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EXECUTIVE SIMMARY

>
\ . N - . . .

The eldmentary, intermediate, and secondary schools of America use an
estimated 11X of all..of the space heating and cooling energy consumed in the,
United States. Over 50% of these schools nuw in use were built during the post
World War II "baby boor" period Typically these schools are heated.and ven-
tilated only and are for the most part over heatged and over ventilated. They
coutaln large window argas and are poorly insulated. These schools frequently
enp loy hos water heatlng systems which are incotgectly designed and improperly
balanced; have oversized bcilers fer an cnergyZ?&E?Zient heating and ventila-
tion system and are operated in an inefficient They employ control sys-
tems designegd to operate the heating and ventilating system for the comfort of
occupants rather than for efficlent energy consumption. It should be noted
that comfort and efficlency are not mutually.exclusive.‘ The American Assocla=-

tion of School Administrators (AASA) estimates that 50% of the energy used by
schools 1s wasted. -

School buildings are apt to be pocrly maintaiped, especially with regard
to their mechanical systems. Many school districts dé not have effective
preventive maintenance programs. Concern 1s wusually directed at keeping

bulldings warm. When spaces become too warn the occupants can, and do, apen
the windows to restore confort.

The "Saving Schoolhouse Energy" prograp was proposed by AASA early in 1976
to prov¥de guidelines for ddentifying and analyzing energy conserving oppor=~
tunities (ECO°s) in exigting school buildings and to demogstrate the desira-
bility of retrofitting these buildings. The program emphasized nodifications
to operational practice and, cost effectiveness of fapital modifications util-
1zimvg "off the shelf" hardware. The five phases of this program included:

X . A
1) site selection and identification of cost effective ECO’s

» . . '

2) perform the A/E design to accopplish the retrpfits

3) dmplementation of the retrofits e P .

' 4) results monitoring >

5) dissemination éf the findings. :
7

1
|

|
The major portion of the funding for phase 1| was provided by the Federal.

Energy Adminstration (FEA). ©Phases 2 through 5 were funded by the United
States Energy Research and Development Administration (ERPA) and 1its' sycces-
sor, the U.§5. Department of Energy (DOE). A non-government portion, amounting
to approximately 25X of the total retrofit cost, was provided by the school

. i ‘
l. Public Schools Fnergy Conservation Measures Reports prepared for the

Federal Energy Adoministration by the American Association of School Ad~ =g

_Ainistrators, Public Schools Energy Measures, Management Sunnaries (Ap-
pendix 1).. ° - . °

-
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. systems involved and by private sector donations of nater fals and services.

" Upon completion of phase | by AASA, Lawrence Berkeley laboratory (LBL) was

gelected by ERDA to conduct the rematning ptases of the progfam. LBL subcon- —

tracted phases 2 and 3 Lo AASA. Phames 2 and 3 were oxpected to hdve been
completed before the 1977-78 school year in order to provide two heating sea-
sons during which the space heating and electricity savings were to .be moni~
. tored.  The necesSary retrofits were not installed during the L977-§8‘season,
. " due to funding, procurenment, contracting, and coordination difficuulcies.
. Thergfore, significant data were ot gathered until the 78-79 heating season.

J = .
When the preliminary 78279 data were d@nalyzed and.it became evident that
the anticipated savings-from the implemented retrof its (about 60% of predicted
heating fuel savings and 15% of predicted electripal savings), were not Yeing
‘achieved, a plan for investigation ‘was formulated and implemeated. This
investigation included a closer sCrutiny of the phase ! and phase 2 work, and

an on site verification of retrofit and monitoring system operation. The fol-
lowing were observed: :

l. Sorme of the phase 1 reports predicted”substanctial savings which could |

] not be produced by the retrofits as envisioned, or predicted savings
greater than would normally be considered reasonable.
B ey .
2+ ECO's (EnergyFCodservation portunities) that by themselves could
not qualify as cost ef ective had been combined with other EM’s
) which were predicted to be highly cost effective and Justified on a
combined basis. In several instances the specifications generated to
,acconplish the cost effective retrofits did not accomplish the fntent
of the phase ! recommendation. ‘

1

e

4. Many retrofits were not completely implemented to either &he specifiw=
cations or the phase | recomnendation.

L)
. \

5.+ Some "energy conserving” devices not recommended by phase | were

employed and,, as {installed and adjusted, increased energy consump-
tion. ° *

Pl
L}

6. Some participants insisted on keéping thelr systems operating on a
high energy consuming cycle for the comfort of a few "after hours"

. personnel. '
Lo 7. The room temperatut¢s in some schools are’being maintained substan~
. tially higher than those used in \preditting the phase 1 savings.

. 8. Unsinulated circumStances such as stolen air compressors, school
fires, *long periods without power due to storms, problems with ol
. - tanks and o1l suction lines, and equipment malfunction and failure,
- contribute to making actual restilts differ substantially from

ot predicted resules. . !

’ .
9. Some savings predicted by phase | were cq/have'begp based on retro-
£1€s i{mplemented by written or verbal "1Q§Cructions to the operators"

. which wére never given, with a resultant inability to achieve
.ot prédicred savings. . .
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W 10. Maintenance in some of the sChouls has been péor. resulting in both
direct and indirect’energy waste. ™~ . . g

) . N

. ~

It became clear that the data gathered could not be used to accurately,

v verify the predicted savings attributable to the ratrofits, since many retro-
fits were either nont installed according to recommendations or were obviategd
by bad design, improper maintenance, poor calibration or other problems. By
theifime these difficulties wete sorted out and resolved, a ‘substantial por-
g | of the 78-79 seasom had elapsed. Thus, the amount of good data acquired

) 'during the 78-79 heating séason was not statistically sufficlent to validate

.the anticipated savings. ,The savings shown {n the.report were, in-fact,
achleved; however, the final savings are difficult tp attribute totally to the
goals set by the Progran. The.savings attributed to the implemented‘retrofits
are mot necessarily indicative of the naxinun savings possible, .since the
regrofits had not been properly in place during the full heatlng season.
}

"~ Much can be learned from this experience. Very few school systems can
atford the costs involved in identifying "cost effective Energy Conservation
Opportunities” in the canner used by this program. Bettér resuits than those
achieved by this program are needed. Most of the retrofits employed in this
program, and sowe that were not recommendded by this study, can,be very. cost
effective if properly implemented. It is possible to implement minimum capi-
tgﬁai;:;ovement of even no-cost operational changes, which may result {n sub-
staft energy and commensurate cost savings.

it g cle%r.that the savings that can be achieved by many school districts
from conservation retrofits will not be achieved until the school administra-
tion takes the necessary steps to educate existing personnel, or to employ,
competent professional malntenance and design personnel. The higher salarfes
démanded by a professional staff can be considered a good investment since the
effects of thelr wark will be repald many times over if their recommendations
are competent\and'thé work {s done in a professional way.

If- energy conservation of a magnitude approaching the potential is to be
accomplished by the schaols ©f America, a simple ECO i{dentification and imple-
mentation method must be found. It is to this end that the authors hope the
information ‘contained 1in the balance of this report will be useful to school

administratars, plant engineers, consultant design engineers and goverament
policy make?§3§¥_) ™

LY
L4

e L3
Portions of this report are somewhat techdical in nature and nay, ar first
reading, be difficult to understand. To thvse readers with non-technical
backgrounds, we regcmmend consultatrion with .pessons within their organizations
who are familtﬂf with mechanical systems in buildings. For example, a school
[

*Contingent fee contracts based upon energy savings, which are frequent-

* ly entered 4nto by firm$ and individuals active in the conservagion ~ -
area, often result in an excessive fee to the person or firm recopmend=
ing the relatively low-cost operational or malntenance changes that
result In substantial energy savings. 2t is considered better for a
school district br building ofmer to take these substantial savings apd

reinvest them In more capital intensive, lopger term payback energy re~
trofits. .
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N 4 , a .
administrator may benefit from-the counsel obtained from the Supe:inte_nder(bof
Buildings and  Grounds, for the school 8ystem. The conservation measures dis-
cudded represent standard engineering practices) however, it is Ilmportant that

the operation, "désign and wsystems of the {individual school be taken: tnto
.accou:}t. . \ .

Finally, it should be noted that, for the most part, the personnel in the

participating schools gave full cooperat ion to thix program and were dedicated
to the common ]335}.

5 |
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- ’ ' . l,/f Chapter 1

. L - INTRODUCTION e :

* The objective of the "Saving Schoolhouse Energy" Program was to generate
. information that school administrators and federal energy/education decision
. makers could use to identify ways of dimplementing specific, economical
remedies to reduce energy waste ip schools. This program was designed to have
five phases: . ',
& « - -
L - . - ]

-

1) ¢onduct an'energy audit of ten "typical" elementary schools in vari-
locations to identify enkrgy conservation opportunities with an
attﬁactfve payback pertod. ,
. .!"' )

2) Design the.selected retrofit wodifications for these schools.

3. Inétall the retrofit modiiic&tions and verify thelr installation.

’
s

+ .

4) Monftor the energy.use of the buildings after retrofit and compare
with the energy use prior to modification.

.5) Develop a plan to disseminate the information to school districts and
others interested in energy conservation. . ‘

The American Assoclation of School Administrators (AASA) with funding from
the Federal Energy Adminlstration (FEA) Qﬂ{tiated the "Savinp. Schoolhouse
éﬁ? Energy" Project in early 1976. AASA completed the phase 1 aydit 1in May 1977.
" Lawrence Berkeley Laboratory (LBL) was then 8elected by the Energy Research
. and Development Admimistration (ERDA) to conduct the remalning phases of the
program. LBL contracted with AASA to accomplish phases 2 and 3. LBL was the
prime contractor and had responsibility to develop the phase 4 monitoring sys=

tem, and to analyze the effectiveness oi the installed retroiits.

7" AASA used the follqwing criteria for selecting schools for thecggggram;

v
! '
- .

1) Type of_scructure : . .

.
*

® '
s 2) Predictablg consistent usage patterns after modification

1 Y r
3) Building life‘expectancy’ . ] .
4) Building size .-
s size g | ‘
*5) Student enrollment - oL

6) Avallable energy consumption data

[} . -"6"
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. . ) ./'\
| SR I ,

’ 7) Expected energy savings as pxedicttd through the use of the |
. Schools Energy Conuervation Services (PSBCS) computer .program

8) Typinil schools, not "bad exanples“ : .

.
[ .

-squave feety six of the schools have original structures that were bullt from
1949 to 1954; the.oshers were originally bullt in 1925, 1965, gnd 1973.  The -
number of btudentﬁ rangeg from 300 to 559, The walls of the schools range fronm
5% to 50%-glasd. Lhe heat loss coefficients (U) of the schools’ walls range

- from" 08 Btu/hr/ft /° F to .40 Br..u/hrffr. 20 F; @U value “of the roofs ranges

from .10 Btu/hr/ft?o Fto .34 Btu/hr/ft FAN of the" schools use wunit

) ¥ yentilatars twe use central ai; handrens,-one, heated with radlators adone,

g utside air by, infiletation gnly. .One school® 13 centrally- alr condi-
gi All nine schools are heated by builers; some of the schools also pse
rqdiacwrs, abinet, heatLrS, convectors, or hot water converters. One of the
" sthools has a rooftop dir’ condizioning unit for a new addition office area, as
well as two window alr conditioners, anctncr school has afne wind6w air condi-

‘tioners, (For a detailed description of the séhools’ physical plamts and °
their HVAC systefs see Appendix 1.~ ‘

- .t N . ”
The retdofits reconmended most ofted in phase 1 were:

" 1) reds tside’ ' ' '

reductng outside air

x " r

—f*Q) increasiné boller efficiency - v,

‘ab)v installing temgeratfure setback byscéhs for lowering temperature

\ : during undccupled periods. . -
" - . - { \

Most of the ;etroftt costs were federally 'funded; however, schopl ,dis-
trices did pay from 10Z-15% of é;e cost of rétrofit installation plus the cost
of delsign fees, where required.* Also, AASA solicited material and/or labor
donat{ens -on school districts, eig., energy efficiept fluorescent lights and

-

insulation. £?omb1ned non-govérnment ‘contr{butions” were equivalent to
_apbroximately 25% of the ﬂotal retrofit costs. : N
- y ' ‘-

To measure the resuf?% ach;eved by the retrofits, all schools were ngni-
tored manually and, in addition, a computer based data acquisition system was

installed at the three schools. In-all cases, utility records were use&x) .
. I 4
4 4
)
L ."' .
. ' »v .7

*The'"Energy ﬁnnservation Opportunities" identified by the PSECS program
‘difgered substantially from those found to be "cost effective” .by the
coqgercial computer -programs used by the consultants who gonducted the L
" sphade 1 energy audits of :he schools. . . .

