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- "The original edition of The 'f'cqzmtxmy vf Energy Conser- |

vation in Educational Facilities was published in July
- 1974, Although mﬂx\ five years have passed, 1973 was

- another era.in terms'of the national energy crisis, Since

then wé have experienced an oil hoycott, severe periodic

sﬂm‘mgm of fuel, several unpleasant winters, huge jumps

"in the cost of energy, increasing dependence on for engn il

“imports, and. a worldwide ecofiomic . recession. These

lnmentnhle events led to attempts to formulate- and
1mplemmt a national energy program that, nt lenst,
n‘.‘Bulte(l ina new. fedeml ugcngy 'l hL-y nlnu genumted on

Cunservnnnn mcmaurea thnt can bc mkm n phlnmng,;
o mw huﬂdmgs and'in upemting uxnstmg bmldmga

o
mnservutl n fnr educatmnul fnmhtmq thnt huvv oc-

cutred since 1973, A great deal has happened, and most of
it' is due to the .inventiveness of school districts and

.. colleges and the organizations that serve’them. The

ﬂnglnnl them'e of the book is more relevant today than

“ ever before: saving energy in educational facilities per-
mits cost avoidance (a term introduced since 1973) and

helps prevent the erosion of programs and #éivices. And
‘now we must add u further theme: saving energy is vital

“to the national interests. We cannot retain and improve

“ the society we have developed over 200 years if we don't

aill tackle the problem. For education not to do'so would
be an ‘abdication nf n trmhtmmxl role of nﬂtmnul leader-

Ehip e

To guthcr, dxgtxll and present the mfnrmutmn in the firat

edition of The Economy of Energy Conservation, E¥L

Y
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mtamed C “3 C:rifﬂn, it mvil engineer who wrote ErL's

' Systems: An Approach to School Construction. An in-

formal ponel of speciallsts ndvised i:F1, during the devel.

opment uf the research for chmmy and . reviewed the
final form” of its contents, We thank Fred Dubin, me-

- chanical cnginemn Bitl Lam, lightitg consultant; Harry
Rodman, ‘architect; Richard Stein; architect; and Fd

Steplmn, a federal energy administrator. Three members
of the £¥1 staff contributed Lo the revised edition, Alnn )
C. Green, .‘5y Zachar, and Steven Hcdlnrd '

s

T The' 1973 rmmrt hact an orange mv'(?ra—nnd became
g known an“ErLY littde omnge book." The 19‘78 editionhan .
i the same color cover, and with the nssistance of grant
support from the Lxxun Carporation we're pleaséd to
update and reissue “EFLs little orango book,".

Y
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owever you view it, the pducational enterprise in

America is dramatically extensiye, Fducation is
. the primary nctivity of 64 millidh Americans,
one out of every fuur; it accounty for 8% of otir Grosa
National Product; and we expend in tha pelghborhood of
$120 billiop in it support. -More to the point of this
report, the physical plant .to house the educational
enterprise is estimated at about.7 billion sy £ t'of ypave or
260 s nijen of building. The energy hill for heaging,
cooling, and lighting public achools (including kitchena
and equipmﬂnt) is now $3.2 hillion per year. One.of the
rrensons for thin gargantuan total is"that energy comtn

- hawve inereased over T009.in the last five year.

No othef cost in the eduegtional buelget how taken suchp
dramatic leap. And. this incresse weans that enery
osts are constming a steadily increpsing share of the

~eduentional hudget at’ time when the whole erlueation-

at enterprise faces severe financial problems. Thus when
the total budget ia limited, any inerenses in enetgy costs
have, to h({])’ﬁi(l at the exponse of Lbrary resources,
maintennfee and upkeep of existing buildipga, and ape-
cinl programs. Al of which reduces the opportunity for
educntion to remain '\'ita& and inventive,

2

As more peaple become pware of the teade-offin pro-
grams and sevices for ey the necessity for consery-

ing enery ineduent jonal facilitiesgaina wider attention,
Unfortunately, theides of conservation eullides head-on
with traditional American aftitudes, For example, otr-

“heating of buildings is historically one.of our wasteful
* habits. On his first visit here in 1842, Charles Dickens

depounced .. theetermal, neeursed, sulfocnting, red-hot
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demon of a ‘stove... ™ Long hahituated fo apparently
limitleas sotirees of energy—from the vast forests, from
mines, and!from the subiterranean oil wells— we Ameri-

" cans have perennially rankeﬂ among the world’'s biggest

energy tneri. Touny, mi a per capita hagis, each of us
consiumes ﬁ?ﬁrljﬁf nine times as murh éenergy as the
average of the rest of the world. *

. . i

wit

There ia alao the clear imphct of energy toata nn interna.
tiomal economica. T'he United SBtates imports almost half
ita oil, and in 1977 the 345 billion apent on oil was by far
the largest contributing factor to the nation's $3Z7Dbillion
Jrade deficit, The sronniizta tell ua that !iurh ’raﬂi*
defirita wenken the dollar, increass inflation, jg i
the ernfivmy. ahd indrefsd the hande
tereasinfl. '

It iain our cultyre togaanme that a national problem can
he resalved by new techinology, and thuaa lrw vearsago
optimists hoped. that technunlopgy would solve the energy
crisia by presenting us with ned, cheap, easily available
and less ]:PH”‘IHHF geipreas of energy Hut neow it ia
apparent t hat hnhi‘ of thrﬂc* ot oven the current forms
of nuclear generatora—will provide the ultimate anawer
duritig this century, Todav’s consumers mosat anjve
today's problems by using the familiar foesil fuels—cpal,
oil, and natural gas There ia no short-term solubicn on
the technological horizen We st simply fearn to
CONSOIVE PRIOTRY. ‘ J '
7 . y

Canservation in edueational facifitics la necesenf v on fwo
Ievela~financial and spiftual The fnaprisl chjertee
hpa bren delineatal: to reduer the ercaton of programas

J
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wa_ i & epiritoal levsl, sdnratiom ﬁi??if%ﬁ?ﬂix
tributs to the national resalutinn by providing anevany:™
ple of stewariship and by tearhirg the atudents—gwha are
the citizens of the future-how ta cope with this ;i%air

COTeTH,

Homie of the roping technigues will take tims te materi.
alize. We have lageeed in energy cvneeryation fechnkpaes
L;ﬂarﬁ_v’ becpiss the building indastes Hid not decslopany
and partly becanse huilding ownere sare presecripied
with capital (rata asa nppeeerd Uy nperating asrd mainte.
nance comta, Helusd and onllege administratiors e often
handisapged by ilbkinformed goandians of the puldy
trensury who minimjee highly viadde vapital, et
burdening the miblic’ =irh nerdieriy heaer op i
aned maintatianee coate (or the 40 sear lifs nf a baibling,

Hopeful signs | K .

& Game, tt far from all schesd hatnte and
hauve inituted Lx&“ﬂggfi;é:wf awd fils: tie sniergy
efyyation J_p?'ﬁg*?ar;i% i
# Theve 13 a hw},\ of experienee and information on
congefyAtinn (e hhwpies aavariabile to draw on The engi
neetivg and Fifé;?j’i profesainne hase sharpenel their

=kitls: building roseles andd stasfands are grmiehifind 1
reduce their effect o energy s, pew fes htiodogs prasdar
= %

ensrgy, heal revosery, abed coogensration i3 being Jdes e}

i};ﬁ!. and 2 beginning te feashy et effes e loorls

eneTEy ronesry ation zefyires arg armfable 2y h as e
provided by the higher efucation Fnergs Task d

fnanmger} bre g consertium of the Assccatbon of Phe sical

10

>
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L forwand in ita ﬂ]ﬁﬁﬁﬁﬁﬂ conserval
Cintersat, and it fa imperative for the

million will be available aver a periond of three ypars for,
schools, colleges, and hoapitala Lo undertake audita and
then to cover up 6 50 of ths f'm!n of moddifying their
farilitisn o xave snsrgy. DOF 18 stipparting the effort imn®
miany ways, ranging from the development of curriculnm

" materiala to the I‘undi‘ng of aolar and othér new ter hgj)f
oy demonstrstiona. The 1A Office.of Fducation hae -

entered the scene throigh Ehé fnrmqt’i’mi of the Fnergyin
f’,dur!!mﬁ Aztinn F&ﬁg;r _ .

ﬂut ’fm‘ all of thia grtim’t'v' one -{Iﬁ‘liéﬁiﬂh‘ﬁ.&?uih reimaine,
Within the edurational enterpicine, energy ronservatiog
oretira iy sehan) fﬂuiﬂmh sinly: when Incal Fanda and

The Ffmmmr aof E 'it‘?§¥ fﬂfii‘fﬂﬂhlw ifi i”rimnfmm,r{

Focilities j inlended tn encovirage the prganization and
supp-‘:ﬂ af Iocal ronservation ﬁﬁmh and to provide
nrganizete and their f\fﬂfﬂiﬂmnéi Sall and conayltanta
‘with idformation aud Eu;ﬂgnuz ; nspnﬂ in atraights
in the nafinnal
Ffmmm;; well. ?ﬁim;
van ha initiat.

L‘ifﬁ‘hffi!ﬂ amd rﬂﬂﬁﬁﬁ .riml riaery ﬁim

pianmns tmproy ~emeﬁh aml sdd:lmna m s
i- H
ings, and in the design of new fac fitics .

: Ainmifafore are tcmﬁmzm! tothe nr@v! and whan they |
pfﬁﬁﬂn the !ﬂﬁﬂaﬁr;‘j fﬁr 3m At v :masnaum; efforia



.ENERGY CONSERVATION STRATEGIES
FOR SCHOOLS

1

)

maximize the resulting cost gavings, a school
diatrict inatituting an energy ennecrvation pro-
B gram must concem itaclf with the problem's two
basic constituahts: ‘ ’

¢ The operation and maintenance of existing schoola.

e The design of modemized or new buildings.

The first logical atep is a review of annual O&M pro-
ceduren, to identify coat-saving oppbrtunitiea. For a
schoo! district with qualified permonnel, thia task may
be accomplished. without the hiring of outaide consult-
~ anta. But the majority — perhapa the vaat majority —
* of nchool districta probably need to retain an architect-
engineer or consulting engineer firm to perform this
_ pervics. For all projegta designed by architect-engineer
tirma, school boarda should include energy conaervation
"ns a key point in the architectural program, along with
_spatinl requirementa, cdueational goals, and other com-
‘mon criteria. In'evaluating nrchitect and engineer
applicanta for design projects, sehool boanda should
‘interrogate them about their intereat in energy conser-
vation and inveatigate their competence in this area.

P

Life-cycle costing : the long-range view of
building costs

? Tho key to realizing the cost ravings of energy conserva-
tion ia an understanding of long-range (life-cycle) cont-
‘ing. The currcht syntem of awarding contracta on the
basia of first cost only is deatined to becomo an ever

13
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ENERQGY CONSERVATION STRATEGIES
FOR BCHOOLS

10 bigger folly as the energy crisis intensities and fuel costs
tise. In these daya of rapidly escalating building costa
tup 212% nationally between 195 and 1975), the un-
pulee to cut initial cost becomes almost rellezive, Yot
over a huilding’s 1etime, ill-cunsidered econamies in
conafruction coat almoat always prove cxpenaive in the ‘
long run. A school should be conerived not merely as a
physical structure, but as a “huilding-people’ complex

lasting 40 years, Viewed in this context, construction
coaf, which usually deminatés the economie pleture,
{atlem into the background. First coat conatitutes rough.
w1y 877 of the total 40-year cost; O&M costa represent
125 nnr‘ £rmhm§ ﬂdmmxa'ﬁh\v coata repreant an
overwhelrling 80 %, Thuaa 107 increass mn, ¢ uuml cost
is only a 17 increaze in total owning eost. And it can
aften result in far greater reductions dsm—s‘hrn! inoa
building ownee's budget ~ in feduced O&M coats, or
ceven inamproved productivity, Sometime, notably in
tradeolfa between added eonta of efficient thermal in-
asulation va, reduced heating and airconditioning capac-
ity, an energy-conserving disign can cut first cost as
well as O&M cost.

“For example, in a bold break with conventionnal palicy,
the Fairfax County (Va.) Hoard of Education rejécted
the low firt-cost hid for n $1-million HVAC syatem for
Chantilly High School, awarding the conteact for an
altermnative HVAC syatem carrying n higher first cost
but much lower life-cyele coat, Computed on a “prea’
ent-worth" basia for an amumed 20-vear useful life. the
winning HVAC Systemn B would cut an estimated
$282,000 from the coat of System A ($597,000 if nergy

14
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ENERGY C{)NSERVATION STRATEGIES
FOR SCHOOLS

L

coats are assumed to continuc-rizing at 777 annually.)
ASce Appendix on "Ll isyh" Costing” for a formal
eeonomic annlysas tisplaving hsnph rm owning cost cal-
vulations for the above project)

.

dmmﬂtxc‘nlly m!un‘ fnrrgy cnn.r-umphnn and cut np-vr-
ating costa, O&Meconomics sometimes depend oh small

capital expenditures for upgrading equipment — im-

proved fumacé combustion efficiency, new nircondi-
tioning filtern, and the like. Df the two componenta of
O&M coat, oprrating costa mngn botween three and four
times s much as maintenance costa, A ratio r::w\tﬁnp:
this range — i.e., one unduly high in operations cost —
indicates trouble in the O&M program, according to
Fedward Stephan, who was Fairfax f"mmtv'% pssistant
superintendent for edueation: al facilities planning and
construction. A zsh?,ht mereade in munhmmu! ciml—
perfaps for more frequent equipient spretions=often
}),s](h great reductions m niwi';iling cunt,

s v

Attack on three fronts

can bo l(?g;mlly (lwulnl mtu three phnm*n.

1. Operational improvement in existing schools, involv-
ing no physical changes (i.e., no capital investment),

or, at most, n‘lntiwly alight v:;wmh(un‘q for upgrading
mechanical equipment or nthrr subsystems,

2. foh'mimtmn of existing buildings, mvnlvmh sub-

15

%
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ENERGY CONSERVATION STRATEGIES

FOR SCHOOLS

stantial capital investment for new equipment or archi- ~
tectural features.

~

3. New construction.

These three divisions appear in descending order of

applicability and in ascending order of cost, though not

necessarily in potential economy. Operational improve-

ments are universally applicable to all school districts.
‘Energy savings up to 30% can be achieved with such

simple operational procedures as turning out needless
lighta and educating O&M personnel about proper tech-

niques in operating Vﬂif’gonditinning systems, Renova-

tion entails capital investment ranging from complete

modernization (i.e., spaces redesigned with new parfi-

tions, and rhechanical and lighting subsystems) down,
to ‘small expenditures for new thermal insulation. In

these days of defeated bond issues for new construction,

-modemization has grown rapidly over the past fow

yveara, accoynting for nearly half the $4.4 billion total

school construction market 11977, But regardlesa of
how much the American public resents paying for new

school construction, that will remain, ultimately, the

most important method of upgrading our educational

facilitics, - '
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PLANNING AN ENERGY
MANAGEMENT PROGRAM

1

® - . . . .

Ihe cost of energy is rapidly becoming & major - 13
-expense item: costs have doubled in the last five
‘B yearsand are predicted to double againin the next ..
 five years. Although the cost of oil, gas, and electricity is
* beyord our control, we can liinit the amount of energy.
usedin schools and thereby control the overall costs of -
energy fora puilding,Limitin’g consumption is generally- -
called energy conservation, bug it can equally well be. ..
called energy management. As such, energy becomes & -
responsibility of school administrators to be treated the -
same hs any other resource managed by a school system.. .

Mnstene:gy_mnnﬂgcmc;'m.,will be related to the building '
_ ghell and its electrical and mechanical systems. Butitis '
also closely related to how the building is-used. '

The largest user groupina school is the students, and the
_primary user group is the teachers. Since energy man-
agement will involve environmeptal changes, the -
“school’s commitment to encrgy ma\,mgement must be
explained to the teachers.and students, and ‘their ideas™
and concerns must be taken into account. R

H

‘Energy management begins at the top '

No. sustained energy management program can. ‘exist
.+ withot a commitment from-the school board (or board ¢
of educition). The superintendent must know that good =
management of fuel and utilities is expected of him, and .
. that his board members know that energy management ’
is also part of their responsibility. Lo

The developmtnt and implementation of an energy

]
LS : t o o
X £ ' ""v Lot
: 5 . L P

O
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' 'mﬂnagement‘ program wxll requne a tesm tafg the nuts

- and bolts work at each school. This energy téam in most

" instances will consist of the following: the assistant. =~

“superintendent for business affairs, the chicf of plant:
operations for the district, the building cﬁstodlan and,
the principal, In addition, one t&hnical peftson should bé v
made part of the team and he could be/from the local

- -utility company. The team should be part of its school's.
~eénergy mdnagement committee, which should represent

teachers, students, food service staff, school board, PTA,
and mcluJé an engineer or member of the phyamal plant
staff of the lncal L‘Gllege or university. %

: Estabhshmg an. energy mamgement v
program ! - R

. Because energv management ls a new techmque,
membera of the committee should find that a problem

E . salving gppmach makes'a good . mtrudugtmn The ap-.

