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AN OVERVIEW .
FOR THE
CHIEF EXECUTIVE

~

MANAGING THE "ENERGY"CRISIS” IN MUNICIPAL GOVERNMENT

As the energy crisis" ‘unfolded, municipal government in Massachusetts

. experlenced shortages in supplles following the o0il embargo in late

1973, the quadrupling of fuel prices that occurred in 1974, and a \
persistent but less rapid rise in fuel prices since that time. While
these events are beyond the control of local government, and their
impact on the cost of local government services is severe, government
cannot choose to forego providing critical services. ©Often,.a .
generalized feeling of helplessness has led to acceptance of steadily
rising energy costs as a fact of life that must be absorbed in the
municipal budget either at the expense of other services or by raising

- additional revenue.

This need not be the case. Although the price of enerqy is largely
beyond the direc._. centrol of mun1c1pa1 government, the amount it uses

is not. In most c:yties and towns energy use in buildings comprises

70% to.80% of the total’ enérgy used in all municipal services,

incl&ding fueling vehicles and lighting streets. Because energy was .
cheap when the existing physical plant was_developed, most buildings//

“use much more than is required to perform their functions. Substan—

tial savings can be made without reducing the level of services
offered in these facilities or imposing hardships on their usérs and
occupants. It is theoretically possible to reduce energ, use in new
buildingd- by 90% of the prevailing norm in existing bulldlngs. The
Energy Conservation Projéct (ECP) has determined that it is eminently
practical to cut energy use by 30% in many existing municipal
buildings. Achieving this result requires that energy use be
managed and controlled to eliminate the margin of waste and ineffi-
ciency that exists. : : e

As a chief executlve ¢considers whether to organize a program to save
energy in, municipal buildings, the real’ nature of the energy crisis
should be kept in mind.. The fundamental cause is the depletion of
domestic petroleum and natural gas supplies’fhat must be replaced at
significantly higher prices. - Rising energy prices will be a fact of
life over the next guarter century. If energy costs rise by an
annual rate of 6%, within twelve years the price of fuel will double. -
Similarly, thce energy "saved" each year will increase in value by 6%.
Many municipalities that manage their cash reserves would be pleased
with a 6% return on these assets. . ENERGY MANAGEMENT IN MUNICIPAL
BUILDINGS will yield a similar return. It is a program that many
cities and towns cannot gfford to ignore.

N



'WHAT CAN BE DONE

The Energy Conservation Project worked directly with six Massachusetts
cities and towns to evaluate the~potential to.save energy by reducing
‘consumption in 112 municipal buildings. The.results indicated that an
effective and sustaihed program to conserve energy would realize an
. annial dollar savings in these facilities of $500,000. At least one-

half of these savings could be attained at no additional cost. If

. these savings, which recur each year, were deposited at 6% interest in

. . a‘'savings account, at the end of a twenty year period there would be

’ an accumulation of $18,000,000. ‘

The objective of the ECP manual on ENERGY MANAGEMENT IN MUNICIPAL
- BUILDINGS is to convey to town managexs, selectmen, school officials,
and department heads proven approaches to energy conservation in
building§/ihat will yield a significant reduction in annual operating
.costs for building energy. '

The kex elements -of this program are briefly described in this
overview and presented in detail in specific sections of the ENERGY
; MANAGEMENT IN MUNICIPAL BUILDINGS manual. These. sections are writtén
to enable local decision makers and operating personnel who do not
have extensive technical training to organize, implement, and sustain
an energy savings program in municipal buildings. The emphasis this
v program places on the concept of “energy management" rests on’ the
principle that a large portion of building energy costs are in fact
"eontrollable.” An effective program addressing the causes of waste
and in&fficiency in current building management practices will pay
for itself many times over in savings of local tax dollars. The
ENERGY MANAGEMENT IN MUNICIPAL BUILDINGS program introduces the tools
that are the foundation blocks of a successful program. The program ‘
is based on three simple yet powerful management technigques:

The Energy
Conservation
Manager

. d
™~ The Energy Budget

<

The eriérgy budget is the method for highlfghting those buildings in
each city and town where a 30% annuil energy savings can be’ achieved.
It is a cost accounting technique that employs performance standards
for building energy use to assess the relative efficiency of the

: entire stock of municipal buildings. :

a
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- been made in each building in a given year and thé margin remaining
‘for potential improvement. It provides a manager with feedback on

: 3
‘The Energy Conservation Manager .-

This budgeting technique evaluates building efficiency in terms of
total units of energy used per square foot per year. It can be
easily translated into .dollars to enable a manager to make decisions
on program implementation that will yield the.greatest dollar return.
As energy savings programs in particular buildings are implemented,
the Energy Budget remains a useful tool for measuring results. It
filters out the effects of fuel price changes and year-to-year climate
changes to permit an accurate assessment of how much real progress has

1mplementatlon so that successful efforts can be recognlzed and
shortcomings in performance remedied. The energy budgeting technlque
does not require sophisticated computer hardware. It can be developed
for a bydilding by 2 clerk with a calculator who has access to the
accounting rfecords for vendor payments to fuel suppliers. The Energy
Budget is a technigue that every manager can use to pick the targets
for an energy savings program that will yield the best payoff.

The Building- Audit | L e -

There.are probably a thousand distinct conservation measures that will

_save some energy in any given building:. Many local programs have

floundered from an inability to select program measures that yield the

best savings- opportunltles.‘ ENERGY MANAGEMENT IN MUNICIPAL BUILDINGS o

specifies procedures that werxe tested in schools, town halls, fire
stations, police stations, etc. and found to work. It reduces the
multitude of possibilities to a list of twenty measures descrlbed in
terms that a layman can understand.

These measures are presented in the form,of building audit procedures
that can be used to identify the sources of waste and inefficiency in
the particular buildings that have been selected as high priority
targets on the basis of the energy budget analysis. The building
audit is a physical survey leading to the establishment of an energy
savings program for each building tailored to fit the savings
opportunities that have been uncovered. Experience in,psfﬂg this
approach has shown that usually one-half of the dollar ‘and energy
Savings can be achieved with 1mplementat10n of audit recommendations

~involving little or no cost to the mynicipality.

Management is organizing resources and directing'people toward a goal-
The chief executive of a town government or a’ school system must focus
the responsibility for coordinating and atcompllshlng the tasks of an
energy management program. The opt;ons for organlzlng/thls management
function can vary widely from town to town depending upon the local mix
of talent and resources as well as the amount of expected dollar
savings in a given communlty. The program can be managed by a
committee of relevant department heads and technical personnel, by an.

“»individual who may already“have substantial responsibilities in

o)
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building management or by an individual hifed specifically for this
purpose. ‘ b

ENERGY MANAGEMENT IN MUNICIPAL BUILDINGS identifies-what responsibili--

ties need to be spec1f1ed and assigned. It. reviews methods for
central coordination of activity to help en3ure that resources are
wisely applied, that results learned about what works best are
commmicated, and that monitoring and follow-through do not "fall
between the cracks." It defines the technical tasks ©of information
collection and analysis in constructing the energy budget, of -
organizing and.evaluatin¢-a building audit, and of selecting the
alternative conservation measures most likely to be effective in a
given building. No less importantly, it identifies the "people
problems” that may be critical in a program seeking to change the
ingrained but wasteful habits of building users and occupants.

i3

By addressing these management issues, the manual provides the chief
executive with the information needed to anticipate and deal
effectively with the human as well as the technical problems that
mdy be barriers to effective management of municipal ehergy costs.

'six Massachusetts cities and towns part1c1pated in developing the
ENERGY MANAGEMENT IN MUNICIPAL BUILDINGS pfogram. It is a program
that is specmf;cally ‘designed to work in the setting of local :
government. S

~. J
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A NOTE ON WHAT FOLLOWS

*

The three Sections of this. report immediately following are entitled
“The Energy Budget,"” "Thé’Bulldlng Audit," and "The Energy Conserva-
‘tion Manager." These are written to provide the manager or the
individual with supervisory responsibility for instituting an energy
management. program with sufficient information to make effective use
of the three prlnclpal management tools of the program discussed in
this overview. Following these sections is ‘a technical appendix
valuable to operating personnel involved in program implementation.

In the Technical Appendix, a section on the energy budget discusses
some of the finer technical points in converting annual energy
consumption.into a budget. It includes formulated work sheets that
enable an individual to carry out these operations.easily. -)

The appendix presents the key energy conservation measures found to
be most effective in municipal bdildings. - The principles underlying
the effectiveness of these measures are presented in easily understood
terms. . Rules of thumb for estimating the savings that can be achieved
with lmplemcntatlon of a given measure are discussed. For some
measureSothat entail capital 1nvestment\Jactual cost/benefit studies
are included. These studies were made by the firm of R. G. Vanderweil
Engineers, Inc., for the municipalities participating in the Energy
Conservation Projectlstudy.

|
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™~ - ' TABLE 1
ANNUAL BUILDING ENERGY COSTS IN THE ECP DEMONSTRATION MUNICIPALITIRS

City or Town/Characteriscics Major Buildings Annual Cost
. ’ of Energy
. T FALL RIVER _ . 34 01d Schools § 535,000.
’ 5 New Schools - $ 362,000.
Population 100,000 ——=- 6 Fire Statioms §  42,000.
Annual Budget $45,000,000. . 3 Town Offices $ 120,000.
P : 2 Libraries $ 22,000.
! PO i Police Statiom §$§  16,000.
. > 1 Garage $ 7,000,
» - ' Total v $1,102,000.
= & _ ATILEBORO : 7 New Schools  § 440,000.
' - " 8 01d Schools $ 125,000
D ' -« popdiatton 33,000 3 Garages $  26,000.
Annur' ™:dget $20,400,000. 2 Libraries $ 20,000.
6 Fire Stations §$ . 18,000.
3 Town Offices $ 15,000.
. v 1 Police Station $ 7,000.
R .
e Total v § 649,000,
. CONCORD 7 New Schools $ 300,000.
.- N - 2 Libraries _§  20,000.
-t / Population 16,000 ’ 2 Pire Stations §$. 10,000.
Annual Budget $12,130,000. 1 Garage $ 7,000.
1 Town-0ffice  $ 5,000.
- : .
Total $ -342,000.
1 . - Ca 2
~ N TYNGSBOROUGH 2 No. Schools® S 43,000.
) 1 T.d School $ 6,000.
Population 4,313 1 Garage $ 5,000.
. . Annual Budget $ 2,510,000. 1 Town Office $ 4,000.
. . 1 Library - s 4,000.
2 Pire Stations $ 1,000.
< -
* Total $ 63,000.
PEPPERELL 2 0ld Schools § 25,000.
: : 1 New School $ 5,000.
Populaticn 5,887 1 Town Hall S 4,000.
Annual 3Budge. $ 2,750,00C. 1 Library $ 4,000.
' 1' Fire Station $ . 2,000.
Total $ " 42,000.
N .
DUNSTABLE 1 014 School $ 5,000.
) 1 Xew School $ 4,000. ,
Population . 1,292 1 Garage’ $ 45,000.
Annual Budget § 1,450,000. 1 Town Eall $ 2,000.
) 1 Fire Station § 200.
Total $ 16,000.
*
Estimat_ed :
} i
. : . Y\
&) : . 6
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ENERGY

BUDGET .

THE DOLLAR COST OF BUILDIN& ENERGY

-

Dollars are spent for energy in the- form of a varled mix of fuel
supplies- to heat, light, and power a diverse group of mun1c1pal
facilities. Compiling the total annual costsiby bulldlng and by
department for all energy used from all sources=—whether gas,. oil, or

‘electricity—provides a municipality with a useful 1nstht into the

structure of 1ts building energy costs.

:

Table I on the opposite page presents this information for the\51x
municipalities that part1c1pated in the ECP study of energy conserva-
tion in municipal buildings, summarizing their building 1n¢entory and
energy cost by department. The Table indicates that bulldlng energy
costs as a percerrtage of the total municipal budget\§ange from 1h&% to
3% in most municipalities. This percentage range prowides a manager
who is considering an energy savings program in municipal buildings
with a rough approximation of the range of base costs on which a 30%
annual energy savings potential can be calculated. - PN

-~

If the departmental building energy costs in a glven locallty were
classified betyeen general purpose government and the schobl system,
on the average the school portion of building energy costs would
represent 70% of the total. This empha51zes the lmportance'of school®
system involvement in a municipality's energy savings program in order
to realize the full potential of the program. - .

In fact, it is quite possible that a large portion of the absolute

" dollar savings can be found by improving performance of one large,

mechanically complex school building. One high school in the ECP
study had a~guarter million dollar energy budget with an estimated
savings potential of 30%. _

The absolute dollar cost of building energy will increase with the-
size of a community, with a corresponding increase in the potential
annual dollar savings. Larger cities and towns have greater flexibi-
11ty to consider changes in the organization of their building managg;
ment function, including the addition of specially skilled personnel,
in order to tap their full annual savings potential.

A municipality beginning an emergy savings program may encounter some
difficulty in retrieving and presenting energy cost data for specific
buildings within a department. As part of a long-term energy manage-
ment program, a municipality should consi®atr modifying its budgeting
and accounting procedures where necessary to build an ‘information
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¢ system that4w1ll support managememt'actlon to reduce enerqgy costs in

“buildingsi Figure 1, 1llustrates the organlzatlon of ‘a building
management information .system.’ This type of system would ultlmately
enable a munlclpallty to 1dent1fy total bul;dlng energy cost as a’ 11ne
‘item in its munlclpal budget with back-up accounts on a departmental
and building basis, including. data on the cost and units of fuel

‘consumed during 'a fiscal year. The requisite” “information *elements ,of

such a system and format- p0551b111t1es for thls data are descrlbed/}n
greater detall in. the appendlx. " - \k\;kf s - —
\ . . . ‘- .’.-, N . : . . ) ;

Y . Y .

: \
A ‘ .

THE ENERGY ,BUDGET; : N
- o _-33 T .'

) . a -

~

Although the. dollar budget prov1des?useful 1n51ght into gbe overall .
structure of mun1c1pal bulldlng enErgy costs, itewill not indicate.
which particular bulldlngs represent the best opgortunitieg for

. cutting energy costs. A comparison of efficiency between two.
-buildings based solely on the dollar cost of energy consumptlon is
subject to serious inaccuracies. The reasons for this are treated ’
thoroughly in the appendix. A coqparlson on the ba51s of the total
energy used during the same year to heat, light, and power two ’
facilities that have similar uses is a mean1ngful approach to
evaluating relative efficiency. The concept of energy budgetlng

o that will be developed here involves a .comparison of actual energy

use in cach municipal building with a standard of energy consumption
‘for that type of facility. This standard represents what the average
building of that type ought to use if it is ‘equipped and operated |
efficiently. The energy budget prov1des a manager with a tool for
knowing whether the units of energy used by a given ;aclllty are well
‘'spent, much’ as miles per gallon provides a car owner with a standard
of efficiency in terms of fuel consumption. L7 .

¢

Constructing an energy budget for a bulldlng 1nvolves the following
steps: ‘ N . i

- ~
1. Obtain accounting records on annual fuel consumption of atl
energy sources (including electricity, gas., 0il) in a specific
bulldlng and convert these quantltles to. a common denomlnator
of energy units that can then be added together.

2. DlvzdeC:hls total of building energy used by the - square footage
of the \facility. This yields a measure of energy units
consumed per square foot per year. .

- The figure obtained by the above procedure is .in fact a performance
1nd1cator that permits the comparison of the relative efficiency:of
two facilities. The procedure for developing this indicator, includ-
ing workshects and conversion factors, is presented in the technical

appendix in a simple, easy-to-use form that can be followed by anyone o

with adequate' accounting records and a calculator.

,

(&)
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T&%&ﬁnlt of energy used to construct this performance standard is the.y

British Thermal Unit (BTU). v o . “Q ST 7;- ~.‘-v~"

A BTU (British Thermal Unit) is a common unlt for measurlng~the heat

cohntent of different energy sources such as electrlcrty or oil. It is’

used throughout this discussion to present, dlfferent fuels in terxms of
equivalent heat contentf‘hTechnlcally .a BTU is tﬁecamount of energy
needed to raise’ the temperature of one’ pound of-wé%er one degree

Y

Fahrenheit. In more meaningful teérms, it takes over 100 million BTU'S '

to heat the typical house during a winter, and over 7 billion BTU's to
power- a 40,000 square foot school for a year. . ance a BTU is such ‘a
Small .unit of measure, the standards and convers1on ‘values used 1n '

this report are expressed in units of 1, 000 BTU s, abbrev1ated -as' .

MBTU's (1000 BTU's = 1 MBTU)- v : - ~;..b ol

soeoe R
There is a standgrd MBTU content ‘for each type of fuel. ~ When guanti- -
ties of different energy sources are converted to their equlvalent
. MBTU values, they can be added together\to obtaln the«value of total
annual building energy. By computing MBTUs per square foot per year,

. an index is obtained that permlts compar&%on of: dlfferent szze facilij-

5

ties having similar uses. .In the ECP study of 112 munlc;pal facili-
ties, this index correlated very well with the dollar per‘square foot
cost of energy" The use of this index hlghllghtS*thOSe ‘buildings

where the ootentlal dollar and energy savings are greatest. L.
N -
o , _ 5.: . o " '-\,’
{;\ V . . - : I's . . \‘
, | S
THE AEI | : - I A

-y b Con _- B . © e

This standard of MBTU's per sgquare foot per year.ls referred “to as the

}Annual Efficiency Index (AEI) of a building. The AEI\IS the baslc

'. or not some of the do;lars allocated for building energy‘are\belng

"tool in energy budgeting that enables a manager to 'determine Whether

‘wasted. ~

The value of the'hEI as a measure of performance is dependent on the
ablllty(ﬂo compare it to a standard of efficiency. BAn efficiency
standard in this sense means that ideally a building of this type
should use a certain amount of energy per square foot per year if it
is equlpped and operated at high standards of energy conservation.
The ECP study has developed these standards for particular types of
municipal buildings. They are presented in Table 2, expressed a5’
MBTU's per square foot per year for specific types of municipal

buildings. : . . . .

~
..

why are different standards used for different bulldlng types?
Building usage is a major determinant of energy consumption. . Compare

how the use patterns of schools and fire stations influence dlffereu-7lﬂ

tial energy demands. Buildings have different heating, and llghtlng.
loads when occupied than when empty. Schools are generally occupied
from early mornlng to late afternoon and may be vacant entirely over
three summer months. Flre statlons are usually occupied 24 hours a

. v s



TABLE 2°*® ) ’
o STANDARD (AEI) VALUES FOR
P 'hﬂﬁuSEMA(31LH3E?r115 - ;/
| r\ Lo / g%ﬁ%nﬁ% r
“T> ,  BUILDINGTYPE - . (MBTU'S/SQ. FT)
SCHOOLS BUILT BEFORE 1045 105 ~
'.//,,SGHOOLS BUILT AFTER 1945 - lZD ‘ R
-/ FIRE STATIONS . 135 :
TOWN HALLS -(OFFICES) 115 3
e . LIBRARIES = L u '.110 ' ;Fi-
© . POLICE STATIONS s
" DPW GARAGES . _4'- - 105 - ‘Vg;;
* BASE STANDARDS ARE BASED UPON AN ANNUAL:; o
HEATING SEASON OF 5621 DEGREE DAYS  1;5,"
(BosTON’S 30 YEAR NORMAL) Sy
f;: : {{.;; ks



day year round and suffer major heat losses in wintZr-when doors are
opened for exit and entry of fire trucks. The AEI stardards for fire
Stations are higher than for schoold. This does.not mean they are = _
less eff1c1ent._ Comparlng the AEI's of schools and fire staflons is
like comparing apples and oranges. ~“One can only make comparlsons of.

efficiency between facilities that have similar uses.

-~ There is another basic type of difference recognlzed in Table‘2 whzch
presents’ ' different AEI's for old schools (pre 1945) and new schools -
(post 1945). This can be understood by con51der1ng that the,struc-
tural and mechanical differences between a single family house and a
high rise apartment bulldlng 1mply different energy demands.

-+ Similarly for .schools, new schools are heated and ventilated by a- -

. sophisticated system of air heating, mixing, and circulating that is
" mechanically powered, whereas old schools have double—hung windows
- and radiators. New schools also tend.to have more glass area subject .
to heat loss and anc1llary educational facilities such, as; 'labs and
kitchens- that- use .additional power. The: different energy loads for
. these two ‘types of buildings requlre distinct AEI standards reflectlng
these §§*uctural and  mechanical differences. :

N . - ~ A

1 . .
/ -HOW TO USE THE AEI . -
~ - - - < . ! >
The standard AEI for a building type can be, compared With the actual .
AEI ‘of a building to estimate the potential energy savings ip that ’,}
fac111tv.\ By expressing the difference between standard and actual E
) as;a percentage of actual and multiplying the total annual building.- -
energy cost by’ thls percentage, an approximate estlmate of the total
dollar sav1ngs can be obtained. (Worksheets for this calculatlon are -
provided 1n the appendlx ) -

This total sav1ngs estlmate represents savings that can be achieved 1n

/
i

+ ' three ways: _ : ﬂ

.’

5{ lﬂ Savings that have little or no cost and whlch can be realized
TR . with minimum effort and technical skills/on the part of the.
N 1nd1v1duals using and operatlng the bul%dlng. ) ! '

2. Savings that have little or no cost,Lwhich can be achleved
through a vigilant conservation effort/and a higher level of
-technlcal skills; and . ;_

3. savings which can be achieved through capltal investment in
modifying building hardware to 1mproye efficiency and which
will be sufficient to at least reCOVer the cost of that capital

< 1nvestment during the lifetime OFf the building.

The Base AEI Sté%dards and the cla551f1catlon of savings are based
upon the work of R. G. Vanderweil Englneens, Inc., which conducted
building audits and cost-benefit .studies/in sixty of the 112 mupicipal
_i~.  facilities evaldated in the ECP study- /& more detalled dlscu551on of

P _ / - >
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'FOLLOW-UP ON THE'AEI

. . s
- ) R ‘& N -

- - . o ‘ : *n
‘the derivation of the AEI Standards is contalned in the appendlx,

The Standard AEI shoula be understood as a- goal that can be attalned,
given a commltmcnt of time, effort, and’money. It may -not be N
.achieved in the first vear of a conservation program, but within two
years most. of- the distance should be covered. .Eash yvear's progress
can be measure& by calculating the actual‘AEI and comparing it to the
local climate-corrected standard AEI for that. year. The savings’
estimate calculated may indicate it ‘is not productive to:get every
building of a given type right on the standard, but it will pay to

. get the bulldlngs with highest operating expenses as close as
possible. t :

The manager will want to evaluate the potential annual’ savings
estimate calculated from the difference between actual and standard
AEI in. both percent and- absolute dollar terms The percent estimate
represents the margin of savings potentlally "available in a given
building. The absolute dollar savings corresponds with the actual -
dollar size of a building's energy budget. . A low percent estimate in
a building with a large dollar budget may yield an annual dellar
savings éstimate that is roughly equivalent to a building with a high
percent savings estimate but a relatively smaller dollar energy
budget. ) o S '

In using the savings estimates as a guideline for selecting the most
opportune targets for a conservation program, managers will tend to
select buildings that promise the greatest .financial return. Where
this means selectlng a building with a relatively low percent savings
estimate,  a greater level of effort may be required, but this can be
justlfied by hlgher expected dollar return.

In u51ng these sav1ngs estlmates to select the targets of the energy
savings program, managers should first ascertain whether the variance
“between actual and standard AEI's can be partially explained by an
unusual pattern of building use, or the presence of spec1al equipment
or facilities in the subject building that differs from the "normal"
building of fhat type. For example, a high actual AEI in a school
building might not indicate great 1neff1c1enc1es if the buildigg is

air condltloned durlng the summer for school sessions.

Some rules of thumb for 1nter3ret1ng the AEI—based savings estlmates )

as a. gulde fSr selecting the.targets of an energy sav1ngs program are

‘conveyed in Table 3. -~ = - - . . . e

.~ ) S ) .

.

PO

k] - . il

It will be useful to make the AEI calculatlon each year after the

energy .savings program is initially implemented, since rising energy :

prices may obscure any energy savings actualiy accomplished. The:
‘variance should narrow each year as 1mp1ementatlon of energy saylng

v

.
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90551ble Annual-
_Sav1ngs Estimates

. RULES OF THUMB FOR AEI INTERPRETATION °*

€3
-

© TABLE-3 . . -
‘ ‘ - - _ K ,9 / |
k S

-

.

Possible Actions Indicated

Ihé percentage differ~
ence between the
Actual AEI and the
climate corrected

' Standard AEI is:

30% +,
i
10% to 30%
P
0% to 10%

-

Building represents best target for an energy
savings program. Be sure variahce does not
reflect differences in use from "normal" ‘

' building“of’ this type.

ulldlng 'represents a good target for an _
enexrgy savzngs program. The closer the esti-
mate is to 10%, the moxe likely that capital

-1nvestment measures will be needed to reduce

energy use to the standard level.

.
Bulldlng may be operating efflclently. Are
there better targets available. Does the >
size of the dollar energy budget in this

building justify its selection as a target

even though percent estimate is low?

S

Check to determine igether there was an error °
in calculations. -"IsTbuilding used less than
the normal building of this type? E o

N

-
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. o
N ‘ .
»
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- measures reduces ‘consumption. Whether this hapgens is an indication

of effectiveness in following through with 1mplementatlon of the
conservation measures, that involve changes in operating procedures and
mod;flcatlon of the building. In,xhls context, the AEI is a continu-
ing. tool for monitoring bulldlng performance that will indicate short-
comings requlrlng remedlal attentmon. .

Assuming that the first.year, ‘effort in an energy savings program is
primarily devoted to implementation of no-cost measures, the AEI

calculation in program year two will indicate which buildings may

yield the greatest return from investment in cost effective measures.

_ By usxng the AEI as a me@hod,both of selecting the best targets for a

nservation effort and of establishing energy and dollar savings -
goals, the manager has taken.the essential first stepfln 1mplement1ng

~an effectlve energy savings program.

The next phase of the effort is establishing an action program that

"begins to produce_the expected payoff.

.-
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BUILDING . :
AUDIT . SN . L e
The Energy Budget provides a tool for selectlng,as targets for £
enexrgy savings program, buildings that reépresent the best Opportunltles
fofkyleldlng dollar savings. .The next phase of the program requires

a more finely tuned method to prescribe specific ¢onservation measures
which shoild be implemented in these buildings to achleve this result.
This is the purpose of the Building Audit.

The pr1nc1pa1 concerns forig.manager in thlS phase of an energy -
conservation program are:

1. Determining which actions are apprOprlate to specific
bulldlngs, and . -

2. Ensuring that an objective assessment of the savings
potential of each possible action in each bu;ldlng is fully
considered. ) ~

A Building Audit is a "walk—thrOug " of a building by someone trained
to identify conservation' opportunities. The most important output -
of an audit is a set of specific recommendations citing the no-cost

" measures that oudht to be implemented in each facility and the

capital- investment items that should be considered. The audit
produces recommendations for an "action" program.for each bui&:ﬁng,
based upon phy51cal inspection of operating condltlons during e

_"walk-through.'

The recommendations of an‘audit should include the following:

1. A:listing of the energy conservation measures whlch are . i

applicable in eaq% building in the form of a completed
checklist. This list should identify both measures with
no implementation cost and those that require capital :
investment; .- ; : ' '

“2. An estimate of the energy savings to be expected from
implementation of the recommended measures. At a minimum, the
estimate should separately 1dent1fy the savings expected from =
implementation: of "no-cost" measures versus savings from

“measures that will require some investment;

3. For the measures recommended in the checklist, priorities
should be assigned to indicate which measures have particularly
high energy saving potential; and

4. Finally, the report should note any measures of importance .
which don't appear on the checklist. These would include
special equipment or innovative COncepts which- the audltlng

. personnel might consider worth furthez 1nvestlgat10n.

27
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One Of the most valuable outcomes of the Energy Conservation Project

»

‘study in which sixty municipal buzldlngs were audited by the firm of
R. G. Vanderweil Inc. was the fact:that approximately half- of the
savings cstimatedicould be achzeved through implementation of "no=-
cost" measures. .

A sample of the Vanderweil reportrand its results is presented on the

. following ‘pages. In this case the auditors worked from a preselected-
checklist of -conservation measures. Since this checklist was designed

for audits of municipal facilities, it may be copied for use in any
municipality's program. A more detalled discussion of the ~underlying, -
technical principles on which these checklist items are based is ¢ -
contajined in the Technical Appendix. This information will prove
useful to the operating personnel with responsibility for follow=
through on audit recommendations. . . ‘

In addition to the items listed in the checkllst, the building audit
should also include an assessment, of the quallty of observed building
operation and maintenance procedures. Situations .where the need for
Zdditional or corrective tralnlng of operating personnel is apparent
should be. noted.

- % -

i

o

ORGANIZING THE AUDIT.- , ~

The amount of tlme involved in a building audit, and therefore the

cost if outside personnel are  used, depends upon the complexity and

size of a building and other important factors. . The use of a pre-
-selected checklist of items can reduce the time requlred for the ‘
"walk-through" and preparation of reports. . , s

"

- Providing outside audltors\w1th well-organized baseline data on each
building to be inspected cdn substantlally reduce costs. Key items .
of 1nformatlen that speed up the audltors work are: ’

e annuvzl energy consumptlon data by type of fuel and amount;

e the square. footage of the building and normal hours and seasons
of operatlon .

‘® type of constructlon, with emphasis on number of stories, glass
‘ area, and type of wall and roof insulation, if any; and |

e major chaﬁacteristics of the heating and lignting systems.

Providing outslde personnel with this lnformatlon rather than having
them spend time in developing it saves money.

Another key to organlzlng efficient Building Audits is the presence of
operatxng and superv1sory maintenance people during the audit, since
the auditor will have detailed questlons on equ1pment and operating
procedures. Their cooperatlon is essential, since they know most
about their’ bulldlng and will be the people who must implement many of

-
o
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'ﬁear Sirs: . . .
‘ Enclosed are the reports of our audits of your municipal buildings. These audits

" consisted of field visits by one of our staff engineers to determine the applicability
of a preselected 1ist of energy conservation measures.

In the checklists that follow, our observations and recommendations are indicated
in the following manner. For measures found to be ap cable we noted whether the
measure should receive high priority (designated by “H") or low priority (*L") in im-
plementation efforts. Check-offs are used to indicate: . .

1. measures which appear to have applicability but which require more analysis
’ than a walk-through audit; ’

2. measures which have no cost to implement (such as changes in operating pro-
cedures; ) .

3. measures judged not applicable im sﬁec1f1c buildihgs; and

4. measures which were already implemented at the time of the walk-through audit.

Our report includes estimates of the savings in energy cbnsumption in three
categories: :

1. Percent savings from measures already 1mp1eﬁented in the building when appli-
cable;

2. Percent reduction that would result from implementation of the recommended
’ no-cost measures;

3. Percent reduction in energy that would result from cost-effective investments
. in equipment which would make permanent improvements in the building perform-
ance. In-this case we have noted areas where further engineerins study {s war-
ranted to determine whether these improvements should be undertaken.

Personnel motivation is probably the most important factor in energy conservation.
We believe that in.most cases aggressive management could result in an additional 5 to
10 percent in no-cost savings. N, '

" Savings estimates and reports on each of the buildings follow.

Based on our walk-through survey of the High School the following {tems are likely

subjects for further cost-benefit analysis: -

1. Conversion of ofT to gas boflers:

2. Excessive vgnt11ation of unit ventilators;
3. Roof insulation and reflectivé coating on Outside windows;
4. Heat recovery from boiler stacg. .

Attached is our walk-through check 1ist. Implementation of the no-cost measures
will result in an estimated reduction in energy consumption of 15 to 20 percent. Al- -
though the above cost-benefit studies are not complete we estimate that another 15 to
20 percent reduction through cost-effective investment {s possible. Measures already
1?p]emented by local personnel have resulted in 15 percent reduction in energy consump-
tion. :

R. 6. VANDERWEIL
Engineers,'Inc.

0o
Co
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ERIC

Aruitoxt provided by Eic:

11} a. Maintain steam traps every 3 months

~

AUDIT CHECKLIST

DATE: 6/9/76
TOWN: Hatt_svﬂ'le

BUILDING: High School

MEASIRES .