The schools sedected range in size frop 23,610 square” feet “to’ 49,314, ¢

-
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T *SELECTION OF ENERGY CONSERVATION RETROFITS
. . . o
. '
1

-
L]

[ . ’ .
‘ -~ '.ndér phase 1, euch schéool was given a thorough and comprehensive

engineering analysis by a réputable Eonbuiting‘engineer}ng firm #d order to
. -, ldentify cost effective Energy Conserving Opportunities (E00°s).q
. " consumption, the physical characteristics of the building, th

the buiddidg ‘and mechanical system, and use patterns _ of the/building and
mpéhan}cal systqn'were_ipdividually determined py site inspectyons, interviews
‘with owmers and operato ¢, and by a pldn and specification review.

ast energy
condition of

’

I * - \j g
Next, each school’s operating charaérteristics wete sim

ated on a computer '
. exploying, either of two cormercially available proprieta gomﬁhtgr programs. -
The cofputer simulatlon was then analyzed to identify ECO°s.” -
' _) *

. After {dentifying the ECO’s, a cost analysis was erformed to determine . °
the cost effectiveness of each. An ECO was consideted .cdst effective 1if the
cost of investment couldMbe recovered by enérgy sav g8 within- twelve years,

assuming L vcosts’ escalate 10 % per year, wit interest rate adjustments. '
Table 1 113¥s recommended' cost effective ECO's., .

» ECO’s identified as cost effective were. impfemented in various ways . In
some instances, an arc}itectuze/engineeriné (A/E) firn was 2mployed to prepare

. bidding documents for all or part of the retrofits. In ofher cases, the
design and bddd;pg phases were handled informally; the school administrators
or their staff personnel dealt directly wi

L the contractors. In all
the design and physical instal

cases,
‘ lation of fetrofits were inspected and approved
by at least.one engineer. ° . * k '
. ! h
o, - ‘ Cote
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*At a later date, 96e new DOE~1 computer program was tested againsy the E
. resules obtained rom the proprietary computer rR¥ograms. The results are * -
‘ presented in LBL Hublication #8449 entitled, "DOE-1 Simulations o " Ten
Elementary Schoqis: Base Case Reports.". ‘e P Lt
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Y - T, . MONITORING OF ENERGY 'USE .
- 0&

] o * - 7 - - T—
The objectiv;qS£ mponitoring eﬁergy use was to determine actual energy sav-
' ings resulting from the retrofits. Savings at each school were calculated by
.comparing monthly electricity and heating fuel- uge before and after the retro
fits were 1iaostalled. This procedure was called "manual monitoring,” and wis
. . used at all hine Schools. 3§ .o .
Detailed monitoring systems wére also installed at three of the schools. |
g Hicroﬁrocessorebased systeds saxpled instantaneous values and calculated J
|
1
E
1
|
1
1
J
|
i
|
|
l

hourly average values for heating fuel and electricity use, - temperatures,

heating nedium flow rates, epd heat transmission throughout the building. The

. detailed nonitoring was imtended to help define the actual savings due to
\7 : individual retrofits, to “betCer understand the patterns of energy 'use at the

three schpols, and to evaluate the effects of experimental changes 1in school
plant operation.

) . '\‘1/ ) J.% R 8 ‘
s . - 3 , .
. . Manual Monitoring . =4 . >
- Using the manual nonitoring data, monthly electricity and heating fuel use

were compared for periods Before and aftér the retrofits were installed. This
compir;son indicated the conbined benefit of the retrofits to each school.

P e ’

Ladl ;L The procedure wor Ked quite smoothly
owever, . eeveral problems occurred.

- -

d inaccurate readings were rare,
se included: \

o

-

2 - 4 . 11
B 1} Irregular meter readipg dates by the utilities in past, years.
) ‘Year-to-year dtffergénces’ in  meter reading periods made month- {
to-~month compariso 8 of savings difficult in some cases. j
, .. v 1
' A_2) Fallpres of fge oi]l flow weters. Heating oil flow meters were
installed. at /the four schools using fuel oil for full back-up
T - heating. Elg¥-meter fallures occurred at two of these schools. |
o - "Stick" fugl tank readings were used to~Eu ment the oil flow )
. ’ meter readdings, | ’ 1
s - + 3) Lask of precisiodbin deternmining base year oil consumption from
Y. oil delivegy records at two of the schools. .
. t . Y , : g
. . - These problems did not gignificantly affect the overall accurdcy of the L
. manual monitoring results. > : v
[ i ta - VvV v ,
“ ] The manual monitoring procedure involﬁéd three basic steps:
L] ;‘ - ‘

1) Past energy use data were collected,, based 3n monthly wutility

* records. y ‘

’
-
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" 2) Uttlity meter réadipgs were taken manually every two weeks during |
the 1978~79 schobl year. The readings'weré made by school dig- |
trict personnel and sent to Lawrence Berkeley Laboratory. LBL °° . |
cross checked ;H@sg manﬁil readings with thejutility bills for |

. - L)

the samé time perfod. '

. .

.
- . 3) At lBL, monthly electricity and1ﬁ:;t1ng fuel use after refrofit ;
S . installatton - were  compared with .energy consumption for the v o
. corresponding month in the base year (the year used in phase 1| . I
C predictions] and ip the year prior to installation. The heating | ‘i
fuel use conmpariigons included degree day corrections for year- . 5
. to-year temperature differences. C . |
4 . ,. ’ ) ' »
Detailed Monitoring ,.. .- v . Tt

i Thirty to forty points uefe,mon tored at each of two schools. Over 90
data points were omonitored at the tHird school. . . v
The bastc%objeétives of the detailed monitoring were to: -
\ - . i
1) Help %o check for correct retrofit operation.
b - - N

'ﬂ“\
2) Help to define the benkfit of each individual retrofit. A .
3) More Eully uqdé5§tand the actual school operation. . .
g h 3 og
‘aﬁ) Define building energy use patterns. . . ‘o
* ' " ~ - Y |

S . -«

The three schools were chosen becayse togethér they included examples of . ,
the major retrofit 'types used in this program. A summary of the building |
characteristics and the. installed r¥trofits at each of these schools 1s
presented 1A 'Table, 2. .. .

’
. e .

.. .
Parameters Monitored . agr :
. . ’/. - .

At’ the two schools with fewer séﬁsors, the monitored values included: heat
input and temperatures in two classroows, heating fuel and electricity use by ) .
the entire building, heat output‘frop the.boller, and pump and ventilatioe fan ~\
on/off status. Outside alr temperature, wind speed, and wind airectionsigre Qo -
also monitored.at both schogds. 1In addition, the surface temperature differ- |
ance through the roof and,giat flows through insulated and uninsulated window .
panels wvere monitored at ope of the schools which had been retrofitted with
insulation on the roof and'on 302 of the existing glass area.

Ar the third school, additional sensors were added to gmore completely 4
define temperatures throughout the school, to monitor door and window opening, . .
and to measure meteordlogical and . solar paradfeters 1in wmore detail. Ihis
school, comprised of Two builqings,'uas chosen for more compyehensive monitor-"

ing because the nature of 1its construction provided a potential for comparing s
two different structures. Lts original building is a two story masonry. build- .
ingy built in 1949, with 22X glass area; an 4ddition, built in 1955, 1s of h '
stéel frame construction with a 58% glass afea.
. .. ) - K :
- ® I -
- - '
* =10~ ). i
' s
] \

.
-
.
»
—
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Si1ze

Year .
Burit '
Number of
Students 4.
Staff

Schoo)
Houry

- & — -
Construction

Lighting. .

" Hpating and .
entilation

T —

e

A e s e e e e e — e

L [} 4 ¢ 2
* 4 , 1 ¢ . / ~ '
. . 7
= * ’ ‘_ " ¢, ' I ' . .
" 1 o ./J ”
TABLE 2  INSTRUMENTED SCHOOL DESCRIPTION , W
U S S - _ 2 - ~ j-. . be TR -
SCHOOL 74 ; SCHOOL #6 ' ’!_ ' . -SCHOOL #9. .
82,765 £ | 32,000 ftf . - *oan,124 £18 ¢,

[PPSR U I —

1949, *1955 Addrtion’ *

B e e

Students 475 (x-6)
Staff

b ——

k1 E

1954, 1955 Addition,

1957

- e — e b

* Students

300 (¥-6)
Staff, . .

25

Students: 503
Statf. .35

& 458m - 315 pn

|

8:40 am - 2:40 pm

s

9:00 am - 3:15 pm

1] L)

3riginal Structure (1%¢9)- .
23,500 ft2, 3 stories; Malls:
'Face brick-on concrete block,
"oof. Built-up, insulation

baard on steel deck.

}
oo *
"Addition,  (1955) |

|

1
19,200 ft2, 1 story walls, . r
i Facesbrick on concrete block

,Roof: Built-up on Tectum panels 4
A

| . . ]
, Fluorescent !

1 - &
' + s

— ——— s

Original Structure and
addrtion. Single story,
Walls: Face brick, filég,
and concrete block, 32%
.Glass. Roof: Built-up on

© cedar wood deck, part of

~ . hoard.

e e ——— ——— B Bt S E P SRS S TP

roof with added wnsulating

IR

1

.
— e = st g

« Roof:

Single Storgs .

Walls: Face brick and con-
crete block. 50% glass.
Steel*deck, rigid
insulation, built-up roofing.

. >

Fluorescent -

Incandescent (befnre retrofit)
Fluorescent and H. P, Sodiun
{after retrofit) c

,Unit ventilators  Steam.in I.- !
coriginal burlding, water in ’

Hot water b&seboard heating,
4 central air handling units

Hot water unit ventilators.
One gas-fired hot water

Typical annual
Degreesdays

——— .

Typital heating-
Fuel use (be-
fore retrofit)
B¥/hr/Ftd -
Degree-day .

S

. Q ‘
" ERIC:
DT e provice oy i [l

5. .

<y addition. 2 gas-fireds . for heaking and ventilatinag boiler. '
;bovl rs. . , " ; two gas/o11 hot water boilers
| . ' !
\ 5700 6100 8200
A - : : -
: 28 ) Y 15 :
A . »




RETROFITS AT INSTRUMENTED SCHOOLS.
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TABLE - 3.
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11/78

12/77

11/78

o

» but not implemented

P = proposed




, was compromised by problems whitch included

Sensors . . N :

Thernilinear probes were used\for sensing ydter and air temperatures in
the school. (Classroom temperatures were monitored by foyr temperature sensors
arranged between the floor and the ceiling. Normally, the average of the four
sensors was used; room temperature stratification‘of Iless than 3°F was typi-

cal. g

Qutside alr temperature, wind speed, Je\md wind directjon were measured with
a commercially available weather station installed on the- roofs of the
schools. In the more complex system, the weather station also measyred the
dew point temperature and precipitation. Insolation (amount of sunlipht) at
this site was neasured by a precision solar pyranometer. )

Water flows were measured by positive displacement flowmeters ranging fron
5/8 inch to 6 inch pilpe size. Cas and electric&;y was nonitored through
pulsers {nstalled on the utility meters, At 'one schoM, heating oil use was
nonitored by pusitive digplacement flow meters in the oit supply and retrurn
lines leading to and from the oll tank.

L]

DaEE‘Collection Systen . .

The data collection hardwaré at each schbol was controlled by a wmicroprd-
cessor. The microprocessor "read” the value of each of the sensors once every
5 seconds, and the cumulative sums of these values during an hour were stored
in the nicroprocessor. At the end of_each hour, the hourly avérage of each
sensor value wag calculated, as well as a meagsure of the sensor’s: deviation
from the average/during each hour. ;

‘These “hourly averages and values were stored 1n the memory of the
microprocessor at the schools. Periodically, the data were transferred by
phone line from the microprocessor at edch of the three schools to LBL. These
data were transferred to off line storage ac¢essible by the main computér sys-

tem at Lawrence Berkeley Laboratory and were avallable for nore detailed
analysis. ot A .

fMnformation Gained from Detailed Monitoring and Experimental Changes.
L ™
The detail@d monitoping produced information helpful to understanding the
differdnces between th%factual energy savings 3nd the predicted energy savings
(a topic which w{ll be'explored in"depth f{n Chapter $) and permitted some

indication of the energy saving congributiom of several individual retrofits
installed at each of these schools. The usefulness of the accunulated data

—

.
LI 3 )

. s . ' 1
l.‘ Operational variances withid the spaces of a given school. Thus, the
temperatures, flows and system operation observed in the monitored

spaces were not necessarily representative of the &ntire system in
that school. .