: " Step 2, Define the. prgblemDo m;lt asSi
. one will see the pmblem in the same way. ngg wnll seeit .
ag’a problem . of cost, others of con%umptmq and still "

/

Step 1. ‘Define the gnanhe gfml in this case wm‘lld be tn :

LI

proach discussed Ielow is partly based on work dcme by
Jnhn Blossom, P.E., Premdent of ZlEleB]ﬂ‘%‘%Dm & Aq:.m

. LlfltES See chﬂrt on: page 16

(5é e

Esatabhsh an energy managgmgnt prngmm )

, cﬂ;hers Df the buxldmg s;hell hnd its mechamcal sy%tem
«f

/ Ste.p 3 EEtﬂblish the data. hnseeqabllshmg a datn v

base H thn mast time- cnn%ummg tnqk but it wnll be a

18

[



o ' PLANNING AN ENERGY.
- " MANAGEMENT PROGRAM

#

-« learning experience for those involved for they will = 15
discover a,great deal about their school. Data required
... includes: T » ’ o
. e How much energy does the school use, both electrical
- and fuel? What fuel is used and how is it measured?
What does it cost? What's a kilowatt? What's a Btu?
© What is the area involved? How much energy does the,.
- schoo] use per sq ft? What is the energy cost per sq ft? *

o What is the ehrollment? How much energy is used per
S, studeiit and what is the cost per studént? -
@ : e What are the climatic influences? How many degree
E ‘ days does th¢ region have? Is it a very i.vihdﬁ{e;gian? _—

Does it Have lots of sun? How miny days does the F,,
building require cooling? ' e
e What are the opérating characteristics of the schiool? " -
' Length of the school year? Operating “hours of t\Eg
building? How much of the school is occupied after clays
hours, by whom, and until when? - ' ’ :

e What are the physical characteristics !réf the school.
“building? Its age, construction, mechanical system, ori-"
entation, and architectural style? ' T

e

* . -
I} \ - O —

Thesg figures pmv’iéfe handles for analyzing much of the
- infoiniation necded. They alo provide a basis forudirect”
¢ © . .r comparison of energy consun ption amdng schools. The
' " energy consumption per pupil and per square foot will.
provide basic clues for understanding.the way energy use "
 differs among school buildings, grade levels, and program o
L% offerings, The age, i;nnstru\:tiﬂni‘m‘ieﬁtatiaﬂ, architec- .
- tural style (e.g., use of ‘glass) all affect energy usage.

The second part of ‘making a data base is-to take an.
energy audit. An audit impligs an exactness of account-
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16 " T
Pt ENERGY CONSERVATION PROBLEM SOLVING APPROACH
- Existing building’s mechanical and electrical systems

\'i N ‘ 1 'Oblsciive: Conzerva sneryy
: L ‘ © Determine what typs
' Electricity, coal, oll, gas, man-hours
L

2 Problem: Umited avallabllty ol enargy. T
Increaiiag cests, goverament roguiniions,

, 3 Data baze
Analytical elements * - Physical componenis

*

Eeonomic- - - - Technleal -, Building and site - Mechanical
Lot ] : . - &electrical
First'costs Engineering:  Structure: . Plumbing
Operating costs Mechanical” ~ - Shape Fire protection
" Malitenance costs  Flectrical fgientat Heating
‘Life-cyclacosls ~  Sanitary - Ventilating
S Bensfit-cost ratio - Human factors: . E) Alrconditioning
Cosl projections - Physiolagical . Solid waste

et {1 111111 i
o Building codes . ., Power
- Pollution * -+ Lighting -
Energy . Communications
[ R ' ‘Resourca . - - . Appliance
N _ availability oo
: Vo . Funds

"Taxes - Psychological Process facilitias |

- Fuels =
T B Spacs ~
- - Manpower

. & Review: Daes data caver probloms?

a . * E.

I S e - e -
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5

TS Onernise tecies o recsmmmdatoss

oy,

~ Compare alterative agaknst problem and objective
Recommend a specific eneigy consarvalion program
sl_udg report N\ Puans and sbar;i!bcatlons =

o

N 6 taplementition * L
Y - ' .
o , 1 o \
- T Vsriiicstlon : ) :
Monitor program as operating
Evaluate monitored dala and optimize progfam dataily '
verily it problem was solved and tbjective attained

" | Based on material from Haating/ Piping/Air Conditioning magazine, January 1975
irZ that is not always possible-or necessary. Itis simplya *
determination of how muth, where, and how effectiyely.a
building uses energy. The first audit should be a walk ~ .-
through the building by the energy team, This may be
the first time that some merribers have been in the boiler
roam or basement., Their walk shpuld follow the flow of
heating, cooling, and hot wategfthrough the building.
Questions'should be asked: W ﬂ; does this do? Why s’
this on? Where.does thivttad? What time does it goon
and off? Is all equipment either on or off? How many air
changes does -the gym have? How much air is going -
through the cafeteria? All-day? ~ - .

T

After familiarizing itself with the building, the team is
ready to undertake a more detailed audit. For this, any
-school can receive help for a modest fee from:the Public
" §chools’ Energy Conservation” Service: PSECS was de: -

27
o
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18 " veloped by EFL in cooperatign with the Federal Encrgy
Administration (now Department a; Energy) to provide
school personnel with the information base necessary to
- establish an energy management program. A school fills
out a form detailing the physical characteristics of the
building and its electrical and mechanical systems, how
the building is used, and its present energy consumption,
The forms are processed by EFLin a computer program
that prints two reporta which are sentto the school. One
report - outlines the.possible energy savings and the
~ low-cost measures by which they can be achieved, These

.are simple steps that can often lead to savings'in the
neighborhood of 30% a vear. The second report details
“capital modifications to the building shell and its electri-
+ *cal and mechanical systems that would reduce energy
consumption. The report shows the cost of the modifica-
tions, the savings in dollars and fuel, m\d the payback
pérmd uf each lﬁ\cﬂtmrn( : :
A district can request a district-wile audit and receive a
zmnmm;ﬁcpﬂrt of cach school audited. The couts for
- PSECS is. low, legs than $100 per school. The service i
. run by E5L on a nogprofit basis and will ssonbeoperated
by several state mluuntmn (lEp;U‘t[‘ﬂ(‘ni‘% Check with your
state official. ‘ y '
T
After using n PSECS audit and achicving an tnergy
reduction between 20% amd 305, n school can hire o
professional engincer to make £ much more detailed
survey of the building, ity systems, and consuymption,
When the energy management-goal is to reduce énergy
-consumption an additionnl 20%, the use of  professional
' nudlt for a’ foe of $10,000'or more bee omes cost effective.

.\- L 2:‘) o
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“(For more information on audits sce Energy Sourcebook
4 from the Touncil of Educationnal Facility Planners, 29
Weat Wooddruff Avenue, Columbus, Ohie 43210))

=

Step 4. ReviewThe review progess ia impﬁrt;mt beeauss
it connecta the data with the original goal and problem
statement, And, it will reveal whether enough ia known
about the problens to begin planning. The review proceas
should end with the energy management commitiee
eatablishing goals that the energy team will be chatged
with carrying out. One of the goals might be to reduce
energy consumption in each sehool by 20 in 1 2montha, ¢

H
i
'

Step 6. Determining objectives and recommendas
tionaThis ktep developa the objectives and recommen:
dations pecessary to implement the poals eftablished in
the previous step, The objectives might follow the energy
use patterns of the facility so that there would be speaific
. objectives for reducing electrical vonsumption pnd fuel
consumption, Each will require different actipna, nl-
* though i some instances they will eaincide, For exam:
e e G EEITEIRR the number of aiechanges willagra bt

< L3 . = v -
fuel and lectrical consumption.,

To start the committee off, i"may be benefiaal to

run n bragnsstorming sesaion in which all value

‘ judggments are suspended. Al idean, nane and
- crazy, nre thrown onto the floor and listed. Mo
' comments are made about the suggeations; they ’
are just lstal. At the epd of the sengton nll the

suggentions ape reviewed by the group. Many will

Lie dhropped. '}l;;n,-u' that are kept Become the revor.

- S mendations. - )

O
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Hiep 4, lmih‘t‘mt‘n‘ﬂ‘iﬂh\‘i hat actions ahonld !3\-;.

school and detenct take first ™ Hefore ansvenng thiathe
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o U HRemotver for tratning incluile Eh'r-‘fn Honang _
. *"7%5!:* Agrncies Bach state has a State B nergy Office
and .1 Htate Fducation I}.‘
reapinaihs sle for ene riy innu r\»\tmn in school binldings,,

Fach agendy shoeuld b "Unle to i-xllux pxn\n]p direct
assiabamoe g £3fahlisl mﬂﬁ\, A trailing ;h-hr un or knosm
MHete such tramnng wavalable mothe sgate g

& Foery eatenson servive. Bach etate v establis }nnh

< with feTf:Hl asststance cuer gy oiboes analar to coo)

_Eh‘-n‘ ixhnf—qnn BETA U4 “n‘} ,H!* ,nli.nhhhlul h_\
vooostate uiiey ‘lh!“ . o .
¢ Uity iy M ‘\ﬁn« £ m:hm» L. m pxm.uh SLvari TURS

uf CRefRy angement sendioe and techmeal e danee

: Wi g, trun hredr o stall ey

e-;.iqx aiare therr alents with cehools -
v SMany. ’l\su:xr;n H!”!‘;:f‘% have
b to eniciay Hi;iﬁél;t‘mt‘ﬂif;
2:"'-'2“1 al and pyevhanical sys-
At shovld consuder pay Hh.
v .mjx;h nd I che nnm.mml\
elated pregrams, Hu'

ittt ahoaild ask ifn‘ instithtion to establich them?

A Colleges o universitios Suce hagher education st

atudent an public achools, _i_luf\' L e been very aetive iy
x .. X . . * 3

developang conservatuin pfograms You may receive hielp

from the phvaical plant departinent and/or the school of

chginect iy, school inf uahl!u(un, ot the seie hee de- -«

R : -,
partiment. o o BV

* Hospitals Hospitals are "the most ene rEy inténsive of

all wstitutonal binlibings. Most have imitiated mote

eOETEY Managetient’ pwﬁmms and yoeur local lumpuul
mav qhnrr e ¢ xpenwnce Wit h th s hnnl dimuu 1.
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. " Bharing manigement tesources

Unlike other facets=of marngidg ghe elumelnal enter-
prite, mergy managerrient. (v it spedfic ta education,
There are many oppurtinilles lor shatin g resosres anad
ides and enbathineg ot jodit versluees sith ot her nom..

- profit nstitistions, “Thes effecti=onen =f t he achonle’ own
 effortA cai e et fived batnranpemneive yee of local-—

arl nnle remonvrees, Feat exeam ple, ichoads asd doagitals

‘working togethercat ask privreof ghe corrmunity cellage:

2wt i etablishing €raining progra s for plant personpel. A

program establshed and supportad by the wa jor inagl.

" tatlprmof the communily 3in nmuch helterpositaon to

seek Canding from elate and federal sourees. Firmlly, the

visibiE Ity of t he schoola™ effert (i tne whenisc hoslva re

fesa popu Iy enino-thelp bt snh ance thir Inage o ail
effoctdve user of tax dodlars, ' '

Bwenenally, (Barrizg unusual spply problens) eniergy
S mana fehaent shoudd become "junt ancther” cust con
trallipg operation, After esperionee is gn ineclnad o ll t2ie
stall mesmhers pre trabiosl and comforiable with the
resposmbilities, {t s hogld beeone o rouine operafion al

tnsk,
.
2 )]
. . 4 ;
.
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1

Jotburgey and ignsorazice. Muchistems sleaply lromn
the historic Atmtticin prockivity for waate In

. out bl even more I altributatble 2o the halility

of M pertiominel ta cope with ever hore sopb Ig;mted
mechanics] and eleciricl cqm;;mmt ‘

Leti\lﬁy vam the rplinalion of gross enoegy - winas
. discovered In an Mustxetive cam mivdy, The tvichnes

emetfed aatm acddan gl By-product of an energy on:
sunsptéon sludy of the HVAC sysgem in & Las Wegen
high schoo), Frorm motered dataon dectric pover core
wutaption, ke investigagora discovered a fanetstic

- smountot desitioenergy bxing useed during tha evaning

cleanup pertined, Botween 4 yi.tn. and midnight, whenthao
school's normaal daily population of 1.100 shrarik to
threo custadiane, the achowl consumned 3073 of ita- fotal
energy. Marely by swigching ofl thelights and ITVAC

inlocal anear ap thiey firalthead thelr stk the custodiaras

cotild Pivd ¢l the schoals sorkdiy olegteic power

~consutoption by 167 to 207,

[ B

"~ Sioin recosiitan simiinrecample For T“nbilq Yehewl 4

in Staten Wand (Mow Yark Cily) , Yteln tried toes-
ploit the econaomy of natusgl light. ¥ach clasmroors has
threo rows ot luminalrey, H" panlleling the peripheral

vl with the extordior row tontiollel by locsl swileh:

ing. Forrourhly theve-qtarters of ehe school”s optrae.
ing houm, matural daylight suflices to Muminata the
§-ord- !t;vtldes extorior stk phounded by thowall. -

. However, on soveral visite lo Public School 06, Stein

28

 \norgy wasio cpfing'l from two basic wOUrc —
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- ared that this eamly achieved economy was never
mllzeﬂ the oxtetior row of lights apparently humed
aling wwith the two interior rows throughout theschool's

-wikisag day. Merely by flipping these classroom

_illches at the proper time, the school’s teachers could
v cut daytime classroom lighting by 26% and total
Apylieree hgbziug cost by.about 8%. . o

(mironted with human failure, Stein 11 mnaldermg ‘

[t fature achools photoelectric switches to turn off
unieded fixtures when natural light intenwity Is aded
- quite. The added expense of ‘automatic vontrols
souldn’t bo b Hecensary, But it may be the only practical

-yiy b eombat the wasteful habits pmgmmmd into

{lo Aznierican peyche.
low to waste energy without really {rying

Fultyr O&M procpdures waste even grenter quantities
 olenergy than the lethargy displayed in the two pre-
e case studles, according to Stephin, His favorite

ammple concerna the widespread mishandling of the

uilt ventilator. What makes this example so significant

—Jithe wanit ventilator's tremendous popularity. Though -

{huse in new schoola is dpclining, the unit ventilator
itmainas, by far, tho mont prevalent heating system in
thu nation’s oxisting clnnsmomn ; .

Tho waait ventilator mi:va recirculated mtefiar air wi;h

wiryin g proportions of outside alr, filters it, and forcea .- .

[licross a water or steam heated coll and into the room -

rougzh & sill-devel grille, Some unit ventilators are truo
nlrcot;ditmnmg units, with chilled water c;rculnting

29
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" elther through a dual-purpose, heating-and- cmling coil-

ot thiough a second larger coll, added for cooling alone.

: To crperat& a unit ventilator cﬂielently and ecanom—
feally, a custodianmmust understand the followd

trols and thoir functions:

1, Dampar control (whigh sets the pmmrmns
and recirculated air at. the lﬁrngt economical ratio).

2, Low-limit gcttmg (which prevents the t{'mperntum
of incoming air from drapping below a pinimum tem-

perature — usually 65F to GOF). : .
3. Thennmtntic cantml valvg for ileatzng coil.

4, “Blowor motur watch

Faulty a;pemticm_ of a unit ventllator can double tho
energy consumption of the same properly operated unit,
according to Stephan. This waste. results from a tragi-

. comedy, in which the first mistake leads the benighted

custodion ever deeper into a bog of compounded errors.
Here’s how thn vlcmus rpiral ununl]y— dovelops:

: 'A toachor &peﬂs the drama by camp]ummg about cold
alr s:cmmg from the unit ventilator grille. The cold air’

comprisea & mjxturo of fresh and recirculated air, intro-
duced at a minimum temperature of 60F or so, to re-
duce thoe rising temperaturo causcd by the heavy heat -

- and lighting load of a populated classroom. To reduce
_ room temperature from, agy, 76F, to the desired ther-

moetatic sotting of 72F, ﬂm unit ventilator blower sup-

: .pli BGF air until the degired 4F tcmpernture drop 13

it
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l i‘ .
' Hﬁt undamtnndlng ﬁuﬂ temperatpre-cortecting pmceas, .
S , the custodian checks the unit ventilator's “low-limit"”
SY 0 S+ temperature setting. “Ahal”" he concludes, on peoinge
i1 .~ . GOF, “No wonder the air is caltl ” Ho “corrects” the
" gituation with the onglrmi Bin bf unit ventilator mis- .
‘handling: he sots the low-hmx‘; up frorn 60F to ‘72F
the desimd room tempcrntum. M, : o

Act 11 fgﬂﬂwa inoxorably. Th unit ventilator bagma a
to pour.72F air into the classroom, in response to the
thqrmcstﬂtimlly ‘signaled missage that-the rodm is
nvarheatgd, fand the blower persists until the teachor -
" corhplaing of hot air and again pummons the Hapless'
"~ . custodian,;Noting the heating s {Jyatem 8 obvious -

mnlfunctmr,mg (which ho himself cajiged through tam- - o
pering jvith the system's cﬂntmla), he custodian con~
cludes that the entire system.is haywire, a ptoblem he’
"aalve s:rnply by sw;t::hmg ofi the blawer : .