1)  Set back indoor temperatures during-unoccupied periods
.to a recommended level of 55

2} 'Shut down ventilation system during unoccupied periods
3}  Reduce ventﬂat'lon rates during occupied periods

" 4) Reduce conductive heat loss transmission through the

- building envelope by adding wall 1asulation, roof in-
sulation and storm windows

S. - Measure the burner-boi‘ler/furnace efficiency to ascer-
* tain that boiler fs operating with a combustion effi-
ciency of 75 to 80%

6) Reduce cOnsunpt'lon of hot water through low flow shower
= heads and automatic shut off ‘Iavntory faucets

7} Add timeclock to recirculat(ng system
8) Turn off cobH'ng system .during unoccupied perfods

9) Use switching and timers on school 1ights by 1nsu1‘|1ng
recommended devices in these locatfons

10)  Reduce power for 1ighting dy disconnecting ba’nasts when
detamping

b. Check filters on central air hand‘ling units and re-
place every month

c. Insulate dfstr‘lbution in the fol‘lou‘lng areas
None

d. Eliminate reheat

12)  Check window units and chillers.

J

13) Use outdoor airl for cooHng,.

14) Reduce winter 1ndoor temperatures during occupied perfods
to a reconmended level of

15) . Increase summer indoor temperature and relative humidity
levels during occupied hours up to a recommended maximum
of 78/60%.

16) deu]x%gohot water temperatures to a recommended temperature
°

17) Recuce solar heat gains through addition of b‘Hnds curtains,

etc.
18) Reduce {llumination levels by rep‘lacing existing lamps with
or by removing about 1/3 of lamps from
existing fixtures in Administrative area.

- 18)  Turn off lights in unused areas.

20) 'Use task 1ighting in the areas of ildn‘lnistration

21) Utilize daylight for natural illumination in the fonowing
Jocations:

Library
‘ Shops

22) Reduce energy consumption for equipment and machines by
adjusting t\he following equipment: .

23)  Reduce electric desand by turning off A/C units.
24) Install separate domestic hot water heater.
25) Check controls calibration.

Tn the RECOMMENDED column, “H" 1nd1cat¢s high priority;
"L" indicates low 20 & 2.

.

NOT APPLICABLE

\LJ

3
i

ALREADY IMPLEMENTED

RECOMMENDED *

x

REQUIRES FURTHER STUDY
NO COST MEASURE

(8

>
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the recommendations. j&nvolvement of the individual who has supervi-
sory responsibility for the user group occupying the building (such as
a school principal) is advisable, since implemefitation of some of the
no-cost measures will require user cooperation. This individual can
also provide information\on scheduling regquirements.

In general, arr audit should be organized to ensure that sufficiént
information on the mechanics of a building and user requirements is
readily available to those conducting it. ' :

TIdeally, the audits should occur 3e11 into the heating season when
buildings are fully occupied. This will assure that the buildings are
observed in their normal modes of operation. For air-conditioned.
buildings that are occupied in summer months, a follow-up audit should
be made at that time as well.

SELECTING BUILDING AUDfTORS

There are two options for selecting personnel to conduct the building
audit—using in-house personnel or hiring outside consulting
engineers. A municipality should make the choice based on its own
assessment of financial constraints and the skills of its in-house
personnel. Under no circumstances should-a municipality forego .
conducting building audits because it doesn't have the moriey to hire
outside personnel. Remember that one half of the savings found in
the Energy Conscrvation Project study resulted from easy to identify
no-cost measures. There is sufficient information available in this
report to enable a municipality to capitalize on these savings
-opportunltles and to identify the 1tems that might be subjects of
cost/benefit analysis at a later tlme when funds are avallable.

The level of skills required in auditors correlates w1th the mechani-
cal complexity of the buildings to be evaluatéd./ Older buildings
without climate control systems do not require a great deal of
sophisticated analysis. Buildings with mechanical ventilation and
air conditioning, as is the case with many new schools, should be
audited by’ an individual with a sound background in these systems.

Where a municipality has the option of considering outside personnel,
it should ascertain that the firms or individuals under consideration
have a background in energy conservation activity.

It would be ideal for a tralned englneer who is professionally
qualified in the design and maintenance of mechanical and electrical
systems for buildings to conduct the building audit. An engineer will
be able to spot potential sources of energy waste quickly, whether
they be due to mechanical problems or to inproper operation and
maintenance procedures. .

Among the advantages ‘'of using outside consultants are the beneflts of
an unbiased observer who can often recoganize inad: :acies in building
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operation and maintenance better than local personnel.

Outside help is also ‘the best means of getting an analysis of any
weaknesses that may exist -in the technical skills of staff with -
operating responsibilities for mechanical systems. This is particu-
larly the case with sophisticated mechanical systems found in modern
schools. A large high school may have a quarter million dollar annual
energy budget. Here a 10% savings is highly significant, and tight
operation of control systems can easily achieye it. An outside audit
signals to eﬁployees a departure from business \F usual and as such
can enhance their motivation to follow through. }

There are several sources of outside technical assistance that might ’
~ be considered. Conceivably local citizens with mechanical engineering
skills might be persuaded to volunteer time to a program. Major town
industries, including the utilities, may have personnel with the
requisite skills that could be made available at no cost to ‘the
municipality. Professional engineering firms are a‘source available
at a fee. Firms with experience 'in this field should be confident
enough to guarantee that the cost of their services will be recovered
through savings within a period following implementation of their
recommendations. The .cost of using outside services can be minimized
if the key audit information is collected in advance and is available
to the firm. Similarly, costs may be held down if the audit is split
into two levels of analysis. The first level would be a.survey citing
no-cost meaéures to be implemented and capital investment items to be
considered but not evaluated on a cost/benefit basis until the second
level. The Technical Appendix to this reporp\can be used to sflect
capital investment measures that are most likely tQ have the best
payoff when verified by a detailed cgst/benéfit study at an additional

fee'. - e Y/

FOLLOW-THROUGH ON THE AUDIT E ' .

Although the audit produces recommendations; the dollar and energy
savings will only bé realized with implementation. Some of theseé
savings are only available after investment in modifying the physical

plant of a building. But there is an immediate and substantial payoff.

from implementation of the no-cost measures. Follow-up attention by
“the manager to make sure that these recommendations are implemented
promptly is essential. . .

1

The ECP studv was able to reduce the content of no-cost recommenda-
tions .on an audit checklist to sixteen procedures that are common to
the operation of most municipal buildings and have the biggest impact
on savings at.little or no cost. They can be usefully classified here

by the type of follow-up action required of a manager when implementa—‘

tion is recommended by an audit. .[The following reviews a classifica-
tion scheme that notes the different focus for management foilow-

N
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'malntenance of

xhrough-suggested ih each category:

Measures which &nvolve minor changes in the operation and

uildings, but can be accomplished without ~
spec1al tra1n1n§ of bulldlng operatlng personnel. These
measures include:

a. Set bask.thermostats during even;ngs and on weekends to
a recommended setting of 55 degrees;

b. Shut down ventilation system during evenings and -on
weekends’; ‘ 5 . . -

c. Shut down coollng system completely dur1ng evenlngs and.
on weekends; .

d. Reduce unnecessary llghtlng by - delamplng (i-e., removing.
selected bulbs from their fixtures); and ° ~5
~e. Reduce domestlc‘hot water temperature to 110- degrees.

'Follow—through.

- “Items a through- ¢ can best be. 1mplemented by adjusting
mechanical ‘timers and controls in a building. If these
controls are not available, then set-backs should be made

part of standard operating procedures for personnel.

- The indicated degree: settlngs are crltlcal to getting the:
full potential- payoff. T

Mcasures inveolving changes -in the operatinn and maintenance of
buildings which require technical assistance or special skills
from operating personnel- These include: : .

a. Reduce ventilation rates during occupled perlcds,
b.. Measure and adjust efficiency of the boiler/burnér;

" ¢. Check callbrat;on of thermostats~z’ '
d. Elimihate reheat; and .

N

-e. Disconnect_ ballasts when delaqg ng.

e,

Follow—through oo . o f -

If requisite skills are not availablé on staff, items a, b,

and ¢ can be done under ‘an annual maintenance contract.
‘Items d and e can be handled by an experlenced mechanic.

Measures which can be initiated by bulldlng operating perSOnnel
but which require the cooperation of all users of the bulldlng
for effectlveness. ~These include:

a. Reduce winter indoor temperature to 68 degrees or lower;

b. Increase summer indoor temperature to 78 degrees or
higher; _ . o -

c. Turn off unused lights;

d. Use outdoor air for summer cooling:
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e. Use blinds or curtains to reduce solar heat gain in
summer; and .o -

” o
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f. Use natural llghtlng whenever p0551b1e.

Follow—through. i - S

-

These items have a substant1a1 payoff and the cooperatlon of
building users on a day to day basis is absolytely critical.
T Exp11c1t and continuing efforts to enlist that cooperation
‘ " are advisable. An introductory meetlng to review the over-
~ all goals and obrjectives of the’ mun1c1pa11ty s conservation
program with building users should be “considered. Most
~ people will accept a 68 degree thermostat setting if they
“understand that the choice is between wearing warmer
clothing, such as a sweater, or reducing wvital municipal
services. Similar appeals can be made for observance of
- each of the. above measures. A periodic checkup of each
7 ' building to ensure com?liance a;so ought to be considered. -

K 4 .{\ -

*FOLLOW-THROUGH IMPLEMENTATION OF CAPITAL INVESTMENT

MEASURES o : ..
~ . C

- Each bu1ld1ng audit will uncover a number of p0351b111t1es for saving
‘enexrgy by modifying bullalng equipment and the building envelope. The

list of possible capital investments can be evaluated using engineer-
ing and. financial critggia. The annual energy savings that will
result from a given i vement can be estimated and converted to a
dollar value representing the expected annual return on the cost of
that investment. The manager using financial 'criteria such as years
to payback and rate of return can’ select those investments which will

‘yleld ‘a return over and above the original cost of the investment.
_ This return could be 'thought of as an annual dollar savings that

could be reinvested in additional energy y conservation 1mprovements
until the list of poss:.ble cost-effective 1mprovement§ has been
completcd. R A _ .

A manager can obtain a financial and englneerlng analysis of the 115t
of possible investment measures that will provide him with 1nformat10n
on the cost of the investment, the annual dollar savings, and the
expected lifetime of the improvement. On this ba51s, a schedule of
capital improvements can be organized. These can be selectively
implemented each year as funds are available until all cost-effective
investments have been made, reducing annual bulldlng energy costs To
a minimum. I s .

’

The Bu;ldlng Audit program in six municipalities in the ECP study
included a financial and engineering analy51s of a list ofsfhirty
possible energy conservation improvements in different. municipal
buildings. These studies, and a detailed presentation of the finan-
cial dec151on—mak1ng criteria that can be used to evaluate improve-

“ 25
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ments, are contained in the Technical Appendix.
a Z'Ihere are two very 1mpor ant points to make in closing thlS discus-
‘'sion. Because of the 1ne f1c1ency of our current bulldlng stock, P
- there arc 1nvcstmept opportunltles for improving mun1c1pa1 ‘buildings
that yield a er overall return that can be obtained by investing
the same amount of\ money in a savings..account. By not, 1dent1fy1ng _
these opportunltles and making these investments, a mun1c1pa;1ty will
‘be forced to spend an increasing amount of moriey .each year for &
building cnergy that is being unnecessarily. wasted. - :

The lattcer point must be stréssed. R151ng furl prices are inevitable
for the foreseeable future. The only uncertainty is how rapidly they

) will increase. This means that the annual.savings anticipated from an

{ ) improvement will increase at-the same rate as fuel prices escalate.
The effect-of this is -a much quicker return on investment than would
otherwise be the case. This is illustrated by the graph in Figure 2,
which charts “"years to payback" versus the ratid of initial investment
cost to annual savings. The heavy dotted line shows, for an invest-
ment of (for example) $1,000 with annual savings of $100 (i.e., a cost
to savings, ratio of 10 on the horizontal axis), how the years to pay-
back decrease as the rate of fuel price escalation increases.

] .
: Thls is a rather high cost/savings ratio. There are investment
- opportunltles in many mun1c1pa11t1es with a much quicker return.

&
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FIGUQE 2
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‘the long-term success of the program.

ENERGY R
CONSERVATION =
MANAGER | L

-4

Organlzmng a program of energy management in bu;ldlngs Jrequires

leadership by the Chief Executive in assigning to mmicipal personnel
the key tasks to be performed in energy. budgeting, building auditing;
and follow-through phases. The participants in these activities will
be a dlverse group of individuals. ‘Motivating them, coordinating
their efforts, and recognizing their accomplishments is the key to
v : oo . ,

ROLE OF THE MUNICIPAL ENERGY CONSERVATION MANAGER

An important first Ast‘ep that will give the \program needed visibility’
is a formal policy statement by the chief executive announclng programn
goals_and objectives and assigning responSLblllty for implementation

" of. key tasks. These tasks can be thought of as a sequence that

includes: calculating AEI's to determine energy savings potential;
commun:.cat:mg with and obtaining the cooperation of maintenance

- .personnel  and bulldlng users involved in program 1mp1ementat1on,

monitoring performance on a periodic basis; evaluating year-end
results; and reassessing savings goals for the next year. The
individuals in¥olved in these activities.include the chief executive,
accountlng personnel, malntenance personnel, and bulldlng users.

There 'is an obvious need for coordinating this effort. In evaluating
the options for accomplishinq this, the chief executive should
consider the integrated role that’ can be played by a locally desig-
nated Eneérgy Conservation Manager. .The illustration on -the following

.page schematically presents this concept. The diagram does not

necessarily imply the addition of new personnel. This function may
be appropriate to an individual already on staff or to a department
that already has building management respon51b111ty It is important
that the program functions be explicitly assigned and that the

. _assignment carry with it sufficient visible support from the chief

executive so that the responsible individual or department with the
assignment can obtaln the cooperatlon of the key actors.

The people—orlented aspects of the Energy Conservatlon Manager s role

need to be stressed.” The cooperation of malntenance personnel and
Puilding users such as classroom. teachers’ in adjusting to changes in

operating procedures and wasteful habits is vital. The tasks that are 3

L N

27

o
GBI

Oy



o

r -
w2 . {
N ’

€ - FIGURE 3 ROLE OF THE/ ENERGY CONSERVATION MANAGER - t

i

Anndal Program Cycle

.

KEY EXECUTIVES

-

L]

] e Recommends implementation of
RESULTS Energy Savings Progzam for each ® COMDUCT BUILDING AUDITS 70 -~
GOAL ", bullding and Ssparteent. ISTABLISH ENERGY SAVINGS

TOR MEXT YEAR - & Maintains ual schedule of MEASURES FOR EACH

. ) capital steent measures that * BUILDING
will optimize savings. . G
® Reviews annual performance with :

Department Hesds and Chlef” ) , &

L e Cosmunicates and
. monitors changes
in operating
procesdures.

® Promotes cooperation
with Energy Savings
Progras.

.

e Establishes information system
for translating energy~vendor
invoices into Building Inergy
Budgets. .

e Maintains warning system for
£1agging sxcessive consumption
on a monthly basis.

Q

’

; _ . |mainTenance[
N T+ . % . - |PERSONNEL

-~

‘[accountine sarf|.

o n COOPERATION OF BUILDING ~ I
® MONITOR PERFORMANCE ON . . mmmm
A PERIODIC BASIS l ‘ IN PROGRAM IMPLEMENTATION

FRRIC- -~ .

Aruitoxt provided by Eic:
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”be generated. w1th aggresglve program . 1mplementatlon- ThlS wouId be

T

." . '-0 . 7 .
.important to the success of thlS communication process.are highlighted

, -

below. . ;

Interorttzng and Promoting the Program-

ol

1. Translate target goals and walk- through audlt results into
building operatlon‘procedures for each building maintenance

person; P - -
) S ' .

2. Assess the practlcallty of 1mplement1ng these procedures, to
determine when and how much tralnlng or out51de assistance
is needed and 1‘ '

3. Mcet with user groups to educate them in the mun1c1pal
cnergy savings program and its 1mp11catlons.

Implementlng the Program:, _ -

1. Communicate: bu;ldlng operatlonsvprocedures/;o}bﬁilding
. operators and managers,_ _ - ' ‘

‘

2. - Communicate energy consumption data regularly to bulldlng
’ " personnel and admln;strator; ; . :

- 3. Communlcate p_roblen;s)ln interpretatién or implementation
: noted thgough periodic monitoring to the administrator; and

1Ll

4. Communlcate examples -of successful results in Sav1ng energy
and dollars.. = ) : e),

ESTABLISHING THE ENERGY  CON _RVATION MANAGER’S‘ROLE

The decision on where to assign the Energy Conservatlon Manager s
function must take into account the local circumstances’ of organ{za—
tional structure, skill levels of personnel, and financial
constraints. As the task definitions show, the ECM needs to have
skills in motivating and communicating with people, as well as a

- background in bulldlng operations. One way of evaluating’ thé worth

of this function is estimating the extra margim of savings that can

considered as 'roughly 10% of a mUnlclpallty s total bulldlng energyf

- cost. The 1mpact of this savings 1ncrement is shown -in Table 4 for
‘the 51x mun1c1pa11t1es that partlclpated in ‘the ECP- study. o

" Ten percent is ‘a very conservat1Ve estlmate of potentlal $avindgs and

could easily be reached through no-cost measures. The Energy )

' Conservation Manager ir Concord Successfully reduced ener nsump-
tion in the Town Hall by 30% over one year at no cost. ve that
for towns over 10,000 in population an annual savings of’ evEn 10%

would amply provide the, salary of -an. energy: censervation coordlnatorf

.dThe degree of control exerted by one energy coordinator over ‘the -
operation of all municipal buildings may vary. among munlclpalltles.‘
VTradztlonally the operation’ of municipal buildings falls under'f# -

-
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- TABLE 4

L

Total Cost of

-

10%

¢

Cou

Town - Population . Building Energy Annual Savings
:ali River 100,500 $ 11,102,000 110,200
Attleboro 33,000 $ 649,000 64,900

' c6ncord"_f- | 16,000 $ 342,000 34,200°
ryngsborough ’ 4,313 s 63,000 6,300
Peppergli 5,887 $ ' 42,000 4,200
Dunstable 1,202 $ 16,000 . 1,600

5 X‘=
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departmental control (i.e., the school department exclusively ‘controls
school buildings, the fire department operates its own buildings,
etc.). However, if one accepts the savings opportunities described
earlier, it may be well worth changing the traditional scheme of
municipal operation to gain the benefits of expert skills available
through central building management. ’

On the other hand, by making the energy conservation manager something
less than all-powerful, the position may become more feasible without
sacrificing a great deal in effectivenkss. For example, school
buildings account for about 70% of' the energy used in all municipal
buildings. ﬁy making the Energy Conserxvation Manager. (ECM) a‘part of

the school department, a major portlop'of the town's' potential savings
could be achieved. This is but one example of the many possible ways

in which a municipality can build the role of an ECM into its existingﬁ 

organizational structure. Given the variations in the structure of .,
local governments in Massachusetts, there is no single best organiza-
tional approach; the municipality must determine for itself how and.
where the ECM should fit in. a*

The ECM should be located to serve all municipal departments having

- building management responsibilities and thus generate the greatest

savings. Ideally the ECM would function in every department, and
should always function in school buildings. o

One of the most important conclusions drawn in the ECP -study of 112
municipal buildings was Zhat achieving the highest possible mafgin of
energy savings depends on aggressive implementation. -In most cities
and towns, an energy conservation manager with’the responsibility and
the authority for getting the job done can achieve additional savings
that will more than cover any additional salary costs involved.

&
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- TECHNICAL
- APPENDIX

™ .2

REVIEW OF BUILDING -ENERGY BUDGETING PRINCIPLES

This sectiOn'discnsses the following technical issues:

why units’of energy are used rather. than dollars in budgeting;
Why the Ainis adjusted for builainé size and cost of/fuel; and
How .the Standard Z’xE.I's were derived. - S '

\Thls sectlon “also presents the methods and material, including sample
rksﬁeets, for calculatlng AEI budgets.

“

e rI——p . ) P

‘Why Units of Energy Rather than Dollars are Used in Energy Budgets

A comparison of the efflclency of two separate bulldlngs should be
made on the basis of the total units of energy required for heat,
light, and power in the respective buildings.  The alternative
comparison, based solely upon total dollars spent for energy in

‘¢ buildings, is subject to serious inaccuracies for two reasons.

First, the prices of different.sburces of energy (i.e., electricity,
oil, and gas) are not equivalent in terms of units of energy per .
. dollar, and different buildings use these sources in varying propor-
\\vgxons,_xsnergy units purchased in the form of electricity, for
example, are three times as expensive as those in the form of oil. It
. - is concetvable that two buildings could have significantly dlfferentn
' energy blllS while consuming equivalent amounts of enefgy o
: Ve

e " - second, because energy prices- increase from-year to year, comparlng a

*+  particular bullalng s_total doilar enert cost in succeeding years may
-'jL* obscure the fact that actual annual"peygy consumptlon has remained
- #- . “the same or even decreased.- o o A L 3

L4 <
‘v’ovThe relatlonshlp Bf energy sources (1.e., electrlclty, gas, and 011) ég
end uses (heat, llght, power) in one building is not likely to be the -
same as in another. AaAnd within the same building, one source may be
substitutkd for another over time. It is not very useful for effi-
- ciency p ses to compare quantities (i.e., gallons, kilowatts, cubic
' " feet) of endrgy sourses consumed between buildings. ‘But the energy
content. of different fuels is known and can be measured in thousands
of British Thermal Units (MBTU's). (A BT¥ is defined as the amount of
energy requiked to heat o pound of water by one degree fahrenheit.:
.An MBTU is eguivalent to 1,000 BTU's.), When guantities- .of different

gfuels, such as kllowatts of electr1c1ty, gallons of oil, and eubrp
. l
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feet of gas, are converted to their MBTU equivalents, they can be
added together to determine the total MBTU's of energy used in a.
building during a year. (The only real adjustment the layman has to
make in thinking about energy sources in BTU's is the problem of
scale. BTU's are a small unit of measure. There are 143,000 BTU's
in one gallon of oil. -~ During the course of a year, a given building
will consume Several billion BTU's. 5 Totalllng the BTU's of energy
used during a year in a building presents 4 much more accurate
picture of consumptlon and permits accurate comparisons between
similar types of bu1ld1ngs.

Adjusting the AEI for Building Size and Cost of Fuel ;

Energy use in a building is partly a function of the volume to be’
heated and the square footage to be illuminated. . Dividing total:
annual energy use by total building square footage allows comparisons
to be made between different size buildings. This measure of MBTU's
per sgquare foot is a performance indicator that is a rough measure

of relative building efficiency. In-this report, total MBTU's per
square foot is referred to as an Annual Efficiency Index (AEI). The
AET is the basic tool in energy budgeting that enables a manager to
determine whether or not the dollars allocated for building energy -
are being wasted. '

Since it is intended that this budgetary technique attract a manager's
attention to buildings with the greatest dollar savings as well as
energy savings potential, .the conversion factors used are adjusted for

"the fact that, as a rule, electrical MBTU's are three times as

expensive as oil or gas MBTU's. In the ECP study, thls corrected

. AET yielded the best correlation with dollar per square foot cost,

and is-accurate for buildings that use fossil fuels for heatlng. ; : o

All-electric buil&ings will generally have inflated AEI" S'when, :
compared directly to similar fossil-fpel-heatged buildings. This does .
not mean that all-electric buildings are-actu¥lly more inefficient e

\_ than .their fossil-fueled cqunterparts, _but rather that electricity— tl:f_;gi“éagi

as an energy source—has built-in inefficiencies due to the ‘large
enerqgy - losses assoclated wlth 1ts generation. .

The AEI standards recommended in this manual are for fossil-fuel (gas
or 0il): heated buildings only and should not be applied to all- |,

electric buildings. (It is possible to adJust the AEI of an'all~- =
electric building, if the annual electrical consumption for space

heating alone can be  isolated from the total electrical consumption. v
However, since all-electrlc municipal buildings are relatlvely rare o .
in Massachusetts this adjustment is not. 1nch§ed y : . .

How Were the Standard AEI's Derived?

TheAEC? study,calcdlated AEI's for 112 municipal buildings.. These
buildings grouped by type and an average AEI for the group was
calculated. Tnefhsg of each building was then compared t& the average,

and sixty bu11d1ngs‘found to be significantly above average ‘were -
o ! ’ pd
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‘most recent fiscal year directly from munlclpal records. The .

(

'selected for a Building Audit to determine the causes of their ineffi-

cilencies. These audits examined operating procedures and mechanical
equipment in each building. " Each inspection resulted in a report that
1nd1catcd which procedures should be modified to lmprove efficiency
and where improvements in equipment would reduce consumptlon. The
percentage savings in annual consumption that would result from these
procedgral modifications, i.e. no-cost savings, were also estimated
for each building. - '

-

Taking these estimates into account, new average AEI's were calculated
for each bulldlng type. Climatic adjustments were also factored in to
account for the geographic dispersion of the demonstration municipali-
ties. These new average AEI's, adjusted to the Boston climate, are
the base AEI standards. By readjusting the standards to reflect local

_climates (see ;,Step III in the next section), these AEI standards may

be appXed in all of the cities and towns of Massachusetts.

'

PROCE_Dl;JRES AND WORKSHEETS FOR CONSTRUCTING AN ENERGY BUDGET"

L4

The municipal building energy budget is composed of energy budgets of
each municipal department, which in turn are constructed by aggregat-
ing the energy budgets of each building. The preparation of an energy

budget for a building is a four-step process summarized in Figure I-1

and discussed below.

' §

Step I: Collect Data

" The required data, which consist of the total Quantitiéé of electri-

city, o0il,” and natural gas consumed annually as well as their costs,

. cany be obta;aed in oneagﬁ_two ways. The.first way, which is probably
“more likely jto be accurate than the second, entails personally

collecting’ 'e.monthly utility bills and oil delivery recelpts for the

alternative is to submit a request for a yearly summary of the

munlclpal accounts to your ut111t1es and oil dealers. These requests
may be refused, however, since the information you request is made

available through the normal billing process. . -

To facilitate the collection of this .data, use WOrkéheet l.- Copies of

this worksheet should be prepared for each municipal bulldlng. Retain
. the completed worksheets for your permanent records.

Also required in the energy budget is the enclosed area of the
building, which can be determined either from the. building plans or,
if they are unavailable, by physically measuring the building. Count .
each floor separately in the measurement, but don' t include unheated
basements or attics. Deduct the thickness of the exterior walls from
the measurements, but leave in the space occupied by interior walls.
Figure I-2 shows the <orrect method of measuring building area using a

35
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FIGURE [-1 PREPARING AN ENERGY BUDGET

PROCESS STEPS _ .- USE WITH:

I.

COLLECT DATA ' WORKSHEET 1 |

-COLLECT twelve months fuel consumption
data (gas, oil, electricity).

~~

II.

COMPUTE ACTUAL AEI WORKSHEET 2

~CONVERT fuel consumptibn to equiualent

" energy value in MBTU's.

-DIVIDE total energy value by total
building area.

III.

COMPUTE STANDARD AEI WORKSHEET 3 -

~MULTIPLY base AEI standards by local
climatic adjustment factor. _ . 3

Iv.

L BN SR >
ﬁETERMINE POTENTIAL ENERGY SAVINGS WORKSHEET'Q_

-savings factor = actual AEI - standard AEI
: actual AEI

-dollar savings - savings factosﬁx total annual
& _energy cost

A,

e

)
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‘SAMPLE WORKSHEET 1

- FUEL CONSUMPTION DATA WORKSHEET
: MUMICIPALITY: _WATTO UL LE

BUILDING NAME: _Tupiralt EEIEH ‘
FISCAL YEAR: (G ] =72 .
BUILDING AREA: Co,02-0

TOTAL ANNUAL ENERGY COST: 234,400 . ,
TOTAL ANNUAL ENERGY CONSUMPTION (MBTU'S): 48, /2 4,060

| T | P | S T Tl Tl | "ol | e
CCer) (oo xcs) GALLONS). DOLLAR.’.)) (GaLrons) | (DOLLARS) (xwnt) (D(ZLLARS)
JUNE . O -0 : (4870 43¢
JuLY ol . ¢ f200 394
AUG . . o [ - 70100 L70
SEPY ol _0 - /9050 /1265
ocT 33451 joel ‘ 24970 | [od S
wv . c444l 2062 25800 1713
- i i G760 31273 ‘ 24,040} ;596
N L » ' /o, ¢30] 3210 29 7701 [&YS.
FER _{ 63| 2022 _ 26/00) /733
e < N oena| 3Rz0%Y S 200001 /726
AR : 2,30} [oo _ 22 (06 /4
MY . 3 O [2) 17000} 129
TOTALS: . 99 3391 /2.733 g2, 000\ (6, oL
\ s -~
FIGURE [-2 CALCULATING BUILDING AREA ¢ '
l . ) . 2. ) ‘ R ,
mmmnsoa;x IN MORE COMPLICATED BUILDINGS
VISIT TO THE BUILDING . ‘ .
_r i i E—* L - . ~
it S I R s '
' E% Pt e T
N ‘—1 ] i '
. - + * o
- . >
‘s
[L ' 1 1
oW, R L
N MEASURE THE OVERALL  ~ BREAK THE BUILDING INTO SIMPLE Rscmuaf.s
LENGTH AND WIDTH OF THE mea= Apt+ A+ As
BUILDING IGNORING INTERIOR “on'T FORGET TO ADD THE AREAS OF SECOND
WALLS OR THIRD FLOORS ~
- S . aea= LxW

37
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simple buildiné plan. . The' local building inspector can help you .
calculate building areas. . ) _ : R

>

N Step II: Calchlate_hctual‘hEI- )

. The definition of the AEI of a building is the total energy con'sumed
annually in the building pér square foot of building area, and is °
expréssed in units of MBTU's pef square foot. Since the amount of |
energy contained in each type of fuel differs, the conversion factors .
in Table I-1 are given to be used in cdalculating the'total energy in :

. any quantity of each of the fuels most commonly used in buildings.

Use Wbrkéheet 2 to calculate the AEI of a building. , Copies of this
workshggt'should be made for each municipal building. ‘

The following example shows a step-by-step method for calculating the
pEI_of a building; in this case, the building is the - typical school
described in Sample Worksheet 1).. . :

Examble I-1: AET Calculations

-

Building data from Worksheet l: (see Sample Worksheet 1)

building type: school built after 1945 .
KWH of electricity consumed: ’ .242,000 KWH

gallons of #2 oil consumed: "+ 49,334 gallons

CCF of natural gas consiumed: | 0 CCF )

total energy cost: : -'$ 31,800 ’ -

building area: _— , 50,120 square feet .

Result: Actual AEI = 202.6(seé Sample Worksheet 2)

“ ) IS

o

TABLE -1 . ;

.

‘ = . ENERGY CONVERSION FACTORS FOR
COMMON - ENERGY SOURCES FOR BUILDINGS .

‘ ‘ , .
Energy Source 'lunits of Measure Conversion Factors - -
" Blectricity . . KWH ‘ . 11.38
© 2 0il -+ Galloms L T 139.0
#4 0il ) Gallens o | 150.0
#5 0il - Gallons L a 152.0
# 0il | /' Gallons o 153.0 -
,  Natural Gas  CCF (hundred cubic ~ 103.1 R
L feet) 7 ' ' - .
T “. . : S ' e l . -
ERIC " - 0 -
i . : 38 ' L




SAMPLE WORKSHEETZ T _' o

ANNUAL EFFICIENCY INDEX (AEI) WORKSHEET

"1, -FILL IN THE TOTAL QUANTIES OF FUEL IN THE APPROPRIATE SQUARES
ON THE WORK SHEET. .

