Hours/day; 

1.3k'W incandescent operated 10 Hours/day 
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are used, p!'oducing a load of 
approximately 0.4 watts per square loot. 
Exterior lighting is oontrolled by 
photocell, reducing the ·on" time to ten 
hours per day. 

Healing and cooling Is provided by 
through·the-wall air conditioners 
(EER .. 8.2) sized at 500 square feet per 
ton, and 74 percent efficient gas 
furnaces. Outside air is not supplied 
mechanically. All kitchens and baths 

have recirculating fans with charooal 
filters. Corridors are open to the exterior, 
so mechanical ventilation is not required. 
A programmable thermostat regulates the 
temperature in each apartment, to avoid 
unnecessary space oorditioning during 
uooccupied periods. Water is heated by 
high-efficiency (80 percent) gas water
heaters located in each apartment. A 
separate gas heater supplies hot water to 
the central laundry facility, and high
efficiency laundry equipment has been 
specified. 

SYSTEM SPECS 

HVAC 
Thru-wall air conditioners for 
space cooling; cooling EER=8.2; 
gas furnace for space heating 
with 74% nominal efficiency 
(no heating or cooling in 
corridors) 

TEMPERATURE SETPO INTS 
Heating: 70°F,weekdays: 

5 p .m.- 8 a.m . 
weekends: 
7 a .m.- 1 I p .m . 

65° F. at other hours 
Cooling: 78°f. weekdays: 

6-8 ~.m, 4-11 p.m. 
weekends: 
8 a.m.- 11 p.m. 

80° F, at other hours 

DOMESTIC HOT 'WATER 
Individual gas DH'w's 
Nominal efficiency = 80% 
35 gal./unit/day @125°F 



The dimate of Houston Is marked by high 
levels of relative humidrty throughout the 
year. Although the temperature on over 
40 percent of the hours of the year falls 
between 65° F and 78° F the average level 
of relative humidity (75 percent) requires 
air movement to maintain comfort. Many 
natural cooling strategies involving 
ventilation are not possible in this 
location. 

Energy costs In Houston are relatively 
low. Cooling is the major problem, 
accounting for 24 percent of energy use, 
and 35 percent of total energy cost. 
While water heating requires slightly more 
energy than cooling (26 percent of total 
use) it makes up only 9 percent! of 
energy cost, because gas is used as the 
fuel. Space heating is the third most 
significant cause of energy use (19 
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percent of total use,) followed by Ughting 
(12 percent) miscellaneous loads (12 
percent) and cooking (6 percent). 

All of the above uses and costs deal with 
the tenant's bill and energy used within 
each apartment. The owner pays only for 
exterior H.I.D. and corridor fluorescent 
lighting, plus any gas used In the 
common laundr'y. 

Infiltration is the major contributor to 

heating loads, followed by conduction 
through windows. They make up over 75 
percent of the total heating load. Greater 
control of these areas is thus an essen
tial part of any energy management plan. 
Sensrtivity studres indicate that reducing 
the air-Infiltration rate of one ACH would 
red.lce the coolrng load by 24 percent 
and the heating load by 53 percent. 
Window areas are approximately 12 
percent of the floor area. East-and west
facing units use 26 percent more energy 

Infiltration and glazing are the two rnajor causes of heating 
and cooling loads 

ANNUAL HEATING LOADS (LOSSES per UNIT 

'vi ALLS -2 tz! 
ROOF -1 [ 

GLAZING -3 mit! . '·.· 

INFILTRATION -7 :<-:~ :-~"*-~ 

INTERNAL 4 

MBtu/Unit -10 0 10 20 

ANNUAL COOLING LOADS (GAINS)per UNIT 

'vi ALLS It 
I 

I 
ROOF 0 

GLAZING 10 
r : 

INFILTRATION 17(1~tent load= 16) 
r : 

INTERNAL 11 (Iaten t load = 2) 
r 

MBtu/Unit 0 10 20 

for heating and cooling than north or 
south faCing unts, suggesting that 
orientation and shading are important 
factors in controlling energy use, given 
the relatively high levels of solar radration 
in Houston. Part of the problem with 
infiltration is that in the design of the 
burldings, some units have three 
exposed sides, providing more surface 
and crack area, thtough whrch air may 
enter. Wrthrn these apartments, the major 
contributor to cooling loads is cooking 
followed by lights and body heat. These 
same sources also offset approximately 
30 percent of tha heating load caused by 
envelope losses. 

A reduction in lighting energy use of 50 
percent, achieved through replacing 
rncandescent lights in kitchens and 
bathrooms with fluorescent, would 
red.lce the cooling load by 4 percent. 
Reducing the shading coolfrcient of the 
window glass reduces the cooling load 
while increasing the heating load by 
roughly the same percentage. 
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As this is a future project, there is no 
utility billing history that may be used as 
a basis for evaluating the performance of 
energy-conserving strategies. Therefore 
all energy costs were derived from the 
base case energy analysis and rents are 
esbmated by using the Institute for Real 
Estate Managemerf (I REM) average 
rents for typical two-bedroom units in 
Houston in 1985. h should be noted that 
current local micto economic eHects 
have caused apartment rental costs to 
remain well below the national average for 
the last several years. 