A b

. ’ . 2- Failure of data acquisition hardware . Fajlure of flow neters stand . ~_ "
' . terperature sensors and, in one case, frequent total Detailed Moni-k ‘
toring System (DMS) shutdown interrupted the flow of usable data.
3. Tinme and distance, Delayed completion of the retrofits limttéd the
time during uhiéﬁ meaningaﬂl data could be gathered. Delays were'
e

also realized in Betting the DMS"s reliably operational. Then delays -
— 1in recelving and analyzing data coupled with, the distance between LBL LI
and the monitored site made discovery, verification and correctian of -
)y ’ ] '
problens difficule. s "
The above probiéms, weather vériations and the fact that this monitoring ' i

1

was  conducted remotely for occupied buildings made it extremely difficult to
conduct a precise, controllgd analysis of the benefitg derived from i{individual
retrofits and operational changes. However, by analyzing and qpmpariné data
from relatively lopg time perlods, consistent trends were okserved and :
defined. Wnile the information gathered {s not precise, it nonetheless glves

. a general indication of the\fnergy savings produced by some individual retro-

/;;’,// fits and operational changes’at the three schools. L.
»

Before the retrofits were installed, the average dailly energy use a. the™ '
. three schools ovet tie 273 days between Septembgr 1 and June | fanged from 93
to 300 therms of heating fuel, and from 490 to 990 kilowatt hours of electri-
//‘\// city per ‘day. At a heating fuel cost of 30¢/therm and an electrical energy -

cost of 4¢/kWh, the average dally energy costs would have ranged from $48.00
to 52040000 " ¥

)

Informétion obtained from the detailed monitoring at the three schools-
indicates that . b
| .
l. The "night setbackn retrofit-(indolJing operating with lower thermostat |
'settings and without ventilation during non=school hours) was not well |
lnplemented at two of the three schools, thus the resul ting energy savings |
attributable to this retrofit were less than anticipated. For example, on v
weekends and holidays these two schools used more than 90% of thé fuel |
' used om schooldays.” At cthe third school, where "night setback” was to
60°F and was properly implemented, the weekend and holiday. fuel uge  was
reduced to 70-80% of schoolday use. - ) < :
. . 5 . =
2. Shutdown of the boiler and hot water heating circulating pumps during
periods of mpoderate weather {(typicplly less _than 25 degree days) was |
e acconplished at two schools. This shutdown operation was particularly
- effective ag/the school where the "might setback” retrofit was not well ’
- implemented. At thls school the heating fuel savings due to boiler (and
pump) shutdown were approximately twice those realized at the other school. !
with properly implezentgd night setback. "o

- Obsegved energy savings produced by this retrofit radéed from 50 ,to 100 |
therms per day of heating fuel and 100 KWH of electricity. Using the -——7 .

energy costs preyioisly stated, the dally ‘dollar savings ranged from
$I8.00 to $33.00. )

. ‘ -

-
|
|
|
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|
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|
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|
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At 3

~

. 3. At school #9, the addition of 2" of.ro6f insulation (reducing the roof "U" .
value "fron 0.12.to 0.08) resulted 1ip an observeé ‘use savings of
AY

ppproxﬁmi;ely-loz.
. . - f! ’
* 4+ At school #9, 2540 ft.2-0f window glass (about 30X of the total glass W
area) was covered, with insulating pandls ("U™ of 0.18). The observed fuel
Savings produced by this retrofit was approximately 7%. )
- ' . -—
5¢ Outside ail temperature (degree days) was the overriding weather {nfluence
on heating fuel use at the schools.| Electricity use vas not clearly

dependgnp_on degreg days, except where boiler and: pump shutdown occurred
ddrizg‘warner weattier.
s

6. Wind speed was depoﬁstreted to have a signiffcant impact upon heatirg fuel

'y use 0a school days, but not on non-schooldays. Based on results fron two
Of the schools, a wind speed 1increase of 10 niles/hour capsed a_ 25%

increase in heating fuel consutiption during a schoolday. This increased

dchool day fuel usage s related to door (and possibly window) openings

that occur when the school {s {n operation. .

L

}
'1
7. Outside door use was monitored at schools #4 and 6. Typical "open" ¢ time
for mnain outside doors was from U& to 1 hour per schooldqy- Average use
. of all outside doors rapnged from 1/10 to Y, hour daily per door.
- \
o
8, A school ~#4, the heating fuel use on cloudy .days was typlcally 10-15%
. greater thad on sunny days. >
9. At school #6, adding turblulazors to a single,-well maintained boiler pro-
- duced an observed 2-3% boiler efficlency increase. b

* 16. Also at school #6, heat input to the two monitored éxéssrﬁoms was reduced
at least-l5% by the addition of an inside plastic coVering to the windows
%g the classrooms« :

11. Lighting atcounted for half to three quarters of the elecricity use at the 1

.- . thrée schools. ° . . .
I

12. At school #9, the Tepf}cement of the existing 1incandescent lamps with l

high-efficlency Muorescent and" high pressure sodium lanps resulted in - .

overall electricity savings of 31X, The savings in electricity for light - j

ing in individual classrooms waé'approximately 40%. 1Increased lighting . ?

levels were rebonteq in' this school after the new, lamps were installed. 1
a e * 4

, . ' ;-I /\




. (hapter 4 . - .
' ' . RESULTS / '
~ * . v
d ] ' ' g - |
After the 1973 ofl crisis, many school systems initiated thelr own conser- -
vation plans, with varying degrees of success. Historical energy/use at the
I schools obserwed was evaluated in light of existing conservatign programs
(many of which were diminishing at the time this program was undertaken). In
this evaluation, energy use since the time of the oil embargo, and energy yse .
before and after the retrofits were installed, were compared for all of the R

schools together and for each school individually. .

-
-

. Year~-to~year totals of actual heating fuel use are presented In Figure IA.
Corrections were made for yearly differences in heating degree days. This
. cobparison shows a 15X reduction in heating fuel use between the 197475 ' 1

school year and the 1976~77 schodl year. This decrease was due to energy con- . |
serving actions taken by the school districts prior to the installation oF any
of thq\fetrofits of this progranm. . T

Between the 1976-77,school year and the 1978-79 school year, an ,add {tional
17X+ decrease 1In school heating fuel consumption occurred. This decrease was
\ due to the retrofits as installed: At three of the schools, retrofit instal-
lation was gubstantially completed during the 1977-78 school year. At the ‘
remaining six schools, the retrofit installations were substdntially completed
during the summer and fall of the ]978-79 school year.
|

Year-to-year totals of electricity use are presented in Figure 1B.
Between the 1974-75 and the 1976=77 school years, before the retrofits were ;
installed, energy conservation actions achieved .a 15% savings In electricity. _
Between the 1976=77 and the 1978-79 school year, electricity consumption was
reduced by an additional 3%. ’ 1

’ N
’

A school-by-school review of historical energy use 13 shown In Figure 2.
Heating fuel wuse 1Is shown In Figure 2A for each of the schools {in Btu per
. degree day per square foot, Btu/DD/fts?). At the four schools with the
highest annual heating fuel consumption (20 Btu/DD/ft.2 br greater) reductions
in fuel use were made by the school district personnel beforg the retrofits of ‘
this program were {installed. At two of the renmalning f£ive schools, heating
fuel increases occurred. .Heating fuel savings occurred at_ six of the nine
schools after the retrofits were installed. '

”\\h ,Electricity use is shown in Figure 2B on a kilowatt-hour per square foot
asis. Before the retrofits were installed, significant electricity savings
had already been accomplished at four of the nine schools. The. two schools

wi annual electricity wuse above 5 kWh/ft.2 showed electricity reductions -
during this peried. ' Lt

"After the retrofits were installed electrical energy consuomption was
further reduced at two of the four schools having significant pre-retrofit
savings. One school which had been increasing electrical energy use before |

- Yretrofits, reversed thia-trend after retrofits were Installed. The other six
schools had no post retrofit savings or had increased electri}al energy use

- - ¢

~

-lbm .
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7/ . FIGURE 1. HISTORICAL ENERGY USE .
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Actual vs. Projected Savings

] l 4

. . <
. The total savings at all of the schools were compared to predicted save

lmgs. This comparison, shown in Table 4, is based on'savings Qccrﬁing afgsf
the dates the retrofite werd reported to bi complete. |

~~

. \
Table 4A shows that 1f the predicted savings at all the schgols had¥™
A N been realized, the overall heating fuel/savings would have been 37% and the
! - - - overall electricity savings would have been 18%.

L3

If the actual savings are based on the "baseline year" used i{n the .origi-
ral savings predictions (the 1973-74, 74-75 or 75=76 school year, depending on
he school) the actual-savings were for heating fuel and 4% for 'electri-
city. Note that these "actual savings" values include the godbined\benefxts

¢f the "Saving Schoolhouse Energy" retrofits and independent changes made by
% the school district personnel on thel own, after the "baseline year." In some

cases the retrofits automated the’mansyal energy conserving procedures already

Instituted by the schools. ) . ’ -

To more closely approximate the direct benefits of the "Saving Schoolhouse
Energy" retrofits alone, these "total savings" values were re-computed based
on the year before the retrofits were installed. This way, the benefits of
the changes made by the district personnel between the "baseline year" and the
"year before retfbfit" are at least partially removed from the total savings

values. Basedégﬂnsﬁzhe "year before retrofit," a 15% savings in heating fuel
. was achieved,, a electricity showed no change.-

-

. A school-by-school breakdown of actual vs. predicted savings is shown in

Table 4B. The reasons fgr the differences between the actual and pfedzcted ]
savings are discussed in Section 5. ' i

' -

g ' <




- TABLE 4. PREDICTED vs. ACTUAL SAVINGS °

(THRBUGH THE 1978-79 SCHOOL YEAR)

b
4 Basis of

A. TOTAL SAijGS DUE TO RETROFITS - 9 SCHOOLS

Heating Fuel?

. Electricity
»_Savings _ ~ Savings, % Savings, %
A. Originally predicted savings - 3% 18% ,
ifi energy audif . )
B. Actual savings - based on .
baseline year of original . 28% 4%
energy audit predictions .
C. Actual savings - based on t
year before retrofit 15% , 0.4% \
Ll b N
4 v
B. SAVINGS DUE TO RETROFITS - INDIVIDURE SCHOOLS . -
g \ !
Heating Fuel Savings+ P Electricity Savinﬁ
School originally | Actual Actual Originaliy | Actual Actual
Number | predicted | {Basis "B") | (Basis "¢") Predicted | (Basis "B") | (Basis “C")
4 . <3
i 49% 31% 35% \ ug, |, =+ - *
.2 a1y 36% "20% TNl [ s *
. . r
3 28% 19% 11z ‘N.C: o * *
4 57% . 4% T 20% \—~ 30”" 8% . *
5 18% 18% 3% . N. 1 * .
- )
6 29% 10% ~2% 35% rR2% , 6%
7 3|, ] 2o 33% 15% * 65 =, -
8 50% 32% 1% 18% 15% *
9 54% 21% 14% 43z 38% 29%
' <

+ Corrected for:year-to-year degree day differences

* Electricity use increase

N.C. - No Change.
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WHY AC'.I'UA’., RESULTS- DIFFER FROM PREDICTED RESULTS 1
- J :/'---/. ‘

.
L .

. ' |

Jp— It was envisioned, that the energy conserving retrofits would have been |
installed before the 77-78 heating season. This was not the case. AS shown in 1
Tadle 1, only one school reported its phase } retrofits completed for a major Yo
part of the 77-78 heating season. Two other schools had their retrofits sub- ‘
stantially completed before the end of the 77-78 season.  lost schools did not |
report thelr retrofits,complete until.the surmer of °78; some were as late as’ |

X nid-Hovember “78. This e completioit of the retrofits precluded the data v .
collection necessary foWPanalysis of -retrofit results for essentially all of |
the 77-78 heating season and for avsubstantial po:tioniyf the 78-79 heating '

) 1

season. . « -

’,

* There is a time lag inherent in data monitoring. For sites monitored
manually, there was a delay Jn.receiving utility bills and neter readings and
a further delay in nor@glizing "and evaluating the data. For computer-
monitored facilittes, there were ilso delays in debuggipg the data acquisition
system,‘in transnitting the accumulated raw data, in converting the raw data °
to usatle {nformation, and in the eValuation of that’ information. ’
\ RN
At the outset, some of the projected savings were questionable. For exarr
ple, one phase | report predicted that a large savings of electric power could °*
‘be effected by lowering the temperaturé of the air leaving hot water heated
. air handlers. This predicte¥ power savings can not be justified. In another
phase 1 report a very large savings was attributed to a night setback retrofit
even though the investigatfng engineer expressed doubt that a savings of such
magnitude could be achieved. This engineer chose to stay with the prediction .
after” rechecking ’h‘é inputs to the cbmputer program, even though the predig-
tion did not seem teasonable to him (or to us). This experience points out
= the validity of questioning the output of a computer when such output appears
unreasonable . ‘. .

Comparing energy, consumption on & degree day basis has certain limitations
since, for any given day, the degree day figure is the difference betyeen the
average, or mean,.temperdture for that day and 65°F. Varigbles which also

. have an-‘impact upon fuel consumption, such as amount and intensity of sunlight
and wind velocity and direction, are not taken 1into consideration. Since
there 1is no  other rgadlly usable basis for cotparison, it is fortunate that
the magnitude of errpr will be Less when comparing the number of degree days
for various years 'at any giveﬁ site’ than when comparing degree days at two
different sites. “Abmorpal weather patterns at any given site can lead to
erroneous cbncluSiEns when using the digree~§ay basts fqr'Eogparisont

LI . -

s e A .
When the ronitored-results demonstrated that the actual savings attribut-
able to phase 1 retrofits athost universally did not appro%imate those antici- .
pated by the original engineering studies, it was deemed essential to conduct

© on-site, investigatigns to’ determine the cause or causes of these discrepan-
cies. ' .