: 2 MULTIPLY THE voTaL KWH oF E crmcm consuusn 'nnes
™" THE CONVERSION FACTQR ag%hﬁ&_ x 11 m HBTU's -

~ .3, - MULTIPLY THE TOTAL GAJd5NS OF #2 OIL CONSUMED TIHES :
" THE conveasli:ozoF:lEm £ x 139.00 = l:ﬂ MBTU's

_ ’ tatal

8, MULTIPLY i oe ! |

B WATIRL e o o i e ot cons s —
5. MULTIPLY THE TOTAL GALLONS OF #gcou. cousunsn TIMES o '

7 THE CONVERSION FACTORT — _ . x 152,00 = [0 MBTU's
. . "8, MULTIPLY THE TOTAL GALLONS OF #b OIL CONSUMED TIMES
. .. THE CONVERSION FACTOR: x 153.00 = :E ngm'g
a ’ . total pgalloms :
ST 7. MULTIPLY THE TOoTAL CCF OF NATURAL GAS cousum—:n Tmss
. THE.CONVERSION FACTOR: x 1 I_'—____t?] MBTU' :
_ L ; _analtxr ]
© .. 8, ADD uP THESE MBTH's T0 GET me TOTAL Buu.nxus .
: . EMERGY CONSUMPTION: . sorAL EEERGY [10,75%, 040 _ MBTU's
9, ENTER THE TOTAL ENCLOSED AREA oF THE suu.nxus
" MERE: -, s [55,720 7 SO. FT.

- 10 DIVIDE THE foraz EmercY, iuue 8) BY THE amiu (ans 9)
S - T0 eer m-auxu:xus AE

-

' Step “III: Compute Standard AEI

e - It is not accurate to suggest that the same Standard AEI's should be
T . applied in all ‘areas of Massachusetts. A building in a more severe
climate will consume more energy per square foot than a ‘similar
_ building in a milder climate. Muniicipalities on Cape Cod, the North -
and South Shores, and along the southern coast do not experience the
severe winters that towns in Western and Central Massachusetts do.

T The Standard API must be adjusted annually in your area. Table I-Z
lists climatic adjustment factors for fifty locatiomns around the -
s+ate. -These adjustments are given for the ‘Five most recent flscal
" years, *hereby taking into account the variation in climate due to
. both geographlc location and the relatiwve severity of the wlnters ln
"each location from year to year. , 2 _ .

e

_ To use Table I-2, pick ‘the locatlgn nearest your own, then ple the ]
fiscal year for which you have consumption data and f£ind the .adjust- =
ment factor in theé table.  Multiply the Standard AEI's in Worksheet. 3 '

. by the adjustment factor you have just found in Table I-2.  The

- following -example demonstrates the entire process of: cllmatlc
adjustment. _ _ , o/

g
a

P
o oo
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CLIMATIC ADJUSTMENT FACTORS FOR
MASSACHUSETTS :

-

TABLE. [-2

S
N .
3
\ v
c ST A ]
N BRMHINE OTNH®N . O OM® HOL OMONM . ONM®D Orem< e
I MATAN ANGNN Agord mMomAg ANaAo C000 HOGMHA pa ot g
[ ] L ] L ] [ ] [ ] M L ] [ ] * . [ ] L[] . [ ] L ] [ L S [ ] [ ] * 1 ] [ ] N ] L ] [ ] [ ] L ] [ ] L ] L ] [ ] ] L ] [ ]
o el A A HAA AR N0 ‘A AAOAA -
m . | . . -
0 orNor nmnedo aNO®D W oY KA HD o.n o waoy COwH® owo
g METNA MmAnAN SNMHM HgorAdAd NOMmA 600 o.0 Q go®mHo grar
[} ] [ ] [ ] [ ] [ ] [} L ] L ] L] L ] [ ] L ] [ ] L ] [ ] [ [ ] L ] [ ] L) [ ] L ] [ ] L] . [ ] [ ] [ ] [ ] [ ] [ ] [ ]
.o - S S e g e A A AdAdA A et HOHH rMHOMA -
9 . .. - ﬁ R
[ - ‘ . f .
< MO MNNWNG HONO TNDNY TOW™ AhOON Wwo 7@ O N
gl ngNaw MM AN ONNFMN HOOA NCNAG Ardanog ©69890Q gHger ©oroH
¢ [ ] [ ] [ ] [ ] [ ] [ ] [ ] . L[] L ] . [ ] [ ] L ] [ ] [ ] [ ] [ ] [ I ) L ] s & e [ ] [ ] L ] [ ] [ ] [ ] [ ] L ] L ] [ ] [ ] [ ] ]
0 At OrrAA MHAAMAM MAAAA Ao AHAOH HAA A A
. 9 . R .
- ’ o
13 N
0 7nm27 CNOM VW VMY FOTNVO CMOAN Mmoo wmoow coawel °
N = - o NNAN Agodd NeMrAdd MNOMO 00000 00QMArM o©OOOHA
. . L ] [ ] [ ] [ ] . [ ] L] [ ] L ] [ ] [ L ] [ ] [ ] [ ] [ ] [ ] N L ] [ ] ] [ ] .J [ ] L ] [ ] [ ] L ] L ] [ ] [ ] [ ] [ ] L ] [ ] L ] [ ]
N - e AP 0dA AAdAdAdd AHOAA AdAAdA AAdOrA A
o ST . v
- _ o _
P 3 3 N M T j o
\0 NN O O~ W MeMOVO WNOOYM MOPbMmY oY . O o N
RN SSm3aR 8538 «8338A w8al8 AAxS SO%mo O%MM%‘ 3838 )
[ ] [ ] . L] [ ] L] [ ] . L] - [ ] [ ] L ] L ] [ ] [ ] [ ] [ ] . . L ] [ ] . [ I [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] N
in. Herd e P R e HAdddd HMOMO OMO A MO HA - .
o ’ - S S
e - .
PES— m
2 nm m g B - - v - ' 1
.m ~ o m n: - .u : T 5 v -,
q ®=s Q .- © = . , 3 : .
" o L v o et _ ) > Y : o . i
" H PR ] . . Berd g . y i : ¢
Y HeT H HAA 0 qe (R X3 Y oo o M .
m KA ] W drd W - - @ o W m - © b g P
i .wgs hy &MmREY umtwm__gucg_.#n e ed 8= m mm:e ail oy m
=] @ ¥ 84 H eog i} .um._mmYuw. 9@ 5. y A 9m ,m?
efge am © 0 ny ¥e eRa 20 : gdao ™ . ga
BRI EITHEHIER AR IR ¥k
0 msa ) gid " MMM doaaa rramn G&é g 223433 Oank .,m,m APy PR E .
) 3 zv..ﬁ/., T ' .
7 é.d..f - .




’ ‘.__. . .‘ .‘- . - . N - v .% ./ a.
Example I-2: How to Adjust Standard AEI's for Local Climates’
Assume Standard AEI's are to be adjusted for the clirmate of .
‘Lowell, MA during the 74/75 fiscal year. -

BEASE

Step 1: Iocate Lowell in .Table I-2. (Since no value is given.
for Lowell, take the~value for Lawrence which is '
nearby.) o :

- _Step'Z:f Under the year of fiscal 74/75 in Teble I- 2 the

adjustment factor 1.11 is found. S

Step’ 3: Using the space provided in Worksheet 3, multiply each -
~  Base Standard AEI by 1.11 to find the adjusted Standard
AET for Lowell._

o

»

-

Cllmatlc Adjustments for Future Years:.

Table I—2 contains climatic adjustment factors for the flscal years up
to and including 1975-76 Since it wlll be necessary to have updated
climatic adjustment factors each year, two methods are provzded to
enable local personnel to determlne these factors for themselves.

P

’

. e METHOD I: Averagmg - SR -, .
. Although the cllmate varies somewhat from year to year in.a
glven locatlon, it is possible to base future local standards
‘on an average of the five: factors shown in Table I-2. This is
‘not the most accurate method, but if®is sufflclent to use 1n

formulating base-year. standards.v_

B Example— .- .J‘,’

~

' For Clinton, the average cllmatlc factor from Table I-2
would be calculated as follows -

X
. -
- - N -

' Average Cllmatlc 1. 06+1 20+1 22"+l 19+l 24

. Adgustmént Factor S 5

K]

¥ METHQD 2z Accurate Calculatlon

“The true value of cllmatlc adjustment factors for fuiture years
- can be ea31ly calculated from published: ‘weathe# data. ‘Weather
data for New England is published each month by the National
Oceanographlc and Atmospheric Admlnlstratlon {NoaA). In each -
year's July publication, -the reader will find a table of
"Monthly and Seasonal Heating Degree bays" for locations in
‘Massachusetts. The total heating degree days of each location

in this table forms the ba51s of the cllmatlc adjustment factor.’

The new factor is determlned by d1v1d1ng ‘the total local heatlng

degree days by 5621.

) L $ ' o ’ ..

o
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- SAMPLE. WORKSHEET 3

e

LA,

: <
BASE AEI CLIMATIC _ LOCAL-AEI -
‘ STANDARD® . ADJUSTMENT STANDARD
BUILDING TYPE ' (MBTU:S/SQ.FT}) FACTOR®®  (MBTU"S/SQ.FT.)
SCHoOLS BUILT BEFORE 1945 105 x [T 1=
SCHOOLS BUILT AFTER 1945 120 x [ = — /133
_ FIRE STATIONS 185 B x.=‘ (5O
., TOWN HALLS (oFFICES) - 1se x 7= /2%
LisraRIEs -, 110 7 )= _ 422
POLICE STATIONS e 105 | X _ It
DPW GARAGES . 105 | '//,7\ :

*RASE STANDARDS ARE, BASED UPON AN ANNUAL HEATING SEASON OF 5621 DEGREE

_ DAYS (BosToN’s 30 YEAR NORMAL)

".CLIMATIC ADJUSTMENT FACTORS FOR FIFTY LOCATIONS IN MASSACHUSETTS ARE

. GIVEN IN TABLE 3

. / A
L& ST . - . -
. v M . L . o~

o

SAMPLE WORKSHEET- 4 = ™~

- /».. T o

e

POfENTIAL'ENERGY SAVINGS

-

1. ENTER ACTUAL AEI FroM woaksuss'r 2 AND STANDARD AEI FROM HORKSHEET 3

_ BELOW.
| N\

-2. COMPUTE THE ENERGY SAVINGS FACTOR.,
(2026 — /B33 , . 202.4 .

'(ActuaZAEI Stazdaz'dARl’) -r-AchAEI -

- ’3-5—— -
BwrgySavmgs Faétér

-3, ENTER THE TOTAL ANNUAL ENERGY COST FROM woaxsass-r 1 BELOW. .

b, COMPUTE THE POTENTIAL ANNUAL SAVINGS.
,.' f?lgDU __)x(- 'g; )

(Amtuaz E‘nergy Cost) X (Energy- Sa.vmga Facter)

14

f/',/,ozq;

Potential Al Scmngs
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o

Example: : e S .
In the Suly 1978 publlcatlon of Cllmatologlcal Data for
, -+ New England, the total heating degree days for Clinton, MA_

_ might be 1lsted as 6500.
. . . ‘The 1977/78 cllmatlc ‘adjustment factor for Cllnton would
'be~

. ¢ ) ‘ 7; i i "6 , /
oy 77/'78 Climatic _ 6300 = 1.16 !

L.}ﬂ* - - Adjustment Factor 5621 - (\;

N bulldlng. o _ o . e A i

To obtain thlS 1nformatlon from.NOAA, send orders for the July
issue of Cllmatologzcal Data for New England to:

National® Climatic Center ’ BN
Federal Building : , : )
- Asheville, NC 28801 -~ - - = -~

Attention: Publications _
The current price of the July issue is 35¢. Fo I

Step IV: Determine Potential Energy Savings

Once actual and 1ocally adjusted ‘Standard AEI's arxe kncwn, it 1is

. possible to determine the potential energy savings in a building as a
percentage of its ‘current annual consumption.. Use copies of Worksheet~
4 to calculate the potentlal energy sav1ngs in each mun1c1pa1

‘ﬁ‘-' Example I-3: B

_ Assume. that the school’ used in Example I-1 is<located in Lowell
Using the local Standard AEI's for 74/75 from Example I-2,- B
_calculate the potentlal annual savings for the school. '

v

Data from Worksheets: _
= . Actual AFI ' ) '"'292.6 (from Worksheet 2) .
Standard AEI . 133 (from Worksheet 3).
'Annual Energy Cost $-31'800 " (fErom Worksheet 1)

Result: Potential Annual ‘Savings = $11, 027 00 (see Sample
WOrksheet 4). o

When the potentlal sav1ngs for - each munzcrpal bulldlng are known,
departmental and municipal potentials can be evaluated using Worksheet
5. In ensuing years, these potentials should shrink as actual energy
.consumption is reduced to or below the local consumption standards.
This would indicate a successfully conducted energy management

program. . : L

43
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- FUEL CONSUMPTION DATA WORKSHEET

* BUNICIPALITY:
~ BUILDING NAME:
FISCAL YEAR: - )
- BUILDING AREA: _
- TOTAL ANNUAL ENERGY COST:
TOTAL ANNUAL ENERGY CONSUMPTION (MBTU'S): — - . j
. oIL- | -# - OIL JELECTRICITY] ELECTRICITY
nonm/ma M | Mas cicmsuonlsLn rcosorl “ | onstitn | oSt CoNSuNED | cosT
© | consumed | COST | (gatons) | (poLars) | (GaLLows) | (DoLtars) | (k) (DoLLARS)
| (ecr) | (poLiars) 1 S
JURE _
Juy o _
AG
SEPT _
ocT _
| wov . _
DEC _' -~
S ELLE \ -
e -
MAR

WORKSHEET 1 -

O [oTas:

T




'WORKSHEET 2.

ANNUAL r—:mcnsucv INDEX (AE1) WORKSHEET

- 1. -E lLL IN THE TOTAL QUANTIES OF FUEL IN THE APPROPRIATE SQUARES
ON THE WORK SHEET, \

2 "MULTIPLY THE ToTAL KWH OF euacmzcm CONSUMED_TIMES

_ THE CONVERSION FACTOR: e X ‘11,38 =~ . [_—'_] MBTU's
3, MULTIPLY THE TOTAL GALLONS OF #2 OIL CONSUMED TIMES R
THE CONVERSION FACTOR: ———— X 139,00 = [ 1 MBTIU’s
§,. MULTIPLY THE TOTAL GALLONS OF #4 OIL CONSUMED TIMES :
THE CONVERSION FACTOR: = X 150,00= [ 1 mBry's
5, MULTIPLY THE TOTAL GALLONS OF #5 OIL CONSUMED nnss'-_,- ' :
" THE CONVERSION FACTOR: ——— —— X 152.00 = ] mru's
6. MULTIPLY THE TOTAL GALLONS OF #6 OIL CONSUMED TIMES .
. THE CONVERSION FACTOR: x 153,00 = F__:] MBTU's
. total galloms C
7. MULTIPLY tHE ToTAL CCF OF NATURAL GAS CONSUMED TINES D
" THE CONVERSION FACTOR: “x103.10= 7 mBIU's
total CCP . .
8. ADD up THESE MBTU’S To 6ET THE TOTAL BUILDING .
ENERGY CONSUMPTION: . , TOTAL ZNERGY : MBTU’s
9., ENTER THE TOTAL ENCLOSED AREA OF THE BUILDING ' )
HERE : AREA :’ $Q. FT.

m%v‘lg }'",,E %A& mfuus 8) BY THE m (;lnz 9)

r 1 B

o




. WORKSHEET 3

s .
P
| . 5 -
B BASE -AEl CLIMATIC _ LOCAL AEI
BILDING TPE . OB S/S8.FT.) R CBISS 158.FT.)
| . SCHOOLS uiLT BeFore 1845 105 x[_J= )
o © scHooLs BUILT AFTER 145 - 120 . . x[___ = |
© FIRE STATIONS 13y x 1=
_ TOWN HALLS (OFFICES) 15 | X E:];
FLimsries e xT——-
3 - PoLICE ;TAf;ous | 105 x [ 1= " _ ,
e GARAGES - | 105 CoxC = A |
: g:ii ?;ggsgsn: QSEYS::ESOg::E)AN ANNUAL HEATING SEASON OF 5621 DE?REE

®®~ IMATIC ADJUSTMENT FACTORS FOR FIFTY LOCATIONS IN HASSACHUSETTS ARE
GIVEN IN TABLE 3

-

-~

y &7
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) e | . ‘- _
WORKSHEET 4 . ' S

POTENTIAL EMERGY SAVINGS | i

L. ENTER actuaL AE] FROM WORKSHEET 2 AND STANDARD AEI FROM WORKSHEET 3-

"2, COMPUTE THE ENERGY SAVINGS FACTOR.
: ( - ) - = . ‘
9 (Actual AZI — Stanéard AEI) < Actual AEI = Energy Savings Sfactor

¥

3, ENTER THE TOTAL ANNUAL ENERGY COST FROM WORKSHEET 1 BELOW, ~

4, COMPUTE THE POTENTIAL ANNUAL SAYINGS.
N —) X ( )
(Arnual Engrgy Coot).X (Enargy-Savings Faoctor) FPotential Amwmal Savings

*

4

- 49




WORKSHEET S

KRICPAL ULDNG TG SIS WIERTAL

. MNCIPALITY:

CHSLYEM

. -

' ANNUAL MBTU'S JSAVINGSY ANNUAL JPOTENTIAL
DEPARTMENT B ONSUMEDL  JFACTOR ENEsz’nY SAVINGS?
. . 1 E

Y .' : -4 : s ’ b s '

S50

lrron YORKGHEED 2 “Prom WORKSHEE? ¢

DEPARTMENTAL SUB-TOTALS.

OTAL  JAVERAGE
POTENT 1AL JSAVINGS/
SAVINGS [BUILDING
$
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Whenever a difference in air temperature exists between a building
" interior and the outdoor climate, ehergy is transmitted by the .

fossil fuel or elettrical energy.

-~

 GENERAL PRINCIPLES ‘AND THE MOST EFFECTIVE PRACTICES.
_FOR SAVING ENERGY IN MUNICIPAL BUILDINGS ~

A building audit or evaluation of the energy savings potential of a
given building is likely to idenfify aslarge number of possible
measures that might be implemented. . Some of these will have a
.relatively greater effect than others. The intent of this section is
to convey to supervisory and operating personnel who may not have
extensive technical training a conceptual understanding of the reasons
selected conservation measures were found to be particularly effective
in municipal buildings. ' - ' - _— S
To meet this need, this section begins with a brief illustrated

. discussion of the ‘basic principles of how énergy is used in buildings.

These principlés“proviae.a framework faor discussing eighteen specific
‘conservation measures that are particularly appropriate to municipal
buildings. Each measure is analyzed in texms of how it works and an
‘estimate of the relative savings and costs that might be expected is

/made. To provide a more” concrete_context for the discussion, examples

lof the épp;ication of measures in new schools and old schools are R

\hﬁed.v These should be understood as examples that apply to two

general building types, older brick and mortar construction and newer
yébhanidally‘ventilated baildings, not to schotls alone. '

At the close of:fhe discﬁésion, thesé'méésures are listed by the  type

. of municipal building in which they are most likely to'be effective.

General Principles that Determine the Demand for Heating in
Municipal Buildings . : CL :

Transmission

materials in the_walls, floor, and roof from the warmer to the colder
environment through a continuous and irreversible process. This

‘process is referred t6 as heat transmission. During the heating

seagon, when the interior of a building must be substantially.warmer
than, the cold outdoor air, the energy transmitted out of . the building
must\be replaced by heating energy"suppligd by the‘gonsumptiqn of .

N
!

-4
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Infiltration

Another process through which energy loss occurs 1nvolves the 1ntro-

duction of cold outside air into interior space, forcing the warm air

out of the building and lowering the indoor temperature. "The effect
of this process is similar to that of adding ice cubes. to ‘a.pan of
water being heated to’'a boil. The coollng effect.of the ice lengthens
. the boiling process and consumes much more energy than would have been
requlred to.boil the water without . the addltlon of ice - cubes.

~In a bu;ldlng, cold out51de alr 1s 1ntroduced to the interior in three
ways: il

l. Structural Infiltration: Air seeps through unavoidable cracks
around windows, doors, and in the structure of the building;

2. ﬁOpened Doors and Windows: Whenever a door or window is opened,

a large volume of cold air flows into’ the bulldlng, and
7

3. Forced Ventilation: In certaln types of bulldlngs, health
codes require that outdoor air be introduced into the rnterior
at a fixed rate. .In these buildings,.outdoor air is drawn in
by a mechanical ventilating system that must operate whenever

" the buildings are fully occupled.

§ystem Inefficiencies P

The last major process of heat loss 1nvolves the combustion of - f0551l
fuel in the building heating system ' For bulldlngs with oil or gas
heatigg systems, fossil fuel is burned in the presence of oxygen,
releasing heat ‘in the form of hot gases: These .gases. flow thzough.
scme type of heat exchanger, which captures the largest portlon of the
vrheat content of the gases for circulation within. the building. The
re51dual heat in the gases~flows up a stack and is exhausted.

The combustion gases that are exhausted have temperatures in excess of
' 500 degrees, and between a quarter and a third of - the energy contained
in- the original fuel is.lost. This heat loss is fermed the.stack
.loss. At peak’ efflclency (seasonal efficiency), a gas. or-oil burner
can only deliver approximately 75% of the energy contained in the fuel

. to the building in the form of usable ‘heat. ‘If the Boilers dre’ overs= Tt

sized or the burners are improperly adjusted, the actual efflclency -
can be much lower. :

In an all-electric building, the heatlng efflc:.ency can b‘.s high as
-100%. This is to say that all of the energy delivered "to the buil g
- may be converted to usable heat. Héwever, the generation of elegtri-
city is in itself subject to the inefficiencies of fossil fuel .
combustion. Under the best conditions, three barrels of oil are
required to generate an amount of electricity which has an energy’
value equivalent of one barrel of oil. The heat content from two of
every. three barrels of oil is lost at, the generating plant. R

Slnce the prlce of electricity reflects the costs of the 011 consumed
in generatlon, the equivalent "stack losses" of an all-electric
building exceed 65% of the avallable 305511 fuel energy. . If the

-

-
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orzglnal fossil fwel consumption is ¢ sidered, rather than the

electricity by-product, an all-electric school has a "combustion-~
efficiency” of 35% at best. This compares with a peak seasonal
-combustlon—efflclency of 75% for-a gas or oil heating system.

The effects of heat transmission, 1nf11tratlon/ventllatlon, and -
combustion stack: losses are additive and, when comblned represent
most of the total heat losses of a bulldlng. - ot R

Internal Heat Galns_ >

Aside from the heat supplled by the cdmbustlon of fossil fuels,- .

buildings gain Some heat from other sources-\ The occupants of a
building add a SUIPIlSlng amount of heat to the interior space. .An -
inactive, seated adult adds 450 BTU/hour to the surrounding. environ-
ment. At this rate, the heat supplied by 222 seated adults in an :
hour is equivalent to the heat that would be supplled by 1 gallon of
oll at 70% efflclency. - . . SR

In schools with a large student populatlon, the demand. for o;l during
occupied periocds is significantly- reduced by the heat supplied by the
occupants. On the other hand, when these buildings are not fully -

occupied the. demands upon the heating system are greater. e ]
[

The lights and electrical equlpment in a buzldlng also contrlbute heat

" +to the interior space, since all of the electrlcal energy consumed by
‘these devices. is eventually emitted as heat. -In new buildings, -the

lighting system usually consumes in the range of 2 to 4 watts/square
foot.~ This translates to a heat gain of -7 to 14 BTU's- per square foot
per ‘hour, which in a &6, OOO square foot school is the equivalent to - .
the heat supplled from 4.2 to 8.4 gallons of oil per hour.

The third 1mportant source of heat galn is the sun. During a sunny
day, ‘'solar gains' may reach a peak eguivalent “to 3.5 gallons of oil
per hour, although the average hourly contrlbutlon [is closer to .one ’
gallon per hour. . . e .\_ :

-

The magnitude of the solar galns in a bulldlng depends upon bulldlng

‘orientation, the amount -of “window area, and of course the availability
of .sunlight. It should be noted,-however, thatiin the evenings heat
.-loss through windows is substantial and may .in fact exceed the solar _

gains made during’the day. It is important that this trade-off be
remembered, especlally when a bulldlng is deSLgned.

The Energy ‘Balance T

v

- The'rate at which energy is consumed to heat a bulldlng is governed
. directly by the rate of energy loss from the building. This is the

concept of the’ "energy balance,“ which may be expressed s1mply as
follows: ’

Heat Requlred Heat Lost . ~

To' illustrate ‘the concept, Figures - II-l II-4 indicate schematlcally :
the components of the ‘heat loss from two school buildings under two .
different outdoor temperatures..’ Figures II=-1 and II-3 represent a

- -
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typical post-1945 school building with a student population of 600,
while Figures II-2 and II-4 represent a typical pre-1945 school with

. 180 students. In Figures II-1 and II-2, the heat losses from each

building are shown for an indoor temperature of 70 degrees and an

- outdoor temperature of 0 degrees. - The energy loss is expressed in
" terms of gallons of oil per hour. o S A
. 'In Figure II-1 it can be seen that; under the temperatures shown, 8.68
. gallons of oil per hour are lost by heat transmission through walls,

windows, roof, and floor, 5.48 gallons per hour are lost through
forced ventilation and infiltration of outdoor air, and 4.77- gallons
per hour are lost up the stack. In suym, 18.93 gallons of il are lost
per hour under the temperatures shown. .

Offsettlng this loss are the 3. 02 gallons per hour in heat released by
the building occupants and the interior lighting and the 15.91 gallons'

of oil actually consumed (solar galnsxgre not lncludgdgl

For the pre-1945 school under the same temperature conditions KFigure

*II-2), 3.58 gallons per hour are lost through transmission, 0.90

gallons per hour through ventilation and infiltxation, -and 1.45
gallons per hour are lost up ‘the 'stack. The total heat lost per hour

(5.93 gallons of. oll) is offset by 1.0Q9 gallons per hour in lnternal

ga;ns and 4. 84 actual gallons of ozl.

Slnce the buildings in the example are based on the typical scale of
schools evaluated in the ECP study, the building in Figure II-2 has
only- half the floor area. of the more modern building in Figure II-1. -
While. these bulldlngs are of typical size, it can be shown that .a B
pre-l945 school as shown in Figure II-2, with a.floor area equlvalent .
to. that of the modern: school, would require 5 21 gallons of actual Oll-
under the same temperature condltlons.

In F:Lgures II-3 and II- -4, the ‘same- bu:.ld:mgs ar shown under a milder L
: outdoor temperature condition (40 degrees). - Notice. the reduction in

the demand“for oil for each building. For the 1956 school (Flgures
II-1 and IXI-3)., only’S gallons per hour are needed when the. outdoor

,temperature is 40 degrees, as opposed to the 15.9 gallons per “hour

needed at 0 degrees.. ' In the 1892 school (Figures II-2 .and II-4), the

reduction is from 4. 84 to 1.28 gallons per hour.. -. o

Most of the components of the heat loss vary dlrectly with the -
difference in -the interior and exterior temperatures (called:Et). In
Figures II-1 and II-2 the.At is 70 degrees:(70o-0), and in Figures
II-3 and 1II-4 the At is 30 degrees (70 - 40). - The internal heat gain -~
does not vary with At, but depends instead upon the number of:
occupants and the power consumed for lighting .and equipment. The
transmission losses: through the floor also remaln about the same
because the temperature of.uthe earth remains fa:.rly constant during.

the heatlng season. = : ‘ N

h.. _»‘ . ' ~
Effective Measures for Conserving Energy in Municipal Buildings

The major-opportunities;for significantly reducfng the energy consump=

. tion of municipal,buildings depend upon procedures_that_reduce the

.

o
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rate of heat loss from bulldlngs during the heating season. (Energy
conservatlon through reduced llghtlng is discussed separately.) More
specifically, any measure that “reduces heat transmtssion; reduces
ventilation and infiltration; reduces heatlng system ineffigiencies;
or reduces the difference in indoor and outdoor témperatures will
result in significant energy savings without sacrificing the comfort
“or convenience of the bulldlng S occupants. ‘

It should be remembered that a particular energy conservation measure
will have varying effects in different types of buildings. The intent
of this section is to suggest the potentlal savings of proven measures
for the types of bu:.ldlng where they are l:.kely to have the greatest
impact. Furthermore, not all measures have an additive effect on the
total energy consumption of a building. In the discussion of a
measure, the savings opportunities described are for that one measure

‘. alone. The total savings from several measures may be'less than the

sum of each when conszdered separately. . -
Measures that Reduce the Difference in Indoor and Outdoor
Temperatures © -

" The magnitude of  the difference between the air tempetafure inside and -
outside a building directly affects the rate of fuel consumption. ) -~

A comparison between Figures II-1l-and II-3, or between Figures II-2 and
o IT-4, demonstrates this effect. These figures show that by reducing
: the teerrature difference from:70 to 30 degrees the hourly energy
consumptlon is reduced by two-thlrds in ‘one oulldlng and by three-
-quarters in the. other. : o - : .

Whlle ‘this example concerns a change in outdoor temperatures, a change
- of the same magnitude in indoor temperatures would have the same
effect on the consumption of oil. N o

If the outdoor temperature is a constant-O degrees and the indoor L
temperature is lowered 40 degrees (from 70 to 30 degrees); the :
_resulting reduction in the energy demand is exactly the same as that
shown in the example. While 30- degrees is not a practical indoor ’
temperature settihg——even during unoccupied perlods——a more modest
reduction is practical.. A temperature set-back to 55 degrees during

A " unoccupied perlods would save 4.1 gallons of oil per hour in the .

' _\\\\ school shown in Figure II-1 (at O degrees onts1de) : o S

) The lmportant principle to remember is this: It is not the lndoor_ o
* or outdoor temperature alone- that determines- the rate of .fuel _
consumption, but rather the difference in those temperatures. The
greater the difference, the hlgher taglra f fuel ‘consumption.

e MEASURE 1: Reduce the indoor semperature to 55 degrees F
" durding unoccupied periods (night and weekend set—back)

Guidelines for Implement:.ng t;e /Measure’-

nght set-back requlres that ejther ‘an ass1gned person
(the building dperator) or an automatic timing device tum
~ down the thermostats every.afternpon to 55 degrees and . -

. . . R - - .
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turn them back up early in the mofiring. 'The actual time
of day for altering the settings will depend upon ‘&he
season and the severity of_ the weather on particular days.
The operator should proceed on a trial and error basis to
determine how long it takes for the building to heat up in
the mornzng "and cool off in the afternoon. . .

OnCe a "feel™ for these time lags is establlshed, the .
operator should aim to hawve the building -reach.68 degrees
“about 30 minutes after the occupants arrive and should
pProbably set back the temperature 30 minutes to an hour
Prior to the closing of the building.

In newer bu;ldlngs (partlcularly schools), tlme clocks are
often provided that automatically ‘control night set-back.

The operators only have to choose the proper settlngs for

set-back to Odtur

Potentlal Annual Sav1ngs-

The level of savings depends.upon the build;ng construc-
“‘tion, the number of degrees that thermostats are. set back,
and the number of hours that set—bapk is maintained.: T
"However, sav1ngs of 35 to 50% of the annual heatlng energy

e,

are possible in some bulldlngs - _ .
Implementatlon COSt
In most cases, thlS measure has no zmplementatlon cost. "

e MEASURE 2: Reduce indoor temperature durzng occupled perzods t°,
65° F durzng the heating season- .

Guldellnes for Implementatlon- K

‘ " an 1ndoor temper“ture of 65° F is gdequete for the
physical comfort of most people. Others will find it
necessary to dress more warmly. ' s :

For this measure to succeed, thermostatic temperattres
must be monitored carefully to ensure that a Settlng o
%°Flsmanmﬁ _ : o

' Potential Annual Savings: - . R o . .