In the hot-humid dimate of Houston, the 
calculated annual energy bill for the 

entire 5 building complex is just over 
$69,000 per year using 1985 electric and 
gas rates. Dividing this total energy cost 
by 5 for the number of buildings, then by 
24 (the number of units) we find the 
average utility cost per unit to be $575 
per unit per year. 

With 24 units per buildng the average 
unit size is 1,234 square feet. By dvidng 
the annual average energy costs per unit 
ol $575 by the average unit size of 1,234 
square feet the average energy cost per 
square foot is calculated to be $0.46 per 
year of $0.03 per month. These energy 
costs are considerably lower than 
comparable energy costs of similar 

Houston Lowrise Utility costs 

Total: 
$48/Uni t/Month .c k . $ ... 00 '"9""'' 5 

... Misc ........... $9 

... coolina ....... $18 
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Owner: 
$8/ Unit/Month 

Tenant: 
$40/Unf t/Month 

......... $18 

t> lectricity (ill 8 .2¢ /k'w'h 
gas 11153¢/therm 

buil<ings In the Houston area. 

Because of the metering arrangement for 
electricity and natural gas, energy bills 
are significandy higher for the tenant 
than lor the owner. Tenants pay roughly 
83 percent ol the total monthly b~l per 
apartment, or about $40, while the owner 
pays the remaining 17 percent (or about 
$8). There is some room in the owner's 
annual energy bill of $11,72.2 to pay for 
some modest design changes wilh 
energy cost savings. The owner's 
position will be gready improved however. 
if he can share in the tenant's savings, 
through charging higher rents. 

This greater cash-flow will ensure 
reasonable paybad<s on major design 
changes to the buildings. 

The rent and energy-cost analysis 
presented at right uses the Institute for 
Real Estate Management (I REM) average 
rent for a typical two-bedroom unit in 
Houston in 1985. An innation factor ol5 
percent is used to increase costs 
concurrent to the assumed date ol 
occupancy, some 3 years hence. With an 
estimated shelter cost of $400 per 
month, a renter could qualify for this unit 
with an annual income ol $13,920. 

ENERGY & RENT ANALYSIS 

Typical One-Bedroom Unit: 

NET RENT TO OWNER It 358 I 
OWNER'S MONTHLY It 8 I ENERGY COST /UNIT 

TOTAL REfH It 
(IREM Median) 

366 I 
TEN ANT'S MONTHLY It 40 I ENERGY COST 

SHELTER COST It 406 I 
INCOME TO QUALIFY 1$13,920 1 



STRATEGIES & COSTS 

-(). 

7.400 

6,000 

18,000 
(55.200) 

60,600 

500 

5,040 
16,000 

19,500 

900 
-(). 

600 

Reduce bldg nulrilers lrom 51o 4 (43.000) 
Plant•eos on MSI & -t5ides 
of en buikings 20.000 
tnst.an tinted glazing with 
white venotian blinds 14,592 
PUltextorior walls white t5,000 
Move east & west bedroom 
windows to norfl &south when 
possible ~ 

rOTAL COST: $141,132 

Team A emphasized conservation In Its 
redesign eHort. Strategies were identified 
to reduce the amount of solar heat gain 
entering the apartments through the 
windows by low9fing the shading 
coeHicient, and by providing better 
protection from solar radiation. Careful 
attention was also grven to tightening up 
the units to reduce infiltration, and 
improving the efficiency of the 
appliances and lighting systems. 
Amenity value was sought through the 
addition of ceiling fans and carefully 
placed landscaping features. 

Team A also studied the substitution of 
alternative fuel types, to low9f energy 
costs, even where energy use may have 
remained the same or increased slightly. 

Evaluation of the building indicated that 
lower levels of energy use are obtained 

.... Befort: $48/unit 

a;,_ .. After : $26 
· · Owntr : $4 s•Yings 
· · Ttunt : $18 snings 

Redesign Team A ~ 
l k)U.S I U :'f. IA 

through orienting glass areas either due 
north Of south, and reducing Window 
areas on the east and west. Several 
building configurations were evaluated as 
means to achieve this objective. 

The most energy eHident site design
four linear, parallel buildings With their 

long axes oriented east-west was 
reJected, because the buildings appeared 
overly regimented and lacking in visual 
interest. The creation of long, 
unenclosed open spaces, and the loss of 
the endosure for the pool area would 
have decreased the amenity value within 
the complex. 

...... 
Team A Site Plan N 
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Redesign Team A 
The site design uhimately selected (see 
illustration) increased the amenity value 
and marketability of the project. The 
major change is the reduction from the 
original five builcings on site to four. Two 
separate buildings were developed to 
accommodate the desired number of 
units on site. This organization creates 
many irregular exterior spaces between 
the buildings, increasing visual interest in 
the complex, and providing a sense of 
place for the tenants. The sense of 
endosure for the pool courtyard is also 
enhanced. Large deciduous trees were 
placed throughout the site to provide 
general shading, particularly in front of 
east and west glass. Combined with a 
dark ground cover, the landscaping 
offers substantial reductions in air 
conditioning costs, while increasing the 
desirability of the complex. The 
placement of the buildings themselves 
also affords additional shading of 
exposed windows by adjoining building 
forms. 