-
>
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The find ings of thede inGestigatqua were  both  positive
There were several {nstances where nddit{onal "energy=-saving" a
~“taken (some of which proved to be counter-prodbetive). , Th
instances where the original cost-effective ECO's had not b
implemented or had’ been rendered “tnoperative by the Operators,o
{in act " least one instance, for valid reasons). In iddition,
unforeseen citcumstances developing during the school year that
erable impact upon 'ene;gy consunption. For example, one s¢
which'necessitated operating the school on a £ull ventilation-
. for two days to remove the smoke odor. At the same school,
control air compressor was.stolen (exactly vhen is, not known)
" system to be operated on an uncontrolled full heating cycle
nined period of time. At .another schooly the time switch ‘tha
control system from its occupied temperature cycle to unJEcup
cycle malfunctioneg.and, for a period of-\unknown duration,
higher temperature with full ventilation air both day and night

. . In most instances, the people at the schools were conscien
Lo canserve energy and to cooperate with the Ehergy conservatio

It is reasonable to assume that, had the recommended ECO’
tively {implemented, the retrofitted systems been maintained in
condition and operatéed as an:icipated by the recommended ECO’s,
more nearly approximeting those predicted would have been, achi
understand why the results do not measure up to the expectation
sary, to look at the irfdividual ECO’s as they were conceived
implemented and how System operation differs from that antictpa

Srat

1
The ECO’s are discussed in déscending order, beginning with
quently recommended retrof}:.

REDUCE "OUTSIDE AIR: Recommended for six systems, (five of which
with unit ventilators). In a sixth unit ventilator school, whi
taped the outside atr—dntakes closed, the recorniendation was to
outside air to satisfy code requirements. 3

- .

—~ The outside zir considered here {s "minimum" outside air.
ailr is that qﬁan:ity of outside air introduced by the unit vent
temperature of the room served is-at room thermostat setting.
cycle used at the schools in this program, and in most school
to operate as follMows: the outside aim damper is to remain clog
is completed, when it opens to ftspreset "nininun" positio
tedperature increases above the room thermostat setting, all

and ‘additional outside air, up to 100%, will be introduced into the room. To .

insure that afr cannot enter the room at too ¢old a temperature
unit ventilacor temperature discharge controller .intercepts the
from the room thermostatjand ‘provides a limit to the lowe

discharged to che“c.. >

Dampers in a unit ventilator  not lend themselves to prec

and  nepative.
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autwlde the bulldtug, upun wind dire. Lion and vetocity, and upon filter clean-
liness. These daopegs Alsu depend on  sealing strips (usually felt), and
damper motor foh#to efifect a ﬁreasodably leak-proof barrier to outside air
entry vhen the danmper is closed.’ . '

In three of the retrofitted unit ventilator eqdipped schools, the, post
retrofit percentage of unit ventilators having damper-related malfunction or
maladjustment varied from approximately 50% to nerly 100%. Damper blades and
erank’ arms were found loose on their shafts. Damper operators, even those
newly installed, did not effectively close the outside air dampers. In many
casea4~“£he sealing strips were not in place. The penalty of the above mal-
functions and defects can be total lack of contibl of outside air during. the
occupied cycle and the introduction of large quantities of unwanted outside
air during the unoccupied cycle of the building. In addition,‘danper nalfunc-
tion or maladjustment can contribute to freezing “of the heating coi1 within
the unit VYentilator. »

In one school, the intended conrtrol tycle would adnit__less-\ahtalde air
than the " e’ réquired, even 1if the dampers had been capable of unimpeded
operation, and also inhibited the full 100%,outside air cooling cycle. The
specification to accomplish the retrofit for another school prescribed outside
air quantities in excess of the code requirements ,stated in the phase 1
report. The authors are unaware of any reason for this action.

In three other schools where the classroem unit ventilators appeared to beg
operating properly, with approximately cerrect minimun outside air, unit ven-
tilators or ventilating units serving non-classroon spaces had not been read-
justed to pinimum code requirements and were introducing excess outside air
into the building. In some instances, these units are used infrequently.

In a school with a central air handler, the toilet exhaust fans expelled a
ouch greater quantity of air from the building than was introduced by the ven-
tilation fans. The higher exhaust rate produced a negative preggure 1in the
building, _causing increased infiltration and associated discomfort. In
several gchools the exhaust £ans, which the pre-retrofit engineering analysis
envisioned would be stopped during the unoccupied cycle, wére not addressed in
the retrofit specifications and, as a.result, were found to be operating at
all tlmes. *

.-

- .
Essentially all of the schools are stilivintroducing more, outside air into
the building than waq intended or specified. Some,also’ ‘adnit substantial
quantities during unoccupied periods when no outside 4ir is to be introduced

‘p§rou3h the unit venfilators. On paper this retrofit 18 very cost efiective,
b

t in practice it did not achieve tapget energy savings.
ey
IMPROVE ,BOILER EFFICIENCX.-Recommended for five schools.'

Ead !

.

. | I

Efficiency is defined as_the percentage of fuel converted to useful heat.
érprov g boller efficiency means that less fuel is wasted in the conversion
rocess. , In one school a béiler~bucner replacement was recormended in order
to t e advantage of the then lower cost of oi{l versus gas at that site -~ this
chadge was deened ron-epergy conserving and wds not!inplemented In 2 second
school, & new burner vas installed ip the existing botler in lieu of the
Le qfnended bofler-burner replacement, with |no detrinental’ impact on the

- . . H I .

é
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anticipated increase In combuStion efficiency. In a thiré casgk new stedn
boiler-burners'qpre sybstituted for the recommended new ho! water boiler-
burners recommended to replace existing steam boilers. This gubstitution pro-
‘'vided the anticipated increase in combustion efficiency but had a minor nega-

. tive {mpact on expected ov§§9kt‘operating efficiency.because of heat loSses
from the steam piping and converters which would. have been eliminated had “hot
water boilers been used. .

%
.

FOor the most part this retrofit has increased the combust lon efficiancy of
the boilers at these schools. fhege are twe notable exceptions, however. The
combustion effiicienty of the boiler in the school where a recormended replaceg

.mént was not'installéd has droppéd from a reported 80% to a redently measured *
. 72%, indicating a need kor maintenance. The combusti®en efficrency of a boiler
v which was retrofitted with a new burner was recently measured to be 3%, down
from the 82% measured igmediately after retrofit, because of a reported burner
* readjustment necessitated by an oil suction lin problen and because of
mechanical problems with the new burners. Correction of the oil suction 1I1ine
probler was delayed until*the ground thawed. . . ' :

\ As heasured in March 79, the overall unweighted average boiler ‘combustion
Noffjciefcy at £ull ' firing rate was 75% at the five schools involved th this

retrofit. 4nticipated combustion efficiency was 8Q% plus. Reported effi-
clency béfore retrofit was 70%. Therefore,' the time,oE$Our most recent site
inspection this retrofit was saving approximagely half of the anticipated .

N amount., X ' ‘
NICHT SETBACK: Recommended for four schools. In three cases, the night-time
or’ unoccupied .temperature 3as not specified. Also, in three cases, the set-
back hours were not spetified. ' ’ .

= 7 It ds conmonly cohsfdered desirable to provide a night setback of approxi-
mately 10-15°F less than occupied temperatures. It was assuméd that a tenw
. perature no higher than 6D°F for unoccupied ‘peripds was used in the computer
simulation-to, irrive at the preditted energy savings. Further, it was assuned

that, in the simulation, the system was presumed to be indexed to vccupied -
temperature gomewhat before the normal beginning of classes and to unoccupied
. femperature at or about the end of the full occupancy school day. It was also
assumed that tle system remained on the unoccupied cycle for the duration of

weekends, holidays and vacation periods. . //i

, . A . '
’ In three of ‘the schools, we found the night (unoccupied) thermostat set
points to be yidely variable and nearly-universally well above the assumed
! $0°F target. ,An soge rooms, the night control poigt was at or above the tay

~ \ setting. Night control points of as high as 80°F were observed, with many in
-, the high 60°s to mid 70's. -0 . ’
» ’

. In two schools, the principal had ordered that the system be kept at full
' daytime operation in the eptigé school wntil 5 p.m. (clagses end at 3:15) so |

. that the few people stili in the building would be comfortable./ Three of the

. 8chools were indexed to daytime operation ag early as 4:00 a.m/ to prepare for

cldsses which start nd earlier than 8:30 a.m."® : .
—— ' .. [




.This ECO also assumed that no outside air would, be tntroduced through the
ventilation system at night. In two of thesesschools, the outside air dampers
did nofx close completely (some did not approatch closure), thus, a - pubstantial
quantity, of outside air’'was introduced during the night cycle of operation.

- P [ 1 .

In one school many of the unit ventilators, cycled to maintain the night
tenperature, were startéd during the’ unoccupied cycle with the heating control
valve closed 6r nearly closed. Specifications did ffot address this issue.
Some of these sakbe units have outside air damp vhich never closed com-
pletely. The result was that the units were requtred to coperate for longer
than necessary "night" cygle time periods while unwanted outside air was also
introduced. Omcé started, most of these’unit ventilators never shut off dur~
ing the rewmainder of the unoccupied period. In this same school the "old®
sectioq, of the'building has steam unit ventilators with a contrei cycle which
opens the control valvés on the unoccupied cycle. This lead to the overheat-
ing of several rooms during the uncccupied portion of most of the school year.

-

. In one school, the simulation assumed that the hot water circulating pumps
(and presumably the boiler) would be stopped on the unoccupied cycle until the
outdoor air temperature dropped below 35°F. The post retrofif unoccupied con~-
trol system actually employed precluded this energy saving feature.

. The elevated temperatures during the night-time or udbccupied cycle, the
longer than anticipated occupied temperature cycles, the unddsired introduc-
tion of outside air, the night operation of toilef exhaust fans, the unneces—
sary operation of wunit ventilatdr and exhaust.fan motors, and the unantici-
pated additional operation .of boilers and pump, all contributed to greater
than expected energy use. .

STOP EXHAUST DURING UNOCCUPIED PERIODS: recommended for four schools. In two

of these schools, all toilet exhaust”fans reportedly run continuously. They

are not connected to the occupied-unoccupied control dycle. '

-

Exhausting 3ir from a building causes increased infiltration, especially
in buildings where the outside air dampers do not close completely during the
unoccupied cycle. Increased infiltration increases:energy consumption.

INSULATE ROOF: Recommended and implemenked for three schools.

There is no doubt that insulation saves energy. There can be considerable '

doudt " that add{ng/insulation to’a roof, by and of itself, is "cost gffective"
as defined by this program. For example, at one of.these single story, flat
roof schools in a 5300 degree’day climate, the justification for insulating
1002”0f the roof area was based on combining the addition of roof insulation
with night getback. In this case, the roof insulation by itself could not
qualify as cost effective (based on figure’s taken directly from the phase I
report which recozmaended it).
r

REDUCF, EQUIPMENT OPERATING TIME: recommended in thrke schools. The night-

setback ECO should . 8lso reducg equipment operating time in most cases, but
this discussion deals only with three schools where this recoﬂmendation was
nade separately. :




. y . ®
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nxﬂﬁﬁfﬂ ol the vecupled cycle was todZe changed from a duration of °

twelve hours) tv seven hours. Actual PO8T retrofit operation permitted the
occupted cycke ta functlon for as many as ten hours. -

-

econd gchodl the 'reduced Operatibn'uas to be effected manually by
" thés bpetating personnel. There is no record that the operating persbnnel were
nStructed to reduce operating hours and therefore no'reduction {in operation

oc¢curred. Increased acpivities now require more equipment rynning time than
at the time of the phase I report.

-

.

At Ahe third site, this retrofit-envisioned discoftinuing suamer operation

of the ventilating system, but did not {mplement a convenient method of accom-
plishing this task. -~ '

The increase in hours of operat ion on the occupied cycle for two of the
three buildfngs consuned more enetgy than estimated.

. .
LOWER THERMOSTAT SETTINGS: recommended for two schools. This retrofit was not

totally accopplished in eifther school. Both schools are equipped with unit
ventilators. -

'

Hupan comfort 1{s 3 function, not only of .dry bulb temperature, but, also

"of relative humidity,fair movement, and mean radfant temperature. Unit venti-
lators tend to produck substantial air movement withirt the occupled spacey

.especially in that portion of the space in close proximity to the unit. While

68%F, or lower, may be comfortable under some circumstances, it may not be {In
a unit Ventilator equipped classroonm.