Assumlng an original thermostat Settlng of 70° F, a reduc>
tion to 65° F will reduce the annual fuel consumption for
- heating by approxlmately\sg .

b - o4 h . . "

Implementatlon Cost. S

]
14

None. ' . . . :
® MEASURE 3: Install adeQuate_thermostatic controls Onrhgating
systems. . o ' P ' o .
- . Guidelines for Implementation:
. Some of ,the older mun1c1pal buildings waste energy because
they lack adequate controls for the heating system. Often
+a town hall or old school will have only one thermostat

5

[
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per floor, resulting in an over- or under-supply of heating
in rooms that are more removed from'the location of the
thermostat. -Although one might postulate that these
extremes tend to cancel each other so that the total -
energy consumption is unchanged, this is rarely the case.

In fact, the thermostats are more likely to be set high
enough to keep the cold rooms comfortable. Then, as the
overheated rooms become even hotter, the. occupants often
open windows to balance the excessive heating. Thus heat
energy is literally pumped out of the open windows.
Buildings should be equipped with additional thermostats
whenever the existing controls are unable to maintain
near-constant temperatures throughout the heating zones
they are designed to monitor. At a minimum,. every floor
should have a separate thermostat; 1dea11y, every room
should have a thermostat.

Potential Sav1ngs:

Cost/benefit studies of this measure were conducted by
R. G. Vanderweil Engineers, Inc. in two older schools in
the ECP Demonstration (Studies 1 and 2). These studies
’ . show that the potential savings depend upon the number of
- , rooms that are normally overheated and the number of
degrees the temperature is maintained in excess of the
thermostatic setting. The higher At's in thes€ areas
result in higher rates of heat loss to the outside.
FSavings of 14% are possible in some buildings. .

Implementation Cost:

The cost of this ‘measure includes the lnstallatlon of
thermostats and additional valves in the heatlng system.
In the ECP Demonstration studies, these costs were

' returned in energy savings within 1-3 years.

L e Measures that Reduce Heatlgg System Inefficiencies

JSThe productlon of usabletheat for bulldlngs from the combustion of a .

" fossil fuel is subject to* substantlal losses in efficiency. On an

annual basis, the usable heat produced by a heating system is at most
around 75% of the total heat value of the fuel that 1s consumed.

.A properly adjusted boiler operates most eff1c1ently when tge total

o - A 60

hourly heat loss of the building is near ‘the maximuh output of the
system. This condition is referred to as the "full load" of ‘the -
burner-boiler. At full load, the heating system can convert up to
90% of the energy-of the fuel into usable heat. However, full loading'
only occurs durlng 2% of the heating season. s . .

When the demands on the heating system are slgnlflcantly less than its
capacity,- the ‘system operates more and more sporadlcally, and as a:
result its efficiency falls. During -90% of the ‘heating Season the
typical burner-boiler operates. less than 14 hours a day and utilizes .
as little as 65% of the avallable energy in the fuel.: Of course, if

v
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the burners are improperly adjusted and maintained—as fhey are in
many cases-—even greater amounts of energy axe wasted.

® MEASURE 4: Measure the burner-bozler efficiency and adjust to .
achieve maximum efficiency. '

¢ Guidelines for Implementation:
It is a relatively simple process to measure the instan-

" taneous burner-boiler efficiency. Generally, the oil

. . supplier will make the méasurements and. the necessary

- : adjustment, although local personnel /Gan be trained to
- - perform these tasks. Measurements should be made at least

once per year in each building.

N Potential Annual savings: - " : \
: - . Any improvement ‘in the seasonal efficiency of a. heat
~N - ° S$ystem will result in, a proportionate reduction in enerqgy
‘\ consumption. A 7% 1m%rovement in seasonal efficiency will

save at least 7% in annual fuel consumption.

A Implementation Cost.

0il suppliers generally provide this service at no cost.
If not, the cost should be less than $50 per building.’

o MEASURE 5: For bulldlngs used in the summer, install a separate
domestlc hot water heater. o

Guidelines for Implementation:

In a number of fire stations and in a few schools in
Massachusetts,. it is not uncommon to find the heating
system operating during the summer months to provide
domestic hot water. The demand for domestic hot water is
fairly constant year-round (in buildings with year-round
occupancy), but is only a small proportion of the full
output of the heating system in' the summer. Because the:
heating system must supply only a fraction of its maximum
output, its efficiency is: guite low. a separate small
domestic- hot water heater should be installed and th%a
_ largetheatlng ‘systex should be completely shut down
. during the summer. o , : . '
~ ~ Potential Savings: _ -
: ! - The potential savings in a typical fire station for this
o measure were estimated at $96/year by R. G. Vanderwell _
- Engineers, Inc. (Refer to Study 3.) o

- s . -

Implementation Cost: _
The cost of a separate hot Qatef'heatsi?ln the same fire
_station was estlmated t $24O leadlng to a payback perlod —
"of 2.5 years. .

LI -

: 6- MEASURE 6: Improve heatlng sgstem efficzency by heat recovery
from the boi °r stack. -
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P .
' Guldellnes for Implementatlon- -
Even when the boiler-burner of a bulldlng heating system
. is adjusted to peak efficiency, at least 25% of the
S ' heating value of the.fuel consumed annually is lost up the
stack. Some of this waste heat can be saved through the
. use of a heat recovery device. R.G. Vanderweil Engineers,
In¢. studied two applications of a system for heat .
.recovery from boiler stacks in ECM Deironstration mun1c1pa—
" lities. . .

These applications involved the use of a piping system
running between the inside of.the boiler stack and the
water tank portion of the boiler. Water is circulated
through this piping_ and is heated by the exhausted flue
gases. This hot water transfers heat to the boiler water,
. preheating ‘it so that less energy is required from the
burning of fuel to maintain the requ:Lred boiler water

temperature. LA

’ Potential Annual Savings:

The estlmated savings from this type of heat recovery
,system for two Massachusetts schools are detailed by .
_ Vanderweil Engineers in cost/benefit studies (Studies 4
" and 5). Generally, annual savings of 8- 9% of the heating
energy can be expected in- many bu11d1ngs. '

s, . v

Implementatlon Costs: S _
The costs of. these systems vary with each building, since
© they must be tailored to fit into existing heating
. systems. The costs in. the two demonstrat;on appllcatlons
. are-analyzed in the studles. '

K MEASURE 7:- “Improve heating system efficzency by heat -recovery
*  from exhausted air.. . _

Guidelines for. Implementation:

In many. bulldlngs or sections of bulldlngs (espec1ally new
oo  schools), a substantial amount of heat is exhausted from
' the building by the ventilation System. Under. certain
‘condifions, part of this heat can be saved by a heat
) " recovery device called a "thermal wheel." The thermal _
= - wheel .rotates slowly through-an exhaust duct and an- e
' ‘adjacent supply duct. The wheel allows each air stream to
flow through its surface much like a breeze passes through -
a screen. The wheel 1s warmed by the exhaust air stream
- ' and, as it rotates, it tr ers heat into the cold incom-
- " ing supply air. Since the ly air is warmed several
:y degrees by the thermal wheel, less energy is needed to
heat it up to room temperature.

The feasmblllty of a thermal wheel is governed by the
ventilation rate and the layout of the: supply and exhaust
- air ducts in- the building. . One area that is often parti-

i
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cularly suited for a thermal whHeel is an indoor swimming
pool, where the ventilation ratse’and .the indoor air
temperature are usually quite high. This particular
application was studied by R. G. Vanderweil for the indoor
pool of a high school in one of the demonstratlon munici—

palztles.
Potential Savings: : . .
. B Generally, where the installatién of thermal wheels is
practical, 60% to 80% of the heat in the exhaust air can

be recovered by the wheel. See the Vanderweil study
(Study 6) for a specific example.

Implementatlon Cost.

The costs of a thermal wheel 1nstallat10n depepds upon the

ventilation rate and the amount of ductwork alteration

that is reguired. Excluding ductwork modifications,

thermal wheels cost between $700 and $1,000 per thousand

CFM (cubic feet per minute) of ventilation. (See the

cost/benefit study for an analy51s of "a typlcal installa-
g tion.) .

® MEASURE 8: Improve heatzng system efficzency by proper control
of mult;ple boilers. ;

Guldellnes for Implementatlon. T : o .

Many buildings have two or more boilers in their heatlng
systems. Systems with two boilers are generally designed
. so that each boiler is sized to carry 66% of the .
building's peak heating demand. These peak demands occur
only on a few days each year, while during 90% of the
heating season the actual demand for heat in a buildin
is less than 60% of the peak. In other words, elther’pne
of the two boilers could carry the entire heating load of
the building during 90% of the heating. season.

A two~boiler heating system will operate most eff1c1ently-'¢f
if only one boiler is used to supply the heating, except
on the few days .when both boilers are needed. The second
boiler should be held on stand—by and secured by c1051ng

_ -valves and dampers.-

' Potential Savings: '
This measure was the subject of a cost/benefit study .
during the ECP Demonstration. In this study the change-
over from a combined two-boiler system to a single boiler

‘with stand-by showed an annual savings of 5%.of the
heatlng cost (see Study 7).

Implementatlon Cost.

‘The cost of thlS measure consists of control modlflcatlons
. and possibly some replumblng. In the ECP Demonstration,
this measure had a rapld payback period of less than 2-

. years.
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Measures that Reduce Heat ‘Loss from Ventilation and 'Infiltration

If a building could be sealed air-tight except for the quantity of air .
needed to allow for the combustion of its heating fuel, heat would be

" . lost from the building pr1mar11y by- transm15510n through the exterior
surfaces and directly up the stack due to combustion inefficiency.
The buildings in Figure II-1 and Ir-2 would have reductions in the
demand for oil of 75% and 33% respectlvely if they were sealed in such
a manner. :

.

v

It is neither possible nor d351rab1e, however, to have air-t ght
buildings. Some fresh outdoor air is needed to limit odors and to
remove the excess moisture that accumulates in the indoor air.

whenever there is wind, however slight, the air tends to "plle—up on:
- the windward side of the building, ‘creating a sligit p051t1ve pressure
on that side. On the leeward sﬂhe, the flow of air causes a negative

pressure.

These oOpposing pressures creaﬁgga slight: suctlon which draws the warm
indoor air out and pulls cold outdoor a1r in to replace-it through._
each tiny crack around windows and doors. At higher wind speeds, the
suction increases and a larger volume of cold air is drawn into the

building. - : v ‘ ST

Infiltration is a partlcular problem in fire statlons and DPW garages.

The overhead doors that are common in these buildings are especially

leaky and allow a high rate of infiltration. When these doors are

opened to allow the passage of apparatus and equipment, a tremendous

: volume of cold air is introduced into the building. In fact, the rate

- ' of heat loss. through the open garage doors may exceed the maximum

output of the heating system. If these doors remain open for more -

_.than a few moments, the bulldlng will begln to waste -100% of its
heating. . .

: While the infiltration process prov1des -more than adequate ventilation
"t for many buildings, in other, buildings, notably schools, additional
" ventilation-is provided by a mechanical system. Duplicating natural .
processes, these systems consume electrical: energy to create a much
greater suction for drawing in cold outside arr at fixed rates.

It is worth remembering that, even though these ventilation -rates-are
f1xed the amounts of energy consumed to heat the outdoor air supplied
at these rates is not. Recalling the new school in Figure II-1 and
II-3, at 40 degrees outside, 2.18 ‘gallons of oil per hour are requlred
to heat the outdoor air introduced by the ventilating system. At 0
degrees. out51de, even though the ventilation rate is unchanged, 5.08
gallons of oil per hour are needed to keep:-up wWith the colder air

being supplied. o
e MEASURE 9: Shut down ventilation systems during unoccupied O
periods. : |
14

Guidelines for Implementation:

Whenever a building with mechanical ventilation 'is unoccu-
pled——overnlght or on weekends—the ventilation system

o
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should be completely shut dowp. Often the ventilation
system is controlled by the time clock that regqulates
night set-back. Ideally the ventilation' system should
have separate or over-ride controls so that, for example,
the temperature can be malntalned during gustodlal hour’s
wlthout ventllatlng the empty bulldlng.

P

Potential Sav1ngs.

If the ventilation system of a typical modern school is .
~ ._allowed to run uninterrupted 24 hours a day, seven days
- ~ a week, the annual energy bill will: be 30% higher than
' if the system.were shut down during those unoccupied .
-periods. v

’

«  Implementation Cost:

' - A - In most buildings, this measure will have nQ associated
' implementation costs. In others, minor revi51ons in the
control system may have sdme cost.

= " @ MEASURE 10: Reduce Ventilation Rates Dur, ng Occupled Perzods.

. L Guzdellnes for Implementatlon.-

'Many schools built since 1945 have me hanlcal ventllatlon
.‘systems that are set to prov1de fresh r at a rate

' substantially higher than the 10 cfm/student now required. -
: Unit ventilators—a commonly -used system for schools—are
o . relatively easy to inspect and adjust, requ;rlng approxi-
™~ . mately. one man-hour per unit.

- T ,5' If’nlght set-back is to be used, ventllators should be
’ completely closed to outdoor air during the pre-heating of
-the building, then opened to the normal sett;ng.

Potential Savings:

Analyses of three schools in the ECP Demonstration by the
consulting engineering staff show that the annual savings
from reducing ventilation rates to 10 cfm/student are
between 3.7 and 5.2% of the total. fuel consumption (see
Studies 8, 9, and 10). :

' Implementatlon COst. . s

~ Costs. are limited to labor required to adjust each unlt
- wvent. The consulting engineering staff estimated costs at
' ..$20 per unit vent or from $400 to $800 for an entire
xschool. It-is ndted in the analyses -that ‘the total cost
of adjusting the unit vents in ‘each school is recovered 1n
energy savings- within 2 years.

o'-bEASURE 11: Kéep'overhead doors closed in fire Stations and
DPW garages. ' )
Guidelines for Implementatlon.

In fire stations, overhead doors should be’ closed 1mmed1—
,_’4\

] ; f: 6 .
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ately after the apparatus leaves the station. If no one
remains in the station during a response to an alarm,
then automatic or radio-controlled door closers should
be installed and used. :

In maintenance facilities, overhead doors must be opened
~and closed quite often to move equipment 'in and out.
oo ‘ When these doors are not closed promptly dr at all, the
~ . heating system pumps most of its outplit «directly to “the.’
outdoors. In the spring and fall when.outdoor tempera-
tures are above 45 degrees, the doors may remain open-all
day, necessitating the continuous_oPeration of the heating -
‘system. - With the doors open, heat is simply pumped out of
the building. ' ' J

~

To prevent this waste of energy, switches may be installed
] to shut down the heating system whenever the garage doors
Lo are open. If the doors are only opened briefly, the
to switches will have little if any noticeable effect. - If
' the doors are left open, the switches will prevent the
needless operation of the heating system. - v
Potential Sawvings: - )

" studies by R;IL.Vanderweii_Engiqeezs;“Inc; found that
automatic door-closers in a typical fire station could:
save 25% of the annual héating'bost, while garage door
switches for the heating -system of a DPW.garage would
save 10% (see Studies 1l and 12).- ’ :

Implementation Cost:

Both studiés showe? payback periéds of less than two
years. ' “ Ay

Measures that Reduce Heat Transmission ' 'S;g& _
In schools and office buildings, 50 to 70% of the hourly’ heat ‘loss can
be attributed to heat transmission thrc.gh windows, walls, floors, and
roof. The magnitude of transmission lcs=zes in an existing building
cannot be altered.significantly =ucept =t installing some type of
insulating material in the struct:re. x._chough insulation requires a
significant capital investment, the renulting energy savings will
often pay for tHe investment after several winters. '

.v‘_',
.
-

The hourly and annual transmission losses from two typical school
buildings are shown in Table II-1, expressed in gallons of heating
L oil. TIn the table, the transmission losses from a modern school are
' compared with those of a pre-1945 facility and each are broken down
to the major components of the building's. structure. - S '

if‘the'xooftand walls of these two schools were adequately insulated -
* for the climate in Massachusetts and storm wiridows. were.added to all
‘windows, the hourly and annual heat losses due to transmission would
' be drastically reduced, as shown in Table II-2. .

Insulation and storm windows would reduce heat transmission by 50%
. -
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- TABLE I1

-1

TRANSMISSION HEAT LOSSES .

(IN GALLONS OF HEATING OIL)

FROM TWO TYPICAL (UNINSULATED) SCHOOL, BUILDINGS*'

LV

rd

Hourly Heat Loss (At'=76°)

Annual Heat Loss

<
¥

Building

<

'TABLE 11

-2

A

- .*Based upon btilaings shown" in Figures_II-l-II—4_

1

TRANSMISSION HEAT LOSSES:
FROM TWO TYPICAL SCHOOL BUILDINGS -
INSULATED WITH STORM WINDOWS

(IN GALLONS'OF HEATING OIL)

Building -
Component New School 014 School New School 0ld’School.
* Roof . » 3.7 gallons 0.6 gallons 7,600 gals: 1,000 gals.
walls 2.3 gallons 2.0 gallons 4,700 gals. 3,700 gals.
Windows 2.3 gallons 0.9 galloms . 37900 gals. °1,700 gals:
Floor 0.8 gallons 0.1 gallons ,500 gals. 700 gals.
Total: - 8.7 gallons 3.6 gallons 20,700 gals. - 7,100 gals.

Annual Heat 1oss

Hourly Heat Loss (At= 70°)

b
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10,200 gals.

'

Component - New School 0l1d School New School 01d School
Roof 1.4 gallons 0.2 gallons. 2,700 gals. 430 gals.
Walls 0.5 gallons . 0.3 gallons 900 gals. 600 gals.
Windows 1.0 gallons 0.5 gallons ,2,100 gals. ~ 940 gals.
‘Floors 0.8 galleons 0.1 gallans 4,500 gals. '700;gals.--
Total: 3.7 gallons 1.1 qallons 2,670 gals.
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annually in the new school and by 62% in the pre-1945 schqoi. At

current oil prices and consumption efficiencies, the annual energy
savings would be around $6,000' in the new building and $2,500 in the

~pld. ) . , -~

' However, it is not alwayé practical or desirable to insulate a

building completely or install storm windows on all windows. ‘The
potential energy savings must be weighed in relation to the cost of
the installation in a particular building. A number of cost/benefit
studies related to insulation and storm window installation were

~ performed by R. C. Vanderweil Engineers, Inc.” in the ECP Demonstration.

e MEASURE 12: Install roof insulation to reduce heat-: .
transmission. “
- Guidelines for Implementation: - }

'The feasibility of installing roof insulation is deter-
mined primarily by the constructién ef the roof. The cost
of insulating a roof varies widely"frénlaround 20¢ per
square .foot in a pitched-roof building with an accessible
attic to 90¢ per square foot in a flat-roofed building

" where insulation must either be sprayed on from below or’
placed on the surface of thé existing roof. In jthe
latter case, a new roof must be--installed on the surface
of the rigid insulation. ,-Jf’a building is slated for .
re-roofing from normal- wear and ‘tear, it is much ‘more

_ roof U-Value of 0.08, although the optimal.améunt of
. insulation.required in a particular building should be
determined by a cost/benefit study. _ oL T

Potential Savings: ‘ o
Studies by she consulting engineering staff in" the Bep
Demonstration (see Studies 13-18) indicate ‘that insulating

4 roofs to the ASHRAE ‘standard will save between 0.14 and
-~ 0,04 galloms:of oil per square foot of- roof per yvear,
depending upon the insulating value of the existing roof.
At current oil prices, savings of 2¢ to 6¢ per,square.foot
per year- are possible. In a 40,000 sguare f¢ét school,
this represents between $800 and $2,400 saved annually at .
current oil prices, and as ?il prices rise, so will the:
._an?ual savings. ‘f“\\v/f“‘\~\\_-
Implementation Cost: o
Conservative estimates by the consulting engineering staff
place the current.cost of roof insulation between 20¢ and
90¢ per square foot of roof. Municipalities may find.
substantial discounts, however, through bulk purchages of
labor and métefiallfBr the insulation of several buil?ings-
at one time, or by utilizing municipal labor in the‘/
installations.

4
- i
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© 7 In genéfél,JASHRAE Standard 90-75 recommends»an.insulated'ﬁ
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economical to insulate the rocf at the same time. SR
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must be, applied on the interior surface of the. walls._~.,

(Some types of insulation may be applied to the exterior |

wall surface as well.} . This usually involves new studs,

insulation, new drywalling (plastering), and repainting.

In many structure€s, wall lnsulatlon is a.sound, pract:.ca1
~.5 inyestment. :

T

Potentlal Savings: .. .

) .In the ECP. Demonstratlon, cost/beneflt studles of ‘the-
» installation of wall insulatior® in, two pre—1945 schools
" were conducted by the consulting engireering staff. They
determined that 1nsulatlon of the .existing brick walls to
ASHRAE standards ‘(U~Valuerof O. 08) would save 0.4 galloms
of 0il per sqﬁare foot of wall per year, or 16¢ per square
foot at current 0il prices (see Studies 19 and 20). -

.The two _schools have floor areas" of - 16 000 square feet and
17,000 square feet, with correspondlng wall areas

feet. At current oil prices, the annual savings due to -
the wall insulation would be $1, 340 and $1,900, -
- respectlvely. L .
Implementatlon Cost /{ . e
: The total cost of 1nsulat1ng these two bulldlngs was
i'estlmated to be ‘$1.12 per ,square foot of wali, 1nc1ud.1.nqk
“the ‘costs of installing drywalling, dzywall finishing,
carpentry, and painting. The breakdogn of these costs is
presented in the cost/benefit studies. -As with the
preceding measﬁxe, the, actual costs may be redﬁéed through

. . bulk purchasmg and:the use of mun1c1pal labor. .

-t

. ® MEASURE 14-' Install storm windows to reduce heat tzansm1351on

and znflltratlon.-

» - " P
'

£
Guldellnes for Implementatlon-

The windows of -buildings. transmlt much more energy per
square foot sthan any other component of a building. For
example, a square foot of window (single pane) transmlts
14 times as much heat per minute as a square foot of

- insulated wall (U-Value of 0. -08). (This is one reason why ,“”‘

all-glass bu;ldlngs consume so -much energy ) - 2

In municipal buildings, the 1nstallatlon of s+orm-w1ndows

. will reduce the rate of heat transm1551on through windows -
~ by almost one—half (46%) - An additional beneflt'of storm.g

3' -

Y

(excluding windows) of 8,400 square feet -and 11,900 square

s - .. ) . Vg - . ‘.A . ) "\‘C"’\a
L o Cow N
\MEASURE 13. ﬁall wall 1nsulatzon to reduce heat~ »ﬂa"u
transm15510n. . . o , ; :
| Guldel:.nes for Implementatlon. L R . .
" In mOSst cases, the insulation of- walls requlres,substan-'
tlal remodellng of the bulldlng interior. .As the A
exterior walls of bulldlngs are either ccqpletely solid - k
‘8 or have inaccessible cavities within, 1nsulat1ng materials
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- . "~ . Storm windows reduce.the normal 1nf11tratlon through
) - .cracks around, the sash by as: much as one-half.

‘ Potentlal Sav1ngs-

The consulting englneerlng staff studled storm w1ndow
installations in a school, a town hgll, and a fire station
(see Studies 21, 22, and 23). These studiés reveal that
the storm windows would save O. 74" gallons to 0.86 gallons
- .of-0il per square -foot of window area per year. Thi
: S represents: an: annual <avings ‘of 1,360 gallons of oil in
. ~w~- . - the school, 350 gallons in the fire 'station, and 530 in
o " 'the ‘town hall. . .

Implementatlon Cost-

o ‘The cost of storm windows varies between $l 71 and- $3 .00
ET : ' . per square foot, according to the engineering studies.
A o T ' These differentials reflect the fact that certain windows
' ' ' ' - may be fitted with standardized storm windows, whlle 3
others requ;re ore costly custom flttlng. '

° MEASURE 15: Reduce heat tramsmission from w:ndows py znstalllng

- ' ' window lnsulatlon or reduczng wzndow area.

. . ] P o : -
s T Guldel:.nes for Implementat:.on. R . ')ig e
r

. @,
CTays

As alternatives to storm w1ndows, heat loss ough
~ windows ‘can be reduced.either by 1nsta111ng a plastlc
bubble-type insulation on portions of wimdows: or by
: ) covering or replacing windows with-better insulated . _
- i - materials. These two alternatives are particularly suit- ~

' ’ ‘able in buildings where the percéhtage of windows in the
. s exterior walls is large ernough that Some of the windows

- - in -each room (pethaps the upper. half). can be covered or-

' . blocked without ddversely affecting the- use of: the
interior space.. , (The- plastic bubble is trans Jcent to
natural light, whlle the second alternative is' completely
Jpaque .) In the ECP Demonstratlon, englneerlng studies

re made of(}nstalllng‘plast;c Bubble insulation on the

R e " upper half of all windcws in-a pre-1945 school . (Study 24),
e T and of ellmlnatlng w1ndows from the apparatus floor of a
A - fire station (study 25). e - :

[

Potentlal Sav1ngs-

R g& e plastlc bubble 1nsulatlon red fes heat transmission
ST Ty Ae%éirough windows. by a bit more ‘half and will save
S L out 0.48 gallons of oil per square  foot of insulated
LT w1ndow per year. Replacing windows' completely with, =
IR ' insulated wall saves ‘1.73. gallons of Oll per square fSot
i . of replaced window. At currént oil prices, the bubble
‘insulation saves 19¢ per year per square foot, and the
elimination of w1nddws saves- 70¢ per square foot.

- PR + t -

N ’70 "f-'

wlndows is' a reductlon of 1nf11tratlon of out51de air. . T

.
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. Conservatlve cost. est;mates 1n the ECP Demonstratlon show
L . that the bubble-type window 1nsuLptlon ‘costs .about '86¢
B per square foot. - THe estlmated cost of replac;ng ‘windows
®with an insulated wall is ‘about .$3.50 per square, foot.

Agaln, costs may be quer due to bulk purchase and through T

tﬁe use of- mun;crpal labor. : _ B e

.- . .

. Measures that’ Reduce the Consumptlon of Electrrcrty

Measures that’ reduce the consumptlon of electricity. in bulldlngs

produce a substantlal payoff due to the relatlvely hlgh cost of
electrlcal energy. . . . _

Except in the case of electrlcally heated bulldlngs, most of the -
electr1c1ty~consumed annually in municipal buildings is: used by . -~
llghtlng systems. The annual ‘costs of llghtlng vary between $0.15 -

and $0.70 per square foot of building area per year. -Figure II-5 - Cote
détails the annual costs of lighting a 22' X 30" classroom using six
alternative lighting systems. Each of these systems 1s common , and

'all provide more than adequate lighting.

‘The wattage of the lights in the six systems varies substantlally—-
from 2.0 watts per square foot for System B!up to 9.09 watts per
square foot for System A. == : .

~

"Such variations in the amount of energy consumed to prov1de a flxed
'llghtlng redquirement can only be accounted for by the followrng ,

explanatrons. - . . L .

Inefficient fixtures are used to delrwer llghtlng to the. rooms. . -
Incandescent lights. (System A) reguire 55 to 70 watts to deliver
_1/600 lumens of light., Fluorescent lights (Systems B-F) consume
o?ly 12 - 20 watts to.produce the same amount of light. '

double* the power requlrements of a llghtlng systenn.«System
aws 4.0 watts per square foot and produces more light than is
'requlred, -while System B needs only 2 0 watts per square foot.

‘AO§§I—1llum1natlon from an excessrve number-of llghtlng flxtures
E

The annual costs shown in Figure II-5 assume that the l:.ghtm; system
operates 9 hgurs per day and.l70 days per, year. If rooms are aiso

-used in the evenings or during- the summer, ‘the annual. enegdy costs of -

- each system would be substantially higher. “The, hlgh cost of llghtlng

can be reduced slgnlflcantly by the followrng strategles.
_,Reduce burning time. When llghts are not needed shut them off.

Reduce 1lldm1natlon levels. Wasteful llghtlng systems can be
improved by removing some lamps and dlsconnéctlng ballasts.

4

Install a more efficient system to supply lrghtlng to. task areas.
 ® MEASURE 16: Reduce the burning hours of llghtlng sgstems
' Guldellnes for Implementatlon-' “

Shuttlng off llghtrng systems in aIl areas whenever o

I A 71

.70

82
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FIGURE II-S

TOTAL LAMP- .
. WATTAGE/ROCM ~

.TQTAi %

*ANNUAL
T

ENERGY
COST PER

B _SQ. FOOT**

500 watts/lamp
1 lamp/fixture.
12.fixtures/rm.

_ 6000\wa;ts[rm.

- WATTAGE ™

?6060 waqﬁé,

COST**

$460,00

40 watté/lémn

2. lamps/fixture |

14 fixtures/rm
i}

| 1120 watts/rm. - |

-

131‘6-. watts |

$100,00

$0.15

T
T A
) . .

R N S N 0

40 watts/lamp

2 lamps/fixturef
”:21 fixtures/rm.

1680 wa;ts/rm.

| $150.00

1974 watts

§0.23

lE

40 waits/iamp
.|.2 lamps/fixture
125, fixtures/rm.

ZOOD watts/rm;'..‘“

2350 watts’

$0.27°

. ~

40 watts/Lamp

4 lamps/fixture |
14 fixtures/rm. .

2240 watts/m..

2632 watts-

$200.00

$0.31 1

p

-75'Watts/iamp

2 lamps/fixture
9 fixtures/rm.

1350 watts/rm.

>

1602 watts

$120.00

'$0:18

**Includes power consumed by ballasts. ‘
Based upon arnual usage of 1460 hours; cost of electricity @ $O 05 per KWH,

room area 660 square feet. -

72
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posslble saves_}nergy and money.. In little-used areas, SR
_ : such -as closetsy rest rooms, boiler rgoms, and basements, .
L ",ff\\ lights should remain .off when the rooms are not in use. '_"
: //'lIn continuously occupied. dreas, such as classrooms or. S
/ offices, daylight’ should be used to supplément the. Vo
\_. lighting system. Existing switthes should allow lights
adjacent to windows to be shut off during the .day. If CE
not, modlflcatlon of sw1tch1ng should be con51dcred. T

Potentlal Sav1ngs.

._The use of dayllght to prov1de some’ or all cf. the .lghtlng
. in occupied rooms could reduce by a quarter to a third the
s L. electr1c1ty consumed for lighting. This would save
L T 3between $50 and $150 per classroom. for the systenms shown’
% .. . in Figure II-5, and between 4¢ and 23¢ per square foot of E
' bulldlng area per year -in office buildings. o o

! ’

A_-‘fl-;., Implementatlon Costs: _
; USually thlS measure has no cost except for the effort
LT frequlred to remind people to shut off 11ght1ng In some

f.'e B "  : ' cases, switching modifications. will be required to enable’
\\ ' o 'personnel to- take full advantage of natural light. s

" @ MEASURE 17: Reduce illumination levels Dby using smaller lamps,
or by removzng lamps and dlsconnectlng ballasts T . '

Guidelines for Implementatlon- S S~

: . " Lighting reguirements are based upon the v1sua1 ‘tasks to |

o : . be ‘performed in a s c1flc area of a bulldlng._ ‘A more
~ 4 . o " visuall demandz.ng task such as- readlng’ réguires a hicher’
.. % . level'of illumination than would be needed to_see -
T adequately in a corridor or stalrway. Publlshed standards ..
S " (IES Handbook, Fifth Edition) for illumination.levels are
- o . expressed in foot-candles.- No®mal office work requires

T 50 - 75 foot-candles, classrooms require 70. Geheral

ce . illumination in offices or schools requires ‘30 foot- .