The same fundamental energy conscious 
design principles were used to develop 
both building forms used in the redesign. 
Resource efficiency is enhanced in the 
redesigned builcings through a reduction 
in the number of east and west oriented 
units, and a corresponding reduction in 
the number of stairwells and corridors. A 
significant change in the layout of the 
remaining east and west (end) 
apartments was the repositioning of 
glazing to the south or north walls where 
possible. The only east or west glazing 
remaining has been carefully protected. 
Short through building circulation 
patterns have also been maintained, both 
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2-BR I 1-BR 1-BR I 2-BR 

Studio 

2-BR I 1-BR 1-BR I 2-BR 

for energy considerations (the circulation 
spaces are unconditioned and daylit, and 
ventilated naturally) and for improved 
security through high visibility. 

Remaining east and west gazing is 
protected by being recessed into the 
envelope of the building, between 
projecting shading fins and beneath a 
large overhang. This is particularly 
important for the large slicing doors at the 
balconies. Solar gain, the largest single 

Building A 

rn OJ 

rn OJ 

rn OJ 

OJ rn 
OJ m 
OJ m 

contributor to sensible cooling loads, was 
also reduced by replacing the dear, 1/8" 
inch glass in all windows with dark tinted, 
1/4" inch glass. Medium-color blinds were 
replaced with white blinds. 

Similar low-cost, but effective, measures 
to control infiltration were used in both 
buildings. A continuous plastic film was 
installed beneath the exterior sheathing 
to seal the walls. Infiltration through 
windows, doors, and their frames was 

reduced by caulking, sealing, and 
weatherstripping. 

Several strategies, investigated for their 
potential to reduce exterior surface 
temperatures due to solar heat gain and 
cooling loads, were rejected as too 
expensive. These included a standing
seam, reflective (white) metal roof, and 
an aluminum-foil radiant barrier in the 
exterior walls. In both cases, the energy 
cost savings did not compensate for the 



higher first cost of the measures. The 
redesigned buildings use the same 
asphalt-shingle roof as the base case, 
but have painted exterior wafts Instead of 
walls coated with a medium-dark opaque 
stain. 

Cooling loads were reduced by the siting 
and envelope strategies. A problem was 
encountered, however, when high· 
efficiency gas water-healers and 
furnaces were evaluated as a means of 
reducing gas use. The local gas utility 
rate structure discourages the use of 
more efficient gas appliances, because 
the tenant is required to pay a minimum 
monthly charge already in excess of the 
average heating and hot water cost with 
standard appliances. There is thus no 
economic Incentive for the tenant to 

Building B 

improve the effidency of his or her gas 
use. Alter this realization, the team 
concentrated on all-electric solutions for 
lowering energy use and cost. 

The space-conditioning system 
ultimately chosen by team A was an air-to
air heat pump. Due to the reductions in 
coo~ng loads, it was possible to specify 
units of significantly lower capacity than 
in the original design. This system offers 
relatively high efficiency for heating due 
to Houston's mUd winter weather. A heat 
pump water-heating system was rejected 
because the team felt that, with 
significantly reduced cooling loads due to 
other strategies, this strategy might not 
be cost effective. The team eventually 
selected a conventional electric
resistance water heater with an extra 

• • 
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EAST /WEST ELEVATION 

insulation jackot. 

Ceiling fans were installed in the 
apartments to assist the mecharical 
cooling system. While ceiling fans are 
porce1ved as amenities that can be 
converted into higher rents or a market
ing advantage, the air now that they 
create also allows comfort to be maintain
ed at higher interior temperatures. The 
conventional mechanical system 
provides dehumidification; combined with 
48" diameter fans in the living areas and 
36" fans in the master bedrooms, the 
interior cooling setpoint temperature was 
assumed to be as high as 82° F. 

The team proposed changing from 
indvidual gas water heaters to a central 
gas fired system for each building. All 
tenants now pay a minimum monthly fee 
for gas that is higher than their actual 
use. Going to a central system would cut 
total DHW costs in half, but would shift 
these costs to the owner. It is an irony 
that minimum foes have made the most 
energy conserving approach (Individual 
heaters) significantly more costly than 
necessary. 

The not effect ofth1s redes~gn has been 
to lower first cost in some areas lower 
energy costs, and 
increase amenity values •n the prOject as 
a whole. Major savings were also 
achieved through the downsizing of 
cooling umts. While all strategies 
adopted into the final redesign pay for 
themselves through a combination of first
cost and operating-cost savmgs, their 
major value to the owner and tenant may 
be the increase in the perceived amenity 
value of tho project. Higher value has 
been obtained at lower monthly cost. 