Now. with the. umt ventﬂutor no Ir:mger cnrculatmg
forced airand the mﬂqide gir damper closed, the heating
_ system works with less efficiency than a fireplace, Hot
ater (or steam) flows continually through the cmls,
/;:i(ut without -the blower operating to circulate the air,
. this energy is largely wasted. At this point the. drama
o degeﬁegates into pure farce. The stuffy classtoont over--
S ~ heats, and the windows are thrown open; then it.over-
' “ .7 cools, and the ‘thermostatic setting is advanced. The
' only winner/in thla gamo is tha fuel Bupphen L

L

The nbnvu scenario, st.aged in achgala all uver the U S., '
doas Imt exhnust the ways of wnstmg energy in the oper- '

a -
i;

P 1
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' ation ﬂnd mﬂintarmnce of unit ventilntom Cuamdigne ‘

© 7" jgnorant of the principlo of tho seven-day time clock in

. the boiler room may remove the taba ("dogs”) that
s change the terperature control from 721 4 65T during
unoccupied periods, Again, the price of if nﬁt&ncu is an_

" inflated fuel bill. And maintenance lapsts, notably in -
failing to clean or repldce aircand;tionmg lilters, com- ',

~bine with operiting orrors to maximize chetgy costs;

: Stephun s accotnts of 0&M waste in aperating HVAC
systema are corroborated by other experta. Dubin cites

" ticut schools with all-electric HVAC syytems. Ono of -
- - these twin schools. recaﬁ:]ed nenrly daubiﬁ tho énergy
. consumptmn of the nther

| The major cause uf the energy wnste in St:hoal Awis

* the continuous inactivation of the outside damper con-

7 trol. Tremendous volumes of needless cold nir bad to be
- " heated to comfortable interior temperatures, Dirty fil- _
" ters, a major failing in the maintenance program, alio

obstructed l:he delivery of heated air at P;reat whaste
alengrgy SN »

'Amoﬂg ﬁther pasalblg r:omtributnra to Schoﬁ] A’E Energy
waste were: -

L Tha ugeleaa, ﬂc)nhnugus hghtmg af a cufn bnrlum ILIld
“other usually unoccupied spaces.

e Unnecessarily high thermustatxq contm! settmgs ior

| | - ‘intenﬂr cnmfort ,
Partial bm iur ot Echmls j?érgy wust& rest,a vnth

|

B .. _an instanea of waste it 'a study of two ;dent eal Connec- - .
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L]

" the teachers, Ae we havo seen, theix fyipotines insatl- -~ 29
“‘able demande for instant comfort can prees anxious
. -¢ustodans into desperate, sometimen mischievous ef- .
~forts.to pleaye, Teachers must be educated sbout the -~
. inevitabiliby of a little temporary-locu} discomfort, at -
-+ least for sore individuals, with any HVAC eystem, mo - - -
i  matter how well -doslgmed, fabricated, Installed, and
L o0 operated, No HVAC system, short:of poviding each .
- {individual with his own insulated, individually powered”
, - and controfled thermal capsule, can sutisfy everyone
.+ . allthetime,. -~ Ui

L

R

- The guiding principle of a good maintenance program .
- is 'schgduling. A maintenance department should not
operaté like n fire department; passively awaiting breaks
" downs_or walfunctions in mechanical, ‘electrical, or
plumbing subsystems, Labor productivity can.bo dou- - -
- bléd by inutitiating o proventive maintenance program, .
_ with periodic inspection and schedulyd parts replace- -
: - ment and ropair. Reorganization of a desultory oM.
e program ¢on sometimes cut its cost meardy in hall
© .o dJudged by current indications, school administrators |
* .. lag behind ommercial and industrinl building owners oo
~in instituting efficiont O&M programy. ' : :

- Apart from regularly acheduled inspections, ‘geveral -~ .
_other steategies constitute good overall 0&M policy.. .
. Most ohviowy is the scheduling of large electrical power- | .
" cohsuming perations at nighttime, off-peak hours, .
EERI S Candidutes for this economizing pravtice include elec- "

3 i = AT T, o ot
BN ' E . L . : =




"

“trically driven water pumps refilling water storage
. ~tanks, dehumidifiers for cnntmlr!ed humidity, storage,
2o and refrigeration plant compréasers.(provided doors tc:

"\ the mfﬁga:atad chambers are kept tlosed), :

- I.-Ae a general pglicy chnnge in currént Q&M pmetxcea;
s, pehgol ndnuniatrntgm could institute conservation ori- .
" ented programs for O&M personnel. They should de-

= minnd fmproved O&M maintenanco procedure manuals

from the nrchitacbengineer firms that desigh ' their

. 'schools, Supplementing inspection schedules, monitoy-
. "Ling devices could be installed on energy-consuming de-
-vices to sound alarms or, .if tolerable, to shut. down

"~ equipmeént wheri its etheigncy dropped beluw a pre-.

L --—-gcnbed level of pgrfnrmnncﬂ

i

© For snme types af sophxatxcated eqmpment notably air-

- ¢onditioning; the service contract with a manufacturer .
- may offer advantages over mmntenanéc by the school's
L rawn persannel In recagmtmn of the often: nﬂglected

. Q&M cost component. in' owning costs, 'California’s

School Construction Systems Develupment (SCSD)

program administrators included the offer of a main-, ,
_ten'ance contract as a. mand:itbfy part of the contract. .
. 'The maintenance sérvice contract.may hecome popular -

ai mechanical- electncal Eubaystems become oven more

. camplicated .

" Oneof the important msmtenance jabs is to recheck the

.7, calibration of controls, a task for which schools’ O&M
‘personnel are seldom qunhﬁed A good control systems

technician will often discover ¢nergy-wasting equip-

! .ment malfunctions in the normal course of his work, -
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A good O&M program obviously leaves xio weak linka . 31
~* firthe chaln, Some of thé most obvious energy wasters
*** are pomotimes overlooked. To minimize air infiltration,
* which eilently increascs energy consumption overy sec-

~ ond of the operating year, inspect and recaulk doors and

. windows on a regular schedule, Poorly maintained min-
imum gottings and poor calibration of dampers can’

<+ .. admit .oven greater quantitics of outside air. Regular

inspection can prevent energy waste from poor thermal
insulation on steam or hot water lines in airconditioned *
~ .apaces and on chilled water pipes or cold air ducts, Keep -
i condensers for airconditioning, refrigeration, and drink- * ’
ing water fountains free of paper and other {oreign ma-

" terial that might interfere with air flow or otherwise

“impede heat transfer. Keep heat transfer cgils free of
dust, which can feduce officiency by 25% or more. Also
check for leaking faucets and radiators, and defective
refrigerator and freezer door gaskets.

3 \! . : R
Lighting cfficiency can be enhanced simply by more
frequent light bulb replacement, Current maintenance
policy often prescribes initial over-illumination, to al- ~
. low for one or more bulb failures before the next gencral
" bulb replacement. More frequently scheduled cleaning™
of lamps, fixtures, reflectors, and shades will also in-
crease lighting efficiency. o

" Dollars for dimes

~ Some O&M. savings require small capital investments
_ that are quickly recouped, thus justifying themsclves -

" a8 longsterm - (often 'oven a8 short-term) economies

o=
=
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" undoer the life-cycle coating concopt, Improved furnace
- combustion is an obvious target for big, long-term re-
tums from small investments. (Inefficiently operatad

heating plants in commercial, apartment, and institu-

tional buildings pump some 600,000 tons of oot into

the U.8. atmosphere every year, wasting milliona of
dollars’ worth of fucl in addition to fouling the environ.

- mont,) As an mmple of readily attainable gavings, a
"$6,000 inveatment in improved combustion for a 60.

unit apartment in Yonkers, N, Y, cut annual fuel costs .

by one-third. It will pay for itself in five years.

Inefficient, camhustmﬂ increnses fuel bills in two wnys
Extra fuel to produce the requirdd heat adds 5% to 16%

" to the fuel bill. Compounding this primary waste is the

bulldup of soot (unburncd carbon particles that ideally

'

‘i ®

aro exhausted as carbon dioxide gas) on heat transfer -
surfaces. (The unwanted thermal-insulating elfect of a "~ .-

" Ijg-inch-thick layer of soot can add 8%-to a furnace's
_ fuel consumption.)

Caused basically by improper ntnmlz:ntmn of fuel oil ‘

before it is bumed, inefficient combustion resulting in

~"soot exhaust can be controlled by the following steps:
- Maintain fuel/mr ratio spocified hy burner manu«
{acturer. ' ‘

* Check bumm‘ alignment and condition.
* Maintain recommended fuel oil tcmperamm at

burmner tip (so that fucl enters burner at pmper viscosity
- to insure cnmplatu comhuatinn) o

-~ Ajrconditioning equipment, a major sourco of ﬁnargy ,
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. consumption, offern cnrrea;mﬂ:lingly lsrgp nppmtuni-

. Qhangmg filters, - i '

ties for O&M economiy. The hest time to service hlrcon-

42
4

ditioning equipmcfnt ia npnng Among the kev rnainte; . |

nance jobs are:
* Checkmg a,nd rcrpmnng mﬁlmg towers, .
* Repleniahing refrigerant.

» Checking fans, pumpa, compreasors, and oﬂmr mtat--
ing equipment for: poor seala, lwlt ﬂhppngp ﬂﬂﬂ other

defects. X
¢ Calibrating crmfmln

_ Aﬁzﬂrdiﬂg to nrchntm:‘t P. Richard Rittelmann, mam-'

tenance personnel oflgn reduce fan apeeds after the

~ building s secupied (apparently in response tgobjec-:

tionia about noise or drafta), The resulting reduced air
flow over the coila may caure their [rosting, with drastic
m]uctmnﬁ m HVA(‘ aystem pﬂﬂnrmsnﬁ- Ritfeimsnﬁ

chmery anmmlly for pmpf-r rprﬁ

The glperlim:ﬂ uf nlarge Nuw England industrial plant
iHustrates the evolution of 4 good airconditioning filter
replacement program, ¥ iltora porform a vital function,

trapping duat particlea that would impair’ (,iuc't effi-

ciency and roduice interior nir quality. Inefficient filters
also squander fan power, which consumea a ﬁurpmmgly

“high fraction (26"% to 307%) ‘of an airconditioning sya- -

tem's total energy consumption, Before the inatitution
of a proventive maintengnce program, the filterd wero
inspected on A sule-of-thumb, ‘nchedule. In the sdeond
ntage the mnpmttmn grhrduhﬁ?wsn mmctpd to mmrs
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tﬁlﬁiﬂ the' legaﬂg Jearned in the firet stage/ A }zig,
ihidd.stage refinement resulted from the second-alfge

_ fliseovery that atmospheric dirt and general filter in-
“efliciency were correlated with a considerable dtop in -

prreswute acroes the lilter, Ultimately, a bi-weekly schad.

Male el filter Inapection to a minor fraction of the

fﬁal’mﬂf required time. Moreover, hy substituting a

" rapid instrument check for the workmen's jodgement,;
- the v program vastly imprgved the maintenante

- cyew's elficlendy, Similar :mpﬂﬁpmrnt — in rlrgmﬂg
and mrezlmgling sir-hﬂnrllmg unita, compresyors. lmw‘er
cirenit breakers, teansformers, and other equipment -
pnabled this plant to m"m‘h dtmhlf‘ ita nmmtenanﬁf‘
effu:imcy. .

Afmﬁ]mg tn ﬁgurﬁa cited by fmnnnx lndusf riod’ ‘T’rfi
Gilles, the expenditure of $1 for mrcﬂnditmﬁmg r-quxp,
- ment maintenance can yield nearly £8 aavings in aper-
ating rost. Dirty filters waste energy -by impeding

‘delivery of watm or cool air to airconditioned apaces,

lengthening . the operation of heating.cooling equip-
ment. In (ﬁmuni:tmn with dirty filters, dirty hurners
© ean deop bumer efficlency by about 207, Ha]gd;m@d

{reah aiz dampera, which admit excesa outaide air, waste
. bveriergy on both -heating and cooling cycles. An annual

maintenance expenditure pf $15 per ton of tpfrigeration

‘ mpﬂeity can cut a net 370 pfr ton {rom n;gﬂragmg cosala,

My# Gilles.



:: L | the dérﬁrtméni of phmt management, has pmpimd a
' © Computer Peofile of School Facilities Energy Consump-

. Hoti, Planned for introduction in the 1973.74 school

yeat, this program classifies buildings hy coded desig-

“hationg, Input includes auch itema as height, floor plan

cotifiguration, pﬁﬁaﬁmgp of ,glnnq voverage In walls,
L HVAL system, and school program. Quiput, I’ such
-« . lorme ue total energy coat per squate oot of bullding

schoola of riiffﬂ#m types (tn evaluate the p!fxfirrﬂ{*y i)!
" iflerent maclisnical Rystems). 2

" The need fnr b;:tter lﬁ!fﬁimﬂﬂ

“ Al the preemling gertion indic atea, the mnat nﬁmr*d!
alely presmaihff task in & schonl district’s eneegy conset:
valion program ia tn amsure high qua!:ﬁmhrma in ita

" (&M personnel. Sinre World War I1, the mechanical-

mare than doubled = from roughly 20% to 45
. teulay'n sc hnala. Meanwhile, the rwrarmnﬂi policiea {n
tipgrading our schools’ O&M farcen have lagged far be-
~ hind.“THe importance of an officient O&M mngmm ia
- Turther: wndriscored by ita long-tfhm cost —'a higger
. towt than the imha! ;i‘;! new construction,

' “Cruy Pﬂa; -World.- Waran Eﬂiqm[q need more than the

: ov par pupil, allows comparisons smong different . -
" sehools of the samna type (fo identify, {or example, poor ..
OuM practicesor msliunchﬁmng “qutpmﬁﬂﬂf}f among

Flﬁﬁm"s! shaie of the school construittion budget has _

o1 traditional custadial staff,” saya Stephan, “They need 0

woT gkﬁﬂﬁ! ;s-fg:mmsl trained to operato and mmnts;f

q‘q:iapfn«ént that is largely tinique to g{*hma!g I‘m-ni{én- -
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. 39 aclioal hﬁiﬂia appoint loysl, but mothi-ak) i, e Mf‘ﬁ i

nnskﬂléd employess to-oversee theﬁt‘ opetia liwm’ *

As pari of this pemnmsl upgrgdmg ProgOnmm,. m*hrml

" disteicts must recognize the intrinsic differencn’ Tibwoen
maintenance and operation, according (o Htephin. Ta

~ keep the modern school's increasingly. ppihinkicnter

" mechanical and electtical eqummﬁnt in ol wwkmp ;, ’
ﬁﬁ:‘ﬁ?. malntesance . porsonnel require rﬁtwalx&aambly

Iughef skills than npﬁmtmg pemsonnel,

H-ﬁrﬂp srhatii H} gtemg hav‘v nlrmdy rem;mjml fh!mwed o
lmirﬂf qualificationa for Q&M fwimon-
qmrt superinte endentain New York State

must . acqb o graduntedevel course cradity in

. planning ané;\dfmmatﬁfing achool planta, This prine.

plg should be extended to O&M personnel, awcmdmg to
Frl w fnrmer pi f!mlent Ham!d B. Gores.. -

"iIe:ghmned qﬂah!‘m&tmns. achioved t.hm‘mgh rnght

 ¢oursed in s community college or manufpcliyron-apons
“ wored-caurses in boiler, HVAC, and lighting sufptent
- mainténancs, could professionalize a achool™ custodial

= if;ﬂ;Eﬂh&Dmg itamell patiocin as well as i eamptonce, ’

Promiotions would depend on credits for Ihis shireres,
School administrators would recognizo thi: Q&M per-
ponnels’ now status by setting aside apecinl pliwes for
. -equipment manuals and the like. Highor mbaien must,
_ of courses, ncmmpnn‘“h;ghm status and eoppETCe,

times over, lor the vaatly ‘greater Q&M ceomomios

™ achieved: through upgraded personnel policy.”