: u “‘candles, and corrldors or lobbles require’ 15. ' ’ '

. Many existing bu;lalngs have: been de51gned to provide a
. .consistently high level of illumination in all areas. The
designer's intention of’ providing maximum. flexibility in
e the use of rooms, by providing all areas with enough light
’ to meet the most difficult visual tasks, is offset by the
hlgh costs of energy. required to operate the syStem-

~

¥y In many areas, lamps may simply be removed from fixtures
to reduce light- levels.to 2 reasonable mlnlmum In
fluorescent installations, additiocnal energy can be saved
if the ballasts are dlsconnected as well. :

An important point to remember in lamp removal is that the .
level of room lighting is not proportlonal to the number

e .-"; Y " . of lamps in 'the room. * Eor example, if half of the lamps
. SR .-are removed from’ each” fixture in System E'in Figure II-5
2. 73 77
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' the average level of'lllumlnatlon decreaSes by only 21%.
o . .. In many cases," modest reductions in illumination through -
_.' .f - " delamplng will produce hlgher relatlve energy sav1ngs.4_ff

U Potentlal SaV1ngs.ﬂ~7“‘-p ~e B

. . .~ The energy saved. by delamplng is proportlonal to the

_number and wattdge of lamps removed. BaSed upon- annual ,ﬂ“_.:

N »lff'-. o burnrng tlme of 1,530 hours for schools and 2,160 hours

: .. .for offices, -the annual savings per lamp removed are -
L e e shown in Table II-3. D
T - Implementatlon Costs: '.'..“'; R : T “~Q”‘5

. " ) s Delamplng can usually be acpompllshed by local personnel,

< 0 SR costs are limited to their labor.. An electrlclan may -

o \ b requ:.red to dlsconnect ballasts, at some addltlonal

xf ostl " : : P LT
| L oosE - s

B ‘® . MEASURE. 13.. Install a mdrewefflcient'system'to supply lighting

* .’

AT to ‘task areas, TR IR B S T ALe

L ‘;*"“l;' B *i . ‘Guidelines for. Implementatloﬁ.,y

- The overall eff1c1ency of a ‘building's llghtlng system -
- (i.e., useful: llght.energy ‘delivered to a task area versus
S : electrlcal energy consumed by-the llghtlng system) is

' ‘governed- by three factors. o

f=l;g;‘dﬂ _The amount of illumination produced by a lamp per unlt
UL of. electrlclty consumed- ' .

- - The percentage of the total lamp output that is - o
o i’;'utlllzed to prov1de useful illumination for a visual
task (coefflclent of’ utlllzatlon), and ~ -

. : ) " -
f’g _ . - The placement ‘of lamps 1n relatlon to the task areas.

While these factors. are: 1nte related, it is useful to-
, . ‘con51der measures that loglc ly correspond to each
P -’ factor. : '

a. ~ﬁamp efficiency: Some -types of lamps.produce much
e . - - . _more light per watt of electricity than others, as
. C | shown in Table II-4. i

- B In some buildings, it may make . sense to replace the
’ ' existing.lighting system with more efficient lamps
. and fixtures. In schools and offlces, the impact of
: convertlng to fluorescent flxtures from incandescent N
- ~ is demonstrated in Figure II-5. The annual cost per
. classroom is $460 for:System A (1ncandescent) and only
. $100 for System B (fluorescent). .

- . In auditoriums and- gymna51ums, 1t ‘may pay to convert
. to'mercury vapor or metal-hallde\lgpps.

a cost/beneflt study of converting the 1ncandescent
.llghtlng of ‘a school to a fluorescent system was made
1n the ECP Demonstratlon by R. G. Vanderweil (see Study

- J+Ff5jﬁiy74757ﬁgff*f~ R




st e 130
5 ‘:w'f:_j~v' R Annual KWH saved* Annual Savings** -

PR Lamp Removed. ' ..school , Office © school office -
1500 watt B e
_ -incaridescent lamp 765 kwh 1080 kwh $ 38.25 55
o ,‘.';‘.1—-40 watt : o E— s '
eI fiuoresoent lamp . 61 kwh . . 86 kwh  §$ 3.00 $ g 30 .
i 2—40 watt - . _ L |
L fluorescent lamps’ - .122 kwh 173 .kwh s 6.12 $ 8 64
S €2 a0 watt . - T EER LT |
T -fluorescent lamps‘- C L "-'l-. S e
" and ballasts’ ¢ . 144 kwh . -203 WH o .§ 47.19 0 $°10.15
..+ 296" fluorescent t ~ - v . . o
s lamps and ballasts 272 kwh - 385 kwh ' $_J.3.62 -$'.19‘2‘.2“"- '

~

: *Annual burn1ng hours- 1, 530 hours m schools, 2, 160 hours in c-f:.ces _

. B -

: **Samngs based upon cost of e1ectr1c1ty of 5¢/kwh

[y

PR TeeLe 1140

.

Type of Lamp o lEfficacy* (Lmens/Watt) -

Incandescent : 14-18
“Tungsten Halogen ' A G 20

. Fluorescent . 2, ..50=85 )
Mercury Vapor . - 40--70
‘Metal‘Halide . - - . 60-80

HJ.gh-Pressure sodium’ - 90-100 - .

*Includes _ballast losses

Is)
. _‘7_4 e o .



" 26).

b. Coefficient of utilization: The design and arrange- °
3 . .ment of the llghtlng fixtures in ‘a room" and- the. colors
o © - ¥ . and reflectivity of the walls, floor, and ceiling
. .. . determine how much of the light producedrb%th;eolamps
o ‘actually reaches the task area. A’ coefficie £ :
utilization (CU) of .50 means that only half of the’ .
light supplied by the lamps is useful in“performing . -
_a visual task-—the remaindex is absorbed’ ,by the flx- P
ture, the walls, -and the- ce1 1ng hefore_lt can be-
.used. For fixtures mounted .n or recessed into the -
surface of the ceiling, onl 45% to 65% of the. light ~.© .
L output'actually-reaches the sk_area’ (bdsed- upon . RCR o
s s -of 2.7, ‘high reflectav1ty of celllngs and walls) For
R ' T suspended fixtures, the utilization is_about the same. .
as long as the celllng remains highly - reflectrve. I£
the ceiling. is’ only- 50% - reflectlve, only 35% to 458 of ;«/’{
n_the lamp output reaches the- task level..' ~ ,_f

Qn'.  These effects should be ‘taken into account when a
llghtlng5system is .converted. - T

R\

o

R ' N Lamp placement: 'As the distance between the lamp and- i
) the task is reduced by half, the required lamp. output =
is reduced by four tlmes. In ‘other words, a 20-watt =~ -
lamp two feet away from a task provides as much llght
as an 80-watt lamp four feet away. - The placement of
lamps in relation to task areas is difficult to anti- ~
cipate when a building is designed. As a result, many v
' offices and schools are lit so that a- uniformly high T o
" level of light falls on all areas. While reductions T
can be made in the general lighting level in ex;stlng
systems by delamplng, additional savings can be
achieved by reducing the general light levels and
providing supplemental light sources closexr to the
‘task surfaces. ‘ :

'ﬁ\'

In three cost/benefit “studies for the ECP Demonstra-'
tion, R.G. Vanderweil examined the feasibility of
substituting small table lamps for existing overhead
lighting (see Studles 27 28, and 29).

Potentlal Savings:

1

a. A study by R. G. Vanderweil Englneers, Inc. of
replacing incandescent lighting with fluorescent in a
- school building (Study 26) estimated that electrical
consumption would be reduced by 0.71 kwh per square 3
foot per year. : .

°

o~

b. Studies of task llghtﬁng by -the consulting eng1neer1ng ' el
. staff in two school libraries and-a town hall estimate - - R
,Vthat between 44% and 64% of the existing l;ghtlng _
energy could be saved by reducing overhead llghtlng by
half and using small table lamps.

o - 76.
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Implementatlon Cost-‘ 3 o ‘“ : 's'

o R The costs of 1mprov1ng the efflclency of exlstlng llghtlng
‘systems are guite high, and should be investigated only
aftexr rmplementlng Measures 15 17, whlch ‘have much hlgher
returns.

—_

Rev1ew and Summary of Energy Conservatlon Measures Recommended for
Mun1c1pal Bu;ldlngs

. To assist the munlclpalltles in conductlng their own. audlt'programs,'\
o t‘ne following: brief: discussion. organlzes the measures described in -
~ T the precedlng section- according to -the type of. munlcrpal bulldlngs

3,—' ln Wthh they are most likely to. apply. - .

2- ' s o
< While the descrlptlons of measures in the: text are. organlzed-accordingf"

-to- the prlnc1ples of: energy conservation, the following presentatlon
is- broken down.by no—cost versus capltal—ln estment measures. -

. . - -
~ . . T

-~

No-Cost Measures Classrfled by Bulldlng Type :b:4_

7

, From the srxty audlt reports submltted by the consultlng engineering

: ﬂ.f-staff:uxthe demonstration cities and towns, the no-cost measures.

e recommended most often in mun1c19al bulldlngs are lndlcated 1n Figure
S II-6. SR L . <

-

Cap:.tal Investment Measures Class:.f:.ed by Bulldmg ™vVpe . .:' -

R Also noted in the sixty audit reports are’ a number of capltal invest-
L ment measures worthy of further analysis due to- their potentlally
high payback in.energy: savings. Thirty cost/beneflt ‘analyses were.
conducted to’ evaluate some of these 1nvestments. These analyses are -
l, ; 1ncluded in this appendix.

The measures suggested in the audit reports are summarized in,Figure
II-7 by type of municipal building. Figure II-7 should not be
construed as recommending specific medsures for partlcular building
types, however. Such recommendations must follow a thorough evalua-
tion of thHé particular costs and savings associated with lmplementlng
a measure -in a Spec1flc buridlng. - N

Figure II-7 should be 1nterpreted only as a gulde to help select
potentlal measures for furthey study. -

. e . . . . ) Q -:‘ C. - . R E
| o EVALUATING fm'fESTPfENT _DEc‘XQSIQNs .QN%:B'UI'}.DI"NG."_.IMP_ROVEMENTS; G

Inwesting in Improved Bulldlng Hardware '-f f""" N

- . Energy saving 1nvestments in bulldlng 1mprovements should be _
o e approached on. the basig that they w1ll provrde a. return above and

beyond thelr 1mplementatlon cost. _
- s
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URECOMMENDED NO—COST MEASURES

MUNICIPAL BUILDING TYPES

Pre-1945
Schools

Post-1945"

Schools

b

Town

Offiges

Fire/Police
Stations

DPW

Garages

1) Set back thermostats to 55°°
during - “unoccupied periods.

“
e

)

2) Shutdown ventllatlon system
_during unoccupied periods.

'3) hutdown .cooling system
during unoccupied periods.

) Reduce unnecessary llghtlng'
by-delamplng. .

. . . Z. i Liljn.ré_rie's

- 5) Reduce domestic hot water. Q?j'

temperature to 110°.

e

2l

'fé}fﬁEdﬂbe ventilation rates
. during occupied- periods.

: Q . N |
; N '1%‘. M
;- .
: +

\

7) Measure and adjust burner/
- -boiler efficiency. :

0000
y| W, T |

w oy

'8) Calibrate thermostats’ and
~ other controls.

4

»

[

9) Eliminate reheat.in HVAC

'system (where applicable)..

..
o .

.10) Disconnect ballasts when
delamping.

11) Reduce winter indoor-
+temperature to 68°. ~

E]

“12) Increase summe;-indoor
temperature to 78°. .

.

.

13) Turn off unused lighqs.

.| B - ) i N - Y - B
. « - - ., . - -
h g . b
. B L . - . . -
. Vo

»
e -
. 1 .

14) Use outdoor air for Summer
coollng. bq P

15) Use bllndsfétrtalns to reduce

solar heat gain in. summer.

. e |

-16) Use natural llghtlng when

h

. - . ’ 10 M . Y - B "
C e . . . . o
o ) ' Al
. . AR , . .
. . 4 g . - . . 1. n L
. . B : . f . [

. avazlable. -
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CAPITAL INVESTMENT MEASURES .

cwC

n

* MUNICIPAL BUILDING

'Pre;1945
Schools -

Pogt-1945
8chodls

Town

r~

Offices
Eiré/Pblicé

Stations .

4 -

4Librariea r”'

DPW
Garaqgs

. Install .separate rocm.thermostét%/

’ .- . ,/'.'.
Beat recovery from boiler ‘stacks.

-

s
11

' ” Hea£ rec6véry'(therhalvwhééigfi"h

_Multlple b011er controls

\u. 1 o

'.Reauce over—ventllataon

K2

Autcmatic door closerS'

"Roof insulation

wall insuiaiion‘

Storm windows . .

Wlndodﬁgnsulatlon/replacement

.
G
R . . P
£y . y

Hore eff1c1ent llghtlng system

‘. ...‘

4
v . . .
.

Install ‘task Lighting :
i ) -
oy N ’ - -
"l: : , — .
) R y
. ) bay o t
g _ -t Y.
N . DN 78. ©
e . B2 . -
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_ This -discussion assumes that the local decision maker does not have a .

Y . ‘i -
: . L ~ .

4

‘technical. bacﬁéfbund in financial analysis. It also assumes that
improvements under consideration are analyzed by engineers who can

ment:

" provide the mfnage{§w1th the folloW1ng 1nformatlon orr a given 1mprove-_'

1. The 1n1t1al dollar cost of the 1mprovement- ' . -f -

2. The expected annual energy saV1ngs ln dollars that will result
from lmplementatlon, and : ¢

‘3. -The expected useful llfe of the 1mprovement.

Given these facts, a manager w1ll want to know the point in tlme ‘when

the capltal invested in thls improvement can be recovered (i.e., the .
number.of years to payback), what rlSkS ought to be con51dered 1n thls
1nvestment declslon, and how rlsks can be mlnlmlzed. B o -

- ‘Po make thls datermanatlon, a manager’ ‘must first. establlsh his _oppor-
tunlty or interest cost for investing money . This recognizes .the.

.~ notion that a.dollar in hand now is worth more than a dollar expected

E‘“

-~

one year from now. A dollar in: ‘hand can be invested in a savings
account at, 'say, six percent 1nterest, so that in one year it would
be worth $1.06. This future amount is the- real equivalent of a

-current dolIar In order to compare, the worth of an expected future

stream of annual sav1ngs to the current dollar cost of an 1nvestment~‘ o
“'this future, stream is, "dlscounted" at a rate of interest equivalent
to ‘what am alternatlve 1nvestment of ‘these current ‘dollars would
‘realize. Since these current dollars can presumably be invested in a
. savings account. at. some. interest, this interest rate may be taken as
.the opportunlty cost of‘lnvestlng these dollars 1n bulldlng improve-

ments. I _ ,M <._, : ﬁ,»~

)

c . £ o ' ]
“The flrst step in-sound decislon making in 1nvestments in building ///’f>>

' 1mprovements is establlshlng'a_"dlscount rate." -

A second 1mportant stepgis recognizing that fuel prlces’syfl 1ncrease\\
- in ‘the. future, - ‘with' the ult that<the expected stream

annual

.'savings. ‘'will grow in the future. -Assuming constant energy prlces and

settxng a. dlscount rate, .a ‘manager would reject an 1nvestment where

the ‘payback period” exceeded the useful life of the improvement. Using . .

- the same -discount -rate but assuming, that fuel prices will 1ncrease in, -y .7

the future will yleld a- shorter payback per:od. I . L

4 Y N B :}t : V . ) .
Theerelatlonshlps dlscussed.here are made expllclt.an Table. 1I- “Sy The' L
- tablé plots payback perlods at a seven’ percent discount rate £or .. T T

various rates of fuel price escalatlon, w1th the ratio: of 1nrt1al

.1nvestment cost to annual sav1ngs sPeclfled in the left—hand column T

\ﬁb illustrate the use of thlS\table, assume that an: lmprovement

costing '$1,000 will save $100 in energy costs annually, and has a‘f" .’;;"fi:'
useful llfe of 15 years.. -The 1n1t1al cost to annual: sav1ngs ratio is T - Lk
-310. At. constant fuel prices - (1. e.y 0% fuel escalatLOn);>the payback : . g}

- an_ this nvestment is'17.8 years, but if fuel prices increase at’ the’
rate. of 10%- annually, thls 1nflated stream of savrngs w1li yleld a

payback of 8- 7 years. B R e L
Do IR - . ~ T . L. S

S R . LR T . T r

“ o779 3 : oy _ T

N



\$ e , : ' . > e = ;
- TARLE [1-57 o o
: YEARS TO PAYBACK AT 7 PERCENT -DISCOUNT RATE |
Ratio .of - Fuel Price Esczlation Rate
Initial Cost to - R =
' aAnnual Savings 0% . 2% - 4% 6% 8% 10 %
_ 1> 107 1.05 . 1.03 .00 0.99 0.2
2 2.23 2.156° 2.09. 2.03 . 1.297 1.9
>3 3.48 3.32 3.18 , 3.06  2.95 2.8
- 4 4.86 4.56 4.31 “4:10  3.91 3.7
memi 5 6.37 .- 5.88 5.487 _ 5.15 4.87 ° 4.6
AN 6 3.05. = 7.28 6.68 % 6.21° 5.81 5.4
7 3.95 8.78 7.92 7.28  6.75 6.3
8 12,13, 10.40. ° 9.23 8.36 - .7.68 7.1
9 14.70 12.16 - 10.57 . 9.45 - 8.60 7.9
N 10 17.79- 14.08 11.97 10.55 - 9.52 = 8.72
- 11 0 21.72, 16.19  13.42  11.67 10.43 _  9.49.
12 27.09 18.54 14.94  12.80° 11.33 10.24
- 13 35.59 : 21.19 - 16.53 .13.93K*' 12.22,  10.97
14 57.82 24.22 . 18.19  15.09-' "~ 13.10 - 11.70
- - 15 never 27.77 - 19.93 16.25 13.98 . 12.40
‘ 16 - _never 32.05+ 21.77  17.43 . 14.85 _ 13.10

b s
o 3

'19.\ . never 55.98 ¢27.93- i
.20 never  82.16  30.25 > 22.27 - 18.26 . 15

.
z
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never . 37.44  23.70° . 18.62  15.7L  13.7§
never  44.72  25.75 , 19.82  16.57 . 14.44
21.04 17.42  15.10
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© Since under. the-assumption of zero escalation in fuel cost the 17.8
- year payback exceeds the 15 year estimated useful life of the improve-
‘ment, a decision to rejéct the investment would be correct.- .But
since fuel prices are-ce:tain to increase, this would be %he'wroﬁg )
decision. If they increase at 10%, the 8.7 year payback indicates ST
_ that not only will the cost be fully recovered, but the investment
,will provide a positive cash flow for anothér 6.3 years. It is
- important to assume that energy prices will rise at some rate in the
- future when analyzing investménts{in building improvements.

The third step in évaluating invqstments,is‘eét;blishing'the"accept-\
".able payback period for a given investment. ' This period ‘should be
somewhat shorter than the useful-life of the investment under B
consideration. In general,the shorter the payback period, the lower-
the:risk‘thét the initial investment cost will no e recovered,.
_ . either becqﬁsé fuel prices did not rise as rapidly as expected or .
. ‘ 'beqauSe'thé improvement did not last as long as expected. By o
- éstablishiﬁg a payback period shorter than a useful life,.the manager
also ensures’ that the investment.will yield a return bey0n§ recovery

of the injtial cost of the investment. | e S

Once the manager has established his payback period critefion,‘by‘
deciding, fox example, that the capital cost of an investment with a
- useful life of 15 years should be recovered within a 9-year period,
* the payback tables can be used to determiné if the actual payback on
a giéén‘inVestment satisfies this -criterion. In the case used above,
B .+ . the 9-yeag payback criterion would be satisfied by the investment, .
/// . ' with an actual payback of 8.7 years, assuming a 10% escalation in the
- price of fuel. The tables on the following pages can be used in this
. manner to maKe financially sound investments.in building improvements.

N

To use this method of‘anaIYEis,-the manager must have hﬁ engineer

establish initial cost, annual savings, and expected life. . The C
\éggr'must establish his discount rate payback period and estimate -

' /:Zig‘rate of fuel_price increase. °'No one can make an accurate point .
forecast of what this rate will be. A guess in the rangé of 4% to 8%

' ' is quite reasonable, given past rates of fuel price.inflétion.

N -
~
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. ) -7ABLE {I-6
YEARS TO PAYBACK AT 6 PERCENT DISCOUNT RATE -~ .
" Ratio of Fuel Price Escalafion Rate - e
Initial Cost to . . . R -
Pirst Yeér Savings 0% 2% s °~ - 6% 8s 108
1 Y1.06 1.04  1.02 1.00 0.98 0.96 -7
. 2 2.19 2.12 "2.06 2.00 -.- - 1.95 1.90
3 3.14 3.25. 3.12; 3.00 *, 2.89 2.80" ;
i 4 4.71 4.44 4.20 o 4.00 3.82 3.67
5 6.12 5.67 5.31 5.00 4.74 . _ 4.5
6 7.66 _ - 6.97 6.44 6.00 . .5.64 5.33 "
- 7. 9:35 . 8.34 7.59 7.00 ©  6.52 "6.12 .
‘8 11.22  9.79 - 8.77 8.0 *  7.39 6.89 -~ -
. 9 ' 13.33 11.32 . 9.98 9.00 8.25 ;. 7.64
10 15,73 _12.34 '11.21  10.00 = 9.09 8.37 . .
11 . 18.51 ° 14.68° " '12.48  11.00 = 9.92 .08
. 12 21.85  16.53  13.77-° 12.00  10.74 9.78 .
13 25.99- 18.53 16,10  13.00° 11.54 1045
14 31.45 20.70  16.47 14,00 12.33 1.1 -
‘ 15 39,5z - 23.07  17.87 - 15.00 . 13.11  11.75 .
16  55.24 _.25.67  19.30 16.00  13.88  12.38 = -
17 never ~ 28.56  20.78 '17.00 14.64  12.99 .
- - ) 18 newer  31.81 22.31 18.00 15.39 13.59 .
19  never  35.53. 23.87 ~ 19.00 ., 16.13  14.18 :
w 20 - newer  39.88 - 25.49  20.00 . 16.86 . 14.75 .
- “ 71ABLE II-7 ! < »
& "YEARS TO PAYBACK AT 8 PERCENT DISCOUNT RATE ' .
- ' : “ : - !
Ratio of *  Puel Price Escalation Rate - : ) -
Initial Cost to ' . T ' ) - .
Pirst YeargSavings 0% - 2% 4 6% - "By 10% .o y
= . -, . , - . ] . . . X C > .
i  1.08° 1,06 " i.04- % 1.02 100 B.98 , &
20 2,27 2.9 2.12 ' 2.06 2.00. 1.95 7 o
- 3 3.57 - 3.40 3.25 3.12. ' 3.00 . '_2.89 . b
4 - 5.01 4.69 . 4.43° . 4.20  4.00. 3:83 X
. 5 - 6.64 - 6.09 5.66 _ - -5.30 *"5.00 &74 -
-+ 6 8.50 7.62 . 6.95 6.43 ' 6.00 5.64 .
7 10.67 9.28° 8.31 7.58 .7.00 6.53 -
-8 ' 13,27 11.13 9.74 8.75 8.00 7.40 .
i 9 16,54 13.19  11.26 9.96 '9.00" , 8.26
100 20.91  15.52 - 12.86° 11.19  10.00__  9.10 - . -
) 11 27.55  18.22  18l57 12,44 11.00 9.94
; 12 4l.82  21.41° 16.40  13.73 . 12.00 . 10.76 PR
13  never  25.31  18.37 15,06 . 13.00 -''11.56
14 - never  30.35 20,493 16i41  14.00 - 12.36 °
) 15 ° never . 37.44° . 22.79 17.80 " 15.00 13.34
* 16  never _ 49.57 25.32 ' 19.23 -16.00  13.92° . .
- 17 . “never  never 28.11 . 20.69 °17.00 - 14.68 ' =
. . -.18 never never 31.23  22.20 .18.00 “15.43 3
19’ newer never 34.72 23,75 19.00 . - 16.17
20 never never 3885  25.35 ~ 20.00 '16.90 ° -
’ . L y_. =
e 83 ) |
' T 82 ' .



: _ taBee 11-8 .
T . YEARS TO PAYBACK AT 9 PERCENT DISCOUNT RATE -
v " patioof -t Poel Price Escalation Rate
Pirst Year M o 2% 4s - 6% -, 8% T 10s
1 1.0 1.07 - 1.05° 1 - 0.99
- 2 2.30 2.22 2.15 1.9
- | ' T3 3.65 1.47. 3.32 2.9
(e 4 5.18. 4.83 4.55 - 3.9
- s 6.34  6.33 5.86 . 4.8
.o 6 9,01 7.99 , 7.25. 5.8
. . 7 1.54 9.86 = " .8.74 6.7
! : : - 8 14.77 12.00  10.34. 7.69
i ' 9  19.27 14.48  12.07°° 8.61
. 10 26.72 17.46 . 13.96 . 9.53
11 s3.ea 21.18 . 16.03 10.44
: c 12 ° naver 26.13 18.32 11.34
: Q . 13  never 33.55 _ 20.89 12.23-
R , ' 14 never 48.79 23.81 13.12°,
- .15  ‘pever  never 27.20 14.00
16 never never 31.23 14.87
17 never - paver. 36.20 15.74
. " 18  never never 42.71 16.59
- } 19 never never ‘¢ 52.12 . - -17.45
T © 20. never never 69.38 ~".18.29
- ar § - : St o
_ ‘ : ‘ TABLE 11-9
" YEARS TO PAYBACK AT 10, PERCENT DISCOUNT EATE
T L -
i . D Ratio of Pual Price Escalation Rate ,
. Initial Cost to . v L. o
/ Pirst Year D 23 &8 | 68 . Bs ~ 10%
1 1.11_ - - 1.08 1.06. . 1l.04 - . 10z - 1.00
2 2.34 . 2.26 2.19 2,12 2.06° - "2.00
- \ 3. ) 3.74 3.55 3.39 324 | - 3.2 3.00
’ 4~ 5.36 4.9 4.68 4.42. - 4.19 4.00
. 5 7.27. 6.59 6.07 . 5.64 = 5.30 5.00
‘ ) N 9.61 _ 8.42 7; [ 6-9% g 642 6.00
oL 7. 12.63  10.55 o7, - ' 8.28 7.57 . 7.00
. g 16.89 13.0¢ . 11.84 . 9;70~ 8.74 8.00
- { 9. 2416 16,21 .13.06 .20 "5.94 ., 9.00
N ’ _ .1’ 10 . pepygee¥ 20.31.°~15.34 (12,79 11.16. - 10.80
- ’ e 00  17.95 1448 1241 11,00
. "5 .52 . 21.01. 16.28 1370, 12.00°
~ - JE> . -naver,  24.72 18.21 151 . "13.00.
% ~ naves jver | 29.39 . 20.29° 16{36  14.00.
- or <4 nEVer 35.75 ©  22.54 17.74 15.00
never’ . \pever  45.73  _ 24.99 19:5 - '16.00 .
" never -~ 70.45 = '27.69  20.60  17.00
- never never never 30.70 22.10 ¢ 18.00
o 19 ) ~never . never ' mevér . 34.08  23.63 " 19.00
o~ . ‘ never | DevVer  DNeVer . 37.94 25.21 20.00
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R - TABLE II-10 . S .
- i
YEARS TO PAYBACK AT 118 DISCOUNT RATE
' . Ratio of Fuel Price Escalation Rate
° Initial Cost to - . -
" ., . Pirst Year Savings 0% 2 L ST -} 8% 108
. R : 1 112  1.09  1.07 1.05 \\1.03 . ror
, . 2 2.38 2.30. 2.22 2.15 2.09 2,03
. 3 3.84 3.64 3.46 3.3 3.18 3.06
. X -~ & 5.56 5.15 4.82 °  4.54 4.30 * 4.09
- ' 5 7.65 6.88 6.30 5.84 5.46 5.14
N : , 6 10.3¢  8.91 7.94 7.22° 6.65  -6.20
. : 7 14.08° 11.37 9.78 8.69 7.89 . 7.27 °
i 8 20:32 14.47  11:87 _10.28 . 9.17 8.34
. v ‘9 44.13 - 18.69 ° 14.29 = 1199 10.50 . 9.43
- : 10 - never  25.31 ' .17.16 - 13.84  11.88 = 10.5%
S . : .1 never . 41.70 ~°20.70 -15.87 - 13.3I. ~ 11.64 .
. e 12. newér never  25.31  18.11  14.80.  12.76
: AR ., - ] 13 never never 31.92 20.61  16.35 . 13.90
- 14 never. never 43.79  23.43  17.97 "’15.04
! . IR 81 never never never 26.67 19.67  16.20
. r S 16 never never never 3 17.37"
"L . . B " 17 never never  .never  35.12  23.32 18.55 _
’ 18 never never never 41.02 25.30  ,19.75
19 never never ' ‘never 49.15 27.38 20.95
. 20 . nré‘?er - never never 62.30 - :29.60 22.17
.—. = 4 ? -
R , . ‘TABLE II-11
. K YEARS TO- PAYBACK AT 12 FERCENT DISCOUNT
s ©  Ratio of . - Puel Price Escalation Rate
. el e Initial Cost to B :
P First Year Savings O% 2% I L Y -1 8s 108
: ©1;: 1.13 - 1.10 1.08 - 3.06 1.04 1.02
, ) 2/ 2.42 2.33,  2.25 2.18 - 2.12°  2.06
- ) 5 ; o3 3.94 3.72. 3.4 . 3.38, . 3.24, 3.1
4 5.77 5.32 4.96 4.66° . 4.41 4.19
. 5 | 8.09 7.20 6.55 6.04 5.63 = 5.29 )
6 11.23 . . 9.49 8.35 7.54 6.91 = - 6.41
7 16.17 ° 12.39 . 10.43° ~9.16 - '8.25 7.56
- 8 ~ 28.40 16.40 12.89 10.95. . 9.66 8.72 14
g 9 never  22.83 , 15,90 - 12.93  11.15 9.92
} . 10 ~ never  42.04  19.79  15.16  12.72 . 1l.14
. Q 11 never - never .. 25.26  17.70 . 14.39 12.38
o 12 never never . 34.61°  20.65 . 16.16 . 13.66
o S & never never never 24.18  '18.06 .97
) ' N 14 never fever . never 28.56 , 20.10  16.30
.. 15  never naver never - 34.34 22.30 17.67 -
N AR S ) ‘16  never -.never never . 42.88 24.69  13.08
et - R 17 never  never never © 59.52 27431 20.52

18 never never ' never never  30.21 22.00 _
T _never never never - 33.45 23.52°
@vu - newer never 37.12 25.08 -
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TABLE_ 11-12.