The incremental cost of $196,332 
required to implement the desired 
modifications to the base case design 
produces annual utility cost savings of 
$31,234. The overall payback for these 
measures is approximately 6.3 years. 
Smce 85 percent of these savings go 
directly to the tenant, the owner will have 
to carefully evaluate his rental pricing 
structure, to ensure that h1s share of the 
savings is adequate to justify the 
increased first cost. 
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STRATEGIES & COSTS 

~: 
• lnstall112" gyp. bd. 2ll6 siUds at 

24" O.C. R-11 bel insul., 2" airspace 
lor raceways 112" renective lace 
polyisocyamurate rigid insulation 
112" plywood; plywood clear siding 
Foam window & door fmmes; caulk 
bank boards & De plates; trim & 
caulk duct entries. tape exllnsul. 
joints; Add ridge vents; Increase insul. 
jad<et on DHW tank 4 7,000 

J:riMt: 
• Install high efficiency gaslelec .. 

split forced air system 50,000 

~: 
• Install nuorescentlighting in 

corridors 600 
• Install nuorescentlighting in units 5,040 
• Install high efficiency appliances 18,000 
[l!:Jll: 
• Install high efficiency Individual 

OHW units 4,500 
• Reduce OHW lemp tl1t5•f .{). 
• Install low-flow shower heads 600 
Building & SilB Qesigo/Massjog & Solar 
Conlull: 
• Reduce bldg. number t>4; 

Reduce number of stairs, exposed 
exterior walls, east/West lacing 
units; Extend side fin on balcony 
to shade sliding glass doors; 
Plant trees on east & west tl 
shade units; Inset windows on inside 
lace of 2x6 walls; Lower overhang on 
south, eas~ and west windows; 
Extend side fin to shade east and 
west windows; Reduce bedroom 
windows from 3-1/2'x6' to 
3 ·112' X 4' .l2ll.QQQ} 

TOTALCOST: $35,740 
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Like Team A, Team B began its 
investigations on the premise that 
conservation, by reducing infiltration and 
controling solar gains, was the most 
effective way to redlce the cooling load 
and overall energy use. 

The refinement approach included the 
development of improved shading 
strategies, and the reduction of window 
areas on the east and west. Apartment 
floor plans were analyzed to determine 
locations where windows could be shilled 
to either the north or south elevation, 
without significantly altering living 
conditions in the units. This led to an 
approximate reduction of 20 percent in 
the amount of east and west glazing. The 
mechanical closets on the balconies 
were also repositioned where appropriate 
to provide better shading of bedroom 
windows and balcony siding doors. 

60-

.... Before: $48/unit 
40-

.. After :$29 

20- · · Owner : $ 1 s~vings 
· · Ttn~nt : $ 18 uvings 

Window sizes were also reduced by 
approximately 20 percent. The smaller 
window sizes (3'6" x 4') also provide 
additional space for furniture below the 
sills. The balcony door was similarly 
reduced to a standard 6' -wide unit. With 
this basic understanding of the major 
issues, Team B then 

~ 

alternative design. The major feature of 
this redesign was the redlction of the 
original five buildings to four. This change 
allows for better positioning of glass, 
and a smaller surface area to reduce 
Infiltration. Building costs will also be 
lowered by a reduction in the amount of 
.. vn .. nc::ivA exterior wall construction. 

;:::::::::::::::::::::::::::::::::!?!' 

.. 
North 

TEAM B REDESIGN SITE PLAN 



In this redesign, Team B maintained the 
same mix of apartment units in two A· 
type buildings with 33 units and two B· 
type buildings with 27 -units. A benefit to 
the owner of these redesigned buildings 
was a reduction in the amount of common 
area from 105 square feet per tiving unit 
in the base case design, to 70 square 
feet in the redesigned buildings. 

Additional dwelling units were inserted 
into the corridor spaces in the original 
designs, causing the deletion of some 
staircases and the creation of an interior 
access corridor for some of the 
apartments. The desirability ol this 
arrangement was enhanced by lower 
construction and operating costs, as well 
as the possibility lor the owner to 
increase the range ol rents within the 
complex. For example, smaller units on 
the interior corridor could be rented at 
slighdy lower rents. 

As many units in these buildings as 
posSible were placed with their glass 
areas oriented north or south. The 
remaining east and west apartments 
retained the strategy ol reorienting 
windows where possible. Ony minor 
windows or balcony doors In these units 
now lace east or west. This adaptation, 
combined with the effect of the balcony 
overhang above and a fin wan to the north 
of the balcony doors on the west side, 
results in the very significant reduction of 
direct solar gain Into the units. 

Deciduous trees were planted on the east 
and west sides ol the buildings to provide 
additional shading lor windows and doors 
and to increase the amenity value ol the 

. ,, 
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Redesign Team B ~ 

Building A 
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SOUTH ELEVATION 

project. 