It should be notéd that thé standard unit ventilator control cycle will
not  perzit the .pace temperature in a classroom to-increase Eppreciably above
the temperature set point during those periods of the year when the outside ’
air temperature {s low enough to cool the room. Thus, unless the control sys=-
tem 1s modified to provide a "dead band" in space temperature control, when
the space twerrmostat fs set for an energy iaving (but uncomfortable) &S°F
+2°F, the control system will prohibit allowing the~space to float to, a more
confortable higher temperature resulting from the free heat due to internal .

heat galns. It will instead {ntroduce cold outside air to cool the classroom =
to abour 6J°F, .

Actual space temperatures maintained in these two schools at the time of
inspection were 1in the mid to upper 70°s. Since the room temperatures were
not lowered as anticipated by this ECO, these schools are saving less energy
than projected. *
. ., e, T
RESET HEATING MEDIUM (HOT WATER) TEMPERATURE: recommended in one school,
installed or reconditioned in four $chools. I i

This energy conserving feature, installed in more buildings than initially

recoznended, will. tend to produce a gsomewhat greater than anticipated energy -
savings.%. -

" -
. .

"\
RESET SUPPLY AIR TEMPERATURE: recormended in two schooly.




Operating one of these systenms a8 recormmended by tliis retrofit, as imple-
cented by the specification generated for its accowplishment, and as accom—
plished by the contractor would lead to occupant discomfort during most, of the
operating season. Internal loads require air temperdtures lower than' speci-
fied for most of the operating season. .

. N . .

At the second site, leakage through the face daspers within the air han-
dling units and heat exchange around them, made attatuing the température goal
lopossible without introducing excess outside air. The function of some pf
the units also precludes the operation specified in this retrofit since two
urits provide the heating for dedicated spaces and must respond to the needs
of these spaces.

’/ .

The net effect on anticipated savings 15 negative.

® ’
-

. . ¢
PREVENT ATTIC VENTILATION;DURING WINTER: recocmended for one school. I

‘,This retrofit was not implemented. : .

IMPROVE LIGHTING USE SCHEDULE: recotmended for ome school. °
]

Implementation was to have been accomplished by instruction of bullding
users. Building use now requires more periods of lighting use than when ini=-
tially surveyed. The lights are not turned off to the extent anticipated by
this retrofit during chose hours when such action 1s possible.

. L1
INSTALL ENERGY EFFICIENT FLUORESCENT LIGHTINC LAMPS AND FIXTURES: recormended
for one achool, installed in four schools.

The new lamps and fixtures use less energy than the original fluorescent
fixtures and substantially less energy than the original incandescent fix-
tures. The decrease in lighting power consuzption in four schools instead of
one, lowers energy consumptjon beyond the predicted level, if increased hours
of use does not cancel the increased efficlency. .

3

REDUCE WINDOW AREA: recommended and izplenented in one school. '

L

Reducing window area by replacing a glass area with nmaterials .having a
higher "R" value (Jlower "U" value) saves energy, but was not "cost effeccive

as employed in this situation. This retrofit received 1its juscificacion by
being coabined wfch night setback.

AUTO BOILER CONTROL : recommended in one school. ' . AN

Ac :h!;asice, the boiler was originally permitted, by action of a tinme
clock, o operate to maintain stean pressure between the hours of 4:00 a.zm.
and 4:00 p.m., seven days per week during the heating season. When cold out-
door Lemperatules were e ted, the operators maaually bypassed_the time

switgh- to maintain steam pressure 24 hours/day. ,They reportedly also shut
dowfl the boilers in mild weather~ .

The « englneering analysis stipulated that additiondl controls be enployed

to reduce the running tize of the boiler by tailoring the boiler operacion to
actual need.

-
¥
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The implementing specification’ called for a thermostat, sensing outdoor

. alr temperature, to start and stop the boiler. The tentative setting of this
thermostat was to be 6Q°F. . . ’

-

This facility did not save energy at the predicted rate, The school sys-
ten has reportedly implemerited additional energy saving measures. This leads
to the condlusion that the boiler control retrofit, as accomplished, did not
reduce the boileg operation ro the expected extent.

.

4

Tava

REDUCE |INFILTRATION: recoomended for one school - not implengnted. ' Lack of
ioplementation has a negative impact upon anticipated energyékaving. ‘

.
- -

& ,
. 1]
Several features, which wére not directly called for by any of the recom-
nended retrofits, were added by specification. These are as follows:
L] I -

OPTIMAL START PROGRAMMERS: employed at four schools. :

This device varied thé time at_which the heating system was indexed from
the wuno¢cupied cycle to the oc ed cycle (start time). The start time is |
varied according to outdoor air te@®erature and a building "U" value sinula-

" tion’ to provide a preset "occupancy ready" condition. The "U" factor
(Bru/hr/fe</OF tenperature differefice) is a measure of the heat loss rate of
the building. Some models of this device have cugs determining the earliest
possible ctart time, while others employ a time clock for this function.

« Cims, when emplayed, aré available for either 2-hour or a 4-hour maximum
warmup cycle. .
5 .

. Although not employed in threae of the test schools, this device is avail-
able with an optisnal *feature providing an output which can be used to insure’
that ventilation does not occur during the warmup cycle. .

L]

This device did not directly account for three important considerations in
determining optimum start time: 1) the temperature of the heating medium

* avallable to accomplish building warmup, 2) the type of system which will
acconplish warmup (i.e., fan driven or convection), and 3) the actual initial
temperature within the structure from which warmup must occuf. Conscientious
calibration® of the "U" value input to these deyices might partially compensate
for some of these variables.

- ~

* }
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l

-

: (
As installed and calibrated in all four schools, ‘these devices cafUsed,
unneeded operation of the heating systems (wasted:energy) ﬁuting warmup.

STOP HEATING CIRCULATING PUMPS (AND BOILERS) WHEN OUTDOOR TEMPERATURES EXCEED
859F (69° F): employed in four schools.

This s a logical, apd usually easy to accomplish, energy conserving
feature. For any system vhich vas not already manually operated in a similar
. " manner, and cempafible to this type of operation, this retrofit saves energy.

SERVICE STLAM TRAPS: gpecified for one school. ' .

" ~




o : .

Leaking or malfunectioning steam traps are extremely wasteful of energy. A .
. visual inspection, in earty March 79, gave no confirmation that this work had . »
been accoaplished. ‘ .

e — —— f— —

Control) specified Idr one school (unit ventilator equip
This specification probosed.gn operational cycle for the unit ventilators

that would close the outside air damper at any room temperature below approxi-

wately 73°F. Full heating was specified to occur at 65°F room teaperature and

full-free caoling at 78°Fy (The equipment installed prohibits the possibility

of a full cooljing cycle because it is unable to provide a full cooling signal .

N to the outsigé air damper control.) . .
"

ALLOW ROOM TEMPERATURE TO "FLOAT" from 658F to 789F: (A Type of '"Dead Band"
ped).

There is np doubt that this cycle would conserve energy; however, it
violates most existing state ventilation codes {including the state in which
the building £s located) because it relies upon infiltration to provide venti-
lation wuntil "free" cooling of the space is required. In actual operation
during the occupied cycle, the room temperatures would rarely be below 69°F
but would frequently be at, or even/above, 78°F. On’any given sinn¥ but
fairly cool day,_some rooms could be at dach extreme. While both conditions
are within normal human tolerance levels, having both conditions existing
sinul'taneously can lead to occupant complaint as occupants migrate from space
to space. "R is possible that the following day nmight be cloudy and cold 3
causing the' rooms that were 780F the day before to be only 699F. Day-to-day
variations also cause discomfort and complaint. ’

This retrofit was not installed in conformance with the

The installed systen delayed the !minimum” ventilation cycle lintil the space
requires no heat. ~Full outside air cooling was also disabled./ It should be

noted that "dead band" control, properly implemented, can prgvide comfort and

— satisfy ventilation codes while conserving energy.

1

1 L

gpecification.

L

.

* ADDITIONAL RETROFITS.

»

Phase II retrofits (additional retrofits installed subgeque
pletion of the original retrofits) were installed at one site.
of: . -

to the con-
ey congisted
)

&

MORNING WARMUP TIHER-.)

. =

.
<

This device restores full heating mediun temperature, subject to the abil- -
ity of the boiler to provide maximum temperature-output when handling the
warmup load, for a predétermined time period. The purpose of this device was *~
te shorten equipment operating time by providing the capability of a more
rapid gorning warmup in a "slow to warm up" school. '

-

|
STOP BOILERS AND HEATING PUMPS ON UNOCCUPIED CYCLE AT OUTDOOR AIR TEMPLRATURES J
I

‘ ABOVE 40°F: | . .

- — y




-~

This retrofit ig an energy saver, provided- the System was not already’
nanually operated *in a similar manner. S$ince this retrofity was not completed
until late March 1979, no analysis {3 available: -

LY

ALLOW VENTILATION ONLY DURING CLASS HOURS,:
= b}

Prohiﬁfting the Introduction of ventilation air durlng other than the full .
occupancy period of the school day saves energy durlng warmup and pTevents the
in;rodqu?bq\of excess outside air to cool the mording warmup overheating that~
is 1ikely to'occur with some types of systems..

The delay in successful ‘accompl ishment of the phase II fretrofits and the
Simultaneous correction of basic systen inadequacies takes it 1mpossib1q{to
assign precise energy conservation values, based upon proven results, to s<any
of these retrofits. Correction of phase I and some phase II retrofit #hecu~
tion errors was accomplished in February and March of 197%. Numerous ,%xperil

ments, 7frequiring abnormal ogeration, have also limited the base_pééded for
complete results analysis. - .

In' sunmation, the factors contributing to this program not achieving the
predicted energy savings included some instances of over estimating possible
savings' dering the pre-retrofit engineering analysis; ingtances where the
specifications prepared for the retrofits did qot precisely describe the
retrofit as proposed by the pre-retrofit engineering analysis; instances whe'ne
the retrofit {nstallation ‘was not in conformance with the specifications for
the work; and some instances where the operation of the building negated at
least part of the potential savings. 4 AN

' *
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* . . CORCLUS IONS ) ‘ |
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Due to legal and procurement difficultiés, the retrofits 1n€Lnded tow be . 5

ioplemented 1in the schools durlng school year 77-78 were not accomplished =
_ except in one school, which used_its own funds to accompltsh the prescribed - .

retrofits. Thus, the 1977-78 heating season did not yield any results on
energy savings due to retrofits, except a;\that one school™.

S

Completion of the retrofits were not accomplished until mid-ﬂovexber 1978
which meant that in the mbre severe climates approximately 1/3 of the 1978-79 -
heating season had_passed before data was available for evaluating the effec-
tiveness of retrofits. Several months were required to analyze the data and .

- draw conclusions regarding the retrofits and to verify the observed data with

the. school operating personnel. "When inadequaciés in*retrofit installation
were discovered, efther by information gained from evaluating computer outpet
data'or on the tour of the, sites donducted in February and March of 1979, many
installing contractors took the position that their igstalfation was out of
warranty, having beén accepted more than a year previously. On this basis,
they refused to correct the deficiencies discovered during this inspection. s

This program, which might be referred to as a pilot program, bhad many )
Advantages that will probably not exist under the 1mp1ementation of the .
*Natitonal Energy Act. Each school building selected for the pilot program was
afforded the luxury of a comprehensive engineering analysis by a competent -
engineering firm skilled in the art, and was nédelled on a computer using ’
established and respected computer programs designed for this service.’ "Cost
effective” ECO’s were identifiéd. Rétrofits weré either _designed by
Architect-Engineering firms or designed under the supervision of a licensed -

. enginegr. A large pergentage of the retrofits involved temperature control

systems which were modified or installed by national firms advertising them- \
selves as energy consgrvation speclalists. The eqﬁipment used was of high
quality. The.instéilgiions were checked and accepted by at least one licensed
engineer. R 4

Yet, the tesults were less than totally satisfactory. Some of the bilot
progran (schools have not been given the efergy conserving potential that was
intended ‘for them. Othbrs did not reach their goal of satisfactory completion
until Marc f 1979. Another is left with a systen that cannot be expected to
operate as|recrofitted without frequent manual adjustments to achieve reason~- .
able comfory. These adjustments can result in defeating the energy conserving
potential of the retrofit. __ - !