e T _ *  YEARS TO PAYBACK AT 14 PERCENT DISCOUNT RATE
-0 . . . . .- ) . . - '/
R Ratioof ., Puel Price Escalation Rate
) Initial Cost to j PR
Pirst Year Savings .0% v 4s 6% - B% T10%
' - 17 118 -/{-.1_3. s 457:] 1%8 ©  1.06 1.04
. - ’ C 2L 2,51 - 7/2.41 . 12433 2.25 2.18 2.11
. i 3 “4.16. - 3.91 3.71 3.53 3.37 .3.23
D - 4 L 6,27 5.72 5.29 4.94 4.65 - -4.40
' - S 9.19 7.89°  7.14 6.51 6.02 " 5.62
. 6 ~ 13.99 11.00 ©  9.37-  8.2% 7.50 6.89
' : 7 .29.86  15.60  12.18._ 10.33 . 9.11 . 8.22-
IR a . 8  never 25.47 15.97 12.72 10.87 9.62
5 5 -9 never never ° 21.84 15.63 12.82 11.10
10 never - never 35.49 ¢  19.31 y, '15.00 - -12.65
11 never never _ never 24.37 #17.47  14.30
.. - R 12 never never ' never 32.45° 20.32 N16.05
- ' g . 13 , never . never never, 54.57 23.69-, 17.92.
. . . - -14 never never never ° never  27.82 . 19.92 -
. "{5. - npever, never ‘never ' never . 33.14 -22.07.
] 16 ' never ' never  never never 40.64 24.41
. 17 ' never- never. ‘Tnever  never 53.46 ' 26.96
e 1§ ‘never never never ° never  never  29.76
. 3 19  never neaver  never never never 32.87
‘ ! 20 never  never never Tever  never 36.38
o '
. ly _ )
L4 K +
o . , TaBLE [[-13 =
. YERRSTOPAYBACKATISPMDIS&&ITRETE
. Ratio of * FPuel Price Escalation Rate
Initial Cost to , -
first Year Savings O% 2% 4s 6x .° 8% 10%
‘ 1 1,17 . 1.15 1.12 - 1.10 1.08 1.06 -
> ‘ 2 "2.60 2.50 - 2.40 - 2.32 2.24 T 2.17
3 3 4,41 ©  4.13° . 3.89 - *3.69 3.52 3.36
4 6.88 6.19  5.67 5.26 4.92 4.63
5 7 10.84 9.01 7.88 7.08" 6.47 _ 6.00°
: 6  21.69 13.49 10.79 9.26 8.23'" . 7.46
N % 7  never  -25.18 15.10 11.98 10.23  9.06
‘ 8 never, never 23.49 15.59 °  -12.57 '10.80
9 never never never 20,97 1537 12.71
. _ 10 never never never 31.85 20.97 14.85
L 11  never  never, never never 31.85 17.25
- 12 never never never = never = never 20,01
13 , never never  never never, never 23.25
- 14 never = never ~fever - never never 27.16 -
. 15  never never never _hever never 32.10
. 16 nsver never never never never 38.81 ¢
’ . 17 __pever never never never never  49.35
. 18 « “hever never never  never pever  75.45
. 19 never never . nevexr ‘never . never never
: 20 = never never never  never -_-never  never
i o &7 o - ©
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R . '& ~ - = P
/ A 86
- - ’ i 2 N
~ ]: Q . . . 85. . -
RIC e :
- : [ ( ‘

- /—-\

v’



. ( . §
- .taBLe I11-14 " L S
YEARS TO PAYBACK AT 18 PERCENT DISCOUNT RATE _ > " -
Ratio of . . Puel Price Escalation Rate’ . I o e
Initial Cost to _ P SR SN
rirst Year Savings 0% . 2% 48 - 6% 8s ‘1 - . oo
- , -1 1.20 _1.17 1.14 1.12 o '
-2 2.70 2.58 2.48 2.39 . N -"/
3, 4.9 4.36 4.10 3.87 - //
4 7.69 6.78 6.12 5.62 - '
X - ¥ 5 13.91 10,53  8.85 .-7.78, -
) 6 never .19.4%  13.05 10.60 - *
- _ 7 never " ‘nevexr 22.59 14.66 - “ :
i P .8  never never -  never 22.01 - i . -
. .9, Dpewver “never - = never never
N ] ‘never uﬂm'x:';7 never never - P
. " ~ 11 never  never never never '
o - 12 nevexr never never naver
T 13 never never never never
- - 14 never never never never
- . . 15 never never  never never
16 never  never never never T
. ) b 4 never never evér never
. 18 naver never never naver .
~ 19 never never never never
) 20 never never never never ’
TAaBLE 1I-15 .
.MRSNPMM2OMDISWM
' Ratio of Puel Price Bscalation Rate ' ' .
Initial Cost to - - : . . . » S
K Pirst Year Savings ON 28 48 6% 8y __ 10v
. - .\ ) . ) % -
.‘l ‘ . - 1 «1.22 1.19 1.17 1.14 1.12 1.10
) ’ : 2 = 2.8 2.68 2.57 2.47 2.39 2.31 .
" 3 5.03 4.64 . 4.33 4.07 . 3.85 3.66,
o ] 4 8.83 7.53. 6.68 6.06 . 5.58 5.19
S never 13.17  10.25 ‘8.71  °7.70  6.97 - e |
‘ 6 never .. never - 17.92. 12.68 . 10.43 = 9.06 ' v :
"7 never _ never never 20.83 14.28 11.63 . '
. .8 never never, _ never never ' 20.85 14.93 ° ~/ N
" 9 never never. never never . never 19.59 : .
! R 10 never  never never never nsver ~ 27.56 & i
- - /—' . . 4 .
v 11 never never never .
~8 12 never . never  never A
13 Dever  never . & never : -
. 14 never  never = never o .
» é:, N .16 . never never _never i
. ¥ 17 aever never never -
< 18 never never never
- 15 © never Dever - never
N ' 20 Dever | never  never
. : N = . . -
. 9O o ' : ' ; ' ) '
'EMC o _ : 86\ - - : .
M : - . o .
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. o .- . ' . s “
syl L
Cost Benefit Study of Installiag Separate. o — ST ‘ ' \
Roon Thermoststs, at the fowler School = * . © : ... Tnérefors added loss through: . - ‘ N
) AR 76 T8 R R T ITE FI B
L P .l L Boof (MU value «0,31 Btu/brsq ft-deg F (gt ). -
ook Building Data .. . I SN bl Btu/hr-sq ft-Deg. F) (9,000 eq 1) (Sdeg B)
s w‘,." e v " C ’,‘.‘ .y o - .;/.. . . - { " : .I- . . i ,; . ,. . I .- S
k. "Date of Construction - 1897 e . equals 9,450 Btu/hr. e ‘ : Q
B. Cross ¥loor Area - 16,364 8 It. o e , -
¢, Fuel Burned In Base Year - 18,000 gl $5oil. . v 2. ‘findows -("0" value » 1,13 Btu/br-8q tt-dog T (ref 1))
' D. Cost of Fuel Burned - 36,006 . " e S e e -
2. Cost of Fuel per Gallon - $0.33/gel (113 Btu/hr-sq {t-deg F) (288 sq ft) (5 deg 4] -

11, Summary - S " o L equals 1,627 Btu/br

' - / . [ . . [ o coe N ‘.
The savings derived by installing sepunge'thermgtatictlly 3. Walls ("0" value * .48 Btu/br-sq ft-Deg ¥ (ref 1)). ..
controlled.valves ou the stewn pipes; in ‘the claggroon'of the .1 ..o O A VI PP
. Powler School ‘weré calculated, and found to be thout $270.per~ - o (.48 -Btu/br-8q t-deg. F) (2,000 dq]-‘\fﬁ);.'):dgg B . o0
year. These valves, four in number, would coat about $400. ST : R AR S
total. - | ' T equals 4,800 Btu/br - oy )
8 ,Czlculitions % 'The total' added heat logs equals: "
@ A Assunptions . . " ‘ 4,800 Btu/br . | -
® . - ; N 9,450 Btu/br . .- . ' ‘k
‘ , 1. Since:the thernostats hre on the first {loor, aud heh.]t 1,621 Btu/br g . ;
rises, the second {loor would be five degrees wammer than 15.877  Btu/hr ‘ : .
* the Mirst floor if all windows were keps closed. SR ‘
2. Window area on second floor is 288 sq It. The dollir cdst through the heating season. '
3. Roof area is 9,000 sq 2t. ‘ o e ‘ -
" . : BE oy By (gg 81y (7 20 gl ($0.33)
4, Wall area on second floor s 2,000 8q ft. 15,87 2 (4 ) (050 (15 (ggqmn oo X071 GAL .
© 5. Heat contest 0f ofl-is 140,000 Btu/gal sad Beating efficlency | |
. equals 70 percent.(ref 3)- o equals $269/year ,
8. Savings to be Rexlized by the Installation of Thermostatically . : :
Controlled Valves in the Four Classrooms on the Second Tloor * C. Costof Themataticﬂ%y Controtled Talves
Because there are no controls on the steam beating system o0 . In this situation, four valves are peeded. From manufsc-
« the gecond floor, and because heat rises, for calculation ‘ turer's dats, the installed cost is approximately $100
'+ purposes it s sssuned that the second floor is five degrees . pbr valve, Therefore, the' total cost. 18 $400.
warper than tbe first floor. This extrs five degrees of heat . o g
ig eventually dumped to the outside air and is, essentially, D. - Estimated Useful Lifetime
.+ g hext loss that would not exist if temperature controls ' ‘ ' '
’ kept the upstairs temperature gt the size setting as dowd ° The estimated useful lifetine of these valves is twenty
: years (ref 2). . .

b , stairs.

This five degrees of added best loss iu transnitted through
the roof, the windows and the walls.
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' v Cost Benefit Study of Thermostatically o L
; Controlled Valves at tbe Peter Fitzpatrick o T J )
Y . +School (01d Wing), Pepperell’, WA * - coe ST s IR
R i\ . Cost of: Termostatically Controlled Valves ,- . . ©
1. Buildisg Data SR B .  From the manulucturer's data the {nstalled cost fot & gelf=' -
R : P contained.control valve Ys $100 per valve, -Therefore the ' -

. . ! . . fon o0t .

. A Date of Constructios - old wing - sbout 1920, new wing - _ cost of the ten, required valves is $1,000,

aboyt 1980 N st e ‘ S e ;
B Cocke Floor dresi- @00 gt Bstinated Uoful Ldtotine

. ¢. Yool Bursed in Base Tear - 27,150- gal #4 oil, 8,800 gul ¥ olll - S U _ :

ot of Fuel in Base jear - $9,180,%4 oil, $3,220 #2 01 .. The usefnl lite_quie. 8 eet‘(mted to be twenty years (ref 2).

: ,o D
AU 2 Tost - per Galion' in Bage Year - 30‘.63/:11 #4 oil, $0.%/gal’
o e 0 1 . ) ' ‘ L “ . .‘." -

11 Suomary
he initial cost and anmual savings resulting from ingtalling - TUR f:: o l wo g e o
geparate roon thernostats and control valves on the umit ved~ N L
‘L tilators-were calculated. pnits'are-notmiqutlly'control_lod;_ S -

Lo by & damper. This applies @y in the'old wiog of ‘the-School. - A

. The installed cost.of thé valves 18 estinated to be $1,000, @ p . '

e - the yearly savioge i about weo. - 0 R Q R

.

.

68‘.4 .

W o t . . . A | ' I .
. "T'1. Caleulations // : e 4‘.‘,;’ ~ : . - ‘ -
e R A |
1. Average d:yﬂme inter ofitdoor tempentufp 16 40 deg F.

** 2. Inside temperature is 75 dog ¥ without control valves . i 2
e - and thernostats. NN : ‘ co

3. nside tesporature could be reduced to 70 deg ¥ ¥ith . (o ‘
autonatic control valves and thermogtats. i , o . .

- - 'B. The basic formulas for the loss of heat bi‘transmission and o I g . C
" {pfiltration through & building gurface is: ¢ - N ‘ L : C s

Qs (cfax LOB#TA) X (1) (D)

' g L .where: q = heat loss, Btu/hr .
o ' U = coefficient of transmission, Btu/br-sq ft-deg F
: 4 » area of surface, 8q ft-
v - L ‘ - Ti' indoor temperature, deg ¥
. o . s outdoor temperature, deg F
cfn = cu ft per minute of infiltration .. - : S
] ' 4 ) .

Y "Sinc‘e the ‘values of U, A,,T and cfm will remain constast, the . .
gnergy savings 18 proportio%al to the reduction in the indoor T e ' o
temperature T,. Thorefore the yearly savings ls: - : _ L oy
2,200 (10 40) dog B0 83,200, gyeyyer | e | |
yr (75 - 40) deg T 3457IYT'“ : ' y A S

! ’

. - “' } ) ‘ll ‘
A i r e SEE ‘ s ‘ t St o i . . ‘ »".. ’ B
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~ Cost ﬁo‘néfi;t Study of Installing a Natural Gas - N
"' Domestic Hot Water Heater at the
Globe Mre Station, hll Bive;'. NA

.

L mmingm SR

v,

A. Date of ‘Construction - 1851 Sy
B." Gross Floor Am-. ,578 aq It
¢ e ge Year -'18, 416 gal #2 ofl

D ,Eolt of Tuel ﬁ Tog Base Year - 36,048

B.. .Tost of Yuel per Gallon - ‘sspgr.ggl

n m ATy

1.
Y gu_qption

i

- The mtm cost 04 s:vings rasulting trom the instalhtion of
+ x separate domestic bot water syatem for the’ Globe Fire Station
“was calculatsd. ' The estimated savings per year ig $98. The

- fnstalied cost of i 30 gallon, natural gus hot water beater'is . =
* estimated to be $240. (The cost of an ofl fired bot water beater
" was.estimated to be-£550 dnstalled, Duo to the high initial

cost, this option s glven no further consideration.)

Cnlculmohs N

1. . Natural sas costa 30 003 per cu ft a.t last ute block

.

"o .
~sodl costs llay thmgh September are totnl legated to.

bot water beating. This amounta of 1,914 gnllons at a
_cost of %632,

4 Hco.t content of natural gas is 1,000 Btu/cu ft, with
heating efriciency of 75 perceut {ref 4)

5." Heat content of #2 o) 1s 140 000 Btu/gnl (re?. 4), .

6. Overall heating efficiency of existisg hot mer systen -

is 111ty percent.
{

. 7. There is 2 100 deg. P. tempemture riso in the bot water
+heater..

! -
Ty ) '.l ) * ’

. é.'f:"rhere m njne sinks and three’ showers N

»

-~

E)

L

on oil, duriag tbe 8
Assuning 4 100 dog P Jtempe
niter heater, und yoverall helting afticiency of fifty .

percent, thé following amount of hot water ws used during
“ the sunmr season.

1914—Lx14oooolt-‘fxosezr "t x 10 et

goason Ib deg
" 100 dog ? (ref z). , '
vheré o equals pounds 'ot vater per senson.
Thererore m equnls 1,339, 800 lb/semn )
The mrnge use pen hour 1gr . o s s
b cuft _ 7.48 gal seuon
-1 339 800 5eRS0D BM 1b » _cﬂt‘ x 5mo 13 80 dly
24 3 O 4 gal/hr - /:J

From refereucb one, the maxinum use - ia tpproximtely aix
. times the avenge or A gal/hr
9

*

This mimum use can be. accomdated by a 30 gnllon gas.

r'eeason, to heat domeatic hot ntef._ '

" hot water hester. -This unit would cost about 3240 1nc1uding .

iustnlhtion und piping./

1,004 ga113ns o ol : 240,000 %‘} % 0.5 eff,
Btu

équals X cu ft x 1, °°° o Tt of mtunl s

H

" Where X equals tottl mount of n:tml .gas . ‘,

/
The ore X equals 176 649 $u 1t of natural gas 2t 0. 603

\psr u ft.  This comes to & yelrly cost of $536 vs $632 for

exis'ning system,

¢

&y

\

X075t .
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, . C. Savings Due to Instaliation of a National Gas Hot Vater'
o] Systea/ | o
e , ) ‘ i -

The nving‘ result: from the diﬁorince in fuel "costs heating ) ' '
the hot water with the boller, a8 opposed to heating it n
. using a ‘separate systes.- In this case, the estimated savings \/ ) .
. per year ave:. .. S 2 B ISP
".'i" ’ $832 - $536 = $98/year. T . . I '

"+ p. EstimstedUseful Lifetime

The estimated useful lifetime of the ‘water heater is twenty .’ .
'yem(rgf.s).‘ Co ) R
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. Cost Benefdt Study of Stack Hent,.&eclovery
s &t the Fowler School

et Fall River, WA -,

B3 I O BI e

. Building Data -

. Summary g "
I T ‘
. The initial &

¥

Date of Constryction - 1897

Tos8 Flool Area - 16,364 8q ft.
Foel Gaed 10 Base Year - 18,000 gals #5 oil
Tost of ULL in Bage Yesr - $6,006 '

St of VL. per Gallon i Bass Year - $0.33/gal

’

and anpual ‘savings resulting fron tnstalling
1 flue gas ecdkimizer systen were- estimated. The system can

N

" recover. heat Wilch 1s lost up the gtack in the flue gas. A

total sevings @Stipate of sbout $735 per year wag ca)culated.
The installed'cost of the system was estimated fo be sbout

$5,000.'

1 Gledlstions ' )

A Assu_mptions ‘ : '
1: 550 ded ¥ flue gas tempersture.

2, 8 percent (0 1o the flue gas.

3. -Flue g88 tempersture can be beld to 8 steady 300 deg F
after the heat excheager, ,

4. 150,000 Btu/gal heat content of #5 oil. Boiler efficiency

‘ {g 70 percent.
B. Heat Recovery Savings ‘

" The equation governing the aunusl amoqni of heat that
can be recovered is: .

g = WaCx(tyot,) (ref 1)
Yhebe: | |

= lbg of flue g88 per year
C = Specific best of flue gas 0.25 Btu/lb-deg P
ty* Temperature of the flue gas entering the,
beat exchanger (.e. 600 deg F) »
" Temperature of the flue gas leaving the
beat exchanger (1.e. 300 deg 7

The equation goverﬁiné the amount of flue gas produced
(P) per 1,000 Btu fyel input is: : ‘
158 | s
Fu.70(.12¢p) (ref2) T

Therefore: ,

Pe.T2 (.mlgﬁ)-l.s Ihs .
1,000 Btu fuel input

The gmount of Btu's used in & year is: '

18,000 gal x 150,000 By s 271 10° Bty

T T o
Therefore:
Ke L5 g \
R ETE TR 4,05 x 105 1bs
. yr . —
. yr
And:

s ‘
a1’ e om0 = 5.9 X 0B
o Brdeglt L

The savings in dollars is equal to:

7 K]
25.31 x 10 Btu  gal , . 80,33 $783
7 “""1L’Tso,ooo wx07 X W

\
!

The cost to run the system 18 estimated at $50/yr. There-
fore, the pet savings is: s

e - 950 = 45

. Cost Bstimate

The cost of the systen is estimated to be about’$5,000
fron manufacturer's data. o ,

.' Bstimated Useful Lifetime ¢
{

The estimated useful Jifetine of the system is 'ten years.
/ o

+
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N Cost Benefit Study of Stack- Heat Becovery,
at the Peter Buckely Administration Building
’ ‘ Concord, MA .
I puildagdats - Y
A. Date of Construction - About 1960. ' T
8, Tross Floor Ares - 32,103 8q-1t. Co
¢. Tuel used 1n Base Year - 22,450 gal #2 oil. L
D. Tost of 0i1 1o Base vear - $7,1%6. ‘ PR
E. Cost of OL1 per Gallon .o Base Year - $0.32/gal. " % ‘
I1. Sumary ; x | o
Te initial cépt ad adnus] savings resulting from installing
a flue gas economizer system were estimated, The system can
recover heat which 15 lost up the.stack in the flue gas, A
y total savings estimate of about $1000 per year was calculated.
8 N The installed cost of the system was estimated to be sbout ! . .
e $3,500, BRI
‘ ' Vo
I11. Calculations : . :
B "'"""——"—‘ . .. . - ‘a 4 .
A, Assumptions - ' TR
1. 600 deg F f1ue ‘gas temperature. Ly
2. 8 percent (0 1n the flue gas. " rk
‘3. Flue gas temperature can be held to & steady 300 deg F
_* after the econoaizer. DA o :
4, . 140,000 'Btu/ga'l.‘ heat content of oil.Boiler efficiency
. . ' _ {s 70.percent
B, Heat Becovery Savings L ‘
" The equation governhing the ahuual imunt of heat that caz
* be recovered is: :
g = Ci(t)ty) (ot ) ' e
v 'lher'e: o |
» Btu/yr. : '
¥ W= Lbs of {lue gas per year. ‘
‘ C = Specific heat of flue gas 0.25 Btu/lb-deg T -
g ‘ fl- Temperature-of the {lue gas entering the
‘T’?’-‘ heat exchanger (1.e. 600 deg F)
Py ty Temperature of the flue gas leaving the

v
\

beat exchanger (i.e. 300 deg F)

o paym ey L

v mgopl  MOSEBN L 3y i
L ' . .yr-l - gal N 'k T

5 Therefore: 4

D, ‘ Cogt ‘Eétimte

. " The equation governing tbe amount of f1ve gas pro-

duced (F) per 1,000 Btu fuel doput is:
Lt Ay
n 0,72 (0.12 Hy=) (ret
o f 4_( . m) (; )
:.'l'he.reiore:.
: L ,000 Btu Juel lnput
The smount of Btu's used in a year is: .
9
T

2

, o
. . . 9
" . L3le, 304 10t 6
\ | 7500 Btu,” year X0y -4.338310%3
And: ’ e ; " g ., ' ' T v
 gedman il 005 B _ (600-300)deg
. o IEsxdegF o
s a1t B ‘
R .

DR e \
The savings in dollars is equil ta:
Cazs o, S0 _ $1080

5 s o Hax07 @l - ¥

'The cost to run the EYSLeA is estimted at $O/7r.

Therefore, the net sjm'ngsffs: N
Lo, & ) 4 ° ' .
060 -850 v SO0
. %M A , o
e cost of the aysten is, estiated to be sbout $3,500
trom manufacturer's dafa. . y \\

4

. Estipated Useful Lifetime'. o . )

The estinated useful 1ifetine of the Systém 1S ten

years. A . .

SRR
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111, Calcuhtions :

STUDY b

Cost Benefit Study of an Air to Alr
Feat Recovery System from the Pool Area
~at the Attleboro High School, Attledoro, ¥A

Building Data  *- .

\ . A
A. Date of Construction - 1862 . .

B.  Gross Floor Area - 430,000 g ft "
0. Yeel Burned In Base Year - 279,514 gal #5 oil,

-D. Cost of Fuel During Base Year - $87,568 : '
t. Cost of Tuel per Gallon - $0.31/gal. . b

v
Summary . k .
The apount of heat recoverable by an air to air heat exchanger

(heat whepl) was calculated and found to save about $2,600 per
year in energy costs. The installed cost of such & system is
+ estimated to be $20,000. ' :

]

A. Assumptions

1. 10,000 cfa ofonir is exhausted fron the: pool ares at e

s temperature of 80 degrees. ’

t

2, Seasonal heat wheel Q{ficiency for the applicable
temperatures ig 60 percent. ‘

3. Pool is ventilated 24 hours per day.

4 teat content of of] equals 140,000 But/gsl. Heating
efticiency 70 percent (ref 2).

5. "mere are 5293 deg-days per year du"ring the heating
season from October 1 through May 1 (Ref 3).

B. Energy Savings Possible by Using an Air to Alr eat Re-
covery System ' . ‘

The equation governing the recoverable enei-gy is:

1.08 Bty ‘ deg-day 24 hrs
B e——————— ——
‘q br x cim x deg F. x cfo x yr - * day X
elficlency '

where q = total heat used - Bfu/yr.

The savings amount to:
N 6 Btu gl g0 31/
(823,167 x 10 i ) (77000 B % 0.7 ($0.31/gad o"r

$2,600 per yenf. : sl

w . 1

4

C. Cost Estimate

L. Cost of 10,000 cfm installed air to air heat wheel on
* the pool roof with additional ductwork and wiring
from manufacturer's data $2.0/cfm. '

2. 10,000 cfa x $2.0/cta = $20,000. .

D' Estimated Useful Lifetine

The estimated qseful lifetime is ,ufteenﬁyears.

4

s
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A, Assunptions

sTupy 7

Cost Bonefit Study of Lead/Leg
v Boiler Controls at the
Concord, Town House, Concord, A

Building Data

A. Date of Construction - 1860

B. Gross Floor Ares - 19,364 sq. ft.
¢ Weel Burned in Base Yedr - 7,150 Gallons #2 oll

st of Fuel i0 Bage year - $2,283

D
8. Tost per Tallon in Base Vear - $0.32/Gallon.

‘Sumarx
The initial cost and anmual savix;gs resulting fronm the instella-

tion of lead/lag controls on the stean heatingtoilers were
estimted, over & typical heating season (Oct. 1 - May 1). A.
gavings of approxinately $115 per year WS calculated at a cost
of sbout $150. At present there are tw boilers that operate
simultaneously. The lead/lag costrols will rua only one boi ler),
vith the other starting up only when additions] heat load 1s
called for. By going tq & system such as this, "the overall
poiler efficiency is incressed. The only controls needed, 18
one additiona] thermostat set outside the ‘building, set an

"estimated ‘emporature of 25deg }. . 4

-
|

. Calculations, . \

N
1. The pesk beating loss‘is' about 30 Btu/br sq ft at
~ 0deg ¥ outside temporstures. .

2. There are tw boilers, each having 66 percent of the total

peak capacity required.

”~

3. The tom"@‘nclosed 'sqﬁue footage 18 19,564 &9 1. -

B ) \\ - .
4. Inkide temperature is set at 70 deg ¥ during the "eating
868800, .

. . Ly
5. »The above assuzptions defines an-oversll U value for the

’

, building of V.43 Btu/hr-sq {t-deg F. ‘

6. There is no inberent or practical resson why boib boilers
cmn't be rewired so that they can run on geparate controls.

17, The engiheering weather data (ref)) is applicable

B.

C.

L

Energy Savings by Beduciog Short Cycling of Boilers -

By using Reference 1, ote can develop & curve of total beat
required vs. nuber of heating days for a typical Boston N
heating season. From the curve, ome cAd gee that only one
poiler of -tbe aseumed size is needed 85 percent of the

" tima. The additionsl boiler is peeded only on the very
cold days in winter, If one goes to & lead/1sg control,
the first boller will be "on" for 2 mich greater perce-
tage of the time, This will incresse itg eftictency (Ref 2).
I8 our judgement this will produce at least an over-all effi-
¢leacy increase of 5 percent. o

Therefore:
SLBY g o S8
yr o

i

v

Cost Bstimated

1. One (1) outdodt air tempersture thermostat, viring, and
modifications to existing controls, $150 from mnuf;.c-

turer's data. ‘ , -
Estinated Ussful Lifetine
The estimated useful 1ifetine of new thernostat and wiring is.
twenty years. - .
o :
- \
|
ko
‘e
[] \
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STUDY 8 : , o :
¢ o | '
. ‘ ' %
v Cost Renetit. Study of the Reduction ¢
of Ventilation Air at the Willard School .
" d W\ C . +
R , Concor , B. Savings by Reduction inVentilation Rate

' . . The equation governing fhe ener, rk uired to b |
I. Bullding Data . gy required to beal outdoor
Building Data - " air up to indoor temperature is:

Date of Construction - 1958 \

A .
B. Gross Floor Ares - 39,500 sq ft | ¢*L10xctxdl  (Ret. 2)
. Fuel Burned In Base Year - 45,191 gal #2 oil ' ,
D. "Cost of Fuel in Base Year - $14,493 , where g = Btu/hr
E. Cost Per Gallon in Base Year - $0,32/gallon 1,10 = constaot btu/br x ctn x deg F.
. : o cim = cu ft/min ‘
II. Sumary / AT = temperature difference (inside-outside) deg F.

The initial cost and annual savings resulting from the reduction EE"EIW the energy savings for the year is equal to:

4! ventilation air brought in by the unit ventilators were

S .L10 Btu .. (15-10) cfm 35 occupant
estimated. This rebalancing is needed because most of the unit X x (70-40) deg F ,__{__p_ccu an’s
veatilators were found to be over supplying ventilation air. hr-crm-deﬂ‘ occupant. (10-40) deg F 2 =) t vent.
The annual savings was estimated to be about $480, and the cost . 10 hr 180 day

\of readjusting the unit ventilators is estimated at $400. L 20 unlt vent x ~—= @y *year 148.4 x 10° Btu/year
) | i

, The dollar savings ia equal to

g ITI. Calculations { ! ?
g ‘ . '148.4 x 107 Btu
! A A , ‘ ‘ w —— x al 30 32
~ MJ ‘ L year IW'KT_Y.OQO TETVRTE = $483/year ,
1. Existing ventnntion rate - 15 cfm/occupant g o
C. Cost Estimate ‘ )
2. New veutilation rate + 10 ctm/occupant (Mass. code) ’ . %
1. $20/manshr for field labor, from control manufacturer, ™
\

3. Population density - 25 students/unit ventilator. / ‘
v , ' 2. 1 bour/required per unit vent.
° 4. Boiler efficlency - 70 percent (rel 1). ,
o 3. $20/br x 20 unit vents x 1 hr/unit vent = $400. .
5. 20 unit ventilators.' - . .

" .
‘ .+ Estimated Useful Lifetine . .
6. Estimated average daytime winter outdoor temperature - D stigate 4 )
40 deg F. Since this change is just a readjustment of existing equipment, ~
‘ ’ “the "estimated useful lifetime” i equal to the remaining
7. School is open 180 days - 10 hr a day. 1 itre of the equipreat. . - 9 )
8.t ' . . g \\
8. Inside temperature - 70 deg F. T .
9. Heat content of #2 oil equals 140,000 Btu/gal. . '
1 .
; . J
/ \
, 104 : \
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sTuDY 9 .
' - Cost Benefit Study of the Reduction of B Savings by Reduction {n Ventiletion Rate
Ventilation Air at the Acton/Boxborough |
Junior High School The equation governing the energy required to heat outdoor
up to indoor temperature is:
I Buildfng Data ¢ qeL10xctmx T (pel. 2)
‘ A. Date of Construction - About 1960 whore: q = Btu/br
' B, Tross Floor Area - 66,600 sq ft. 1.10 = Constant Btu/Hr x cfm ¢ deg P.
C. Tuel Burned in Base Year - 7,760 Gals #2 011, 72,5 Gals M 0l ' cfm = cu 1t/nin
D. Cost of Juel in Base Year - §2,030 #2 041, 22,980 * Q.1 - 4T = temperature difference (inside-outside)
p. Cost Per Gallon in Base vear - $0,37/Gal #2 011,-$0.31/Gal . deg. I
HO ‘ ‘ * Therefore the energy savings for the year is equel to:
et : 1,10 Btu X (lS-lOLctm“x (70"_40) dog P x 25 occupant
4 The {nitisl cost and anmual saviogs resulting Irom the reduction ar-cim-degF ™  occupant 8 unit vent.
‘ventilation air brought in by the unit ventilators were es-
8 gf,.?gd This rebtlwcfns {s needed because most of the unit -x 40 Unit Vents x % X ——-Zlgglg' "2 10e Btu/year
1*ors were found to be over supplying ventilation air. |
= . 11 savings was estimated to be about $780 and the cost The dollar savings is equal to: ; :
L _usting the unit veatilators is estimated at $800, _ " 106 , v 1 i,o )
' ' : x 10° Bty L A,
‘ ‘ year T 000 B xa7 g $781/year
I11. Calculations , : . .
A, Assumptions 1 C. Cost Estimate ‘ . .
o 1. Existing ventilation rate - 15 cfm/occupant. . ' 1. $20/zan<br for fie/ld labor from control manufacturer.
/ 2. 0Nev ventilation rate - 10 cim/occupant. (Nass. code) 2, 1 hour requ,i:e& per unit vent,
3. Population Density - 25 students/unit ventilator. 3. $20/bour x 40 unit vents x one hour/unit vedt = $800.
4. Boiler efticiency - 70 rorcent (ref. 1). - ' D. Eetissted Useful Lifetine
5. 40 unit ventilators. Since this change is just & resdjustment of existing equip-
' ‘ . ment, the estimated useful 1iletime is equal to the remeining
6. Estimsted average de:ime -ater outdoor temperature - «  1ife of the equipment, '
40 deg P. . ’
7. School s open 180 days - 10 bours & day. : o [ 7

8. Outdoor temperature, TC ‘eg T
. {
‘9. Beat content of #4 ofl - 145,000.Btu/gal.
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' Cost Benefit Study of: the! Reduction Yoo : : ' -
of Veptijation AIr at the Peter . ' - - ' ' .
Mtzpatrick School, Jepperell, MA , ‘ u ?
N o ¢ e " ' B. Savings by Beduction in Ventilation Rate
I. Building Data . - 5 A o _ — , ) o
. g O , ' " The equation governing the energy required to heat outdoor air
"A Date of Construction = 01d Wing - About 1820 L up to indoor temperature is: )
. o ... fe Ying - About 1960 : P , . T
B, Gross FlooriArea - 32,000 54 ft . L - qelloxctmxdl . (ref2) °
*¢. Yool Burned T Base Year - 27,150 gal “#4oll . o , ,
. +8,820 gal . #2 oil oo ¥here q = Btu/br I
- D, Cost of Puel in Bage Year - $9,180\44 oll ;. . ' 1.10 = constant Btu/hr xcfm x deg F.
o * $3,220 sl o v cfm = cu {t/min Lo .
5. Cost per Gallon in Base Year - $0033/gal'#4 ofl ° e AT = temperature difference (1oside-outside) deg F.
: $0.38/gal #2011 ¥ p S oL Lo
' . R ‘ Sy '-‘ : . . Therefore the energy savingé for the year is e%z'ml to:
‘ i . N \ oot 110 B o (15-10) ofm oo gy, 25 occupants
© fhe initial cost and apnual saviggs resulting from tée reduttion ., brecfm-deg T occupant X (70-40‘).ldeg * o t vent. X
, o of ventilation air brought in by the.unit vemtilators were” ' , 10 br 180 day : G ,
estimated. This rebalancing is beeded because most of the imit Co. 25uitsx -a-f-r-g —7551 = )85.5 x 10" Btu/year
L / : \

i

ventilators were foud to be over supply'inga.v;gtilatioq sir.ds o
The annusl savings was estimated to be sbout $625, and the cdst . gy Az "
of readjusting the unit ventilatofs is gst;mted ét I$500. SR T!’e dm?’;“““, ts equal to
. - Ty ygsxafeed @l $0.3
1 L oy e x T = $625/year
N7, Caleulations T . ' year 140,000'Btu x0.7° gal .