After heat gain through windows, the 
largest sensible component of cooling 
loads in Houston is heat buildup in attics 
and on wan surfaces. Team B spedfied a 
radiant barrier in the walls, In the form of 
foil-faced rigid insulation board, used as 
sheathing. The team also specified that 
all sheathing joints be taped to provide 
additional resist once to air Infiltration. 
Oattens were nailed to the sheathing 
prior to the installation of the exterior 

plywood finish to maintain the necessary 
air space in front of the radiant barrier 
surface. A radiant barrier was placed in 
the attic by installing builder's foil 
beneath the roof deck. Continuous ridge 
vents were added to the roof construction 
to maintain a positive flow ol air through 
the attic space and decrease heat 
buildup. 

Several strategies were used to reduce 
infiltration by 50 percent, 1o 112 air 
change per hour. Wall construction was 

changed to include 2 X 6 studs, 24" on 
center. While redudng construction 
costs, the additional space in the wal 
created by moving the 3 t /2" batt to the 
outside of the stud is convenient lor 
running wiring and plumbing. This 
approach permtts the bu11der to avoid 
cutting or compressing the batt, as may 
be necessary with 2" x 4" studs. The 
caulking and weatherstripping program 
included the use olloam-1n-place caulk 
around all window and door frames, and 
careful trimming and caulking of ductwork 
at points where it enters the apartments. 
Setting the Window at the interior edge of 
the studs also increases the level of 
window shading. 

Hlgh-elfidency gas appliances were 
specified to replace the standard 
appliances included in the original 
deSign. The extra cost of more efficient 
Clppliances is estimated to have a 
reasonable payback. As part of an 
overall effort to reduce internal loads, 
screw-in fluorescent lamps were used to 
replace incandescent lamps in the 
apartments where possible. 

Space heating was provided by a high· 
efficiency gas furnace with an effidency 
of74 percent. The mechanical air
conditioning systems selected were 
electric OX spl1t systems with energy 
efficiency ratings (EER) ol11.5 and a 
performance coefficient (COP) of 3.37. 
This equipment replaces the standard· 
efficiency gas-fired furnace and OX air
conditioner spedfied in the original 
design. Reductions in cooling and 
heating loads enable corresponding 
reduction in equipment sizes. An 
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~ Redesign Team B 
IIOIJ.HON, TX 

average cooling redJction of approximate
ly one-half ton capacity was achieved for 
each unit. 

The team retained the concept of 
Individual gas water heaters, but 
recommended adding gas cooking 
appliances to increase the gas load 
within the rnllmum $8 per month fee 
charged for gas service. Better insulated 
tanks and low-flow shower heads were 
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also recommended to reduce water 
heating costs. 

Team B also considered, but later 
rejected, several additional concepts. A 
central heating and cooling system was 
evaluated to determine if the greater 
efficiency of the central heating and 
cooling prime equipment, combined with 
the capability to store either chilled water 
or ice for peak-shaving, was cost-

Continuous 
Ridge Vent 

"ttindow Set Back 
increase shading 

conditiollng the entire apartment. The 
bedrooms could be conditioned during 
nighttime hours, while temperatures in 
the living spaces are allowed to "float,• 
and vice-versa dJring daytime hours. 
This would reduce the conditioned zone 
by one-third to one-half, and permit 
corresponding redJctions In the required 
capacity of mechallcal heating and 
cooling equipment. This could become an 
attractive strategy as pressures to 
reduce first costs and operating costs 
increase, in the effort to make housing 
more affordable. 

Double gazing was the last feature 
evaluated. While it provides some 
comfort advantage, its higher first cost is 

Vertical Fins not likely to be r~pa~d in a reasonable .. 
at E and "t( time by a reductiOn tn energy cost. Th1s ts 
"ttindows because of the relatively small 

contribution that conductance through 
Sin Tape 

1/2 Thermax 
______ ...uu &tape 

Typical Wall Section 

justified. Due to the lower first cost of the 
heating and cooling equipment, and the 
relatively low utility bills, it was 
determined that this strategy would not 
be cost-effective in the Houston climate. 

Another strategy tagged for further 
development is the use of a split damper 
system In the apartment units that would 
allow directing conditioned air to specific 
parts of the apartment without 

windows makes to the total heating and 
cooling loads. 

The incremental cost of $35,7 40 required 
to implement Team B's desired modifica
tions to the base case design will yield 
annual utility cost savings of $24,676. 
The overall payback for these measures 
is only 18 months. 

As with Team A's package, the owner 
will have to carefully evaluate his rental 
pricing structure to ensure that his 
"share• of the savings is adequate to 
justify the increased first cost. Due to 
the lower cost of this package, the owner 
may have additional latitude in setting 
rents, further enhancing any marketing 
advantage that may resuh from his 
investment in energy conservation. 



The one faclOI' that greatly affects both 
strategies is the financial condition of the 
rental market in Houston. Where rents lot 
a two-bedroom unit averaged $530 
eighteen months ago, they now average 
$320. Payback lengths are affected 
geatly as rents in Houston have 
plummeted. The jury felt that more 
consideration must be placed by both 
teams on first-cost as owners have less 
latitude to adjust rents. While Team A's 
strategies were generally well founded, 
Team A's redesign, w1lh a $196,332 price 
tag, makes it an unlikely choice for an 
owner in the current Houston climate, in 
sp1te of a decent 6-year payback. This 
strategy set does, however, provide 
signiflcandy h~gher annual savmgs than 
does Team B's set, and may be of 
interest to builders in similar mild dimates 
and more typical economic factOI's. 