The goal of the National Energy Act is to conserve thte greatest amount of
energy possible with the Jimited funds available. It can not afford a large
adainistration expense. The funds reaching the targets will be passed through

’ the various states and terrftories, thus making control of the use of the -

- <
(\ ” ‘l w

*There, phase II retrofits were recommegded baseq¢ upon the results ob-
. taingd during the 77-78 heatipg season. '
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granted funds

more difficult. ) : . ) u .

s
L

Another Qajor gxbblem 18:apathy. Hany people are not convinéed that there

18 an - energy
impact of {mpo

‘ge{\-unwill ing
Osthof energy still being a relative bargain when compared to cost of labor,

are unwilling
systems Jperat
boiler pressu
150° Qater dir
maintena

invest the tim

=this malfunct
‘period, ($12.50/day at a fuel cost of $0.30/therm) but, it also creates other

progﬁems with
carries air a3
treate” a f
deterioraticn
tal impagt on’

problem, gre unconcerned about the real and potential negativ
rting doregand ‘more fossil fuels upon the health gs our economy #

to sacrifice any degree of comfort:or conveniend® or, with the

to staff adequately to keep building: envelopes or mechanical
ing efficiently. As an example, in one of the* test schools a -
re relief valve has been discharging substantial quantities of
ectly t5 the sewer continuodsly for more thin a- month. * The -
partment knews about the problen but either has not been able to
€ to correct it \ar has not seen fit to do so. Not .anly does
lon waste a roughly estimated 2,500,000 Btu’s;each 24=hour Q

In the system. The water used to replace thaf which was lost '
minerals. The air can cause intertuption of flow (which could

ez¢ hazard and erratic operation of the hedting system)*and-a

£ the system’s components. The hminerals also have a agqfrimen-

the operation and ugeable tfe of the systen.

4
L] -

Mghg‘teachers at thé pilot program schools fnsisted that room teopgratures”

be maintained

in the nid to upper 70°s.

It would appear tgft a fajor reason why the reality of this p£ograg3§d1d )
t r b

not “ewuakSthe

expectdtions was that competent pdrticipants were too imprdbsed

by, .and reliant upon, the competence of other qualified’ participants, and that
authority aud»accountabilitylwere not assigned to that gegment of participants
#n the best position to insure, results. A participant with ultimate accodnta-

bility 18 wis

to operate under the assumption that, in the real world, it is

.essential to become directly involved i orger to ensure that one’s own gest

'rhteregts are served. ‘
- »

*
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Supplement A .
K //
FORMULATING AN ENERGY CONSERVATION PROGRAM
FOR YOUR SCHOOL SYSTEM

—

*
-

Part 1: ° |

' ’ GENERAL : /

= A * -

\
A. +Recognition of the Energy Problem by School Admfnistration

ay

b)

c)

e)

£)

Eaergy costs are _escalating ‘rapidly while energy availabilff&

decreases, . .

A
Energy use in many school buildingg-can‘be reduced 502 or more. |

|
. +

The maintenance and tesching staff, the students and their parents,
and the community in general must be made aware of the need to con-
serve energy, even at the expense of some comfort. When all of these
groups are made an active part o4 any energy comservation plan, supe-
rior results are obtained. .

. L)
* a

The operators and users of “the building and its mechanical system can
be major contributors to energy conservation. Turning off lights in

unused rocms ‘or the unneeded portion of lighting in occupied rooms;
recognizing the need to become acclimated to, and dressipg for,
. reduced room temperatures during the heating season; and recognizing

. that_ an entire school facility cannot be heated after class hours for

a bandful of people, will make real®energy savings possible. -

3 cozmprehensive mafntenance program has always been a good {nvestment
nd is essential to any’effective energy conservatiop progran.

. - AY
Séaﬁng energy also saves ooney in evergincreasﬁag amounts as energy
costs escalate.. : )

RS § .

. \ . -
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) Part II: . v *

IS YOUR BASIC HEATING SYSTEM FUNCTIONAL?

~ \
Applying energy conservation retrofits to a nalfunctigping oY nopfunction-
ing system can create problenms and disappointing results.
—_ . K
A. Hot Water Heating Systems. In the 1950°s/, the trend toward hot water sys-
tems accelerated., Many systems were installed in a manner which creates

operational problems. Some of the more cormon problems are: 1.
1. Location of the point of connection €o the expansion. tank. {Correct
and incorrect expansion tank relationships atg shown in Figure 2). .
o .

An explanation of the functions of expansion tanks and the problenms,
associated with incorrect location follows.

a) Water [ncreases in volume as its temperature 1hcreases. In a
closed piping* system an expansion tank, with its cushion of atir,
provides the space for this expaasion. The tank nust provide ade-
quate volume to accomodate this expansionuuithqut a major change

. in gystem pressure. _ -
+%) The podnt at which the pansion tank connects to the main piping ’
systez becomes the Point at which the system pressure does not
change when the circulating pump starts or stops (provided cthe
Piping systen {s free of air).
¢) Water is, from a practical standpoint, 1ncompressib1e. Pressure
" changes do’ not change the volume of water.
. ]
- d) Once a ciosed system is filled with water, it is not desirable to
add water ‘to, or expel water from, the system. - - . {

" ’ ' h
e) A circulating pump generates a differential pressure, i.e., the
pressure at pump discharge 1s higher than that at the pump suc-

tion. For & working systen this differéhcial pressure must be

- o o. equal to the friction: loss of the piptng system and all of ;E:
. systen’s coopongnts, vhen the volume of water needed to convey*t |
required heat is being circulated. BRSNS

£) Vertical displacement creates-stifizdpressure, If a vertical pipe
10° high is filled witiater, it generates a static head (pres-
” sure) of 10° of water at the bottom of the pipe. This is equal to
4¢33 pounds per square inch (psi). Similarly a pump, which is - |
o rated at 10’ head at design flow, when pumping design volume., of .
. ' water generates a pressure at its discharge which (s 4,33 pounds .
' per square inch greater than.the pressure At its suction ;nlet.'
s .
8) HMost hot water boilers uséd in schools are rated for 30 pounds per
’ square inch internal pressure and are equipped with pressure
relief valves that dt?charge water from the systenm if the'pressur?

*
~
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in the boiler approaches a pressure less than 30 psi.

. h) 1If air i{s entrained in rhe water, or is present anywhere in the
System except 1in the expansion tank, interruption of flow can
result. Interruption of flow disrupts the capability of the systen

b to perform and can cause problems such as freezing coils in ven-

. tilating units. .

1) All parts of the piping system should be at pressures higher cthan

+ atmospheric presSure. If* any portion of the piping system 5 -
) below atmospheric pressure, leaks orx automatic ait vents in chat
. . portion adnit air into the system. ' — .
t »

J) 1deally, pucps should pump out of the boller or converter; the
expansion tank should connect {nto the system at the boiler or
converfer outlet; and, the autgmagic systec feed pressure reducing

. - valve should feed into the connection to the expansion tank. The

static fill pressure (pressure with pumps stopped) should be suf-
) ficient to maintain a-positive pressare at the highest point in
the system. For example, if the boiler is in a basement .and the
highest point fn the. system 1is 30° above the.boiler, the fiil

. pressure should be a minimum of 30 x 0.433 or 13 pounds per square
. inch (13 psi). When the pump in this system is started, the pres-
- »5ufe in the boiler will not change. The pressure at the puop .

discharge will fncrease to the static fill pressure (13 psi), plus

the pump head and the entire pliping syftem remains at pressures
. above the surrounding' atmosphere. \Thus, leaks will expel water *
from the sy-.tem and automatic air vents will expel alr when it {s
present. When this 1deal non-leaking system has been purged of
alr,jic will remain so. ’

' k) Many s/stTms have the expansion tank connected into the systen at
the boiler or converter outlet but have the pumps purping 1n?o the
Ay boller. These systems also prubably have the automatic feeéd’pres- T
sufe reduacidg valve cornecied into the pilping to the expansion
. tank. These systects can function adequately provided zﬁe boiler
and boiler pressure.relief valve can accomodate a pre'ssure high
¢ enough to insure positive pressures throughout the system when the
putips operate. In this fnstance, since the expansion tank connec-
tion is a point at which the pressurt remains constant regardless
-of puzp operattons, ‘the RURP creates a pressure at {ts suction
~~ vhich is lower (by the amoung of the”pump head) than the pressure
in cthe boiler or the set’ting of the automatic feed valve. Again, \
. assume that we have & boiler rated at 30 psl, with a difference in
« elevation between the botler and tive highest point in the gysten w
of 30" {13 ps1), apd that the pump* that has a 50° héad (22 psi).
If we have the 4utomdtic feed valve set at 15 psi (required static Lot |
f11) pressure of 13 psi plus 2 ps1 safety), the punp sugtion pres-—
& sure, when the pump is started, becomes 15 psi minus 22 psi, or =7
psi (7 pounds per square inch "below "atmosphecic pressure). A
— major part of this system will be at sub-atmospheric pressures
. when the system is operating. Any leak or automatic air vent any~

where 1in the negative pressure area can admit air’into the piping
system. - .

»

* .
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’ “An alterdative to replplﬁg_tnls system to correct the problenm )
would be to ingrease the pressure in the boiler (expansion tank)
and the pressure setting of the éutomgtxc feed valve The Dboller, |
. however,’i1s rated at 30 psd and ‘cannot ‘be operated at greater than
30 psi. In systems suth as this 3hq;& the boiler pressure cannot '
be Infreased: to eliminate negative pressures within the systen,
the only optian-is to repipe the system.to partially or totally
: .correct the problem, or live with the problem that entrained air
. will create. ’ i ‘ -
1) Another/ problem that .an cfcur, because of {ncorrect eipanslon -
tank or pump or automatic fill location (and the associated air
introduction Into the system), {3 that there may be - no point of
constant pressure. All afr {n the system acts as a cushion %nd,
{f air {5 present anywhere in the expansion tank there is no.point
N A of constant pressure. Thus, when the pump circulation. is stopped
. (as may be desired in an energy conserving operation), the pres- -
+ Sure at the automatic feed may drop causing it to introduce water .
“into the system. When the pump is restarted, the pressure may
increase to the point that the zelief valve will discharge hot
wvater (wasting energy) and, by the time the relief valve reseats, \ !
the pressure in the system nay have lowered to the point that more !
of the system {s subjected to sub-atnospheric presaures. .

~

m) Alr in the system can usually be ﬂeagg, as a “gurgling" sound.
This "gurgling" sound may be intermittent or continuous. It may -
be almost inaudible or very loud. Loud and continuous gurgling .

indicates a very severe entrained air problem.
’

~ .

2. Types of piping systems for larger systems. «f
a) A two pipe reverst'return systen is ‘Inherently self-balancing and
requires little effort to balance (insure that each connected dev- .

ice gets i{ts proper percentage of total water flow). This (s a
systen {n which the first' device to receiye water from the supply.
line i{s the dévice at which the return iine begins. The furtheq
from the boiler, the smaller the supply piping, and the larger the
return piping. After the last connected device (return piping at
its largest), the return plpe Is routed back to the boiler {con-
verter) {at maximum size) with no further connections.

b) A two pipe direct return system {s inherently unbalqﬁbed and,
therefore, requires flow balancing devices such as balancing
cocks, ctreult setters, etc., and a rather elaborate balancing
procedure to {nsure that each connected device receives correct
flow. This system has supply and return lines running parallel to : .
each other with the piping for both supply and return largest ia “/:ﬁ\\‘*a
size near the boiler. The last connected device 1s served by the
sasllest supply and smallest return connections. Both supply and

. returm piping decrease in size as devices are connected. -

= -

3. Water Balance. When rooms heat at different rates in a hot water sys=' '
tem that {6 free of frtrained alt,, the need for 4 water balance 1is
{indicated. Thi. condition 15 far more likely to occur {n 2 two pipe ° ?

-4 -
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L 3 .
dicect retugn Bysten "and balancing {3 much more difficult on this type
’ of systenm. ;

B., Steam Systems. °

4 1. One pibe--obsolete--very few s:ill’f:.existence. )

2. Two pipe low pressure, atnOSpher1c°return.
F) »

a) This system employs a condensate pump venited to the atmobphere

b) See STEAM TRAPS & CONDENSATE ?UHP MAINTENANCE 1in 'Section III.
* Non-fupctioning steanm traps waste large amounts of energy.

.
! y ! .

3. Two pipe vacuum systen - *
a) This sysgem operates at less than atmospheric pressufe (Jacuun)
' and has a vacuum pump which pumps gases and water. :

b) See VACUIM PUMP MAINTENANCE {n Sckeion III. .
. €. Unit ¥entilators——Heat{ng Type, ASHRAE CYCLF Il CONTROL (Most commonly
used system in American schools). )

-

1. This device perforns the functions pof heating, filtering of air, ven-

" . tilating, and cooling with outside air. . !

LY . ]
- 2. A very common problem, usually undetected, is the 'ZBh{ecion of the

. dhnpera. Fregquently, the outside air damper does not“close tightly

vhen the’contral cycle requires that it should. When no power (elec= ‘

tric control system) or air pressure (pneumatic ntrol system) is

v supplied to the outside air damper opgrator, the outside air damper °
should be held closed by dampen operator force. All daoper sealing
strips must be in place so that the damper, when {n 1ts closed posi- y
tion, provides an effective barrier to outside air entering the unit. ]

3. Jhe control valves used on early hot water units may have flat disc
~ inner construction, This type of valve has very poor control charac- *
teristics and causes control cycling (energy waste).

4. See FILTERS, MAINTENANCE {n Section III. . .

.
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* ] Part III: .

w

. IS YOUR MAINTEKANCE PROGRAM ADEQUATE? ,
-, -
. :\Qg All building envelopes and mnechanical systems nust be adequately main-
. athed. in order to function efficiently.