“Bul they would constitutea cheap price, rel Wy any
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. Stephan believes thant 0&M salazy incruses must bo 37
pretty sleep toatiract the requireci caliber of pe mosmel
. “Forthe average sckioo] districs, salary in cressesof 8075
¢ or =0 @re in order, These increares should reward tho
" higher qualificatiorsd requied tharoughout the esitire
0&M hlerarchy.” R -

Top OAM managem ent teq uires fi mt attention. Fortho
avemge school district with eigtat to 10 schools and
sornie $26-million worthaof schaol plant, the director of
opemtion and muaintenance (ranked a8 deputy ,assocd-
ate, or sgsistant superinteraderat) should have adegree
in engincering with aminozin management. Hisaalary
and quanli Fica tions shou ld zpproximate thoseof pravate
plant maintennnice engineem bearing com parabla re
sponsibility. Public and pravat e eruplayets coms peto for
the sazne sppply of pesorsnel talent. [lconceived of.
forts to economize on this salawy will almost cartainly
costth oschool dintrict rman y tizues thesa vings. Aschool
district paying an cngualefied O8M dirctor $16K4
a yaar will save $10,000 of 80 ot hiv salnry and loso
many times thatamount inuiznecessary ey c&giwxﬂ-
ditures, : ’ : —

In the lypical smallschool districl, the 08&M. director’

roq uirew two middlo mana genaent: AssiRtANES: A fUpes
X visor o tmain tenancoand a superviox of opetntion 8, A
“indienged ¢nrlier, the wininlen ance supewvisor Teq uires

e the highor quilifica tiors, Elo should he an opprincerirey
graduate, with expericnce anel working krow ledgo of
building trades, clectriel powwer, anel even ele=ctronics

" for lire-alarms, comauunica tiors swstems , ete. The opex.

- ations supervisorshouldhavesdrorg voca tiopual Zmining,

"




" OPRFATING AND MAINTEN ANCE CHANGES

o

- Fonml e‘du{nmm arzd cx]lrzcncv “Is Yess important for-
tho“ line"”: mlig ;n ‘the O&M depastment, butupgraclad
selardies ancd better riot ivntion are meeded, fnizterdie:
train g, featuxing one” o two- wetk coursesat man:
 facurers' servico and technical schools can k(:{:pthf'?r
ﬂupe:'visﬂm nhnnétafﬂ:ulnt{qt tg.chnﬁl gy .

For the ctl*ﬂﬂc;inrs wotking undcr thyf hmlzlm;: nuru‘n
- visor, palirsy increuses 1illing them above the noraml
(poverty lire) SH,O00-3600 range: would he Iy 20 raaise
morale, Snccessiul energy conserntion requires good
- morale Lﬂ.'\rnag}i()utthnbﬂhm D&I\ixmrsanndhlr nrehy,
fram toprto bottlorn ,
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niques apply to modernization and new con-
| struction, there are obvious differences in the
spprnches to each, Many techniques that are ccorom-

jeally lewsible for new construction — for example, wall - '

shamding writh vertical sereening —would be pmbibitive]yr

oxpomiives for buildings not designed lor them, Formod-

crrantionn work, an architect is nifore or less limited to

- fegslivg clear, heat-admitting glasy with tinted, heat- .

: ibznbin g glags, adding such glassas an additional ex-
ter-ior-laner, or installing shading devices outside the
wiradows. Modernization generally puts high first-cost

corpnenits at a competitive disndvantiage cormpared

s i . i 1 . =
withthe same items when they are included in new.
Ccornict 1on. :

Aravious reason for this tilted competitive balance

is thoadded cost of demolition and repair of existing
builings often associnted with the addition of new
HYAC, plumbing, and even clectrical systems. Still

analber Eactor weighs against the installation in exist-"

Ingg hildings of sophisticated new equipmeont that

- migtbe easily justified for a new building. For exam-

~ plenatracture. whose rémnining uscful life is 10 yoars:
cor lm the annual cost of installing a durable, sophisti-

‘cadyl ceratral HVAC system would be intolerably high. -

Buatthe annual cost for the same HVAC system ina
‘nevy huilding with projected useful life of 40 years

" weall be entinently reasonable, o B
’ 4 B R ) ’ .
Adnmditioning ¢conomies

Siayly eliminating airconditioning fﬁﬂy nppem to be

Yioiagh the sime basic cnergy-conserving toch. -
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a vmble method of reducmg a sc}lual’s energy consump-
tion, but this report does not comsider it 2 a. generally

- useful technique. In northern climates, architects may

- occasionally exploit natural ventilating patterns and .
- wall shading to produce a tolerable thermal environ- ,

ment without artificial cooling. But usually aircon-

'_ ditioning.appears to be a necessity in the schcols af the

futuﬁ' fut‘ seversl jeﬂscns.

ma]ce:s axrt:ond:tmnlng msudatcr}r almost everywhere in
the U.S. This is an inherently efficient practice with
capital cost economies that almost inevitably ﬂutwmgh ,
the costs of airconditioning. . ‘. :

'® Available evidence suggests t.hgt afrconditioning ensr
hances teachera and students' performzmce '

¢ Elimination of Ell‘ﬁfmdlhﬁﬂlﬂg and the consequent a
need for natural ventilation often forces the design mt;o .
uncmmmicsl bmldmg ﬂhngeﬂ

Iﬂ both mademxzntxcm and’ new ::nnst:metmn the
‘HVAC system offers a tremendous potential for re-
duced énexgy consumption, Energy consurmed to main-
tain comfort ‘within the nation’s bmldmgs consatitutes

B nbnut 213575 of total nntmml gnergy- cnnsumptni

- Energy comumea by most FIVAC systemns. could be cut
. by 30%%, according to experts at a National Bureau of
. Standards/Gengral Services Administration meeting in -
" May, 1972. The mechanical engineer's choice of HVAC
systﬂm depends on  host of lncal ;fnctms building
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shape, availability and cost of fuel, competence of main-
tenance crew, eté. Yet there are some general principles . - '
' that can serve as guidelines in the quest for energy con-
servation economy. . o . Lo

The firat such principle concerns the performance cri- .-
" teria demanded of an airconditioning system. From the
standpoint of precise, reliable perfotmance in control-
' ling the thermal environment, the “single duct, all air
_ cooling and reheat” system offers the best combination .
of temperature and humidity control. But for energy -
. conservation, this reheat airconditioning system is-
probably the worst choice. It first cools all incoming air
+ © to the lowest temperature required in any interior
- - space. Then it compounds the eénergy waste of this ex- -
- cessive cooling by reheating large amounts of air circu-
. lated in spaces with a lower cooling. demand, or even:a :
heating demand. The additional heat generated by this -
excessive cooling is usually wasted. L

Far more efficient than the single-duct, reheat system.. -
is the “‘variable volume” system. As the name implies; "
variable volume ajrconditioning matches the cooling '
, " Jload with a variable volume of air cooled to required - '
.~ . temperature, There is aslight sacrifice in environmental
.. quality, especially in summer humidity control (which -
can be achieved quite precisely with the reheat system).
- But this sacrifice seems tolerable in view of the great =
‘and growing economies promised by the varisable vol-
ume system, The greatest obstacle to this system’s use
. istheoutdated ventilation requirements in'many build- -
o .ingcodes. . ,
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' Both the foregoing airconditioning systems are variants
- of central airconditioning. Within the puast 10 years,
" however, packaged, multizone mreondltmmng systems
*. have begun competing with central systems This new

. trend originated with California’s SCSD prograrm; initi-
- ated in the early 1960s. The new packaged units are
- egpecmlly well adapt.ed to modular systems building.

eration units, and c:rc:ulstmg fans or pumps). Instead

“of centralizing this equipment, the packagad HVAC

system spreads it around the building in compact

. (“package”) umt.s. The. pm:ksges contain a fumace,

-~ refrigeration compressor, condenser, and fan, coil unit

dEElgl‘lEd to aircondition (ie., heat, -cool, humidify, or

: P‘aekaged HVAC syst&rﬂs differ frcvm central Systemsg :
" in the location of the basic equipment (furnace, refrig-

o dehumidify) a specified zone as large ag four standard. -

- classrooms, Whereas central systems may exceed 20,000 -
. tons of refrigeration’ capacity, packaged umts seldam
» Exceed 50 tl:\ns ‘ :

Renovation work further cﬂmpllcates ‘the already com-
plex’ tradeoffs between central and packaged HVAC

. systems. A project handled by School Renova tmn Sys-

- dozer clenrexieach floor, With the building cut back |

tems (SRS}, of San Francisco, illustrates several of =
.. these complicating factors, For Paul Reverc elementary.
school annex, n two- story, concrete-framed, brick-faced
* building; two gas-fueled, central HVAC systems (one

for each of two 15,000-sq-ft floors) proved most. eco-

~ nomical. ‘What favored central HVAC at Panl Revere
was the extensive reconstruction. Partitiony and sus.

pended plaster ceilings were. demolished; & toy bull-

e 46
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. almost tn its bare structure, the lahox costs for cutting
. expensive openings for ductwork were mininized, thus -
~ removing 4 factor that often favory packaged HVAC -

. unitg for modemization. . e

SRS ivts some crude, criteria for the choice of 2a HVAC -
system in s médernization project. Kox one-story build- "~

' ings, packnged units on thie rooftop are the most eco-
'pomical because the duct runs are minimized. Ductscan -

merely run down through the roof inta the ceiling space, -

serving modular areas of 4,000 sq ft or so. When the

43

building is two or three stories high; there is a contest o
" between central and packaged units. For buildings four - -

stories and higher, central HVAC units are favored, -

~ becawse the longer Yertical duct runs reduce, or nullify, -

" the adwantage of packaged HVAC units.

" More general criteria concerning ¥he relative advan-

tages of central vs. packaged, multizone airconditioning. - -

.systems apply both tomodernization and hew construc-
tion. Packaged; rooftop units often pewmit largesavings
in fan power needed to move conditioned air to distant
gpaces. Thus 'they are best suited to low, sprawling

. buildings, Central airconditioning systenis ate most ef-

- ficient in compact, multistory buildings where fan pow-. .
er requirements to circulate the breated air are rela- -

~tively low. Moreover, the higher the heating gnd cooling , - :

loads (in Btu/hr/sq ft), the more efficient the central
- . plant. Electrical distribution alse favers central ‘sys-

~-tems; ik i easier and more economical to bring electtic -

power th A central point than to wany packaged units. .

Gag pipes for heating pose an even greater problem for
packaged HVAC systems. | C
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Aeéurdmg to Dubm, a central HVAC plant is nurmally

*10% to 156% more efficient than packaged HVAC units,

for two reasons. First, its equipment is more efficient.

Second, it hasan mtrmsxca]ly more efficient condensing.
’appa:atus In every refrigeration cycle, the refrigerant
-+ (the basic cooling agent) must be condensed from gas-
_eous to liquid state after it cools the water or air that ig

used as the cooling medium. Ih central HVAC units, the

condenser tuses water to condense the refrigerant® But -

" for the-rooltop packaged. units, the necessarily light

condenser normally uses air, a much less efficient cool-
. ing medium than water for rejecting the heat of con-
* densation. An a;r—cualed ‘condenser uses -considerably

" more energy than a central system’d ﬁater—couled

condenser. Thus the normally air-cooled” packaged -

HVAC unit starts out Wlﬂ) a basic energy-consuming

. handicap in its campetitmn with a centm] ‘HVAC
'system .

There are sevei‘al cher aclvsntages poss&ssed by cen-

tral HVAC:

" ® It can bum cheape: fuel. ' _
. #Itcanbe designed for lower total capacnty thm pack-e S

aged or window units and usunlly for greater ave;—all

: _operatmg efficiency. . .
ot is more adaptable to automatze cn:mputer ccmtml

‘Asa general Qunclusmn a centrnl HVAC system, ghill- .

' ffully deélgned to exploit all potential opportunities,

* . seems most likely to conserve energy, and probably also .- -

L to mmxmlze langstenn owning costs. Yet each project

must be ngnmusly analyzed for its own. umqua comb;—

48

 MODERNIZATION OF EXISTINGSCHOOLS | .



§

' MODERNIZATION OF EXISTING SCHOOLS

1T

v

" “pation of factors, Among the variables that can affect

the choice between central and packaged ‘units are

load factor (aimdﬁﬁtianing;energy used/total capac-'
- ity) and diversity factor (maximum overall demand/
- sumyof mdmduai peak loads). o

gas) in short supply, the designer of an economical
HVAC system must be something of a soothsayer.

‘Even when the system choice ha$ been made, important

decisions femain. Sizing of central units for long-term

' economy Tequires judicious weighing of assets and lia- - '
bilities, Increasing the size of a central chiller unit re- .

. duces its capital cost; on a per-ton capacity basis, a
_ 5,000-ton unit’costs only half as much perton toinstall —

©asa260-tonunit. . =

" The ﬁiechapi::af engineer must carefully study the load

. ‘Energy sources ~ natural gas, electricity, ol i—cﬁﬁgtie -
. tute another major factor. And today, with energy'.
- prices changing and some sources (notably, natural

factor in choostng unita because a large unic operating .

_at partial capacity loses efficiency. Energy consumption

for central airconditioning systems is reduced by spe’ﬁ-

fying at least two refrigoration machines, each complete. -

. -with its own cooling tower, pumps and other auxiliary

equipment. When cooling loads drop to 50% or Jess, it

is more efficient to operate only one machine.

The same principle holds for boilers. Significant fuel
savings are attainable through use of gmaller units

coupled togathér‘far’independent firing 'y operate at :
“péak capacity and efficiency'as demand increases. -
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. Another tu,hmqun, for reducing energy mmumptmn in’

HVAC systems is called the economizer cycle and it

requires cool outside air to be introduced to an aircondi- )

tioning system instead of coaling and remrnulatmg the

7 warmed up inside air. Naturally this will not work if the
outside air is humid, and for this réason the economizer
..eyele has little application in dreas such as Florida.
‘Controls can be installed that test the humidity and
- temperature of the outside air and will not allow it to
~ enfer the system'when it is too warm br humid. An ,
. additional set of controls preunts‘ outside air hmng, .
~introduced at the start of a cooling or heating day untll

the dgsnred mtc;rmr tempemturea are mmhcd

. Because of the mefflcmnc:y af apemtmg centrul HVAC '

eqtupment at very low capacitiesand onan mterm:ttent

basis, space with xrregular occupancy hours might be :

more efficiently cooled with window or’packaged air-

' 'condxtmners f:qmpped with tthl’ﬂDSt{ltlE controls. How-

- ever, the efficiency of different mnnufactun:ra window
. and packdge mrcan@tmnmg units varies widely and
.. some require twice ag 1much energy per ton of refriger-
ation than 6thers. Assuming efficient equipment with

thermostatic controls, there is less probability of energy

-waste through excess heatmg or cﬂnlmg tlmn with cen-
_ tml mr\:andxtmmng {? _ _ s !

=

;Whgn cexitral mrcund:tmnmg is the chmeg, Aair dlstna
» bution should be at low or moderate pressure, not high-

o velocity, high pressure. Fans drid pumps use about 40%

" of the energy consumed by an mrccmdxtmnmg svstem

High velocity, high pressure air distribution raisel duct

- fnctmn losses and » rmsea eu{:tgy consumption needed to

30
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run the required larger fan motors. The smaller ducts’
.allowed by high-velocity distribution may slightly re--

. ducé copstruction costs; because of a thinnet floor-ceil-

- this slight-saving is soon dissipated by highier energy -,

ing mandwich in ‘multistory buildings. But, no ,"'*lly,'

consumption. N
Since heavy airconditioning londs are the Eﬁief BOUTCO
of clectric power interruptions, research is under way
on “cooling storage” tectfjiques, which would flatten

the jagged peaks of the energy demand curve and-re-

duce the hazards of blackouts or brownouts when'de-

- mand exceeds capacity. In addition, the altered power/

* of the time, without the necessity of
- cient turbogenerators. :

demand profile would also conserve encrgy; electrically
driven nirconditioners would operate on 60 less power.

‘Steady power demand representing the same total ener-

_age (TES). When the ni_ri;nnditic»ning unit-is operating, |
- refrigerant at 40F or so flows from the evaporator

gy consumption as a jagged power demand curve with
prominent peaks and valleys represents greater power-

generating efficiency. Lower peak hour demand enables

the utility company to operate its'best equipment mosat
1sing old, inoffi-

“Cooling x‘gtmhge‘,’ 1nirmnditinning d‘é?pg;mla on a bagi-
cally simple scientific principle — thermal energy ator-

through 4 thin, lightweight panel of ribbed aluminum

" and plastic containing salt-hydrate cryatals that freeze
~ solid at 56F. Offpeak nighttime operation of the aircon-.

ditioning system builds up “jce” in the TES panel: At
" maximum cooling load, the melting cryntals replaco the

»eva‘pémtnr_ as the cooling source, relicving the engrgy

47,
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48 foad on the compreasor, By evening, when tha"ied" has ~° -
» gowlbed, the compressor starts.up again, renewing the
- mirconditioning cycle. TES: fhnnhm the airconditioning
rystem fvam an energy-peaking drain’on the electrie
-utility into a powerstabilizer; It adds further cconomies
-~ by rﬁduﬂng the required: I‘E‘fflge tation capacity by C
Abou 0% . .