Team A's decision to paint the extoriOI' 
walls a bright white, while energy 
efficient, is rut necessarily a good idea. 
One jury member felt that the amenity 
value would suffer with an all white 
complex. Reoarding the lack of incentive 
for installing energy effiCient gas water 
heaters, consideration might be given to 
switching mOI'e appliances and the air 
conditioning system to gas, thereby 
using Joss of the mote expensive 
electricrty, making the mmimum monthly 
gas charge of no consequence. To bo 
especially commended in both team 
strategies is the downsizing of the 
originally specified HVAC unit::; due to the 
tightening ol the envelope. 

In learn B's strategy of using a split 
damper system, tenants will surely not 
want the HVAC system to be undersized 
to a point of not being able to condition 
the whole apartment. 

" ; 

Jury Comments ~ 
IIOWiTO.'ol. TX 
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Cutting energy costs is a key to 
more affordable housing for 
tenants and significantly 
increased profits for building 
owners. As shown in the . 
previous chapters, this 
conclusion applies to all types 
of multifamily housing 
regardless of location, 
ownership, utility rates or bill 
paying arrangements. 

Energy bills can be reduced --cost 
effectively -- in every multifamily building 
we studied. Older existing buildings 
typically waste more energy, and 
consequently have higher energy bills 
than newer buildings. Energy costs can 
be cut most in these older buildings. 
Significant energy cost savings are 
possible, however, even in new buildings 
which meet or exceed current ASH RAE 
standards. More savings are possible in 
harsher northerly climates than in more 
southerly or temperate coastal climates. 

Energy cost savings typically increase 
with greater investment. The law of 
diminishing returns does come into play 

however. Low-cost operations strategies, 
taken separately, are much more 
attractive than high-cost rehabilitation 
strategies, b.u1 investment beyond low
cost strategies will be required to achieve 
large impacts on your energy costs. You 
should look at substantial investment in 
energy cost-cutting to maximize your total 
dollar return. 

Our recommendations do not stop at low
cost, low-impact approaches. As shown 
on the graph below, in order to achieve 
cost savings on the order of 30% to 35% 
we found it necessary to spend $1 000 to 
$2000 per unit. The results you achieve 
in your cost-cutting efforts will depend 
entirely on the special circumstances of 
the building or project you are working 

·- , 

Chapter V: Conclusions 

on, but several general conclusions 
about energy use in multifamily housing 
can be drawn from the twelve case 
studies in this report. 

• Space conditioning (heating or cooling) 
is the most important energy cost in 
apartment buildings, and should be 
looked at first in cost-cutting efforts. 
Across all existing buildings, heating and 
cooling taken together accounted for 31 
percent to 65 percent, averaging 52 
percent of total energy costs. In future 
buildings, the range lowered to 43 
percent to 45 percent, but was still the 
predominant cost factor by a substantial 
margin. 

• Lighting is the second ranking energy 
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cost in most buildings, ranging from 8 
percent to 24 percent (16 percent 
average) of total energy costs for existing 
projects and 15 percent to 23 percent in 
future buildings. 

• OHW costs typically rank third, 
averaging 12 percent in existing 
buildings and 14 percent in future 
buildings. 

• All other energy costs, including 
appliances, vertical transportation, and 
miscellaneous receptacle use, together 
account for about 20 percent of the 
energy bill. These each merit modest 
attention, but only after the larger energy 
issues, above, have been addressed. 
Typical energy use in multifamily housing 
and the energy savings illustrated in the 
preceding case studies suggest the 
following general approach in looking for 
energy cost savings: 

1. First Look at Heating and Cooling 
~ 

Space conditioning costs are driven 
primarily by outdoor air temperature, the 
level of comfort desired indoors, and the 
efficiency of all building systems in 
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delivering comfortable conditions. Four 
principal factors, each with a variety of 
conservation options, should be 
reviewed for opportunities to reduce 
space conditioning costs. The factors, 
roughly in order of cost effectiveness and 
ease of implementation, are: 

• Indoor Temperature Control 
• Infiltration and Ventilation Air Control 
• Equipment Efficiency Improvement 
• Building Shell Improvement 

The following paragraphs discuss each 
of these factors and summarize strategies 
which the design teams found effective 
for dealing with them. 

• .lnQQ.Qr Temperature Control-- The 
point here is to pay for only the 
temperature level needed to achieve 
comfort. Ten ants do not have to suffer 
either cold or overheated units to cut 
space conditioning costs. There are 
many opportunities to do with less 
heating or cooling. For example, 
temperatures can often be adjusted to 
save energy when spaces are 
unoccupied, when there is minimum 
activity, or when spaces are seldom 
used. When looking at temperature 

. ~ ~ 

control, the first thing to do is to make 
sure neither heating nor cooling are 
provided when not needed or when the 
outside environment could be used to 
meet the comfort needs of tenants 
instead (for example, by opening 
windows in spring or fall instead of 
turning on air conditioning). Further 
savings are possible with temperature 
setback (for heating) and setup (for 
cooling) which can be done manually or 
automatically on a daily basis. 