A. Boilers and furnaces.

l. Keep heat exchange surfaces clean. For a boiler, this means freé__of
soot on the flame side and free of deposits®on the water side.
- / " ’
i 2. Water should be treated as required to prevent corrosion of wet ted
. .surfaces throughout the systen.

3. Check operation of al} required safety devices a: least once a year.

[
L3

/

bl

B. Burners anJ Controis. ’

l. Lubrication as,recommended by manufacturer.
]
<. Check cocbustion efficiency twice a year, once at the start” of the

- . heating season and again in the middle of the season. Adjust burners
and draft for maximinm ecfficiency.

*

C. Pilters ! .

1. Cleaned or replaced|at intervals required for your building. Filters
"«in unit ventilators are doubly important since a dirty filter not only't

reduces the capacity of the ynit, but may also cause the fntroduction™
of additional (unwanted) wminioum outside atr. Samg recirculated afr
portion of a unit ventilafor filter typically gets dirty’ sooner than
the outside air portion. The increased resistance of the dirty recir-~

+ culated air porefon causes additional outside.air to gnter the unit

> through the zinimum open position of the outsi?i air damper. -

2. UjF good qualicy, prop;rly fiteing filters. ) o

', ‘ .
' D. Fans., —— ) .

1. iheels and scrolls s§0u1d be kept clean._Adequate f1ltef ,maintenance
will help keep them clean. ’

L -
2. Bearings to be lubticated per the manufacturer’s fpstructions.

~ | .
E. Heating and Cooling Coils (Air Cooled Condenser Coilgz. '

s s ~~ -
l. Pinned surface should be clean. Adequate filter naiaiaqgnee will help
: *  keep heating and coolihg coils clean.




.2+« Repalr or replace leaking colly. ~ ‘s
F. Motors.
S 7
1. Lubricate in accordance with manufacturer”s requirements.
. ‘I ~ - ”
G. Belts. .7 . .
! 1. Replace worn or damaged belts. Belts which are <checked, frayed, or
show evidence offconsiderable wear are due for replacement.
- , .
. 2. Tighten as specified by the equipment manufacturer. Belts that are
5 . too loose wear- out prematurely and reduce the capacity of the driven
- device. Belts that are too tight may cause bearing failure or, as in .
the case of a unit ventilatorn.objectionable noise. !
. H. Pumps. bt
| w
. 1. Follow manufacturer’s lubricatiomw instructions. ' '
2. Replace leaking seals. ) ) .
1. Relief valves. .
V- .
1. Check operation periodically during heating season.
' . - .
2. fkepgi: or replace 1f leaking or not functioning preperly.
1 » * < . » ?
J. Steam Traps-zcheck once a year, preferably at the beginning of the heating .
* season. ’
- 1, Traps are intended to prevent steam from entering condensate . retum
( lines while allowing air and €0, to discharge freely.info the conden- .
sate return lines. A simple performance test can be opade by first
naking sure the steam cantrol valve is open, then, while wearing a )
\ palr of heavy canvas gloves, putting one hand on the trap inlet line
and the other on the trap discharge condensate line. A big difference «
in the temperature should be quickly apparent. If no difference s _
detected, trap malfunction is {gdicated. Repair or replace as needed. !
' K. Manual Valves. °
- - . »
i. Operar.e\ at least once a year. ! - .
2. Check for leaks around valve stems. Tighten stuffing boxes as '
/f; -required. ‘ ] -
» » . 4 N -
L. Strainers. . . ]
Y, | . Clean once a year. ) . . :
M. Condensate Pumps (used on steam Systems). »
. - .




- 1. These pumps perform the functivus of venting-alr and C02 to the atno~

sphere, storing small quantities of condensate (water), and pumping
the condensate back into the boiler.

- 2. 1f steanm {8 being vented at the condensate pump, steam trap ‘malfunc-
tion i{s indicated (see, trap maintenance). ’
- A ) 3. Service and lubricaté per.manufacturer’s recommendations.
N. Vacuum Pumps (Usedion stean systens) r

)
-

l. Vacuun pumps are similar in function to condensate pumps except that
vacuum pumps pump air and €Oy as well as PBeer. Operation of pumps
should be intermittent and a vacuum (pressure below atmospheric)
should be indicated {n the vacuum pump receiver. |

1 . . .
2. Inability to maintain the system vacuun indic¢ates leaks within the
. system or that the pump requifes overhaul. )

v
b Y

3. Service and lubricate per manufacturer’s recotmendations.

0. Automatic Dsmpers and Damper Linkages.. - -
——
) 15 Llubricate bearings least once a year (more often in unusual condi-
tions such as {n a salt air atmosgpherey, %

2. Check linkage for proper operatfon each year. Damper blades apd all
crank arms pust be tightly connected to their shafts and adjusted to

alloy proper operation. . a

. 3 dampers, particularly outside air and exbaust dampers, nust be
able to close tightly when required to do so:by their controllers and

held in this closed position with force by the associated :damper
//// operator.

74, Sealing Qtrips (where used) nust be intact and firmly affixed to the
// blades’or stops. Loose strips should be re=-glued. .
'. - . ,’
Ps\ Automatic Valves--Annual.

- i. Checkfgor’}eaks at styf fing boxes. If leaking, tighten stuffing box
or replace\packingo

27 (heck APr tight closure. If walve leaks, repair or replace. )

3. t(heck for free and smooth control opetatjon. Sticking or jerky action
. . ‘ indicates corrosion on stems or a too~tight stuffing box. Adjust or
’ replace as appropriate. ¢!

. 4. If the valve {s pneumatic, listen for air leaks. If leaking, replace
operator or diaphragm.
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R.

S.
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-

Automatic Damper Operators-—-Annual

[ ] r

1. Check for smooth damper operation. If sticky or jerky, the problen is
likely it the damper. See automatic damper maintefance.

2. If the operator s pneumatic, listen for air leaks¥ If 'leakagq is
apparent, replace diaphragn, °

3. Lubricate as directed by manufacturer.

4. {f‘:he attached darper is eithet an outdoor air or exhaust damper, it
is usually "normally closed". This means that, with no power applied
to an electric mper operator or no air pressure supplied to a pneu=-
matic damper operator, the damper 1s to close. Insure that it is held
tightly closed in this "normal" position with damper operator force.

Control Air Compressors. T ] .

1. change oil per,manufécturer‘s direction.

2. Blow down the #ir storage tank per mapufacturer”s direction. {Open
drain valve at bottom  of air storage tank until all water has been
remoed therefrom.) . -

Vd -,
3. Blow down air and oil filters bi-weekly. -
4. 1f compre sor has a refrigerated attercooler, cbeck 1{its operation.

Check automatic Repair any

drain trap (if so equipped) once a week.
nmalfunction.

~

Time Clocks. '

1.

2

3.

Expansion Tanks.

1.

2.

Reset after any power failure. |

Reset as time basis changes, (i.e., standard to daylight savings).

Check for'proper tirce once’a week.

In a properly installed system, this device réauires lictle artencicn.
Check monthly rto insure that it has sufficient air to accomrrodate the
water expansion without undue change in system pressure. See also
discussion in IS YOUR BASIC HEATING SYSTEM FUNCTIONAL? section.

r
Souépexpansion tanks are pre-charged with higher than atmospheric air
pressufe., Some have diaphragms. Most, however, ,are not.pre-charged
and usually have gauge glasses to imicate the water level., . With the
system hot (maxioun pressure 1in the system) the sight glass should
indicate that the tank 18 no rore than two-thirds full of water. To
recharge . a non-precharged tank requires filling the tank with air by
draining the water. To do this, close the valve between the rank #nd,
the mnain piping system. Open the drain valve and drain all the water .
from.the tank. Caution should be exercised because this water can“—be”'

i . ' .4 :
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very hot. Yormally, a pail {s used.to catch the water, closing‘the
) valve while the pail {s ewptied. When the tank is enmpty, close the
" drain ' valve and open the valve in the piping between the .tank.3nd the

X system. The tank will f{11 with water to the system's normal opegrat-
ing level. - ~

) U. Unit Ventilators. . .

. . .
. . l. A unit ventilator, as the nane implies, is a unitized heating and ven-
/ i tilating system. It contains a fan, fan motor, heating and/or cooling
. coll, filter, outside air danper, return air damper, and control dev-
ices all within one housing. Each compogent must be serviced as oyt -
lined herein and kept in good, efficient worRing order. <

\
.

V. Plping Systea. . . g Y ——

l. Most systems are essentially closed. There should be no need to,
. . introduce significant amounts of mdkeup water. If your system uses
significant quantities of makeup water, leaks or {noperative stean
traps are indicated. In leaking steam systems, which have properly
operat ing steam traps, the condensate return piping is& usually the
source of the problem. Leaks must be found and repaired.
= - " '
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A.

. . Part IV. » ,

ENERGY CONSERVATION OPTL’HITIES USUALLY HAVING GOOD PAYBACK POTENTIAL

(depending\on energy costs at your~ location)

“
. -
. ’
v

{This list does not ;pclud% every conceivable cost effectlve ECO and s
intended as a guide only.) )

Reduce Ou:side Alr (Reduce}Hinimum Cutside Alr) -

‘1-

b

Except for air condit{oned schools with economizer dontrdls which are

operating on the cooling mode, ventilation air should be provided only
during those hours of full occupancy of che school or a particular
area of the school. . . '

f ’/-" . *
The nthioun ventilation rate should not be in excess of that required
by the state or iocal ventilation code. Bormally these codes require
5 cfm optside af{r per occupant. Research indicates that this s a
conservative requirement and efforts are being made to justify the

changing of basic code requirements to lower levels than ,5 c¢fm.

In a vait-véntilator equipped classroom, precise control of actual
ninimum air quantity is extremely difficult. Actual minimum outside
air 18 a function of damper position, relative pressure between {nside

and outsidé, wind direction and velocity, and cleanlingss of filters.,
.Usually a "just ' cracked open" pinimun outside air damper position will

provide adequate ventilation.

In extremely cold climates, a low minimum ventilation rate combined
with high classrgom occupancy may cause’ water condensation or ice to
form on classroon windows and window frames. Correccing the cause of
this dandensation Ylow inside surface temperature) by covering windows
with plastic sheets, {nstalling storm windows, etc., should be the
f{rst consideration. Corrective actions of this sort w{ll also con-
derve energy and cost justification should be on the basis of | both
néasures (reducing 'oitside air and i{mproving the "U" value of the .oris
ginal window area) being considered together as one retrofit. :

Exhaust fans, or gravity exhaust vents, should be allowed td oper ate
only when actually needj}, General tollet exhaust fans should func-
tion only during the full #occupancy portion of the school day. Spe-

}ial purpose exhaust operation should be limited to actual need. The

capacity of 411 exhaust fans should be reduced to the lowest possible
code requirement. Afr expelled from a'build hrg will be replaced by
outside air entering the buitding by soue rout&

I
All outside aif and exhaust dgmpers must 1&? able to close ‘tightly.

(See DAMPERS AND DAMPER OPERATIONS, MAINTENANCE, 'section I.) All such
.units not having dampers should be provided with tight closing
"dampers. ) .

% well

~
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. .3 When'partial butlding use is a frequentsneed; *and heating and vimeila=- ~
) . ‘ & tivn  or the"areas uged is inportant, the night setback systzm ould

- . N
. .

“aght SetBack (reducing unOccup1€H tyiperatures of heating systens).

., *. -
17 Swop the ventilption ‘systen (alr supply fans and exhaust fans) for all
" otlnese excepl .hours of, expected full building (er zone) pccupagey .
Where wveattiatton function®are per forned by systens xgich also supply

» the heating functions (such as wunit ventilators), she ventilationgs,
-fune tion shguld be discontinued during unoccupied perfods. The fans,

. nay’bé'required to provide th¥pnoccupied Keating,function.

-~

-

.2: M3ht! (uhoccupied cycle) tenperatures within the structfure should be

allowed to fall to approxinately -55°F “(or lower). All primary
3pparatus such as boilets (furnaces) should be shut down .cting\_'the
night (unoccupied) cycle until the temperatare in the coldest roon in
“the kuilding falls to approximately 30°F. When the building’s {inte-
riofr -tempenature (cold roon) falls below 50°F,-the pr{matry apparatus

"(boilers ang ¢Ircglatimg punps or furnaces) shbuld be restarted. As a g

pregautfqh bgainst freezing of system compqnents, the circulating
- pum s {n a hot water heating systenm should opérate whenewer. the true
. odtside air temperature {is.below 32°F even though boiler ppergtion may
not bewgequired. Vhen night cycling (internittent opefation ok comMi-
gation heating and ventilation devices, such as unit ve tilatoré\\on a
to irsure ‘fhat
the fans within cthese heating devices are npt pefmitted to ope te -
when ne heat {s avaflable (hot water clrculating pumps shut down of Bo ¢
usable heat ‘inathe boiler). On larger fan systens check belt drive
to}insure adequate capacity and adjustment for cycling wmode.