Ty mcrgyextaring pring‘ipio ia nln ndy in pracfical use,
An electrically energized heat storage syste th, serving "
*D5O,000 9q ft oF office space, cuts operating costs fot the v _
New Hampshire Insurance Company headqliarters jp. T
i;Mwnchester, N.-H. Operating between the hours i’lfa-»‘ -

ﬁp m. and 7 a.m., this heat-storing system c‘uta working

Cday powq*r:; mnﬁumptmn to 20 af taml t‘anuumptmn

The :hmit stornge sy q[i‘m ft'ﬂtunq three ]hfﬁ)ﬁipnnﬂn

- danks with eleetric resistance heating cleme ntg cach”

pated ab T35 kw. Tank water, heated to 280F, merely™ L
ataren hent; it does not circulate. T'wo heat bxc‘hnngrrﬂ : n
per tank Ru;xply’ wntcr for Hp 1ee he ating and dnmm!u
hwt water, v S o

Llﬁ.‘tﬂc heating, however, u‘m rally wurlm ngmnqt ener-
£y conservation. So long as oil, conl and natural gas con-
#itute the ptime fuel sources, l’nr clectric power generi-
Fiom, rlt*('tnc%wntmg will reminin arcinherently wasteful
wim of energy. What makes this practice inellicient is
tha two basic energy conversions — from heat to elec-
fricity and then back to heat — with transmission losses
sandwiched in between. The 324 thermal efficiency of 5
thin process cafl be doubled when the fpel i lnm\ml ot .

the aito for direct conversion to hedt. .

7




Elpetric heat can, hrm ever, bee f ficient nra mpplmnm- . 40
: . tary heat rource ~ for example, in the periphery ol 2~
Lot h\uldmg whh _highly, variable heat gmnq or losaea
o * throuih the walls. B loctric heat is inherently mf‘fh(‘lt'ﬁtq .
only when it is used as the primary heat energy source.
NI (Tha electrically driven heat pump ;s not, ﬁtmtly de =
' Imfﬂd n form of electnie heat.) - :
lef* TES, solir ridiston may eSxptually becopre a
~noppolluting, enerfy-conserving powde soutee sorrletime
% in the foreseeable futurd, Even now, he solar radintion
A},.Ampinmng on a school builifing’a roo could auppl_y fov-
gl fimea Ehf_‘ total winter. ke ating lyads. Solar CNCTRY,
tight bhe ;mrmulurlv advantagrous ¥ hm uuéd in mn-"-;
'Jlmf.h(‘m with o heat pump. R ’

lm‘p?m?éd thermﬁl insu!ﬁﬁﬂn

} M‘mthrr lnrgvh ignared technique foryr 7
' ﬂmmxmfnmn in the use of hattes thenmbl ins ulntm;,xﬂm- o
toxiala, But in conjunction \nlh wall th\d\llﬂ‘ it consti. -

“tutes thé most lm]mrmnt detérminant of heating and
2 ppoling Joads, In fact, annme ans ntndmmghmg rANge o

pwhing costs, thermal insulation s pmlmhls thetnoat -
peenpmical investment that u]lj b, m,n deinn h\uldmg :

. The additional chat of i improvid mr-ulut 1 can usuplly
he rechued within two ta fike }cnﬁt riter which™it
ZIW' Comes p« v nnml CConomy, s

L1

(“knw‘y nvluh‘d to ihvmm! innulating qu:\hlv i flm heat-
rotaining capacity of building mate rinla, ()vvrﬁ_ ho past
mw‘ml decades, the -mlmt\mtupj ‘L)gl\t \\nll and rool

LU T e . § o ot R
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B '[ lg*hlcnmg llw vnwlmw

“constructioty;
building materials, Tmfhhmml hcm-j;f'
. und concrete construction retards hiat gaing and ks,

Coavstem s regulated properlsag cconomic ad b

atr will be exehnpged, Howeser, i nnwanted hot or A“u‘ld C

nir leaks into the hHIMIHL‘, the H\ AC system will bave QK\;;

. tompensate and thos burn more energy. The stepy QHQ
stap mr lmlkq are often valled tightening the 1 m:ﬂuaw o

thus flattening a building's encrgy demandheurve for
heating and ¢ooling. Mainly because it rv:dm‘n‘ﬁ penk
de:-mzmd 8 ﬂﬂ!k_m“d energy dpmnnd curve. pm‘mmm

"o It nssures man_ rvff:c:mnt COCTRY URe,: luﬂm’mﬂ W,tuup Mo
ment is most efficient’when optmtui close to mwﬁ‘lk i .

e It relioves peak demand on electrical pﬂ\wr ukdlikivs, -
which can meet peak « e:mnnd only at tlm'pram of pw- -
Cduced efficiency.

pee qan 'nm\ of \l« L\l}* Hi e

A hm{ul ure nnlt N h\uhhm
exhausted nnd replaced by

mmmt 1!&1

()h\mu»h thr- minn plm ew ot hmhhnp cuvelopi o lmk
are aronnd the windewa and doort Al can infilirage

umuml the feamen 17 he coulking dries out amd Jerses

o l?w matu! B1% “nm! {r: ame

il by Wl\ll :

fone, masoney, - -

"_luiaulv i I lhb H’\ (O
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rounding wall. Obviously, these should be recaulked. 61
" And, air’can lenk between the frames and doors or
opening windows, Weather stripping can provide a seal
for these moving parts,

Main entrances with ont set of doois between an ens
trance Jobby or hullway will always_ndmit outside air
whenever the doora open. To offsct this lous a building
“requires a vestibule with a sealed chamber between two
sots of doors, The vestibule must be sized for the traffic.
flow or else both sets of doors ave likely to be open at-the,
; same. time. | L ) .

Cold outside temperatires ean ehill the interior of a

building if the metal window and deor frames conduct

the cold throngh- the walls, Good inetal frames have .
_ thermal breaks in them to insulate the interior face of
C the frames frotn the exterion If window frames do not,
have thermal breaks, they will bave to be replaced.

& B 1. |
Heat and ‘cold can.also he conveyed through convection
that ‘ocetrs when window glass is heated or cooled thus
affecting the temperature of the air on the other face.
One solittion is to double glaze the winduwHa“ltl' un-
other sheet of gliss and leave an airspace between it nnd
- the original sheet. Ldeally this air space should be a
‘vacuum, but vacuums, like ideals, are hard to maintain,

- Another solution is more dyamatic! l'{up].iu.'(- the g]uem
with insulated panels. Before considering thiy lL-tli‘g;icqliib
. - Dhesure to check that suflicient windows are not blanked
- off to meet the (:mlu_n_-quirm_n{-ntﬁ that specify the ratio
'ufglu?.i;m to {loor nren. ‘ s : :

5
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Some HVAC syatems, particulafly in okl buildings, expel

“interior air through gravity-operated exhaust vents,

Unfortunately many of these vents nllow excessive
amounts of air to lenve the building and the HVAC works
overtime to compensate. Fortunately the flo

the interior air pressure builds up sufficiently to stop
outsido air entering through the customary leaks in the
ﬁmlding envelope, With infiltration, reduced—there-
fore To drafty nre’ felt— the comfort nf thv hmldmg m_

= -inereased,

- impr'oved lighting design

At no real sacrifice i in quality, energy cnnsumptmn for':.
lighting could be reduiced by at least 267 in new build-
ings and bi 16% in. existing buildings, according to a

- panel of exports. nssfﬁhlpd by t}m Nntimml Bun;tm ﬂf

-' _nghtmg is an eit.rumely 1mpﬁrt.nnt factor in gverﬁlj

energy consumption. As indicated earlier in this report,

. excess lighting wastes cncrgy in two ways: in direct

consumption .of clectric power (to produce the light

: ;itﬂE“) and then in additional cnergy mqum:d to dm_
“gipate the quantities of waste heat generated by tho

lights. Even with modern Huorescent lamps, nearly 80%

- of consumed lighting mergy ends up na.waste; hmt; '

Moreover, reductions in lighting levels produce amazing

" . energy savings. Dropping an.illumination level from 160

; to 50 Ibcﬂndlea reducgs -energy cnnﬂumptmn by QD%

HR

.

: can be |
reduced - with pressure-activated -dampera inside the
_ vents. The result earries n bonus for the building since
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Th@resm twa-obvious methods for reducing the electri- 53
. cal energy ¢onsumed in lighting. Local switching, en-
“abling occupants to turh off part of a room’s lights
{s. available at a negligible increase in wiring costs.
o . Another ohvious method is to design lighting for spe-
e oo citio Toeal tasks instead .of uniform general lovels. Ac-.
© .+ cording to Stein, designing individual study carrels for-
local {llumination. of 70 ft-candles (the recommended
1ES standard for general clagsroom lighting) would cut
lighting power requirements by 80%. R

7. - . Lighting consultant William M. C; Lar, of Cambridge,
" Mass,, cites several other techniques for restricting high.
“illumination lovels to specific local spots where they aro .
. néeded;In drafting rooms, table-anchored, swivel-armed
.. fluorescent lamps provide flexibility. They also provido
©.- 140 Ibetter individual glare and shadow control than general
" high-level ceiling lighting. Incandescent lamps still have
" their local lighting uses. Movable track fixturcs permit
'the movement of luminaires to different locations where
 thoy are needed. - ) : 5 o

I T -

'Th‘é'-~:-:I'llumingtingf'Engiﬂceringﬁ'Reséarch Institute
(IERI) recommends the use of plmtnelegtric'swit?:hing
to combine natural and. artifi¢cinl lighting to best

i‘ P " advantage. A o ‘

- “High-low” ballasts offer atill another means of effect- . -

1 ing"relatively large economics at extremely glight ad-

v ditional capital investment, according to Lam, For =~

" ghout 10% additional first cost fog Jighting fixtures, ..

+high-low ballpsts (individually. switthed at éach fix- . -

S

iy T
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ture) nllnw n buildmg owner or the uccupnnta to select
the lighting lovel in each part of each room whenever.
'*1‘7  the furniture or use is rearranged, Tho savings are par-
tlt;ularly great in modular buildings where flexibility

is achioved through a uniform laymlt of lighting fix-

’ .- turea, If only the fixtures located over desks were oper-

. tremendous energy waste we may have to compromise. -

| If high low bﬂ]]EBtB were requlred on a]l gnvemment

Many experts are quﬂstmmng llghtmg cntnrm The

. on cheap, gray foolscap, Why, asks Stein, choose such

ated at “high” and all others at “low”, the average -
lighting load in a typical building may be reduced by

'50%, with additional savings in extended lamp life,

- There would also be a moro cnmfort.able and attmctzve. o

envxmnment

financed projects, the ballasts would become competi-
tlvely priced ‘and the additional first cost would be
c:ffset by Dpuzmtmg savings in weeks instead of rnnnths

" .

basic standard for school lighting is reading hiard pencil

- an arbitrarily difficult task? Why can’t the student use
a gofter, more legible pencil, or even. better paper? Visual
perception is extmmely sensitive to the quality of read-
ing material,. With everything else constant, 8-point
" Bodoni type can be read with the same case at 2 ft- -
candles a8 ch. 2 pem:ll wntmg at 63 ft—candlea -
| R

It is, ﬂf course, convenicnt to have unif,t)rm, general
lighting levels. throughout an entire academic space.
But in view of the economic and social costs of such -

58




g Tha New York Chﬂp“terl of the Ameﬁcﬁﬁ Inétitute.bﬁf‘
" Architects agrees with other experts that a 26% te- '
duction in- electrical lighting energy consumption i8 .

~in order. - TR AR

", Baeveral new technological improvements are available * 7

" to cut .the energy consumed by lights. Cooling fluores- i,

- cent fixtures via the air- or water-cooling heat récoyery -
techniques discussed later in this report appreciably.

‘raisges their efficiency; an ordinary 40-watt fluorgscent

. the same lamp optrating in 100F.

_ lamp operating in 77F air produces 149 more hghtthan o

Operating fluaréécent lamps at higher frequencies than

- the standard alternating current 60 cycles per second -
~ algo raises lighting efficiency. At relatively high lighting -

levels, raising the frequency to 3,000 cycles per gecond
~ can cut operating cpsts by 16%. Despite its higher initial ..
. cost, high'frequency lighting nonetheless merits investi-

*_gation by the school designer.

' Use of large glass areas to cut the nced, for artificial -
light poses a percnnially debated problem. Dges the .
saving in lighting energy justify the ‘added ‘cost: for, . .
heating and- cooling accampanying the larger heat'

losses and gains through the glass? Mechanical engi- .

. peers tend to favor the use of opaque well insulated

walls with minimum glass area. Architects and lighting, "

consultants sometimes tend to favor the potential light-- -

“‘energy savings attainable through well designed and - .

shaded glass. (Among their liabilities, large glags areas ¢

" increase maintenance costs — for replacement of broken
. glass, for washing,and for blinds and other nqguml light
i . - o o . L o :

2
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RARENS ;Peﬂlaﬁs the most pmductive energy conservation techa 3 o
" niqué in the recovery of wasto heat, which 'is usually ro- e
jGEtEd tc: ﬂm ntmbsphﬂm but cauld bcs uacd ﬂlsewhem L
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R -

éontmla ) Eaeh case x‘equirea mdwidual Btudy by‘ the ,-

lWaste-heat recnvery

CR reelﬂmutmﬂ techmques are the fﬁllﬂwmg
Lo Recavery of llghting heat lnnds.

i e Exhaust heat recovery, -

-+ o Total ﬂnergy plants (See next chapter. )
* - ® Heat pumpa

.

) reqmnng cot)lmg even WhEn Qutdcmr temperatures: fall
. . below 20F. This is because of théir dense oécupancy,
.. roughly three times that of a typical office. Light trof-
' fers can heat the ceiling ’plenum to temperatures exs
- ceeding 120F, and the ‘consequent hent gain ranges be- ..*

E tween 50% and 80% of the heat gain from human qc-

cupants. Durmg cold winter weather, remc:pnl and re-

_ covery of this llghtggenerated heat saves energy in two.
- ways: by reducing classroom cooling and heating loads;

and by reducing total energy consumption by transfer- - -

- 'ring the excess hsat to ctherareas that need 1t

" Removal of this. hghtsgenerated heat r:nn be m:(:‘em-j

' y':plmhed by two techniques: plpmg r;tmlmg water thmugh S
* jackets in the lighting troffers, or exhﬂustmg room air *
through aircooled fixtures info ,thg ceiling plenum.;

P




" covery are indicated by.-a, -
--equipped with camhmed W ter-caoled lighting and air-. .~
‘ jcuﬂdltmnmg troffers. 13 repurn for: $EO,GDD addxtmnal‘_' Lo

" 20%. These exhal

S ::"_Of the two techmques. water ccmlmg is: mherently the' b7
. . more officient. Connected to an evaporitive cooler, ! the':
.. water-cooled lighting fixtury reduges the required ¢a-
~-pacity of the nimanditmning sygtema ‘refrigeration.

o -eqmpmant as well a8 fan horsepower and duct size. .
~Aircooled fixtures, do not reduce; équired cooling capac- ...
1ty, because they:are part of the airconditioning system, s
‘not, ke the water-jackcted Epctﬁreg, méorpamted into -
a more efﬁcient mdependent system Df thmr o, .

Putentml EchQmIEE 1‘:111'()\1@I hghtsgenerated heaﬁ re-’._.v- / .
‘San: ‘Diego; office bmldmgf'_""

cost for the special light: {1 xtures and '$50,000 for im=
proved thermal insulation (in this case, double-glazing), = .
;tho owner:saved, $1(jG 000 in reduced airconditioning,
~and airahandhng eqmpment And-in addition to this’
not $30,000 i:apltnl saving; ‘he will perenmally bqneflt_
“from lower operating costs. Heat exchangors designed .’
“to ‘recover normally wasted exhaust heat can reduce
: wmtgsr heating ‘energy consumption by SO%EH‘E% and .
-summar mrcondxtmnmg energy cﬂnsumptmﬂ by 16%- -
t heat exchangers come in fourr basic.. -

kindsy’ ‘rotary wheel e::tc:l’xzmgerai -water-cooled, cmlf.»ju‘-fi

‘x-(run around), éxchangers; heat pipe banks; and dir-to- -
~air exchangers. Each kind can provide all the fresh air
: mtake pxeheat needed either i in winter or aummer

RS . . P

i

The mtary wheel exchﬂnger has’ several advantages :
. Strategically located to intercept adjacent airstreams, .
" aml packed thh heat=aban:bmg rxmtennl (fm- exnmple,’ T



iuminum or Etﬁinlesa ateei shal
o . j:-’linuat to the supply: airatream, It can, mnrenver, Tecover
" both gensible and latent heat’ (i.e., the heat contained -
* oo in‘the. ‘phase change of ntmnapherm water vupar) A
“'coil exchanger Lcan recover only. sensible heat. Thus it

-__dffers the ndyantnge of heat
and exhaust ductsin w:dely aepgmted lucatmns Finned.