Operations strategies to control 
temperature settings should start with the 
education of building personnel or 
tenants, depending on who has control of 
temperature settings. In a retrofit 
situation one should consider more 
decentralized controls, individual 
thermostats for tenants, or programmable 
thermostats to allow closer and more 
positive scheduling. 

In retrofit, rehabilitation, and new design, 
ceiling fans can be considered as a 
means to expand the range of 
temperatures that are considered 
comfortable. Ceiling fans allow heating 
temperatures to be lowered two to four 
degrees, and cooling temperatures 
raised two to four degrees while 
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maintaining occupant comfort. 

Indoor temperature control is a very 
effective first step in cutting energy costs. 
The costs of these strategies are low and 
the relative savings are very high. 
Temperature control strategies were 
recommended by the design teams for 
every building in this study. 

• Infiltration and Ventilation Air Control is 
the second most important factor to 
consider in cutting heating and cooling 
costs in apartments. There are two ways 
in which unconditioned outside air is 
introduced into a building: by infiltration, 
the seepage of air into a building through 
cracks and other openings in the building 
shell; and by ventilation, the supply or 
exhaust of air by mechanical systems. 

In controlling infiltration the goal is to 
minimize leaks. Weatherstripping and 
caulking are the most typical means of 
closing air pathways and lowering 
infiltration rates. In these situations, the 
more professional the installation the 
better. In new design, close attention 
should be paid to construction details 
such as vapor barriers and construction 
quality control around all doors, windows 
and other openings. In this study, 

infiltration control was recommended for 
all twelve buildings. 

Control of ventilation air in buildings is 
more straight forward. Here the goal is to 
minimize ventilation within acceptable 
limit when external conditions are 
unfavorable and to maximize ventilation 
when conditions are favorable. 
Ventilation is controlled through 
scheduling the operation of equipment 
and adjusting the amount of air 
introduced into the building. Strategies 
include: adding time clocks to run fans 
for pre-set periods only, reducing damper 
openings, downsizing fans, and varying 
fan speeds. In some cases, ventilation 
may be eliminated entirely or cut back 
drastically. For example, recirculating 
kitchen and bath fans with charcoal filter 
to clean recycled air were selected by 
both design teams for several buildings 
in this study. This particular strategy is 
very effective in cutting energy costs and 
is accepted by most building codes. The 
noise of operating these fans and the fact 
that some users feel indoor air quality is 
reduced, makes their use controversial. 

Ventilation air control was recommended 
as a strategy in a majority of the buildings 
in this study. 

"" • 

With all strategies that affect indoor air, 
keep in mind that indoor air quality is an 
important area of public concern and 
research is in progress that willie ad to a 
better understanding of the problem and 
ways to deal with it. Reduction of 
infiltration and ventilation beyond a 
certain point is probably not a good idea. 
The measures that were recommended 

. in this work were intended to reduce 
infiltration to a level that would maintain 
health and ensure a pleasant indoor 
environment. 

• Equipment EHjciency Improvement is 
the third most important factor to 
consider. The general goal of equipment 
strategies is to increase efficiency. Some 
low cost actions can be effective, such as 
consistent maintenance and careful 
adjustment of equipment, but many 
strategies can be costly. 

In older buildings, equipment strategies 
typically focus on improving the central 
plant. In retrofit, rehabilitation and new 
design consider new, more eHective 
controls (decentralized controls provide 
advantages over centralized systems), 
high efficiency replacements (the 
marginal cost for higher efficiency is 
often low compared to returns), or entirely 
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new systems. In rehabilitation and new 
design, depending on what other energy 
cost-cutting actions you take, it may be 
possible to substantially downsize 
equipment. For instance, in several 
future buildings, design teams were able 
to cut already small heat pumps 
capacities in half -- saving both energy 
costs gn.Q first costs in the projects. 

Equipment strategies were 
recommended for all buildings in this 
study. 

• Building Shell Improvement is the 
fourth factor which can be used to cut 
space conditioning costs. The goal 
should be to reduce conduction losses 
and gains through all parts of the exterior 
wall section. Reducing conduction 
losses through glazing received a good 
deal of attention from the design teams. 
Most strategies to control building shell 
losses and gains involve substantial 
additions of materials and construction 
time and are therefore fairly expensive. 

Operating strategies are limited, but 
include better window management (e.g. 
tenant education on use of blinds), the 
addition of interior blinds, and the 
addition of storm windows (either exterior 
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or interior) which can also be seen as a 
retrofit strategy. 

In retrofit and rehabilitation consider 
adding insulation, adding better glazing 
(tinted or reflective to cut solar gains; Low 
E to cut heat losses), installing new 
exterior shading devices (overhangs, 
awnings, etc.), or even replacing old 
windows with new window assemblies. 