‘86

A Asmumptions : : ' -, 0. Cost Estimate
' f ’

1. Bxidting ventilation rate’- 15 cfafoccupant. 1., $20/oap-tr for leld labor, fron control muufécturer ‘

2. Tew.ventilation rate - 10 ¢fnfoccapant. (Mass. code) 2. 1 bour required per unit vest.

. \ . R - . - . .
3. Population density - 25 students/unit ventilator. 3. $20/br x 25 unit vents x 1 brfunit vent $5OO-V
D. Estimated Useful Lifetime )

4, poller efficiency‘- 10 percent (ret.1). . : K .
: L Since this change is a readjustment of existing equiprent, the
5 B uit rntilators - ‘ Tty useful lifetime is equal to fhe_renaining 1ife of the equip-
T §. “Estimated average daytime winter outdoor temperature - ,  mert, . :
' 40 deg 7. , ;

7. Scbool 15 open 180 dags - 10 brs  y.
5 8. [Inside temperature - 70 deg r , | o | )
9. BHeat content of #2 oil equals 140,000 Btu/gal. & ° - P :

L ‘ ‘

d i
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'go'to angwer the call, the doors ¢
for long periods of time. The
st Jeast. $585 per year can be
doors were automatically-closed. '
can be lost duripg a cold day during the winter ch be con-

giderable. . ,
the two froot doors, is estimated to be $800 from manutacturer's ‘ \ o ,

Building Data

A'

.
%

PRSI

sy 11 S |

Cost Benefit Study o! a
, hutomtic Door Closure, Device on. the
Fire Station No.}2 in Acton, B

(60 _35 ) x 400 hr

155 % lothu/yr.
This heat loss costz ' '

cuft
x1l_'ﬁt_ﬂ-x“s"cu t

i
1,
N\
i\t v

155 x 106Btu/yr . $583

Date ‘of C°ﬂ§truction - Approx 1950 / "  D Voo
B, Crogs Floor fres - 400 9. 1t J . C. A Costof ﬁnstallatiot '

et e H
(. Fuel Burned in Bage Year - 810,000 cu ft Netural Gas , . . 2

D.. Cost of Fuel in Base Year =
£.” Cost of Fuel Per (v, Ft. - $0.003/cu ft. S
T, hverage Incrementai Gost of Gas (8/76) - so 003/cu~ ft’ B

Swmr_‘z < ~

\

As of the present time there are no automatic door closure de-
vices ipstalled on the mein doors of the'Acton Pire Station.o

$2,430,

A

&r% manufacturer 8 data the 1nst¢110d cost 18 approximtely

. D Bstimted Uaerul Lifetine. % &

\

The estimated usedyl 1ifetime of the motor that powers th
]
autom.tic door closing device 1s fifteen yea‘rs pove p

f# & result, "hen an alarm:is sounded and' the tireﬂghtera ‘ a . |

be, and are, left-open e 3 v '
toYiowing mlysis ghowed that. ) . . ‘
‘saved da energy costs 1fithese - . .

The apount of bot' girthat

B

The cost of 50 automatic door closure system, on

d&t& . | ”. v . ! .

B'

.\g

.
ey

111, Calculations * . Cae I . .

A Assgtions

. ‘;; S
st RN

4 \
' V | - ) ,
1. [Inside garage temperature is kept to 60 deg SR

2. Door is open twd bours per day for 200 deys of heati‘ng . -
season ‘ - o

b Yo e

3. Infiltration nges 2 airchanges per hour with door S ‘ 3
closed and 4 with door open (apparatug® floor only)’ - , o

4. Average uinter temperature equals 3° deg F '-i_ s ,‘

", A ’ v
5. fHeat content of natural gus equals 1,000 Btu/coth o

6. Sorsom] etticiency equals 75 percent (oD,

-
1

Infiltrntion Savings with the Use of an Automatic Door . .
Closure System. C

(4-2) Aircmggs 423000 11 br LB 0 .
r _ ‘ :

X 3t changs. * 60 min * hr X deg P X cin "

t ’
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A

B e - This epérgy costs: ' ;

. 1

b
i . Cost Benetit Study of Sritches on the Garage . - %6%3 |
© \.Doors to Control the Heating System at the Bty - ou ft, . ' i
E N . . 116.98 x 10 7 X m X W $466/yr |

DPY Building, Acton, MA
. L % <

1. .Buildlng‘ Data co ' D, C°ft Bstimate A /

Date of Construction - About. 1965 : The cost of the sutomatic svitches installed on thewdooré
Gross Floor Area - 18,644 sq ft . *and wired into the control,of the heating system is $750:

Fuel Used in Base Year - 1,744,000 cu It of ‘ndtural gas ) from mapufacturer's data. '

Cost of Natural Gas In Base Year - $5,118 . : o
t of Gas per cu ft - 30.003/cu 1t . . : + . E. Egtimated Useful Lifetime ol

Tncreental Cost of Gas (8/76) - $0.003/cu ft : \ gt
P The estimated useful lifetime is ten years rorsthe door
11, Sumary A . switches.- Pt
. 3 '

The initial cost, and anual sevings resulting from nstallieg , : : ' :
switches on the garage doors to shut off the heating gysten o ) ’
when the doors are open were estimated, The amount of hot air . . ) .
that can be lost during a cold day during the winter.i? the doors ‘ , i ‘
are left open needlessly, can be considersble. A totzl savings . : ‘ : ' g
estimate of about $465 per year was calculated. The installed . ro : ;

cost of the systen was estimated‘to be about §750. : ‘

1

i
I

i

M O w

v

L Caleulations o ! el T
. . : Y v [ ‘ ) B ' * f'
' A Assumptions. - - ; ; , :
T N w : "

A s !
i +

'_' R 1. Average winter tehperature eqﬁalé 35+deg: T Yo ) ;

ooT

. 2, Dodr 18 open two bours per day for 200 dags of beating

‘geasoB., . . ‘ N .
\ . ' ’r

, 3. ‘Inside garage temperature is ‘:kept to 60 deg F. o 5

4. Infiltration rates two air changes per hour with door ’ ' 2
closed and four with door open. I . g

5, Heat content of natufal gas -equals 1,000 Btu/cu {t. -

6. Seasonal efficiency equals 75 percent (ref 1), ‘ , . \ ;

B.. Infiltration Savings with the useh an Automatic Door | I
Closure System. - N ' . } ‘ oo [

«w \ (4-2) air change . 325,000 ct ft . ‘br 1,08 Btu P
-. : r * 3r change *eomn ‘hrx deg F x ¢im i

\‘ 6 ) . . ’ ‘.

X (60-35) deg E.x ——-403,1" . 116.98 x 10° Bruyr o

o

<
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Cost Beadtit Study of Roof Inulation. B. Trassaission Savings by Additions] hoof Iomlation !
- on the Thoresu School, Concord, ¥A . v N ‘ ' .
’ . . : - Eo.zz - 0«082 Btu X 39,400 8q ft x‘s 942 deg,daz
. , ‘ N . rX t X oF year
1. Building Data - : oo 0. ‘
A S : 24 br  $0.3 gl ‘
A Date of Construction - 195+ ¢ o YTy TGl 10,00 B xar
S 8. (ross Floor Area - 34,400 s 1t ' o
C. Foel Burned in Base Year - 38,500.ga1 #2'0il = $2,.888
D. Cost of fuel in Base Yesr.- $14,000 - ‘ ‘
8. Cost of Fuel per Gallon - $1.36/gallon . C. Cost Estimate” %' ‘ ‘ -
11. Supmary . | ' o L $0.65/§q ¢ for 2 inches of additional installed infulation
" o ~ S : ‘ from manifacturer's data.
, Since a reroofing job is contemplated at this timk, the initial oo o
' cost and aomial savings resulting from the ingtallation of addi- .2 $0.65 o - '
tiona] insulation were calculated. Roof insulation-reduces . , sq 1t % 4,400 8q 1t * 322,36
o energy consumption by reducing the thermal' loss (transmission) ‘ : . \
o | through the toof. There are many different types of roof D. Bstimated Uscful Lifetime
H v insulation and esch 4ype has to be evaluated on its ow: perits. '

E\Polyutethane Roo? Deck Ingulation was selected for this study. The estimsted useful lifetime is twenty years. ' '

" total savings estimate of $2,900 was calculated. The addi-

tional cost was e}timtgd to be $22,000. , )
L Calculatioﬁs o ' ' » . | | N : ,
A Assumptions - T ' , L v )
1. "0 value of ‘existing roof, Duilteup roof vitﬁ .g‘megal‘ o .' Y

deck 20d fiberboard ceiling and an air space, equals .
©).22 Btu/br-sq {t-deg ¥ (retl) .0 W

2. D" Value: with additionsl insulation as recomended | .

3.t in reference 2., _ .o P

008 ‘Bu/hr-sq ft-ceg F. A . .
‘ i

3. Boo? Area Equals 39,400 sq ft. *

-

. spoiler eftictency is 70 percent (ref 3)°  ~  +

% 5. Heating season {rom Oct. 1 to May 1 equals 5,942 c}egree‘.. ) , o
days (ref 4). e o R
.. N , . _/\

Pffects such as loss of solar heat gé.in, rain, énow,'_ and Lo : o
occupancy will teneglected. o T , . .

‘ j ‘ . ‘ :Q\ ’ “:‘\ - '

. 7. 140,000 Btu/gal #2 oil, oy S . .,

o -
-
-~

«f
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Cost Benefit Study of Sprayed on
foof Insulation on the Briggs Corner
Fire Station, Attleboro, lIA

1 : o .
I. Bujldiog Dats s '},

=
" Date of Constructdon - 1969 .

Toss Thoor Ares - 2,100 8q It '
Fuel Burmed In Base Year - 304,500 cu it of Natura) Gas |

A.
B,
C.
D, Gost of fuel Burned' in Base Year - $813
B.
Pl

Tost of_Tuel per Cu. Ft. - $0.003/cu It
Tost of Blectricity - $0.055/KM .
1. Sumasy ,

The anpual savings resultiog from {nstalling rﬁray on_fosm, roof
{mgulation ¥as cilcul‘ated; and estimated to be $715 per year.
% Ty gavings Tesult by reducing the thernsl traosmigsion through
\. the roof, saving both heating and uir conditiohing costs. The
ina;tlled cost of the insulation is estimated to be $1,900.

111, Calculations ; ' 4 . 3

‘ f
A.. Assumptions .
1. Gross toof area equals 2,100 Eq'ft

2
)

U ) X ,
5. oot is built up on & metal deck, with no insulation,
and hag a "U" value 0f0.67 Btu/hr-sq tt;deg F (ret ‘.lr)-’

3. The butlding is beated to 65 dex T. ‘

4, During the heatiug' season from Oct. 1 - May 1, 'tbgre are’
5,920 degroe-days {ret 3). - N .o

& " value with sddition of Losulation a5 recomended 1o
5@ reference 2, will be(.08 Btu/hr-8q t-deg F.‘ -

¢. Thirty percent of the buildiﬁg is ai; conditioned during
the sumer.

7. Solar effects are neglected.

, . N
'an%?n gxignsgmlgges%cﬁm1%% 33 %&%s&ﬁ{m ' During
., the Heating Season .
0.67-0.08) Btu , 5,023 deg day 24 hours
L"‘T_L—h —-oq Tt-deg T x 2100 8 1t X = Jgar ‘-3“

| wft * ST4fyesr.
x.$0.003/ct 2% 35050 x 0.75

.
. .

\

o &

ﬂ .
L ;
5. " Heat content of natural gas 16100 Btu/cu It. i\

. - h‘
/.
° -

.

"

C. Savings Accried by Addition of Boo! Insulatiop Dnr.ing tbé
Cooling Jeason . R

'
b

, Pron veference 3, the folloving weather data was obtained

. for the Boston Ares: )
- [N

“Temperature Razge  Mesn Teperature ' Bours of Occurrence
Deg. ?

Deg. F ! During the Year
T A 6'
? 90-94 ot %
g5-89 > . . & 107
T B0-84 8 T
o 75479 i ®
P .
Using this data, and knowing that the air conditioned sec-
tion of this building is to be held at 75 deg, the heat
flow across the roof can be cdlculated. The best gain .
* across the roof is a liear function of its "U" valve. The
higher the U value, the higher the beat gain,
The equation governing the beat gain through the roof s
q=OAMT o (rel. 4)
'-twhere q/- Btu/br ' ‘
. U = Btu/hr-sq ft-deg F.
' . Ameg ft .
- AT = Temperature difference across the roof
deg ¥ '

In this case, ome is interested in the energy ssved due

B to insulation, therefore, the appropriate "U" value to use

- to calculate energy savings is the difference between the
- {ngulated and uningujated "U" value. This sumber is 0.67 -~

o 0.080.58 Btu/bresq ft-deg F.

The appropriate ares, A, 18 30 percent of 2,100 5q ft or .~
683 jsq 1t.

Therefora, for the five mean temperatures 1isted, the energy
saved per cooling season is calculated 4 follows:

0.59 Btulgr-sq Ht-deg F (693 sq 1t) (97-75 deg F) (6 hr)= ¢
54 x 10° Btu' . ‘ :

0.59 Btu/bg-sq ft-deg ¥ (693 sq ft) (82-75 deg F) (36 br).»
250 x 10% Btu . ) <

0.5 Btu/bi-sq #t-deg ¥ (693 8q 1) (87-75 deg ¥) (107 br) =
525 x 10% Btu ‘ P

0.59 Btu/hs—sq ft-deg ¥ (693 sql ft) (82-5 deg F) (245 br) =
701 x 10° Btu . _ '

0.59 Btu/bg-sq ft-deg F (693 sq ft) (77-75 deg F) (388 br) =

" 27 x 107 Btu* ¥ v

for a tot'al savings of 1.8 x 106 Btu/year. -

] ) \ ‘ ‘

¥
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'n\'e dollar savings is:

-t G o

= $12/year ‘ &

Therefors the total heuting and cooling savings are $704 +
$12 = $716 [year.

Cost Estimste

1. $0.90/sq ft for 2 inch sprayed-on insulation installed
from manufacturer's data.

2. $0.80/sq ft x 2,100 sq ft = $1,890.
Estimated Useful Litetime

The useful litetime 13 estimated to be fifteen years (ref
8, see qsbestoa)

~\
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v Cost Benefit Study of Spray-on Roof L
Insulation at DPU Building, , ' )
Acton, MA CL - . .
I, Building Data S
A, Date of Construction - About 1865 7. Solar galn ‘during the winter is negligible. :
B, Gross Floor Ares - 18,644 sq ft )
¢, Tl Used in Base Year - 1,744,500 cu 1t of natural gas 8, There are 5,923 degree days over heating season {Oct. 1

to May 1) with the building open six-days per week,

fuel teed ~T KoY ~vos
plus 17,270 kW of electricity for air conditiontng -
' 15 bours per day (ref..

D. Cost of Natursl Gas in Base Year - $5,118 ‘
B. Cost of Blectricity in Base Year - $8,719 . ' :
. 7. Cost of Gas per cuft - $0.003/cu It ‘ B. Transmission Savings through Roo? During Beating Season
6. Cost of Blectricity/kih - $0.055/kMh
5. Trerementsl Cost of Gas (8/76) - $0.003/cu 1t . Heat saved » (0.15 - 0.09) (18,644 sq 1t ) (5,923 deg-day)
1. Tocrementa) Cost of Electricity (8/76) - $0.055/kWh "y Lo 6 ' :
. ; ‘ . (24 br) =159 x 10" Btu over heating season.

1, ey | g --
i 30003, - cudt .- een at- current
156 510" B CER) (. " T (g raes)

Tﬁp 1nitial cost and annual savings resulting from the addition -~ | ;
of\apray-on oof insulation were estimated. Roof insulation will  C. Transmission Savings through Roo? During Cooling Season
reduce energy use by reducing the thermal loss (trazsmission) ‘
through the roof during the winter, and by reducing the beat

flow iito the building during the sumer. A total savings est-

Fron reference 2, the following Westher data was obtained
for the Boston areg.

imate of about $650 per year vas calculated based on the : - '
" reduction of beating and air conditioning. The installed cost . Temperature’ Bange . Nean Bours of Occurrence
0 of the insulation‘was estimated to be about $8,500. \ deg F. Temperature-deg ¥ _ During the Year
111, Calculations . o ' ©85-99 87 . 6
iR ‘ : , : ) 90-H g2 . k"
A. Assumptions ' ' ' 85-89 87 107
: ‘ g ’ ’ . . 80-84 82 245
’ 1. Existing Transuission - From reference’l for & built up 75-79 Mmoo, 8 388
roof, on & metal deck withone inch insulation, tbe "0" - ) S ; '
factor equals 0,15 Btu/hr sq ft deg F. . Using this data, and knowing that in the adr conditioned
T . ' ’ sectlon of the building is to be helhat 75 deg., the heat.

flow across the oof can be calculated. The best gain

.\ across the roof in 8 linear function of its U valve. The
higher the U valug, the higher the heat gain. In this
case, the U value without {nsulation 180,15 Btu/br-sq ft-deg.F;
with insulation the ¥ vatue 150.09 Btu/hr-sq t-deg F. " he
energy savings is, therefore, & function of the difference

2. A.Insulated Trangmission - Using ome inch of sprayed on
cellulose foam, applied to the inside roof area, the
W factor changes to 0.09 Btu/hr-sq ft-deg F.

3. The installed cost, as quoted by manufacturer, is $0.45/

sq 1t.
, . of these two numbers, !
4. Roof area equals 18,644 8q ft. . _ ‘ . . . o
. S ) The equation governing the heat galn through the ‘roof 1is:

5. Thirty percent of, the building is air conditioned durlng - . . -

the sumer, with the indoor temperaturé maintained at Cq= 0T (re! 3)

75 deg F. ' ' o :

where  =-Btu/br

U = Btu/hr &q {t-deg F - '
Aeggft !

6. Asalr ‘cooled air conditioning' systen uges 1.4 kilovitt-
AT = Temperatureadif!eréntial across the roof. .

hours per ton-hour of: cooling (ref 4).
‘7. Heat content of natural gas is 1,000 Btu/cu It.

8, Nesting efficiency equalé 75 percent (ret 7). -

e '1“20‘
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¢ "
'.3
In this case, one is interested in the energy saved due j
to insulztion; therefore, the appropriate U value to use
to calculate energy savings is the difference between the
insulated and un-insulated U-values. This number is 0.I5
J.09 = 0.06 Btu/br-sq ft-deg F. ‘§
‘The appropriate ares, A, is 30% of 18,644 8q £t or
5 593 sq It
‘rherefore for tbe five mean temperatures listed, the
energy saved per cooling season, 1s calculated as follows:
2.06 Btu/hr-sq ft-deg (5593 sq ft) (97-75 deg) (6 hrs)/yr =
44.29 x 10° Btu/year
‘ o,os Btn/hr-ﬂqstt-deg (5593 8q ft) (92-75 deg) 36 hrs)/yr =
'5 205.37 x 10° Btu/year . .
0 0.06 Btu/br-sqsft-deg (5593 sq ft) B87-75 deg) (107 hrs)/yr =
. 466.79 x 10° Btu/year
’ ) 0.06 Bfu/hr-sq, ft-deg (5593 sq ft) (82-75 deg) 945 hrs)/yr =
* 575.51 x 10" Btu/year
0.06 Btu}br-nqsft-deg {5593 s8q f£t) (77-75 deg) (388 hrs)/yr =
260.41 x 10° Btu/year
for a total savings of 1,552 x 10 Btu/year.
The dollar savings is: - ' - ,
3 1.4 k¥a ton-hr 30 055 . '
. 1552 % 10° Btu/yr (too-nr ) Tz;000 Bta’  ivb )
. = $10/year (at.last block of current’ ‘electricity rates) ) ,
i . Therefore. the total heating and cooliug savings are:
’ $6364 $10 = 3646[year . f B
D. \Cost Estimate vooa,
. %) A . .
.. N %0 45/sq ft for one inch sp&ed-on insulation (installed, .
: © from manufacturer 8 data. e : .
4
2. $0.45/sq It x 18,644 sq ft = ss 398. ‘
E. Estimnted Useful Lifetime - ' | ’ S "
‘ » \ .y, -t : K -‘“
'rhe estimated useful lifetime is fiftcen years (see ref 8 . ;“?ff:mz“
under asbestos). Co. : 4.25,;\ .j: &

ERIC S 1) S
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p ", Cost Benetit Study of Roof‘ Insulation | . b S
o at the Flint Street Fire Station S The savings is & function of the difference of”these
P ,-},‘1""- NA ! ’ _"U" values. Therefore, the. energy saved is .
, N A ) g '(0.12 - 0.08) Btu | deghdays, ., hT
‘ , L : 3,500 sq It) (5,408 ). (24 =)
{ . . hresq ft-deg F (3 PR year day
B Buildingv Data _ . : 6 ’ Sl
' ‘ , which equals 18.0.x 10" Btu/year ‘
A Date of Construction - 1873 . : ' . , . '
B. Cross Floor Ares - 7,000 sq ft The dollar savings i8: { . L
. ¢. Wiel Burned in Base Year - 11,254 gal #2 oil. . 6 Btu ol %0 35 .
D. (bst of Fuel Burned in Base Year - $3,872 ‘ 18.0 x 10° ) (mBie ) (3] =
5. Tost of Fuel per Gallon - 30.35/gal : ! . jeer (140'000 B xa7 | gdi)f'. 54 ear
1. Samazy ' ' C. Cost of Tnsulstion ¥
’ . The uninstalled cost of the insulation is $173 per 1,000
The estimated savings resulting from imsulsting the. unused attic per 1,000,
floor of the Flint Street Fire Station was calculated snd found .84 1t or $173/1,000 sq £t (3.5) = $605 total.
to be about $65 per year. The installed cost of such insulation o : ) *
would be sbout $725. . , , Since the {psulation is highly portable and is cut easily
‘ . vwith a knife, it should zot take more then one man-day to
111, Calculstions o ' ‘ install. Assuming a burdened labor rate of $15 per bour,
B - , ~ “the installation cost should be §15/br x 8 br = $120.
A, Assumptions - X ' !
—E—— . ' Therefore: A o - _ //,
B 1. Because of the many slopes on this roof, and since the \ ‘ . /
o) attic 1 not used, in this amalysis, the attic will be - Installation Cost $605 -
o {nsulated, using a rigid, foan insulation. R Insulation Cost 120
' $725 total

2. The insulated area is 3,500 sq It. | '
D. Estimated Useful Lifetine I

3. There are 5,408 degree-days in ‘Fﬁ?heating geason {rom /
Oct, 1 to ey 1 (ref 1). : ‘

L
The estinated useful 1ifetime of the attic insulatdon is
‘ ‘ fifteen years (from magufacturer's data). !
4, THeat content of #2 oil @‘s 140,000 Btu/gal. ' .

5. Heating system efficlescy is 70 percent.(ref 4)- | ‘ o S

Rk

' 6 Burdened labor rate for 1nsta1‘lati_,on is $§5 per hour.

B. Transnission Savings by the Additdon of Insulation on the _ .
Attic Floor I o ‘ N . ‘

Pron reference 2, the "U" value between the second floor
. celling and the outside air, in the vertical direction, 15
; 0.12 Btu/hr-sq ft-deg F. Witk the addition of 1 1/2 lnches’
v of comercially available rigid fosm, installed on the floor
’ of the unused attic, the "0" s decreased to 0.08 Btu/br-gq ,
ft-deg P, which is the recommended "U" yalue fron reference _

3

!
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Cost Benetit Analyeis of Tnstalbiag Spray-0n
Roo? Insulation at the Carrol School,
Fall River, WA

‘Building Data

L. Date of Construction - app. 1850.

°, Gross Floor Ares - 33,914 sq ft.

C. uel Burned in Base Year - 18,532 Gnl #5 oil

D. Cost of Puel in Base Year - $6,507 ‘

8. Cost of Puel per Gallon - $0.33/gal..

1, Sumary

IIl.

" The savings sccrued'in a year's time due to the installation of
sprayed on cellulose foan room insulation was calculated and esti-
mated to be about $1,360 per year. The installed cost was estimated

1;0 be $16,700.
Calculations

’ A AM‘ tions b . .

’

1. Boof area is 23,914 sq ft.

. 3, Hesting Season from Qct. 1 to May 1 contains 5,408 deg- -

, d!ya (ref 1).

< 3, Heat contegt of #5 oil 1s 140,000 Btu/gal. i
4, Hesting syﬁim efficiency is 70 percent.(ref 5). |

. T
5. “Effects such a8 loss of solar gain, rain, S1OW, and
occupancy vill Ye neglected.

B. Transmission Slvings by Addition of Boof Iasulation

Fron reference 2, the existing "U" value for the tuild-up
wood deck roofis 0.

wg" value for this climte zove (ref. 3). The savings

realized is 8 function of the difference of these two values.

- »
The emergy savizgs in a year's time is:

Btu
0 '0.
(0 2: 08 r—mr-sq e 7.
@ -—d:v which equals 403 x 10° Btu/yr.

.
¢

7| Btu/br-sq ft-deg P. With the addition

of 1 3/4 inches of, sprayed on cellulose fown ipsulation, the
" value drops to 008 Btu/br-sq ft-deg F, vhich is recomended

) (2,004 3 1) (5,408 SEEAT)

¥

0 10% Btu/yr (

C.

Dl

4, under asbestos insulation).

This saves: .

1
140,000 Btu x..

A 2;33) » $1,336/yesr

Y

Cost o‘* Sprixgd on Roof Insulation

Fron manufacturer's data, the installed cost of 1 3/4 Anches «
of sprayed on‘celluloae insulation is about $0.70 per lsq it .

Therefore, the total cost is:

"

el ~

50,70 (23,914) = $18,740 )
Bstimated Useful Lifetime

i
!

The useful 1ifetime is estimated to be fifteen years (ref

|l

LN
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* Calculations

., days (ref 4). .
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\ Cost Benefit Study of Boof Insulation
on the Lakeview School
Tyngsbomugh, WA

Building Data | ,

A Date of Construction. - 1856 ) ‘

B. - Gross Floor Ares - 19,800 5q ft -

¢. ‘el Burned in Base Jear - 25,000 gal #2 oil
Tost of Puel 1o Base jear - $8,400

D.
8. Cost of Yuel per Gallon - $0.33/Gal

. fumary

Stace & refooting Job LD be necessary 1o tho future, 102 {nitial
cost and aonual .savings\'resulting from the installation of addi-
tional insulation were calculated. Roo! insulation reduces o~

' energy consumption by reducing the thermel loss (transmission)

through the roof. There are 2any ditferent types of roof
ingulation snd each type has to be evaluated on 1ts own merits.
Polyurethane Roof Deck Insulation was selected formthis study.
) total savings estimate of /81,400 was calculated. The additional

cost vas estimated to be about $12,900. : "

3
E
f

A A,-Assmp‘ tions
1 " factor of existing roof, a built-up reof with 8 metﬁ .
deek and fiberboard ceiling'and s air space, =9.22 Btu/

L brxsg tt dog F (ret 1). (
9. "U" Factor with additional iasulation 28 recomended 1o
© . ref 2). :

0.08 Btu/hr-sq ft-deg .
3. Boof Area equals 19,800 sq ft. f
4. Seasonil poiler &fficiency is 70 percent (rof 3).

5. Heating season from Oct. 1 to Nay 1 oqhals 6,226 degree

g, Bffects such a8 loss of solar beat galn, rain, saov and
. occupancy will be neglectqd. ‘

7. Heat content of #2 oll 1s 140,000 Btu/gal.

)
b Bstimated Useful Lifetime - , \

»

B. Tmsmispion Savings by Additional Roof Insulation

(022 0,08) Btu 8.2 degcday
hisg Todeg ¥+ L0800 &0 1t x _n..._ﬁ_L.Z

abr 8033, gl L
Ty © gal 140,000 Btu x 0.7 '

= $1,304/year.

¢. Cost Estimate

1. $0.65/80.1¢ for 2 iuches of additions] polyurethane roof
T dack insulation installed.. Manufscturers' date. -

Therefore:

]

i x 19,800 sq ft = $12,870

The estinated useful 1ifetine of the new roof is twenty
years. . _ : :



!
. i

- B '
sy 19+ '
Cost Depefit Amalysis of the instnllation ; ' . . ’
of Tull Tosulation’st the Bighland School, ° In dollars, this 16 & savings of:
- Fall-River, MA S ‘ 8 Btu gl 0.38
o e (618.9x 10 -y-l‘) (140'009 o xU. ) (%ﬁ) * $2,399/year
. Bulldiog Data o . Co
. Buildiog Dath L. C. Cost of Tall Insulation °
A. Date of Construction - 1901 oo ' o
. B. Gross Floor Area-- 16,968 sq It. - _ This cost tavolves the cost of 3 1/2 inches of fiberglass
c. ool Bursed In Base Year - 19,501 gal #5.011 ot insulation, plus the cost of erecting & gypsum board wall
D. Wt of Fuel 1o Base Year - $6,500. . and finishing costs, These m\\mmarized‘belov (vef 4):-
g Tostof Tuel per Gallon - $0.3¢/@al ‘ , |
o st of Fuel er Gatlop - $0.3¢/8 o - Installed {nsulation cost - (§0.18/tt2) = §2,264
4 - | . . Installed drywall cost -  ($0.27/1ty) = 3,217"
, . Sumary L Drywall finishing cost - - (§0.27/1t%) = 3,217
The -savings realized by the reduction in transmission losses © " Carpentry cost - (20 $235/day) - 2 " 3,3%
Palnting cost - - ($0.11/1¢%) = 1,311

through the walls, by the installation of {nsulation, wag calcul-
sted and found to be about $2,400 per year. The initial cost of ) ’
the ingulation was estimated td be shout $13,350. $13,345

‘ D. Estimated Useful Lifetime \ '

" 60T

NI Cleulations |
The estimated useful lifetime of the {nsulated wall is

| ‘A, As | | ) ‘
Assumptions _ . ‘ o "twenty years.
1. Outside wall area is 11,916 8q . . '

2. The vindow ares, is sbout 1,400 sq £t (78, 3' x 6' viodore).

A , .
3. During the heatihg season from Oct. 1 to May 1, there . : . ‘
are 5,408 deg-days (ref 1), ' . ‘ \ s

4. Boiler efticiency is 10 percent (ref8) .- .
5. Heat content,of #5 ofd is 140,000 Btu/gal.

‘6, "U" value for uninsulated brick wall equals 0.48 Btu/br- .
sq ft-deg ¥ (ref 2).