- water is snnply pumpcd fmm ‘the exhaust tn the supply
‘;-.{»_duct S O I LY

.'«'Heat pipe bﬂnks and Blritﬁ -air heat exﬂhungers nré

i morg. ‘exotic techmquea that. ment mvestnggﬁmn by ’

- mechzmical engmeera

_7\.-‘ L

'Thé,hé&t pump offers st:ll aﬂother,

o anmnditmmng system, rt}lé heat’ pump ccmpnsag three

" basic -components: compressor (the system’s prime

-!f_niqver), an.evaporator (the cooling comppnent); and
" a condenser (the heat- rejecting cumpDnEﬂt) The heat -

S ‘pump differs from normal airconditioning in itg reversi- .-

_,blhty, which allows it to recover the normally wasted
““-"" heat rejected by the condenser z:md use thns reelmmed
S -energy fDl‘ winter heatmg 6 2

1'1" v
eat exchanger can’ dnmctly tmnsfer hent fram the ex-

; *":is less effiﬁiéﬂt iy ,eifectiﬁg summer conhng savings Ag ' }Q'

.-goils are installed in both ducts; and the heat-conveying:

_waste heat, Like the refrnggmtmn umt in ii c‘unveﬁtmnal .




Lo The heat: pump 8 l‘everaibli: cycle depends on an m‘tm
S L' i edts, four-way valve that can reverse the basic cooling
.17 cycle.In this reversed cycle, thg; outdoor condenser
: ' (heater) becomes an:evaporator. (cooler), afid vice -
"o versa, the mdmir evaporator becomps a condenser heat-.
" ing the interior. During the heating cycle, reversed re-
. = frigerant flow extracts heat from- thé cutdnn: air and
yields it mdaara at the condmser ' ,

?_

i ; If ép gne rengag, the de{!iaﬁ?n l;gug,been made taiheat
: coole lec.tﬁcally, the s it PUH{E is the most ef[gmenf -
o mathnd Bgcause it draws a large m’lrt of its energy frm;n A '

outaxde ir, well water if avaﬂsble, or condensed water
in & closed loop system, a heat pump can be 2.6 to.6 ,r-
times more efficient than other.electrical heating meth.
.+ ‘ods. Electrical resistance heat is:inherently faxless . -~
e -~ efficient than the ‘heat” pump because the, genemﬁon,
: . transmission and; distribution’of eletkrical power )
'::'.i“-l .~ ’about 60% of: the pntentml energy of the fossil fuely .
L _ ced. the power. The ‘heat pump is gsp IJ’& .
_efficient fo pqthem climates when Qutdonr airi ed;f“fg{ :
78l Wi ter or condensed water is used, heat pumps
" can sometimes compete with more éonventional heat-r*
ing smd cQﬁllnHEGhniquES in northam ic:hrnatea

. -"': - ¢ . 3
A cage, in pomt isa szbarly, Wis., high Echnal where_ '
.+ % mechanical engineer Walter: . Ratai combined a heat -
EER A *-pump with an ingenious hgf;fe-genergted heat recovery

~ system to. reduce annual heating and canhng casts be-

" low the estimated fucl cost for-heating with a conven—' -

tional unit. ventilator system. Moreover, the désign -
: reduced cnplt.nl custa by an estnmated $150 000. Addi-

o
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?’:"‘6'0' " tlon - af e:mling bnaat.ed totni conatructmn cagt by

1y $180,000; ‘But'the ‘compact’ design made posaible by e
¢ cooling cut'$330,000 from general ccmstml:tmn, electn— T A‘\
an ,snﬂd plmnbmg eoata._ - _ o .

= E@cxium Df tha heat recuvqry syatem, the Ii:mberly
;.,,scho@bl ‘requires no additional heat. when the outside
' tetn:!efﬁtum is abovg 23F, (At this eqmlibnum temper-
ature, excess heat dtawn from’interiorarcas s circulated

in the coodler peripheral areaa) When  temperatures .

Y% . drop below 28F, the heat pump extracts supplementary - .

" heat from 54F watdr in a 660-ft-deep woll. Removal of
i, classroom air through the lighting fixtures reduced re-

: - quired: mling capacity by 10%and fan power by 26%.

By removing 70% of total light-generated heat from the

classrooms, the engineer enhanced the efficiency of the -

.heat pump zmd ‘the lamps, which (#s noted pmvmualy)

npefah: more eﬂicmnﬂy at caoler tempcmtums* o '

W

.‘a“n

Ugmg the sun 8 energy,

ﬂ* Addmg salnr energy syastems tu exnstmg bmldmga gener- v
- ally coats $10 a 8q ft bro than in new buildings. If you

*. are thmkmg aboyt adding a system you should EDﬂEide A o
" the following: Dloes the building already conserve en- -~ o {g-‘.
i koo ergy? Is the bmldmg shell adequétefy insulated? It = - -
*" :should be at least the equivalent of an electrically. heuted’ o
* ischool. Is a soldr cnergy system compatible with the "’

- f'emstlng syatem?‘ Solar systems often provide heat at'a
o {luwzar temperature than conventional systenis and 8aq -
requnre larger -¥adiator. ‘or convector heahng aurfﬁﬁe- ST e
- urﬂﬂs A water syétem is not always mmpanble withaa - - o
: :i‘.'ﬁteam ayatem because twndxfferent kmdagf mdmtamnre
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o fequired. Is there a placo to put the collectors? If the - 61
v colleetors are placed on the roof, structural modification
' cin add 82 to $4 per sq ft to the price’ of a system,
N . Plumbing costs are also.increased by breaking through
" existing walls, roofs, and floots. If collectors are placed on
R the ground, make sure tho pipes into the building are wel) _
setile - insulated. Make sure no buildings or trees will block the . .
" - "BUn's rays, s - ;o *:-1,

: Equipment currently available is a reanonable longtarm
A investmeont, but the cost is explectod to drop as more splar
. energy systems are built, But why wait for the perfect .
1 " gystem to arrive? The longer'you wait to make n decision -
© 7 concerning solaf energy, the more money you are going
© % - . tospend on fuel from a nonrgnewable source. If yibl can
L " save money now, why wait? e b

How solar energy is mpi’crted

* . "The simpleat form of solar-heating icilled direct or =
. passive. and”it._converts sunlight into thermal cpergy. . 7
© ¢ within' the space to be ihieated. The mest. common 25
" tochnique is to jnstall large south-facing windows that -
. trap direct solur radiation during winter daylight hours. o
. 'Some of the building's heat is stored in the masonry walls
"ind_ﬁdﬁiﬁ_ given: b:y}:k’ to the room whin the sun goes down. -

I I R Th;igielemeht'ixrisystem_ﬁm&#,idq’s_ adequate comfort in &
Ly climate with {ew ‘cloudy- days:ér periods-of mtenso cold
v . : ' such'as nutthi(;\i‘;ri\rizm_ni\ and:New Mexico. In a climate

' loas ideal, moreefaborate methods are roquired, such as- .«

7 thick masonry walls to store:hieat, large expanses of ’

4 gotitH glazing, ‘movable insuldtion (including thick ¢ur-




. 62 . tains), and carel‘ully lm:ntml vr}nhlnmm In thg sumnmr Lo
-when direct nunlight is not wanted, an ovérhiang s ¢
“provided on the\windows to shade them from the high
*.Aun. Inmrpnrnting’ dxrect aolar heftimg into the dmugn of

a building doés not require.an increase in initinl cost of .
“muintenatice costa, o

Th&i‘t? fre dehm‘:kﬂ tu this- Qppmach 1n thng. grpnl , o )
amounts of wouth-facing glags fan cause twmﬁmlmg,
- glare, Elﬁd damage to furniture: In buildings, with masaive
-« hent- stﬂmge walla'on the south side, viows are impaired
~and enjoyment of the southern exposure is limited, The
o1 other form of salar heating is the indirect system whxch
Ll manr&&sunhﬁrﬂn thermal energy outside the spaces &
“ to be heated and gOoled. Such systoms require a means of -

~ collecting the suntight, stnn{w itg heat until needed, and
. then dmtnbuiiﬂ it

. Thg-'he 't nf the mdiﬁzu wstem is ;he snlnr cbllmlnr\ v
"*-'-'f*’ whith gathiers the: polar ,rmlini fon indiAntensifiel.it to . o

~ beat. water.or air thdt can be stored z}nd piped into a

S ey Vﬁt‘]tlﬂl?!’il hf\ﬂt tlmmbutmn BVBIEm; '1 hgn\ fmi hrms

rpeflective curved sarface. whichi focuses sunlight on a S
. radiation ﬂbsmbmg aren. 'These collectors “can easily
&s;___x: . ob{ain tempﬁﬁn‘un‘a above 260F, They are Lmugh— or .
-~ dish-shaped, and require o Lruckmg 1«;,;mu‘m that must. o _
- follow the sun bec_»u% thcy um Unly colleet dlreLt :
rﬂdiation ( L -

A A cU - . R . = s

ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

o

. FIaL plate cullecmr’g have n more uni\:grsal applmatmn
o7 biscause they absorbr diffuse. as-well aa-direct sunlight.
G " The collectors. are, in simple terma, lnrgtz trays of water
. or nig cnvered w;th glasa tu create a’ reenhoune thnt

o sun'a rnya and mtena

nbsugl;tenl mntszrial to sfi‘ak up |
ater ur alr. T he plntcﬁ =

" sity the heat tranaferred to the
., e usually about 4 ft by 8 ft. ‘Th
" roof.av on the groundl anll are tiltod fnughly perpendicu-

s . . . Ve il

el e dons bo the pir, AN

;i,-

' 'l*ihsh lmmq‘-d fluid is carried r}im thn rn]k‘rtnr mtn n_‘»‘
“atorage area where it ig held Wntil it s needed, In an, -

indirect system using waler, tho storage aren consistaofa
large tank capable.of holding up to n few days’ worth of
4 hent for the entire building. Heat from an nir ﬁyatem -

- usuﬂll_v w\amml in lnrgp hins of siones, .

¢

rooma ln diredt convection, circulating the storage tank

ducts, or by fan coil units, Domeatic hot water can h}g;

, tank ond then heating it up to HOF by: Sgm, A typical
f o wolar Iwutml

e mountedona -

_ lar to. the sun to capture the most direct radiation.
o InsuJation on the back of the collectors prevénta heat

In W w:\ﬁvr aturage avﬂtut’n, hent is (mnhfenvd to thc e

yatem trnu?\fcrn hc:lt in llni dwrlhng )

water through baseboard convectors, or ¢oils in"hot.air * -

- pfaheated by mutmg cold feedwater thruugh the slurage



e

Tl ' LT

, tartmg out with a new bm!dmg nhvmugly offm
Athe greatest opportunity for energy cohservation,
IS With the clearly stated goals-of encrgy conserva; .
tion and lifo-cyele costing Ji the architetturalprogram,
.. wachool building’s energy conaumption can be feduced
+ by up. to 607 compared witha conventionally (lr'mgnnd-
. -huilding, In adidjtion to the techniquen "discussed pro-
.. viously; now chnatruction offeri heveral means of erlergy
ix'-"‘,_mgmrvatinn that rre. gvnémlly impracticable (or lenss -
' prachéahlﬁ) for. uxinting huildmga Arnnng thLHE are:
*C ﬂmpm:ﬁ'h\&' Ehﬂ Ahm‘w o g
. Multi.use vecupa
o Total tnergy..
¢ Wall alfading, o R
J Autnm[fiu controls, e

" lmpﬁwﬂi mechanical design,

. Impruvﬂ] eler (‘h’ll nl d[ﬁlgn
® Seilar vm‘rpv ‘ o

Lompact buildmg Bhnpe e o }

. __Buj]ding Ehﬂpﬂ playsa bmur: m!e in thn cnergy reifmied

" ta Heat uried cool a byilding. Since heat gains and Josoes”
are transmittcd through walls and roofy, the dc{ugm:r

. 5 ghould:aftempt to minimize these surface arens, faan ..
© “lidiedtion of thehent | odgls imposed during hot \ w‘lnth- Pt
g of, the temperature of o graty slag roof can reach 176F,

W Spmwlmg, single-story mhcmls mnmm?c roof arcas,
a %

‘ Enezgy mnnenmlmn Lhus mmfnm , rmmg Tland cgata to. -
- fnvarmaﬁs cfhcmnt cﬂmpﬂetbmi(hn’;ahpma ’I‘ha t!";'ﬁd‘f

68
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toward year—mund sessions with its t:ume:quent need for
mrcond;tmmng further enhances the advantages of the

‘compact, multistory building shape. A mere indication
_ of practicable surface area reductions —.a three- story,
" double-loaded ‘classroom corridor wing requires. 35%
~ Yess building-sutface area than a single-story building of
eéqual volume. A compact design also reduces plumbing . ’

and electrical® costs, thmugh shnrtened runs for pnpe

. and candmt

Other Bltmg factors may sometlmes au*tw’bigh compact
bmldiﬁg shape as-an: Energy conserving measure, -ac-

-
- &

' .cording to Stein. Skillful exploitation  of prevmlmg_ .

. winds,- mpogrznphy, and trees, a’sheltered solar expo- _
-sure, or-other natural features may ennhle an architect ~ >~
to design less -compact shapes” “that may ultimately
prove more “efficient than slmple minimization of the

huilding’s ﬂreafvolume ratio. Relymg an natural venti-

" lation for hot weather cooling may requite toleration of - :

occasional discomfort on calm days. Nonetheless, imag-

.. inative exploitation of natural features is a-'largely. -
_ 1gnnn':d am:ﬂlmy method to be used in conjunction
with bmldmg shape aga mamr energy—conservmg

teehmque A

south. dlrfgtmn (The siin bakes cast und west walls

‘Jonger and more ferociously than even a south wall,
. which can be more readily. shaded and whlch mtercepts '
‘aolﬂr rays nt lega dnrcct nnglc‘s ) :

69

- Bm]dmg nrmnt.atlon nffects airconditioning. energy: ye-o
" ‘quirements. A rectangular hmldmg with a 2.6 length/ ;
width ratio ‘absorbs considerably less solar heat if its.
lcmg axis is aligned in an east-west instead of a north: .
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66 _ Closely related to-buil mg EhEpE as a factor-in energy’
# donservation is the tulti-use, lgnldmg, a design tech-
mque of increasing rﬂevance, Espemally for the central-
city schm:}l Skyrﬂcketmg land costs, coupled with short

‘supply, msp;réd design of the earliest multi-use school-

. office anid schéol-apartment structures built during the
" mid-1960s. Energy conservation-adds another advan-

RIS

_tage to multi-use buildings, especially for school-apart- = -

’ apartments in a single ¢ stmctu:e affords ah excellent op-
portunity to reduce the evemll surface’ area/volume

- ratio below that of two sepnmte structures. And with "
"their ataggemd aks in airconditjoning demand, -the
school and apnrtgfle:ﬂt have cnmplemenmly energy de- -

mands. The flattened demand curve perrmts lower total '

_ plant capacity and the greater Qperatmg Lfﬁcxency Df
. 'mnnmg eqmpmgnt clnser to c:apm;lty

. éMultl -use prmegts nffr;r an gppnrtumty for schnols to

* exploit the pcstentml economy of total ene;-gy ( d;scussecl )

below). What. is. neéded for total—gnergy economy- 18
..~ complementary uses -of energy. A project undo&‘stndy
" . by the Fairfax County (Va.) ‘School Districk#would

consolidate the energy plants for an elementary school o
“canda shﬂppmg‘ genter. According to Ed Stephan, the
" tothl energy plaht serving the school-shopping canter

complex would have two turbines, designcd Lo operate

on either kerosene or diesel fuel (whmh could be altered

" assupplies ancl pnces vnry to ﬁ},w@r onefuel orthe, ather)
e

fj-w

‘ment;: bmldmgs Inccrpomtmg a school and residential .
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T‘gtal energy, the Qnaslte generation of eleatnc power
alnng with other ‘building energy, nEEdS; is haslcally a’

o Tofal ehergy. - R

;% ""heat recovery method that can cut cpemtmn costsin..
+ .%o special c1rt:um5tam;és Schools of widely, varying size = -

oo fmm 330to 2, 300 students — and mdely sepamtéd geo-

’ gmphm{ll lucatmns have been - eqmpped thh tutal
SREP SN energypkmts Sl o

e

eora gas**fuéled turbine that drives the electrical
; tcu; ‘Waste héat from the power, g%iemtar is Te-

. foran g\bsgrptmn refri

L . - orator chamber to which itis connected. (The, salt solu-
I . tionhasa Iuwer vapor préssure than the pute water.)
‘ . Waste steam from the power generatbr keeps the proc-'

B ', ieas going, by boiling away excess liqmd in the absorption
::fmmber, thus mnmf;nmmg c;?i:ct snlt concentrﬂtmn

. Thé{ heart :)f*a tct,al Qnergy plant isa gns or ml fusled .