In new design, more innovative 
approaches can be taken. For example, 
the storage capacity of building elements 
can be used to store heat for later use or 
to delay unwanted heat gains until 
natural cooling can be used to remove 
them. Building configuration can also be 
altered to minimize losses and gains or to 
take advantage of natural resources. 

It is important to re-check the sizing on all 
HVAC equipment after all shell strategies 
have been applied. The net effect of 
many strategies is to reduce building 
loads which, in turn, means that smaller 
HVAC equipment can be used. 

Use of building shell strategies was 
mixed in our work. Heat loss through 
glazing is fairly easily dealt with by storm 
windows, which were recommended for 

... 

several of the buildings. Window 
shading to reduce solar gains was found 
to be effective in several other buildings, 
as well; particularly in the future buildings 
where cooling is a much larger 
proportion of total energy costs. 

2. Second. Investigate Opportunities to 
Cut Liahtina Costs 

Lighting is a significant energy cost in all 
apartment buildings. This is an area 
where easy cuts can be made, 
particularly in common space and 
exterior lighting. The approach is simply 
to reduce light levels whenever and 
wherever possible (using photocell or 
time clock controls, delamping, 
education, etc.) without compromising 
vision or safety, and to use the highest 
efficiency lamps available. Quality of 
light is an important issue, however. Do 
not consider low pressure sodium lamps 
("the color purple") for hallways, but QQ 
consider color corrected fluorescents 
everywhere. 

Lighting strategies have effects beyond 
cutting lighting costs. Reducing lighting 
can substantially reduce cooling loads. 
However, the loss of heat from lights can 
also raise heating costs modestly during 
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the heating season. However, the net 
result of using the heating fuel rather than 
inefficient, or "wasted", electric heat is 
still a reduction in energy costs. 

Lighting strategies were selected for all of 
the buildings in this book. 

3. Third R d ~·e uce Domestic Hot Water 

Domestic hot water (DHW) is used for 
bathing, dishwashing, laundering, and 
general cleaning. Each of these areas 
provides opportunities for modest energy 
cost savings. For DHW, the goal is 
simple: use the lowest temperature that 
will do the job (be careful, however, not to 
go below minimums for sanitation and 
dishwashing detergents), minimize 
storage losses (a major part of DHW cost 
is maintaining the tank temperature}, and 
reduce flow rates to the extent possible. 

The design teams recommended DHW 
strategies for all buildings in the study. In 
several cases replacement of particularly 
inefficient configurations was 
recommended --for example, when a 
central DHW system required year-round 
operation of heating system boilers. 

4. Finally. Reduce Remaining 
Miscellaneous Energy Costs 

The remainder of the annual energy bill 
is made up of appliance use (stoves, 
ranges, refrigerators, dishwashers, 
clothes washers, dryers, etc.) elevators, 
and miscellaneous receptacle use. 
Cutting these costs in any systematic way 
is difficult, but can be fruitful. 

In particular, installing high efficiency 
apartment appliances can produce 
substantial cost savings. Older, less 
efficient appliances should not be 
replaced until they have served their 
normal service life. At the time of normal 
replacement, the marginal cost of an 
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efficient model is low and can easily pay 
for itself in energy savings. In most 
cases, these savings continue long after 
the incremental cost for efficiency has 
been recovered. In the case of central 
laundries, look at the opportunity to have 
the laundry concession contractor switch 
out existing equipment for more efficient 
models at contract renewal. 

# # # 

In summary, savings from a thoughtful 
approach to energy conservation for 
multifamily housing can be substantial, 
as shown in the table summarizing our 
results, below .... 

SAVINGS EXISTING BUK..DINOS FUTURE BUILDINGS 

(:t:) 
Upt>rat•ons Retrofit Ro?habilitatlon Nt>w Dtsi9n 
ranq• Avtr~t ra~ Avtragt ranqt Avtraqt ranqe Av•ragt 

Spaceo 
395-5195 23~ 3095-6195 45:t: 3695-7095 51~ 3695-7095 55:t: Conditionin9 

Llghtln9 195-3495 lO:t: 195-5395 14:t: 3595-62~ 17~ 3595-62~ 44% 

DH'w' 495-3895 17~ 1~-6095 28% 1695-72~ 32% 1695-72<Jii 40:t: 
' 

TOTAl ENERGY 595-35'Jf; 16% 1895-49~ 32!( 28~-55~ 40% 28~-5591 44:t: COSTS SAVED 

STRATEGY COSTS $5 $130 $460 $220 I 

($/un1 t) to $135 to $1040 to $2010 to s 1220*1 
$340 $3350 $4500 $2440 
1mo. 1yr. 1yr. 8mo. 

4 . 1 yrs.l PAVBACKS to 1.2 yrs. to 3 .8 yrs. to 5.7 yrs. to 
4yr. 7yr. 14yr. 6yr. I 

*inclll':lts substantial am~nity lll'lpi"Onm~nt 
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