7. -The walls are of brick construction and ave urinsulated. '

B. Savings Due to Wall Insulation . o v

The."§" value for ‘an unineulated brick wall equals 0.48 Btu/br- '
sq ft-deg ¥, The insulated vall:will be designed to meet Lo
the ASHRAE standard for this area (ref 3), which is 0.08 . ] "
+ Btu/hr-sq ft+deg F. This can be done with 3 1/2 inches of - ‘ . '
.. rolled fiberglass insulation. ' ) . !

" . The enérgy savings is 1 function of the difference of the 'tyo

aforenentdored "U" values and ig written as follows: . v ' N ‘
, (0,48 - 0.08 Brufhr-sq St-deg F) (11,916 5 1) 6,408 Lty o o -
.hr ’ 6 ' ‘..‘ .. o ’ ‘; Lo ‘ .«‘-,‘v‘ ’ et .' ‘ .
(24 =) which equals $18.2x10° Btu/yr. ° R e ' 1 B
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Cost Benetit Study. Giiall Iomlation | ,
ok aBall River, NA .
at the D'@l Schoghé 1 River 1n dollars, this is s savings of (based on tbe last block of
C R . current gas rates)

1. BuildingData 4% 6'ptu ,_cutt $.009, k
’ - R ‘ . x 10 ™ <mm) Gt $1,743/year
Dute of Congtruction WEHL™" o C. Cost of Wall Insulation ~

s Tioor hrew - 15,0808q 2t T et
Yool Barned 1o Base Year - 2,366,300 cu 1t of M ursl Gas * muis cost lnvolves the cost of 3 1/2 in. of fiberglass insuls-

A,
B.
C. '
‘ g .!Eat of Fusl in Base Year - 36188 tion, plus the cost of erecting & gynsun board wall and finish-.
F

Average Cost of Puel per.cu ft = $0.003/cu ft - . L e ,
‘ Trcremental Cost of ﬁei ’(3775) - $0.003/cu .tt ' ‘ fag. The costs u'le estinated to be a8 follows: (Ret 5) -
. - tnstalled tnsulstion cost - (80.19/1¢2) = "
1. ) , .19/1t7) =$1,566
1ojwmny | S gnstalied :dryni 1 cost - (80.27/1t3) = 3,268

, : | 11 finishing cost - (§0.27/1t%) = 2,268
The savings due to the installation of wall {nsulation &t the o § ) s 4,88
Davol School was calculated qand found to be' about $1,750 per year. g:ﬁ:ﬁ? cost :(2?233‘;’{725) ::z'ggi

The initisl cost wag estimated to be $9,400.
L ‘ ‘ - $9,408

' ' ’ L D.. Bstimated Useful Lifetime

S, i caleutasions |
o The estinated useful 1ifetize of the insulated wall is twenty

/ . Al
Ev A  Agsunptions : ‘ . \  years.
1. Outside wall ares equals 8,400 8q it. ‘ ‘ . _

OTTX

2." Yindow area equals 1,700 q It.

3. During the heating seasod from Oct. 1 to May 1, there

are 5,408 deg-days (ref 1),
“4. Hatural gas bas & hest content of 1,000 Btu per cu It.

5. Boiler efficiency is-75 percent (ref 4).
. < ‘ B. ‘Savings Dye to Tal2 lnsulation o S

vilue for a brick wall, uninsulated,

Fron reference 2, the e ‘
equals 0.48 Btu/br-8q ft-deg F. Tho insulated wall will be

designed to meet the ASERAR Standard for this area {ref. 3) ' . |
which:is 0,08 Btufhr-sq ft-deg 1) o -
. . : . ,

r, The energy savings is & fugction of the diftere'nce' of these
7 M tw "D values aad. 18 written 3 follovs: . ' . ’
‘ . . s

deg d
1.2

(0.48 - 0708 Btu/hr-sq 1t-deg F) (8,400 eq ft) (5,40

da

04 ‘-‘%) ich equals 436 % 10° Bu/7r.
" ’ . . /’ . '
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) Cost Benofit Study of the Inetallation
o of Storn Windows at the Davol School

Pall Biver, WA The crack length along & 3 ft by 6 {t window equals:

g

L 6ftx2 . @ 1
I. Bullding Design Iftx3 . ]
.. VA Date olfqggstruction - 1602 ' ‘ 2l ft UI
' B, Tross Floor Area - 15,964 #q ft : . Assuring & 10 mile per bour wind aad referrin
g to reference
.C. Cbm ol furned In fuse Your - 2 366,200 cu 2t of Natural is. 3, this yields an infiltration of 0.35 cu ft/min per Iinear
D. Cost of Fuel in Base Year - SB 165 , foot of crack. This factor can be reducedby one-hal? with
E. Cost of Tuel per cu It. - $0.003/cu ft , . the use of storn windows, Therefore, the total infiltration -
: _ equals:. o
y I1. Sumary ST
The savings due to the {nstallation of triple track, sluninun 0.35 cu £t
storn windows at the Davol School was calculated and found to be. H— t) (21 1) (8¢ vindows) = 35 gu_!ﬁ (ctm) -
W about $425 per year. The initial cost was estimated to be
: $2,900, , The.equntion gyuing the annual energy savings is:
I11, Calculations . ‘ _Bﬂ 1.08 Btu dog-de Z A hrs
S o O Fremr@T *E Ty
A. Assumptions Co , '
\A.~ Asqumptions - y Therefore: ‘ ' o
1. Viodow area equals 1,700 sq £t (84, 3 1 by 6 ft windows). 6
. qe1.08x345x5408x24=483x10 Btu/yr.
2. During the heating season {rom Oct. 1 to May 1-, there ue
© 5,308 deg-days (ref 1). There&gre the total savings due to storm windows is:
3, Natural 25 bas a heat content of 1,000 Btu per cu It , 8 Btu cu ft $0.003,
f R 8.3+ 150) x10° o (Tgguw o (ot VR
4. Seasonal boiler efficiency|is 75 percent (ref 4), ‘
‘ . btmting akage (see cost section), this ylelds an annual
5. There wm be a 10 percent\remge per year of the storn savings of § 3 $200 = $423 per yoar (bnaed on current gas
'indovs rate. | B
B. Stvings Due to the Instalfation of Stors Viadovs C.  Cost of Storn Hindows
'Storn vindovs change the "U" value of the window fron 1130 -  ThedRost of Wt by 6 1t atom ~vindows is approximately
0.54 Btu/br-sq ft-deg P.. (fef 2). | $2,900 (nbout #30 per window). :
L F 'rherefore W\savings over the hexting seaaon amount to: \Foribmkage,.ﬂubtrac'c 10 percent of this tigure per year from
;oswlngs. Y
days '
13-0.54 Btu/hr-s zt-de F) (1,700 & ft 5,408 —5-—1—)
j e fhr-sg ft-deg F) (1,700 o4 1. ©D: Sotimte Useful Lifetino |
(24 —) ~130 5 10° Btu/yr \ o The estimated useful 1ifetine of the stomm windows s twenty
. . 'years, )
L ' There 15 /150 8 savings due to the elimixiation of the abient .
1 . sir-nfiltration through the cracks in the windows. This
3 2 tnfiltration loss can be calculated as follows: .

o l w : | ‘ . v ' 133




A

CTT

/

sty 22

Cost Benefit Study of Storm Windows
oo the Tow Hall, Dunstable, A

1. Building Dats

Date of Construction - 1908

Tross Yloor Ares - 3,800 8q It '
Toel Burned In Base Year - 770,000 cu {t natural gas

Tost of Fuek 1n Base year - $1,730 *

+ Average Cost of Fuel ‘;E’ cu ft - $0.0023/cu ft
, ' Increpental Cogt oi Xue -$0.003 cu.f}:

1. SumdF
The initial cost and sunusl savings resulting from the installa-
tion of triple track, sluainup storn windows on the Dunstable . .
Town Hall wete calculated. . It was estimated that.the {nstalls-
tion of storm windows.will save $310 per yesr in fuel costs,
y The dnstalled cost of the storm windovs is about $1,850. - .

I1l. . Calculations

'

A. Assumptions ‘
1.

1.
' 8.
9.

o
I

The U value ofa single pnﬁe of glass is 1413 Btu/br
sq {t deg F (Tef 1). . ,

The U value of single pte glass with a storn vindow -
is 0.5? Btu/hr-sq ft-deg P (ref 1). ' ‘

Yiadow ar,ei 1s 615 8q It. -
Thére are 25 windows 3 ft by § ft npproximgte%y. ,
: mré are 20 windows-2 ft x 6 ft approximately.

There are 6,226 deg-days per year during the heating
geason from-Oct 1 throggh Nay 1 (ref 3).

Infiltration crack.lidth 1/32 of an inch.
Ten ‘mile per hour wind for fofi1tration calculation.

feat content of natqi':l gas equalsb 1,000 Btu/cu ft.

10. Purnace efficiency equals 75pércent (ret 4)

]
y

S

N

‘B, 'l‘mmissiox@mings by the Addition of Storn Yindows

The mt;unt of energy saved 18 & function of the difference
in heat lost through storn windows, va. single pane glass
windows. - ' .
Therefors: o \7
1,13-0.54 Btu,. teg ay (g BT

'L '
which. apounts to a savings of 54.2x 108 Btu/year.

In dollars, this smounts to

saxfa, et 808
y‘r ‘ 1,000 Btu X013 cu it ‘-

. C
wbich ‘squals $316/year

Intiltration Savings through Addition of Storm ¥indows

Every double hung window has a crack where it abutts the
teack and where the top part of the window abutts the bottom
part of the window. During the winter cold air infiltrates

. through these cracks, adding to the beating Yoad. This in-
* filtration can b

o reduced by one-balf with the use 0f ST
windows. (One_can calculate the {nfi]tration as follows:

v

1t e, e
I gt 475 1t (3 x5 vhadovs)

18 1t . . Y
TTadon X 20‘ 3601t (2' x 8 vinfiows)
' 835 1t ‘ o,

Assuping & 10 nile per bour wind, &nd referring to ref. 2,
this yields aa infiltration of 0.35 cu ft/nin per lipear

" foot of crack for a window without a stom window. There-

fore total lnfiltration with a storm window equals:

0.35 cult g SO I (et
-, HﬂthSSft'148]Ti-(cm)
> \ \ .
.
. . ldu

——



of .

¥

X.

1. 08 Btu :_ deg-day _ 24 Hrs .
br x cfm X deg-F.~ cfm x T~ Tday
There urd' ' f‘ o e

-q = 1.08 x146 x 6,226 x 24 = 23.5 x 10°
. \ O
In dollar savings this equals:

23.5 x 10° Btu (_* cu ft )xsooos . $4
yr - 1,000 x 0.75 cu 1t :

-Therefore the total savings per year by using storm vindows )

equals:

2215 + $94 = $309

Cost Estimlted

From manufacturer's data, the cost and installation.of a triple
track storm window using double strength glass ig $3.00, per

square foot

m =
2%7- x 615 sq It = $1,845

Estimated Useful Lifetime

The estimated useful lifetime ‘of an aluminnm triple trnck

. storm window is twenty years.

-

P
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»

Cost Benefit Study of Stors Tindows
" . ‘on the North Main Spreet Fire Station
’ /' Rl River, 1

P

, i

”
-

‘1. Building Data

A. Date of Comstruction - 1873
‘ B {iross Floor Area - 6,000 sq It.
, Fuel Buraed In Bise Yeur - 9,205 Gal #2 oil.
! D Cost of Fuel -in Base Year - $2,971
X Coat of Yuel per Gailon - $0.32/gal.

11, ,Sumerz

* The initial cost 20d anoual savings resulting from the iz-
stallation of storm windows on the North Main Street Fire
Station were calculated. It was estimated that the installa-
tion of storm windows will save $155 per year in- fuel costs.
The' 1nstalled cost of the storn windows is about $350.

III. Celcuhtione L

t - ﬂ ﬁ' Eﬂetion s ’ ' . ) ’ L} '
> | ‘W 1. The U-valus of g single pate of glass 1s- 1 13 Btu/lu‘

K 8q 1t deg P (tef 1).

2. The U value of single panel glass vith & stom w_indow
18 0.4 Btu/hr-eq tt-deg F (ref 1),

3.. ¥indow aves is 473 sq ft. includiog skylight.
§, There are six windows 8 It by 3.5 1t with o arched top
5. There are ten windows 712 byd.s ft.

.Thereis ote skylight 5 ftby6ft. .. : ‘e

y X .
T There re 5,108 deg-deys per year during the heeting
seaeon {rom Oct 1 through Nay 1 (ref, 3).

8, : Storm windowe vill be installed over rectmgular portion

) or ‘arched -windows only and sealed at the seven foot level. .

9, Inﬁltntion crack width 1/32 of a inch, .

10. ‘10 mileper hour wind for {nfiltration calculation.- E o
11, ‘The heat content of. #2 oil is 140,000 Btu/gall‘._ ‘
12, The heating e'ﬂicien'cy':tis_'looercentv (ret 4)‘//\ .

te
- L
L)

N

<

R i T
L

. Transnission Sevings by the Addition of storg j!indowe'

oA {
The soount of energy saved 15 & function of the ditference (-

« - in heat lost thro‘ixgh stom vindove vs. single paze glass .

‘windows,
| Therefore .
oL 13-0 54 Btu dgg day. S
(m) (173 & ft). {5,408 ) (34 3;‘)? -
which amounts to & savinge of 36.2x 106 Btu year. \} L

. 1

. In dollars, this amounts f0.

| . 5 tu 3

equale $117}year

. ‘Intiltration Savings thro\LAddition of Storm lindovs

“Bvery double’ huig wiadow has & erack where it abutts the
track and where the top part of the window abutts the bottom
part of the window.: ‘During the winter cold air infiltrates
through these cracks, adding to the hesting load, This in-
filtration can be reduced by one-mnlf with the use of storm

A windorde Oze can calculate the mfﬂtration 88 tollows

Crack length equels

Tthx2e UL |
351t x3e 10.5 1t ,
A5t

Aeeuning 2 10 mile per bour vind and reterring to re! 2,

this yields an infiltration of (.35 cu ft/min per Linear .
foot of crack. for a window without & storm vindow. Therefore

total'infiltration with 2 storm window squals: 7

P%S%xzuttusmdov- 68 of’
g | .
. f



'The eqnltio'p"zovex"ning the annual energy savings is: .

jEsstmamd Use!ul Life

| yeaTs..

7

/-

°. »

Btn 1.08 Btu L deg-da.z ‘44 rs -
() ® hrxcmxdeg?_xcmx ¥r ‘x.‘%a.y s
Theretore ‘ ’

q-108x68x5408x24-95310 Btu/yr.~ ’

-

In dolhr savings this equala'

6 Btu $0.32, .
95"10 yr ‘Tao_é%tux 7”3;1) $31 -

‘There!ore the total savings per year by using storm windows

equals approximately .-
$120 + $31 = $151/year = | |

-

Cost Bstmted

From, mnuncturer 8 data. the cost. and 1nstal1at15n of & 7

. foot by 3 1/2 foot, triple track storm window, using: double
- strength glass is' $56 per windov. A-single pane, sky 1ight
"storm covering would cost a.pproxmtely $50.

'rheref.ore total cost would be -

_16x$56 . = $896 S - .
plus’ . __50 o
o ‘ 5946 . .. BEE
} ! / . “ .

'rhe estimﬁated userul life of the storm windm is tventy

o —(g
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Coet Bénefit Annlynia of Instnlling Plastic
Bubble Type Insulation on the Upper Half ol
o lll the Vindows, at the Highlaod School
. hll Biver /]

1. Bullding Dats

s A, Date of Constmction - 1801
© B. Uross ﬁoorﬁn- 16,968 8q ft.

- v ¢ he Bise Year - 19,501 Gal #5-o1l.
oy - D. Cost o!'ﬁel in Base Year - $6,500
‘ B Tost of Fuel per Galion - $0.38/gal, |

11, Sy

The snvtngs due to the installation of plastic, bubble type vindow {p-
" sulation a8 sold by Econ Corp. or équal was calculated and found to
“be-about. $170 per year. The installation costs, 1nc1ud1ng prepm-

tion eoets vere estimted to be about 3600 !

1

- Il Cucuhtiona o

=
A
m.

2. Duriag the beating season £ro Oct 1 to iy L thr fre

5,408 deg-days (ref 2).
3. “Botler efticteicy is 70 percent.
4. Beat content of 45 oll 1s 140,000 Btu/gal. -

5. "I value for eingle pase window eqma 113 Btulhr-sq :

!t-dex P (ref 1).

In dollars, this amounts to: |
'(43 7x10 Btulyr)(m%) ”(ng) $169/year

. Cost of Installation . *

ERw

1. The windov area is about 1,400 sq ft (78, 3' x €' windows).

B. Savings Due to Tnstallation of Plnntic Bubble Insulntion on ‘
—‘EK_T_EEHt gpgrm of Bich Viodow , -

‘Prom pagufacturer's dntn “the g vnlne 1g lowered rom
. 1.13 Btu/br-sq ft-deg F. t0 0.65. Btu/hr-sq ft-deg 1B 'rhe

savings reslized {8 therefqre n

: gy (LA o g e g0 88
(1.13 - o.es_ntu/hr-sq,nt-deg HErw m_ (5,408 _E,-r-L

- x (4 3n—y) _'43#'19 Btu/year.

" From muftcturer's data, the 1nstn11ed <ost - of 700 8q tt of
Ansulstion: 1§ $490 3. .

Cleaning the windows 23 preparation for installation widl
cost $105, if local vindo'epw::ahing is not available.

Trimming the edges of the/lindm of pnint ud other foreign

matter will cost another $10.50, nssuming‘lo percent scraping
Therefore, the total cost 18,

. $480 + 3105 + $10 -,tsns. .

D.- Bstimted Useful Lifetine - .
—_— .
The digtributor of this product will issue g five year mmty

on vorkmsnship and material. He has stated to us, bowever,
thnt the entimted userul 11fetine is closer to ten years.

\

f '

T 4w

*’“
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Cost Bemefit Study of Rlininating the Vindow Areas, . : : . e
" on the Apparatus Floor, in the Union Street , ST Infiltration Savings : k5

2 ‘ . R
 Firo Statdon, Attleboro, KB, : LGB (LOOJNC L0 att
' . B xcutt xndeg® brx60 AC *

1 Building Data ' ) . ‘
. ‘ . ‘ 5923 deg~day , 24 hr _ gal x $0.425 9180
L. Date of Construction - 1959 . year X day X 170000 Btux .7 gl S year

. B, Grogs Floor Area - 8,000 8q 1t ‘ - :
¢ . Tuel Bured in pase Year - 9077 gal 42 oil . . ‘ :
Total savings is therefore:

D. Cost of Fuel Burned Tp Base Year - $3,862
E. Cost of Fuel Per Gallon - $0.425/gal, ‘ . -
' . ’ ' . ‘ $280 + $180 = $460

year

t

1. Summary .
The energy saved by blocking up the existing windows, witb "~ ~ D. Cost Istimate . L,

concrete blocks, insulation, and & drywall interior was cal- : o o ' o ,
culated. - The dollar savings %as found to be about $460 per .1, Cost of eight inch concrete vall finished with 1/2 inch
year. The installation costs are estimated to be $1,200. , plaster board and three {nches of mineral fiber in-
o0 _ - , '  aulation - $3.50/sq ft (ref 4). - '

I11. Calculations . , : : o » ‘

IR o 2. $350/sq ft x 434 sq ft = $1,518. '
R

LTTE -

A. Assumptions - DT - :
‘ ~ ' g . Bstimated Useful Lifetive

1. Indoor température is ept st 65 deg . ' o ,
. , ‘ o ‘ Bstimated usefql lifetine of the insulation is twenty years.
9. Glass area is 434 sq ft, volupe of space is 13,000 cu ft. ‘ ' o Co . o

3. There are 5,923 degree-days during the_heafing geason T LU ;
from Oct 1 to Nay 1 (ref 1), o ‘ S -

.o . .
, 1

e

4, The infiltration rate through the wall will be reduced |
from 1-1/2 to 1/4 air changes per hour (ACH). :

5, | Etfects of soler gain through’ windows ‘will be neglected.

6. The existing windows are o! single pﬁe construction with',: o . _
2 U value of 1.13 Btu/br sq It deg Flret 2). - : - o ‘

7. Windows are replaced by a built up wall copsisting of .

eight foch concrete blocks, three {nches of insulation, - : ‘ . . . ‘

~» - witha 1/2 inch plaster board interior, finish, all having ' - : b
2 conbined U velue of .06 Btu/hr sq 1t deg b (ref 3).

g, Heat 'cont,exit of #2 oil is 140.000 Btu/éa}l.‘ Heating |
efficiency is 70 percent (ref 5) . v o . ‘ \ .‘

| B, 'ringsmission Savi‘ugé' by"Boarding up the ¥indows o . o | ‘ L
' e triiq ‘2_3‘;&3‘“ (5,023 d;?—gi%‘ﬁ) (24 85 (44 0 20 | | e
142 B el (0.5 » SO | S - _

' B C ‘ 24"

.l’ D

N\,

=
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" Cost Benefit Analyats of ‘Replacing A |
Incandescent Lighting with Fluorescent - . * In the primary classrdom, no less thag 21 fixtures should be

Lights st the Carrol School, Pall River, MA - T u;ed. This will yield a 1ight level of 27 foot candles (ref
1. Building Data , ' The energy saved 15 s follows: .
4, Date of Construction - approximately 1850 \ ‘ Incendescent: B

B. Gross ¥icor Ares - 23,914 8q ft..

o Graea tloot ires o - . lupe atts e
. C., Total Blectricity Used in Buse Year - 42,721 kM: of electricity (8 ——P-) (12 rooms) (300,1-—-) = 28,800 Vatts.
s D, Cost of Electric¥t Tn Base Vear - $2,387 Toon ‘ ap. C
' B, Hvery ‘e"‘_fy—i"—'cm of Hlectricity per kWb - §0.056/k¥a : - Tatts -
. TocreneataWCost of Blectricity (8/76) - $0.05/4M, Plus (12 1amps) (300 7p=) = 3,600 Fatts
. 1: SumitFy - . o e for & total of 32,400 Vatts, .
The electric savings due to the installation of fluorescent light 1 ) .
, fixt%?a-ns calculated and the estimated savings was found to Uorescent: : .
be $850 per year. The light fixtures, installed, would cost lamps Yatts, _ 1 \
| approxtmtely $12,700. o o - , (16 Toon ) (12lrooms) {100 Tawp ) = 19,200 Yatts
1. Calculatlons c © plus (21 lamps)_ (100 }:-;’.f-’:) . 3,100 ¥y ‘
A, Asgumptions o : ) o fora total of 21,300 Yatts, '

1. There are twelve clagsroomsapproximately 53 feet by 22 feet , The savings '13"1;1,91-9101-9:

E' {n gres. Bach room hes eight, symetrically spaced, incan- , ‘
o . descent lanps, each using 300 watts. S 32,400 -.21,300 = 11,100 atts
‘2, There is one primary school room approximately 36 feet Lamps ere on nine hours per day for 170 days.
. ' by-35 feet. The room hag twelve, symetrically gpaced . : ‘ ,
_ ' ‘ incandescent fixtures, using 300 watts each. L Therefore total hours on equals:
‘ | 3. Lights are in use nine‘hours per day. S 1 993%5 (170 days) = 1,530 hours. s '
4. School year consists of 170 dags. * Therefore electrical savings smounts to:

. ‘ . v

One cannot directly replace an incandescent with a fluores- at $0.05/k¥h - this anounts to 3849( ' electricity) .

cent fixture without first examining the difference each '
© % 0ne bas in light distribution. A round, incandescest bulb, ~ C. Cost of Fluorescent Lights | |
ten feet from the ﬂpor,doeg not have Ithe, same 1ight distri- fron menufacturers data, the dnstalled cost is $60 per tixe
Bution at the floor level ag & 4 foot long 1 1/2 inch diapeter ¢ Thercfore the total cost is (213 fixtures)-0
f1uorescent bulb. Variationidn oversll room brightess is- . ure. Therefore the fotal cost 1s (213 fixtures) @ $60/
fixture equals $12,780. :

also ¢ factor in designing for fluorescent light fixtures.
‘ ' D. Estimated Useful Lifetime

Using reference 1‘, the present 1ighting system produces ghout
17 foot-candles of 1ight at’the desk level.: It is felt that ' - : o
, " que to 1ight distribution and overall-room brightaess, 1o 'i'getgzﬁm{ted useful 1ifetine of the wiring and fixtures
; less than 16, four foot fluorescent fixtures should be used } Lwenty ‘years. E
in the regular classrooms. This will produce a 1ight level - . ‘
of thirty foot candles at desk level. . ' 9
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" ost Benefdt Study of Task ' \
‘Lighting at the Concord/Carlisle mﬁ

School Library, Concozd, A [

1, Building Data’

. Date of Copstruction - 1960
ross floor = 255,000 8q 1t

A S
B. .

¢, Tectrlcity Used in Base Tear - 1517,600 k¥b
D. Cost of Blectricity in Bage Vear - $65,690

B A Tost o Electricity - %0.0432/kM
!

,.B. Rverage Cost 0 ¥
-7, Increment t of Eiectricity (8/1876) plus

1| Swmary
L

L e 4pitial cost and wnnusl savings resultiog from task
1ighting in the Library were’ calculsted. The existing

" Lishting ds from 2 ft % 2 t 80 Yatt fluorescent fixtures
of fluorescent strip 1ights, both mounted in the
celling.

L] 5

6TT

, % top level, 'It wes estimted that task lighting would save
sbout $ 230vesr. The installed cost wes estimated at 32490.

1 ]

- III. Calculations ‘ {

A. Assumptions
1. There aze seventy 2 ft x 2t 80 Watt fIuorescont’
- 1ight fixtures plus 90 WatteNor the ballast whick
equals 100 Fatts per f1xipé. .

9. (ne half of the 2 #t x°2 {t fixtures could be de=!
lamped and replaced with 40 Watt table ‘lamps.
4

'3, Four table lamps per desk would be required, e.iher
't pounted on the desk top or OB the partitions on the
_desk. There are oight tables on the lover level.

’ 4. The library is open 180 days  year for 10 hours per

B. Energy Savings

" Based on the assumptions the emergy gavings would be the
, difference betveen the electricity used with a1l of tbe
ceiling fixtures on and the usage with one hilf of the
~ ceiling fixtures plus one hal{ of the desk lamps, therefore:

Thig produces sbout eighty foot candles at table .

~ Tor the year this would be:

2600 Yatts x 180 days x 10 brs = 5,147 kilomtt-br
“year | dy yoar

Thersfore the 'mings would be:
51471'!:!%&044‘ « $8 : |
' yeur ye | o

“

¢

-G cc;st Betimate | . . ,

o Buad' on mapufactufers dats, the installed cosf per 1amp would
be $75. A great part of the cost' (360 per-lamp) is in the
| wiring to bring powep to the desk tops. Therefore:

75 Sdesk, 41 $2400 .
.Ii'mp x_. “X ﬁ'.‘ ) I-_" ;,." .

i 1

D, ‘Btimated Useful Life -~
Tho estinsted useful life of the lamps is fifteen yours.

(70 Laops x 100 Vagts) - (35 laps x 100 Tatts +4 desk %160 ‘mg,“ S I
S T T, o A

P
 equals 2,860 Yatts. ‘
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e / B. Energy Saviags ; . -
) Based oo the assmptions the energy savizgs would be the p. S

L

NI Culeulatioss. ~ * . Cg

 Tor the year, this would be:

B0 Tatis x 200 dypg x 12 brs = 1,535, Kilowatt-br

)

BT

‘ ', Cost Benefit Study of
Task 1ighting at the Dunstable Town Ball
Library Dunmblel,'n |

Building Data. :

A. Date of Construction - 1808
B.' Gross Floor Area - 2800 sq 1t o

0. Electricity Used in Bage Year - 5844 kWh ...
© D, Cost of Electricity In Base Year - $400° *
. B. Iverage Cost of Electricity » 30.068/x¥h
B Tncremental Cost 01 EIact'r,fcit (8/1976)
" plus TueT charge - 30. 045/KWE

A

The initial cost and annual savings resulting from task
1ighting in the library were calculated. The existing
lighting is from fluorescent fixtures hung from the
celling aad produces about sixty foot candles at the

table top level, It was estimated that the task lighting e

would save about $70 per year vith m installed cost of $600.

«

A lesumptions S '
1. There are eigflt existing 8 1t long 200 Yatt fluorescent

" light fixtures plus two 4 ft long 200 Watt fluorescent
fixtores both mounted from the ceiling. '

2, One’balf of the existing fiatures could be delamped .
md replaced with 40 Tatt table lamps.

3..-A total of eight ‘table luaps would be required.

4, The library is open 200 dags 8 year for 12 Lo
hoursperday.\ o D

r

-

.difference between  the electricity used with all of the
colling fixtures on and thes usage with one half of the -

‘coiling fixtures plus one balf of the desk lamps. Therefore: ,',"

(9 1amps x 200 Fatts) - (5 lamps’x 200 Vatts + & lams x 40 Watts)

Tap - Ty Twp
equals 640 Ratts, ) ; ’
. ra- . Yo

year ¥, » yeur

Therefore the savings would be:

. " C’ Cost Bstimate s

D. Estimated Useful Life .
" A i .

Kb .30.045 368 -
1,535yeu¥lk'h -je'if" | : -. N

 Based on manufacturers data the in‘staﬁed cost per 1@
would be $75. A great part'of the cost is ($40 per lamp) .
is in the wiring to bring power to the desk tops. Therefore:

$75 x 8 luwp v $600
T&Tﬂp " L ‘\l‘_‘\ L . . Kl .

e
X ®
4

The estinated iseful life of the lamps is fifteen years.
' ‘ / . o

At

.
. w e ' " .
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Cost Bene,til.t Study of
Task Lighting at the Bill Roberts Sctiool
Besource Center, ‘A_ttleboro, ¥A.

e

. Buildisg Data

). Date of Construction - 1975
. Gross Floor Ares - 8300 sq ft

B

. Electricity use in Base Vear - 753,300 kWb

D, Cost of Blectricit Tn Base Year - $30,422

E. Average Cost.of Electricity - $0.040/k¥h

F. Tncremeatal Cost of Electricity (8/1976)
plus fuel change, - $0.044 X -

¢ N '

The initisl cost and annual savings resulting from task
lighting in the resource ceter were calculated. The existisg
light fixtures produces about seventy five foot candles at

. th table top level. It was egtimated that the task lighting
; vould save about $L10 per year vith an {gstalled cost of $1,000

Calculations ,

A Ass@gtioné-

: ] - LR .
1.. There are thirty two oxisting 2 ft x 2 ft 100 Tatt
fluorescent 1ight fixtures mouted in-the ceiling.

2. One half of existing fixtures could be delamped and
replaced with 40 Yatt table lamps. ) .

3. A total of ten table Jamps would be required.

4. 'I't;n Respurcé Center is open ‘180 days a year for 10
-+ hours per g!ay. ‘

B. Energy Savings

Based on the assumptions the emergy %gs would, be the
differonce between the electricity used with a1l &f the

ceiling fixtures on and the usage with one 4alf df the celling ‘ .7-

fixtures plus-one nal! of the desk lamps. Thergiore: - .

[

: /
C. Cost Bstimate g
Hused on manufscturers data the installed cost per 1a0p

would be $100. A great part of the cost (3.60 per lam
X p) is
‘ in the.wiripg to bring powver to the desk tops. Therefore:

B0 101+ $1,00.

. D, Bstimtted Ugeful Life

The - estimated useful life of the lamps 15 fiteen years.

4 Soe

o

wmmnmmmwmeWHWMmu1mxwmmvg~v
. T lamp Tap lamp, ' v

Por the year this would be:
« ‘2519 kilowatt-hr -

—————

1400 Yatts x 180 days, x 10.brs

year ¢ a8y - year R
Therefore, the savings, would be: '
gerq B .80.044 = $LL0 PR
19 Sear KU ' year ' :
v 4 ‘
i s '
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