’ eﬁ{arheatmg or cooling. Under theﬁmst favorable. -
. cncm‘ﬁétam:es (whmh seldom Dccur) this waste heat".
"* more than doubles the thermal efficiency of the total -
<éniergy plant —!from ‘about 30% to 70% . (Gas-fueled :
" ‘turbines offer even greater effmxency as well as-greater.
pcl]utmn abntement thzm gas or dxl fueled cnhmes ) me

: y ”’m‘ n; tntaI mergy plzmt dependa c:p S
the use of surplus generating heﬂt as the energy sourco
tion mnchmc& An‘absorption
" chiller replaces thc: conve tional qampressaraevapnmtgr_- S
- refrigerating cycle with an nbsar?txve evaporator cycle. ‘
" Inthe nbsﬂrbt:,r chamber, a salt (lithium bromide) solu-
tion accelemtes the evaporation of water from the ev&p- B

e
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68 Absarptmn chillers use more Bf the, fossil fuels than’
- electrically-driven refﬂgeratmn units of similar capacﬁ
1t,y, but their operating costs may be lower depending -
~ - upon the relative fuel and electrical costs, When pow—’
_ered by the waste-heat from total energy electric gener-
}° ators, they offer even greater operating savings. And
thex: mamtenance Cﬁsts are Slmllﬂﬂy low

Though rmt a generally econamzcal Enlutmn to a single .
* -schiool building’s energy problem, the total energy plant
ments t;onsxderatmn as part of multxbuﬂdmg c:ornplexas
" or fﬂultxzuse projects.

To explmt the potentml economies c:f tDtﬂl energy, . :
, pru;ect must satisfy three basn: criteriay - R

¢ . @It must have fugh fm,rly constant Engrgj' démand ot

durmg most of the day, over most of the year, both for .. " Tt

elect.m: and. waste-heat power. - (This.criterion elimi- T s
ates tntalenergy furscha@lsgnamne manthschedule) L

e oIt must have heatmg or. coolmg demands tlmts are
both simultaneous and mughly pmportmnﬂl to lxghtmg o
s:md other electric power ‘demands. : et

-».Gas (or ﬁ fuel mtes “must be campetlt;ve w1th pre- .-
vmlmg eleetru: rates. _ ‘ g

Wall'sh'nding :
Her;:: 1écazmather basic, yet often neglecteci teéhhiqxie :
" for reducing a building’s cnergy consumption, New
C Ym'k C;ty arch;téct ‘Manfred H. Riedel says wal had- -
' s . . . . ‘ !;’r) ' 1‘@‘ .
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< ing has becﬂme almust a Iost art aniong modermn arc}u-'v

“tects; they slmply usé power instead of ingenuity to

69

'pmwde interior comfort. Each wall of a building may . :
. require a different treatment, dependmg on its expo; *- **

sure, To capitalize on glare-free natural lighting, the .

best. expasure for a wall with large glass area is north

 (like artists’ studios); It. also reduces summer aircon- ' "

ditioning loads. Planting trees along a west wall pro-~

“vides Ehade in summer, When the trees are in leaf, and
admits sun’in winter-when. solar heat gain may help.

Canopies, pmjectmg mullmns, louvers, and solar glasg

- 8creens can drastx:;ally :educe sﬂ]nf heat gam

-The.re are’ several tec?hmques for redm:mg salar heat ,

gains, and’'éven losses, through glass. Shaded glass ad-

mits ohly one-quarter of the radiant heat ‘admitted by -
] unshaded glass Expr;\_sed to sunhght DDUblE—glazmg
" (two layers of glasswith an insulating ‘e be- .

‘tween)-prevents wmter heat loss as well as surhmer-
gain. Dnubleﬁglaged shaded, heat-absorbing glass re-

 duces heat- gain by about 85%. Reflective glass cuts ~ '
* heat gain by ﬂﬂe-thlrd or §0. S

'the désxgn Df a 20 stgry bmldmg fcrr Lcnnp Cﬂlli!ge in

downtown Chicago. Demgned for minimal glass drea

by the Office of Mies Van der Rohe, the opaque wills ©

- of this bmldmg wzll be pnmted a heat=reﬂect1ve rne:\tals L

~ lic. sﬂver o N
Autnmatlc ccmtrols oy f

)
A;rccndltmnmg is the mnjor bmldmg subsyatern ﬁ

B 2D
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- 3.'other aubsyatéfi :f;t;lures v
. Surve;llance “and control of faulty eqm
« Closer detection and cnnsgquentl yjuigker correction

o :md humlchty

tempemtures“and receive and ackﬁﬂwledge -alarms.

. .The':system. can be. cnmputenzed to  obtain greater .
" energy congervation, thereby lowering the - -operating .«
" costs,. and 1t r:ari assxst the preventwe mamtgnaﬂce
s pmg‘r&m E _ oL '_'ne' fe L

: Dne simple means nf conservmg mn:undltmnmg energ’y' S
. isan | “economy cyclé" that shuts down the refrigeration
Tl machines and takes i in outmde cooling ait when temper- ‘
atures d‘rop to 55F. The ei:onnmy cycle dgpends on

automati¢’ dampers on the supply fan opening to the-
" outside, The cool outside air m
 ‘needed propnrtmns to achieve the

In the most sophisticated;control systems, empirical

113

Ay

CIES]I‘E

data on solar heat ﬂbsgrbeﬂ hourly by sun-baked walls

is fed into the computer for correlation with the vol:
..ume of chilled water required to produce comfortable - . .

temperatures* The bnmputer can be pmgrammed for
- the follawmg taaks ,

g ‘* More ecanomlcal nperatmn of pumps, fans, (;‘Ofnpress
sors, and xglated subsystem equipment.

o Immediate detection of overheating, o :

of devmtiﬂrls from desired cornfort evel |

able for automatmn It c:an be momtufed by a central o
# . control. console where .an operator can start and stop -

- equipment; read and autnmatxc.ally record temperature; -
humidity and flow conditions; teset the air and water

5, 'Lt.%} return air in .
temperature :

cooling, or
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. Automatic  control devices can'produce: significant --71

.- energy savings in other building subsystems — notably
. elevators, which. can be shiit down and restarted by - -
", timeé clock devices. . - oo

. Central control systems can often be amortized in less,
than five years, through big savings — not only in fuel - -
. and labor costs; but in lengthenéd equipment life,. .~ -
' Improved mechanical design
Many mechanical engineers have remained as-uncon- - -
~ cérned as building owners about energy waste. First- .
. cost economy in mechanical design has long been:the
- general rule,. Few ‘manufacturers could even supply * .
dstaon the operating characteristics of their equipment "
- at.partial loading, information essential for long-term =
- operating economy. ‘Mechanical engineers have tended ' -

“to overdesign HVAC equipment for two reasons: to
satisfy peak loads, and to-hedge against substandard -
construction such as’poor door fittings and loose win-,
- dow seals. This wasteful practice assures unnecessarily -
,1high‘ene,,,fgy consumption at normal heating and cool- - *
ingloads. - . T
Several changes in traditional design’ practices can .
_ achieve much greater operating economy: B
e Use of energy flow analysis, not peak de'maﬂrléf; as the-
‘basic design philosophy. SN
- » Design for adaptability,'n'c:_tgfﬂgxibility, as the basic - -
. #'Design for lower thermal environment standards.
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Energy ﬂqw mmlysm is A toul already used by leadmg
* design firms to replace the’ cmde conventional pmctme

, : - * of simply designing the HVAC system for peak heatmg
L and- coa]mg loads. Under: this philosophy, the mechan-
-+ -ical engineer is a ‘member of the rehmmary design

ing, electrical equipment, heating,. ventilating ‘and air-

B energ}r cnnsumpt,mn, .

o Computerscalculated programs ‘for comparmg alterna-

tive energy systems are in use by the larger mechanical

- engineering firms. One such program is ACCESS,

“Alternative Choice Comparisons for Energy -Systém -

. Selection.” 'Spansaréd by the Edison Electric Institute, =~
- this program enables the engineer to compute estimated -

. life-eycle nsts for all the buxldmg s energy-consuming

~ gystems. It we:ghs such fnctars as demand as well as .

. c@nsumptmn

The Amencan Sm:lgty of Heatmg, Refngeratmg, gndx o
'-;Ancnndxtmnmg Engineers (ASHRAE) has been con-

g

* team; he points out the impact of architectural design ™
- on the building’s total energy requirements — for llght= =

o -L‘Ondltjomng, etc. Instead of merely specifying equip- .
" ment to meet the architect’s design, the mechanical
"engmeer offers alternative schemes that will minimize

’ ductmg surveys o{ energy consumption in an mstm- ’

" mentgd building. ASHRAE’s analysis of building heat -

o gains and losses, in addition to such basic factors as the

. " counts for such nften 1gnored factors ns shading, orien-
. tation and heat-gain lag due to’ ‘the building materials’
heat capacity. According ;to Royal S: Buchanan,

building materials’ thermal-inst ]atmg qualities, ‘ac-

.78
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ASHRAE techmc.al dn-ectnr, use of these sgphxsticated 73-
eﬂEng-quull‘emems calcu]atmns shuuld result. in sub- S
stantlally luwer aperatmg casts R

N ' 'Another get Qf c:cxrnputer pmgrams, develnped by the L
. %Gas Industries Research Section, er:pahaa the.scopeof -
‘the ACCESS and ASHRAE: programs. Called Fcube,
- thisenergy analysis grew out of a program deslgned fm- o

- detailed fEaSIblhty studles of tntal energy.’ o

The Efﬂ!be pmgram answers such questmns as the fel— P

. . lowing: “How much’ refngeratmn -supplied cooling ener- "% |

gy can be saved by usmg an economizing outside air_
- eycle?-How does energy congumption vary with dif- "~
S ferent. thermal-insulating values ‘for the building skin?
‘How ‘much additional energy is required for vannus';__ o
levels of humidification? What is:the thermal efficiency .
of different systems? How much of the recoverable ' . -
‘waste heat can be uged'? What size units are best? And

the crucial question — ‘which system minimizes "the - -

" .. long-term owning cost: “System A (bigh first cost, low .

operating cost); System B (low fifst cost, -high éper—
ating cost); or System C (mnderate first cost, mnderata
K operatmg cczst)? o R L

Deszgn far adaptabzlzty instead af ﬂe.ubzlzty isa phllﬂsa, :
ophy advucated 'by Dubin. Designing, spaces for the™
__-maximum axrcnnd‘ltlanmg and lighting loads'can waste
- great quantitxes of energy. Des;gnmg them for thecapa- . -
S ’blhty of modification -to theae mammum Igads is fm: o
~more ecungn:uea] : . i

L Smrgdards of thermal camfart may have to yleld a httle 7'
_ ‘ ;r .
f

L
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under the u‘npact of the energy crisis, Slgmfxcant quan-

tities nf' ‘energy could be saved mierely by lowering inter-

‘jor winter temperatures and raising summer tempeéra- -

: tures. fﬁpm the 75F rmdspmnt of the 73¥ to 77F range L

. defined'as “thermal comfort conditions” by ASHRAE.
Rmsmg the sumier temperature from 75F to78F could' -

" cut energy consumption for the aﬁc@ndltmnmg by'

- about 10% irt the average airconditiongd building. Sim: * -
- ilar savings could be realized by lowermg interior winter

temperqtures Ccrld-bl@ﬂded oceuparits could readllyf'

adapt Eunply by weanng ‘heavier clnthmg

Aecmdmg tn Dubm, many other buﬂdmgs (mcludmg .
“schools) ccul be designed for atmospheric conditions - ..
~that are exceeded only 5% of the .time instead of the -

. 2.5% criterion in c;urrent use, This-relaxed design would

; allnw spaces tm become warmer or cooler only about-50 .

huurs a year more than-current standards allow. In.
.view-of the added effxmency ‘which would be achieved .
thmugh regular operation of the HVAC system closer
" to capacity, the sllghtly reduced standard of cnrnfctrt o

seems a bargmrl

_ Ventxlatmg standards set in the days befm‘e ﬂmdem

~ technology cause needless problems. Most codes require

- excessive quantities of“outdoor ventilating air: But

ﬂoodmg bulldmgs with-huge quantltxes of outdoor air
I‘EIEEE c:ap;tal and ﬂpemtmg costs — for additional heat-

" ing ::md cooling capamty, and for energy to temper out-- -+

- door air and fanpower to move it. Today; where fresh
-air is required to dilute stale, odorous indoor air, char-. -
coa]—actwsted filters, or ‘even ultra-violet lnmps can’

- then praduce bettgr results at b;g savings.
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Heat captu_rédé from heat-producing equipment and . 75
exhausted directly to theoutdogrgoffers another means . - .
R for- conserving exergy. In a research project for the - . '
¢ " Veterans Administration, mechanical engineers Dubin-
s ";Miﬁdell-Blaﬁiﬂie'Assqcia;t:eérédiig d the airconditioning
_“load, by more than 25% through direct exhaust of
- kitchen and laundry ait, Significant, if less spectacular -
_ " savings could be effected in schopls by similarly degign- = .-
" .ing exhaust systems for direct rejéction, instead. of " . .
" throwing. this additidnal load onto the building's-
. HVA(Q system. .. ' AR s S

Lo . Ty # et i .
» . Revised requirements for building codes -

IR Eiﬁlding“&bdes have sometimes ob :
e enefgy conscrving HVAC systems for buildings.

' so that local governmen

. The new standard recommends that the percentage of
" glass required i, codes be dowered, insulation be greatly

S the - recommendyliogs ‘are followed,: school buildings

could be built with! on average, about 40 less capacity

built te’ the tragitiondl code specifications. - = 0

O

ERIC
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thucted attempts to

his situation ASHRAE developed & new set -
s o L e BT B
I Standard 90:75 “Energy Conserva-.. . -

swild'have up-to-date

in heating-systems. ard - 305 less in cooling syatems. A
‘school built tothe 1'1@\31\; recommendations woutld use 70 .-
enth less on encggy persq ft ina year than haew schaol. ~ -

n if o '(j:it}}:ul'.},_‘(!llﬂty, does not ziclix;it:_:.‘tzl1e.,AS_}I RAE

“increased; and lighting and HVAC systems redyeed. 162 V
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76 W
" . ‘should not véluntarily emh ¢ 90-75. A sc

r&mmmendannm thete lsﬁq A5
ool built to.

9075 wnuld exceed all the re ]ulrement% Df-‘_ﬂ, utv ) Gld

Imtml cggts wgu};l be nkmut the same.. The reduced

‘amount nf HVAE equpment would lm& er the ¢oét of the -

building;” m:e ‘the design nqmreu—. more detailed

Eu}ai : iture requirements; tht extra engmteh
ing tlme m]l fos.et lnwered tqmpme ‘costs. -

i

. w: 3 ‘
Impruved e]ectrlcal demgn

Apn" “.frmn hghtmg, electneal&slp\kgn nffqrs e atwt!

sllght éppgrtumtiea for energy ‘conservation. With 155!

constantly i mcreasmg use of electricity — for mdm, TV,

bt a’s g[gmul (hstﬂ(.tf '

F 5

_ slide and movie projectors, teaching. machines;. signal

- and PA ayst.ems — the school should, nonetheless, ex- =

ploit all energy-economizing ‘opportunitics, Basically,

these opportunities involve more efficient distribution.

and pﬁwer-ﬂemand hrmtmg dmces

" Because of hjgher line lf)sses at- luwer vnltages, use af'{‘f',ﬁl S
* higher* voltage transiission reduces a school’s electric "~ |,
o bill.,, Ag part of its encrgy-conservation program, the. -
Géneral Sfyvices Administration now purchades electris
cal power at 13,800 volts and distributés the service at -
* this relatively - high voltage to'local [subshtmn trang-
‘formery Iacated throughout a buflding. These trans- "

. formery redude the voltage to 277 /480 volts fof fluores-.

cent hghtuig, heavy eqmpment p§ver and dmtnbutn:m .y

R S
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A mmh;i sat of trmisf_nrmgﬁ the irplt{iée Emn{fl_ai) 7

e to (1207208 ‘wolts, for -receptis es and miscellpgneous
Lo equipment: - typewriters, adding machines, .cleariing .
f0 . equipméat, eto. S B

Hat
¥ . 3

- ?_,;Eﬁft-’large buildings, el‘ect;*‘ig,ut:;li'_ties! add a “démand”
. “surcharge to'their basic rites, for ‘installing and main-
© - taining Rervice fqcilities lagger than kéquired for normal
Py w  service, To eliminate demand gurcharges, a Permissive
¥, Load Control (PLC) can reduce electric bills by up to -~ .
© Y 20%, merely by - disconnecting loads that nre niot jm- .+~
mediately vital to a building's operation. When vital, - L
. . géyvica (nan-deferrable) load reaches a predetermined ¢
. power' Jevel, PLC temporgrily disconnecta deferrable ~ i
: blnade;,f{ Essential services.include lights, general heating =~
\ \ ~and cooling, clevators, and cooking ringes. Doferrable
CTow e services include domestic. hot water heating, corridor
i and stairwell heatinf and cooling; swimming pool heat- -
ing, ‘and griow-meltimg.heaters, which are disconviected
irs yeverse order, e \ I

v !

o ) L ' s Ca LR .

0 Inefficient use of clectrical -power, fors which most

- ‘utilities raise rates, is another candidate fdr,i:ermgt‘mﬁ ,

 with widespread design vossibilitics. Induction motor§. %

SN that dry, fi}’j‘ls, compresddrs, blowers, pumps, and the +o -

PR - like, gotatinies oxhibit n low “power factor’. (Some

e electrieal devices, such gs lights, are free q&‘fhiﬁ particut .

S dar powex drain.) Many utilities penalizi customers
© W whose electrical equipment operates at an average .

ST powor factor below aspecified percentage (typically -
o . - 86%), and this practice is ex‘gj:cted to grow. &

5 =

Y
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A‘;x.‘

Capacxtors mstnlled .on these undemsejpownr lmes T K
) rm.s,e power factors and reduce power losses, by correct- o
ing. valt.uge/current ‘imbalances.” In some mstances L e
-~ savings in ‘averted power factor. charges can pay off the. B
: capltal myest,ment for eapacntars wntﬁm two years

NE‘W gonstmctlcn “thuy dtfords thc des;gner an ‘entife v
spectrut of energy- conserving techniques embracmg L e
those specifically discussed in this section plus'other -~ = .
“techniques discussed under “Operations and Main- "~

tenance Changes” and “Modernizatjon. of Exlstmg L
Schcmls. o . . y S

o

Scp!nr E_.nergy

Ifwm m‘vums—-uiermg bmldmg afacility that will use’ tk;e -
-sUe to meet somp of its enmg\: wquuwnentk, a few

- guidelines s—.hmllrU&t kept in mind. Any cost mmpansun%

" with fossil-fuel’ hﬁntmg and cooling systems should he
tmhtd on life-c¥le codts, not: just initjal LOSEs. Mﬂkt: no &

roe rnhtzik(- v‘ulnr ('ner;,,v msmllatmm aie lmL Ehoap *\.Q f

5

"ihé HUCLQ‘W ui n ﬁhlm lh%lil]]ﬂ{l(l]l deL‘lldH (m a p_,(md :

hu‘wﬂy msulated to nbtnm -an mmlntmn fﬁt‘ti}r of 1

« for the walls. (A'typical 1050s, brick school has factorof:.

]MH nd buildings designed” ro' méet the Schdol C‘nn- - Ny
s - struction Systems Development (SCSDY standards in*® o
< the 1960s are up to R6) Windows and dooi 4ren qhmlld ; T
b(: minimizee A{aboyt 2% of the expased perimeter) and -~ 0
should:be protecied frong the wind by the use of fingor -, - S
‘recesyes, The perimeter of the building ulmuld be kept to L
A mmimum tn wduu- lmat loss.” . o B

ERIC
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1\ htandard’ for n well- de«ngnml mlm hullilmg s that it _
“only needs about 10 Btu/sq ft/hr -to keop it at a Ly

: (rhﬂiﬁfﬂ smd lnmtirm affect the smtniumy of aghunl-
‘houso fordolar energy. In most, Lmrts of the country there -

" Building with all the heat it nt’i“i‘in- Conventional systems .
must be-incorporated. into the lamhn to provide addi-

_flot economical for solar hmtm(f ta- prnwd{e 100% of a

4
Y

comfortable tcmpgruturn in winter. A school withnut“

i+ energy conserving fentures often: requires four tr,; FVI:!'
®

tlmm thz;l amount nf heat.

-

i niot engugh solar radiation £ economic ally provide the

tional heat or coolin g. Forinstance,in the Northeust it is

school’s heating rq.qunmu:-ntq hut B, i nﬁrummmblé '
expectatyon, ' o ,_r;'-,;_"‘
e ! ! f:; ‘ R

lnpmvldu the most (;cununut‘nlmlx u,fcnm@n%innaland R

- solar heating methods, t hesolar energy system must be

O

ERIC

Aruitoxt provided by Eic:

_introduced beeause of the fived tosts of controls, pumps,
-and” other components that have a mlmmum Bzt no.’
’ nmum‘lmw zmnll the collector wqtem L

sized with consideration forthe availablé money, the fud
inflation rate, and the system component cost. If a
gy stem istwo small, solar energy umlmt, be: (:Lunmmmll*y

If a u)llc(tn\ m\u-ww r o large amount of the lmu:l it J.’Ill .
wulk ul iull mpnuty fnr Dnlv a L,mull pm‘ uf thv ey

fnr vl g_,lnummp, Lr\lLuanm lmt i sumph: g,u.ulu iur nn :

Andirect dystem is {hat collectors” ¢qual to half the flﬂmv
. space will pmvuh- nbout 704, of n hmldmg s heat uquue

&

:nmnt% - : - . _,‘ '

7 83
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80" _.Ingtalled ayﬁtums u‘\n Lnat nnywhere fmm%llj to ‘575 per, '
o e f of install@gift:plkctor Thi includes the price of o
,tﬁﬂkﬂ' pumps, hoat exchiigors, piping, and thermostats, .o .
© 7. "'Phe "nvérage cost s around: $20' per sq ft. In new AR
", copstruction a solar-energy ﬁymem ¢an foprerent from Sy

3% to 6%, ol the tgtal bml(hhg cast. About 1%-or the
- building cost cpvers -increased structural eﬁﬁemsesz for
, supporting the pollectors on the roof, Collectom repre-
; gent aAlmost'50% vl the total. cout of n ieating und cooling -
L ysj:ern, Th 1. mfunlv h{:unme few, if any, colloctors are
: "‘mﬂﬁa pmdi cedl. AR more buildings: lwmmt solar, in-
" dustry wdl mmhﬂm;e and collector prices will dsop. If -

. you‘car’t nffﬂrd Fi| cnmplew system, . mnqidcr Jnstalling
_evurythmgxhut the collectors, Later, if your aren runs nut.

. o i

.fuffue , you WIH lmﬂhle tnmld ﬁgllectum O

”
- GEﬂélu"v! most Bystums tlmt cost over ‘B”ﬁ persq ft-will
not pay for themselves in energy saving within the 2()— to
J0-year life af a bond: A well-designed system can _
"prmltlce energy that is c:nmpahtwe in price with the cosat . ‘
of electrienl energy as a heat source overa 10~ to Lo:year - i AT
* <.span. In the riear future with improved technology and h
" rising’ fDﬁH!j fuel pmc-q, solar hent will. be L(anéhhw
thh oil Emd gﬂ% heaty - - o L A
At pre-ﬂ‘n( solar hot wmcx ht‘utmg iy thg, nott cost: e{i' .
- fective of all Tow-tempoerature solar applicitions. This is
:be;nuse the initial investment is'small .and hot water s, :
sused thrmlghnut he year Tlm henvy and constant use » .. _
“gives n layger’ lﬂﬂd factor than in a. hulm- space, h{-ut:mg BT P
system thnt atunclq idie all summen SO S R

',_;'mg mlur u‘%m‘gi\ rbef;t :
-7 AT |

If tln. bml ling also.nquufe
s p'k o B ' 1\ {
|

R . i
] N o
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~©' ' pumps proyide a very économical appronch. These sys- * (81 .-
Lo, tems havé projected_payouts ‘in 10 years, primarily
, " héeause of the small collector size und improved porfor-.i°

smance ¥ L L s e B
. L L P =
'M‘n’i@i’énniice and gpirating costs usually represent .
“ Tabout: 1% of aily mechidnical Keiting system cast. Some &
; systems riquire mbre mafhtenance thai othiers to pro- Paa
i ﬁf\}tcpt them frorficorrosion pud diclectrig difficufties. Solar -
P ystieiny that uso wated must be protected by mlifreczo '
nAN “golutions or have -automatic dfain downs systems that

% ¥ gwitch-on sthen night approaches. Initial costs can be . é v
“high :because contractors add contingencies to. ‘cover - W<
- their lack of experience in this. field, Ihed btudy by -
atinghouse, contractors were rated second,.only:

- "t . power_companies in order o
e ¢ Usolarenergy. . s LU
b . o/ The-hroblem of sUn rightsimst be solved-befote solar

e " energy.can befully accepled: NiFesjublished lagal rights ‘g,
RSN S  to #dlavpidigtien exist. The cly: wone fjascome to e
4 e gramu‘{_gusplur rights is in Grea, Britein, The o, ¢ PEnglish .
R C _doctrin®:of “Andieny Lights! g s 'the i‘lnhgpwrzgﬁrthn e
... right to recgive the ‘cuigtopgary :ampunt ii!;;lj&gt;riﬁdfgﬁ_ a

P , %Thti:;USa-tnﬁrts, h ye'\fpﬁhve;séeeiﬁﬁglly‘ﬁipudi\été A

e " thid docttine. Although theré are’ no-spelifié“laws gov-

A a ' b érning seh;r rights, thefa“hre Tegal prificiples’ge hons, |
: L z'fmixjg,*}giw of nuisarice, cisements, and pollutién control
o " laws which may be ipplicably to the problems. - -

=. i‘v‘lxlr * & K o - “ ; : ; N
i

‘\ﬂ S

.o .

o s d
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mlﬁ]imﬁtl’i‘ltﬁlrﬂ slmuld luml no HIHL mqntm-

_1.. " th';follnw:nﬁmtupq o _ .
1 Review O&M personnel for thmr ‘qua ﬁfcatmna tc)

7 cope. iwii;h th f‘increaéimgly anphifahmte mechnmcn].-.

electrical equ pment gmng into Edmnlﬁ

STERYY Analyze lig‘nergy Cﬂrlﬁumpt!fm in emtmg schools, to‘ '

ulentxfy soutces of energy:; Wuate

af(;hxgeﬁuml pmgmm for mczderm';ﬂtmn or new. con-

s Btmctien pmjects R :
“'4.« ‘Use' life-r:ycle el stm pr ﬁnmu ment thnt.wg:ghs
FLT D&M caat,s) to J;eplncé’ 1}

B cgntmcﬁ witirds. for: me;ham@&i‘ md Dther energyf
S cansumznggﬁlyaystems . , ..

7
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’A"ehergy mnﬂervmum pr ngmﬂm incor pnmtmg_,}“ :

8. I.nclude energy conseryition a8 a majm* pﬂrt af an L

itial.co i;“ﬁgthe sole basis :Ecrr L




'pPEmelerEscycm (LQNG’T‘ERM) -f.;?».,,;
OSTING OF BUILDINGS ARSI

: Fu: a buﬂdmg w“hmtho owner ]&m D&M caﬁs a8 ‘w ll g'ﬂ
L . b8 m)ﬁfal costg,’ there arp threo {mag; techniqueg or ..
© o+ computing lifﬂ=gycle (Inngtcnn) custs TR
71, Benefit/cott anglysls, T ST R

. o
O Ly

. .2, "Time-to-recpup capntﬂl investmynt.y " | S
.~ :3 Direct comparison of | life.cy clog Tlpg for altemn’twa
i syst.cmﬂ of Buﬂding“ﬂg $¥Wisoful hf

'S

e Benefzt/easta nalypia o1 ’ d@‘?‘“‘“‘f@““‘:’“ 2
whether?a capital Tm-

, " ing an owner who mugt decidé, w
. 4¢ - % provement is ocondmically:jugtiticg J more sophisti- . {
B ' cated ﬂppllentmﬂﬁ A beneht/cost Rifhlysis can also.

7 provide a rational bﬂsm fc:r"chnosmg anfong nltem& .
oo s tives, after tl;:e gc:-ahead tlemsmn has been madet .
AN R,
IR Vu'tually evm'y (feclsmn thnt one makgg gntmla. nt least
R Bubx:bnscmusly, some “form of enef;t/’cnst analysis, We '
5 .are t:onat.ﬁntly balancmg ms%? in time, money, Or, ef= d
s la g ot - against’ héneixts ='in saved time, or simply in* :
T ' sptisfaction. "All costs and benefits must be reduced to
- Lo o o monetary value and the ratio computed, J beneﬁxts o
IR ;DXEEECI costs, i.e., the bnmixt/u)s ﬁn exceeds 1, thbn
R éi‘ : -'the pmjechsecngammally ;ustih e TR ‘k_ ‘
TR AT S el -

- The second m%thﬂd tzms-ta-reeq, p r:aplt&l muestment
. meérely calculated the time requu‘ed to recoup the m‘xgx-
_— T nal cnpltnl mvestmegj: thm\igh ‘annual O&M sayings, " -
NN T which are used to pfy:the afinual debt service geguired '
. i;_ ta amdrtize a lﬁnrx for the capital investrmen '&“If this
- time is lgss g1 the estlmated useful 'life cpj the ad d

bm{dmg aporient, then vam ly the mv,gstmén
N i 3 ecanomw&@' Juatxflgd ) '_ . “98 \K 5
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Tm.' &cycle cost eamparman, in xtE ﬂlmplest methad
.. onéffan simply reduce all costs to a total annual cost
v for thé weeful life of compnred altornatives. Total an-
’ ' nunl poat (Ownmg t‘:aﬂt) compnaes two hasic categories:

1, Amortization (pﬁﬁcipul and: mtereat) of capltal cost
deht, normally financed by bond issue. .
2 Estlmawd annuu! D&M pré]‘!HEB '

In tho mngplcat case nf compating nltemaf‘iu systpms
‘with gqual useful lives, the lowest total annual cost. -

. among &mtema A, B, and C ig casily, identified. But
- whon the syatemis hava dlffemnt useful lives, the prob- _
v Tem becomes more complicated. All costs. must be re- -
~duced to‘the same useful life, and pmartxgatmn cost
educel to a uniform annual level,’ Sxfppasé, for ox-
;i ‘ample, thata central HVAC system with-20-year ugeful

2"

b

quires anticipated cost repljcement of 70% of its origi- » -
. gally: ingtalled cqu;pmgnt fter 10 years, the' annual . .
cont clf a cupltal recovery fund necessary to finance that
cost over & 20-year useful life must be added to the basic .
amm'imi:mn cosf. to’ equate ctw

The mnst ccﬁmmnn errog m.' life-cycle cnatmg,xm\rpl}
o attempts tb\qumpare mltml cash investment with annu- -

- 10-year useful life.' If the p{gknged HVAC system re; !

" ally paid charges. One c dor E}nmple, clmm that

: _ ~a $100,000. cash invest
" cuta O&M cests by L 6% intéedst, it

©.% ", " 'takes more than 15 years to receup that initial mvesb
".ment, Intetest chﬁrgc:s always npply, for the slmple :

masm) 'that bormw.i'\ed mbney\alw ays carries }charge fnr R

1,»'- life in compared with a packaged HVAC system with. - -

arg‘ti;\%e.cgstsi, R

N

: M_/"""ﬁ S o . L
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. APPENTJ]X!LIFL CYCLE (LONG"I‘ERM)
ﬁgpm‘:&’rma OF BUILDINGS,
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. its uara. m:d unuaed or aaved mgrléy nlwnya cames the
pat#ntinl gf eorning intorest.
S

~In kemmng With thxa pnnclph, tnnvert future gavil ga

85

to a “present-worth” busis, The "Pl’ﬁaent-wurth“ con-

cept: reduces future savings to a comimon basis, with
~current: pavings. This conversion isriecessary becauge

R A ‘a dollax tﬂday is worth cunslﬂembly more than

Ty A ~may trenk ﬂp(‘fi‘a 'ng and cnpltal costidil

a dollay . gorme years from nnw.‘ (At.6% intorest,
a dellax saveil today is worth twice g8 3'much ag a dollar’

sayed 12 yéars from now.) The present-worth formula - -

t;a ' aﬂmunt of theaa future thI'e t“lagses X

Asn fur’thﬁr means Bf msurmg fmr, consiftent cos gj v
parisong, reduce cﬂmpnmtwe tosts for pl mati

temy to anlgnnual basis, Everi thougi}a hool dlstrict
ferently, ‘such.
~ distinction. fufist<be ignored in analyzmg what the’
" gchaol whioild'do for lgngtem;:mnnmy I, aftet a cost -

comprison has been #idde, ‘the capital cost of gthe

(@hﬂsm system exceeds | thé bond limit, the ‘Hihool hoard "
- may heforced: to rejett the most chnumncai altérnative.

_But sthin ig n. legal, niot an economic, constrdint nnd, '

' shoﬂld be c‘.leaﬂy recﬂgmzed as su::h.» -
éﬁnmpanﬁan nf HVAC systems fm( Chan;illy, H:gh

<Al Bemfxt/cast analysla W g

Tﬂt&ﬂmtmsb SystemA ¥, 123 1(!0 v
j[‘nbal tirat cost System B . . . ‘B% 238,190, -, v
Syamma X eedsSyq mAby $ %15699 S

8.9-{'

iy

i oL HYACsyome o8 IR,




APPENDIX/LIFE: Cycu;. (LONGTLRM) \
co's'rmc OF BUILDINGS

86 A"'iual &M Cot - iﬁ'; " dystemA - Bystgm\f
S ,,ﬂmtenance&repmr _ j § 24,000 ‘818 42, _
nergy (e]ettne} .o -8 gﬂg . 67 OO( L

. TaalO&M. ‘Y $LIABEO] 1 $85, 420 PV AT
. SyathAQxccgdsSyséem th $ JE,?%O ' S
m,l' i;
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. from becommg empty and unproductive, (1976) 84 00,

s centers, i
o Mprojgct.'?l%?‘glsm“

450

< viding good tacllmeu for physicai recreation in schools and co
- lcxes-ah- uhelmu, sharod fncilit{es. and convemiom. (1978) 3300
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