-

art

- be zonearto permit the heating and ventilation of the night dsepdbar,
ight

«b the,building’ while'leaving the balance of the building on th
(unoccupted) meden . . .

- A
1 . '

4. The sysiem should be operated on tirke nighE oode (unoccupled cyc153 fcr

the complete duration of schdol holidays and gacaffsh pericds. Since

" sdme tipe of‘Srogram tire switch®is ordinarily used td switch from day

* to night node? .or a normal school week, it {'s adviseable to provide a

nanual suitch to facilitat€ overriding the automa€ic switcl for vaca-
,tion and holiday periods. ' \.‘ )

5. The tine perind for morning waroup systeo operation should be kept s

i;Prt a5 possible to provide 2 minimum level of comfort at the start

the school day. Ideally.the introduatfon of outside afr and

»

- ’

v

exhaust fan operation should be prohibited until the start of the 4

actual school day.

- . '

6. Switching to the "night” cycle should occur at thé end of the actual
¥ull occupancy school day. 'Cdngtnuiﬁg to maintjin daytine tenpera-.
tures (even with the ventilation systen inoperative) 1{n the entire

,"gcnool bullding after the end of the normal school day for the comfort
wf oply a few occupants is ‘not normally justifiable. (See exception
{%'||q$1er Oyérat;on Optimization Panel" {n Part VI of Supplefent A.)’

(] . . . ¢ i . . . .
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1. Malor _ fuel-to-heat cdnversion devicen (boiler/burners,
furnace/burners properly ddsigned, installed an maintained -should be
capable of combustiun efficiet ies of 80% or higher., If  your equip-
ment 1is propefiy' intained and adjusted and is incapable of 3peration o
at eff{ciencies near this leve), expert advice {s needed. €ost -
effectlve sclutions may be one ar ‘more of the f}ilowing: '
* ! [

&) Modify flue and/or drafe céhtr?l. i | - -
) b) Modif; combust ion cha:Ler: . : > ,
c)- Modify or replace burgers and contrdls, \
d} Replace ;oi!er? and burners. ,‘ . .

» b [

2. Overall operating efficfency 1s a function of full fire coébustton
efficipncy but 1s also dependent upon other factors. Overall effi-

. ctency can also be improved by: » N
, - L " -
* ' a) Xodulating coatrol of firin, rate with control of air/fuel ratto
over the entire 9perating range. .
.. e B ge. )
b) Reducing the operating temperature of the water (air}, leaving the o
hoiler {turnace) when possible. Maximunm heating medium tenmpera= .
v turé is required only at mininum outdoor .air temperatures. Out-
1 door reset controls are normally employed to reset heating medium
tempera . Resetting boiler eperating temperature downward .as

the dutsdde air temperature increases.is advisabig even on systems

remploying mixing valves for heating hot # water reset. Boilers

stfould never be operated at higher*than required temperatutes.

1 Caution: bollers may be damaged by firing at too low 3 water tenm=

perature, :Consult the manufaiture#‘for minimum acceptable operat- - 4 |
ing temg- ~ature (normally 130 mo 148°F). .

-
.

¢} Stop boilers (and pumps) when their operation is not* required. , .

M Usually neat output from boilers (furnaces) will.not be required ¢
4§}t* for.classrooms at outdoofr air temperatures gbove 45 © F on tre day
, (ofcupied) «cycle after norning warmup has been accomplished.

Using a boiler only when actually required and ‘utilizing all
2 usable i at produced during those periods of operation will save
nmajor anounts of energy. o

Al

z M . . * § .

d) Where nultiple boller's are installed, operate the nininun nunmber y, |
of ,units required to neet the heating load. Standby boilers -
should bée shut off and valved off. 3 ' . ’

D., er Room Thermostat Settings (Meating systems only), .

l. SDegree a&.ooqugsﬁcannoi be equated only tu spacde dry bulb temperature
(temperatute fndicated. on a thermometer). Space relative hamidity
affects comfort. Alr movenent (drafts) and mean radiapt, temperatuyre
have a protound affect on occupant comfort. The natinal emerzency

.

-
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’ Euldek e of 65 °F can be extremely unconfortable in a drafty class-

. Toom ory, during cold weafher, in a classroom which has a large percen-
tage of- gN8s in 1ts non sun exposed exterior wall. A 65°F room tem=
perature fay be quife comfortable-on any sunny day.in a room with no

drafts and with sun exposed windows. \ T -

. N .0

2. Adherence to the emergency 65°F guideline may create an amount of
disconfort in some classrooms. However, some dlsc§mfort and occupant
conditioning to this discomfort fs necessary in order to use our 1igp-
{ted energy prudently. Classruom' temperatures in the mid to upper

© 70°3 (degrees K), when the system 18 on a heating cycle, are unreason=
ably wasteful. . i
-

shut Off Domestic Hot Water Heating Durifg Unoccupied Periods (Hot Water
To Washroons). .

N
1. Operation of the domestic water heater caqu§htq;d into the night set-

back system. ‘The heater and recirculation pumps should stop during

unoccupied periods. -

I
’ |
2. A manually set bypass timer can be provided to bypass the' shutdown |

feature to provide hot water for a linited time during unoccupied
hours. -

Reduce Temperature of Domestic Hot Water. )
l. Water temperature should be no higher than 110-120° F during occupled

periods. For many schools, with only handwashing féclllcles, the tem-
perature can be even lower.

2. Do not use heating boiler to heat domestic hot water. Provide
separale domestic hot water heater. .

Replace Incandescent Lighting. i - . ‘
1. New ergy-conserving fluorescent or high pressute sodfum 1amps gﬂve
nuch™ more light for a given amount of power input than incandestent
lqus- It hae been claimed that energy saving fluorescent lamps may
-not be more efficient than standard fluorescent lamps in two lamp
luminaires. (Check with your illumination consultant.) . —
2. Users report very satisfactory experience with high pressure sodium
lighting (HPS) in schools. Not only does HPS lighting save energy,
hut, it a180 reduces maintendhce costs substantially. . When using HPS
lighting {t may be advisable to use it throughout the fézlllty to
mininize the "color" problem. Earthtone colors are reported to work
best with HPS lighting. Colors should be selected under HPS lgghting.

f_ .
3. Consider lowerfng the heiéggﬁyf'hﬁy new fixtures. This will give nore
. visibilfcy at desk level th less power {nput.

.

4. Remove unneeded fi{xtures or lamps.\ ) . .

. i N
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H. Partfally Delapp Existing Fluorescent tight Fixtures and Install New .

Polarizing Lenses {n Fixtures.’ B

L - M
I+ This decision should be made with the advice of an {llumination con-
sultant: M v

- -
L] . =
. A

2. Polarized lenses may be able go provide adequate visibilfty in a par-
c1a ly delamped lightlng system. =

-
~ .
-

3. Deljmping saves energy’

. I+ Turn Off Lighting wﬁqn;Daylight Provides Adequate Illuminatfon.

. J. R!%uce or Eliminate Evening Cleaning of Buflding* s

>
1. Schedule=tleaning actlvitles to daylight hours or when lights are on
for other reasons.: ‘

P

. . ..
K. Install Water Flow Restrictors and/or Water Conserving Shower Heads.
' "1. Flow restrictors on hot water supplies to faucets and shower hedds \

help., eliminate wagte. Water-conserving shower heads also reduce hot'
water requirements. -~

L. XKeep Classrooa Doors and Windows Closed Duriﬁg Ocgupancy.

»

: L. Opqn doors can cause room thermostats to sense a temperature that is '

. not representatlve of the space. y,
L3 ) ” ‘
2. Open doors and windows can upset an automatic heating 3and wventilatiop—"\
. system. V¥hen no automatically controlléd ventilation systecfexists), .,_\*\
windows can be opened for desired ventilation when the heating 5YS

. v has beed turned off . . //)

.. . :

. } "
’

L ) ) ’
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Parc V:

ENERGY CONSERVATION OPPORTUNITIES WHIGH MAY PROVIDE
ADEQUATE PAYBACK POTENTIAL. '

v 4 (~—\\£L13c Poc intended to be all fnclusive?),
y .

El

A. Replace standard fluorescent lighting fixtures and ballasts with eaeXgy

conserving high pressure sodium or fluorescent lighting fixcures and bal-
lasts. .

l. See cautions in Seccton v, G, 2.

" . *
2. Replacenment of fixtures can be coubined with lawering the light £ix-
tures to obrain more visibility ac desk level with less power input.

3. "Energy Saving" fluorescent lighting may not be more efficient cﬁan
standard fluoresceht lighting in two lazp luminaries.

4« Consultation with an {llumination spetialist is advised,

B. Install Lighe Switching to Facilicacte Shuteing Off Unnggded'highcs;

l. In many claggrooms, the exter ior bank of lighting 1§ unneeded ouch of
the tinme. - ,

2. 1f switching 1s to produce any. energy savings, someone rust use the

|
Cv Use of Security Lighting. . l

l. Contrary to noramal beliefs, at least one school digtrict has found
that vandalism decreases when schools are left totally dark.*

P+ Add Insulation to Roof. ;

l. 1f roof 18 due for replacement, and has a low "R value, adding suffi-

cient insulation to accomplish dpproximately R=20 may be cost effec~
tiveo 2 +

2. Placemeng of 1naula€;on¢13 ah inpurtant consideration. Increasipg the |
R value by using insulation on the roof deck under cife réofing usually +
presents no problem. Uhen the structure has a suspended ceiling,

‘| adding 1insulacion '1nmed1§cg1y above this suspended ceiling cah cause
condensation problems on the underside-of the roof davk.

- -
-~ . N
- »
@
» + .
v
.

AY

-

* en Anconio Indépcndeng;jgﬁgol Districe. Héwg,.iory on page 52, June .
7, 1978, San Freancisco Exaginer. ‘ )
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3. It should be remembered that evea ,during fairly c¢old weather nost
classrvooms will have more heat supplied to them by lights and occu=
pants than is lost through the structure and through mininum ventila-
tion Air. This fact, as well us the consideration that unoccupied

" tenperatures should be approximately S55°F, and that insulation and its
installat{on are expensive, requires careful study to determine the
cost-effectiveness of this ECO.

*

Reduce Window Area of Classrooms or Bouble Gléiﬁ Windows, etc.
+~ .

1. Refer to D. 3. above. ’ .

2. oOther considerations guch as vandalism, loss of éaylighn. and elimina-
tion.of condensation can affect the decision on this ECO.

Insulate Steam, Hot Water, or (ondensate-Pipes or Ducts.

1. lMost pipes, except possibly condensate pipes, will probably already be
insulated.  Access to the uninsulated pipe i5 a big factor in deter=-
mining the cost, and, thus cost gffgcﬁivenpss. of this ECO.

‘Deactivate Auxiliary Heating Devices When Not ‘Nepled. .

F

l. One systen corgzzzy used-4n conjunction .with unit’ ventilators ig an

Japder window, ‘draft  killing'., 1imited gapacity, fip-tube radiation

section. Many of these systems continue to add heat to the réom even
when 1t 1is not required to maintain the general asbient tecperature.
As a conservation oeasufe,. en -the under window radiation bhas
independent control valves, thbse valves can be arranged to close com=

pletely during the occupied cyclég whenever the outdoor temperature {s
.above 35°9F, !

. * t’ ‘ ‘
Reduce Infiltration. o -
. Integrity of the buyjlding envelope i an obvious need. Restoring or
: maintaining this {ntegrity may involve: .

a} Weather stripping windows and any éxterior classroon doors’.

b) Replacing windows with better Seaiing units. -

¢). Installing vestibules at main entrances.

) |
- a=- . ‘ [ ‘lr
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RETROFITTING A "TYPICAL" SCHOOL .

-

. & .

"The decis'ton on how to retrofit must be based upon the cost of the retro-
tit and its energy saving potentfal. Deterpining the cost of rétrofits
presents no major problem. Once a decision'has been mnade to investigate a |
particylar retrofie, cost édtinates can be obtained from contractors or
material suppliers. The real problems are in the estimating of amounts of
energy that can be saved by proper inplementation of the retrofit involved and

~4n getting cost effective retrofits properly implemented. Of all possible
retrofits, those dealing with reducing the amount of heating fuel used are
probably the most difficult to analyze. This sectiop of this supplement +
offers guidance for energy conservation retrofit decisEon making by providing
a method of estimating "ball park” heating fuel saving percentages that can be
achieved by implementing some cocmon retrpfits to a "typical™ elementary
sthool’s mechanical system, applying these percentages to similar schools and
deternining the cost effectiveness of some retrofits. Pae scheme for possible
optinization of boiler operation will also be presented as a very energy effi~-
cient and cost effective retrofit for our typical school and_gpr schools with
sinilar heating and ventilation systens.

*

A. Descrigtish of the "Typical"™ School. ' I 2= -

- L

The "typigal® school “is a single story 20 classroom elementary school with
library, oulti-purpose room, teachers lounge, office area and washroonm areas.
Ie is 40,000 square feet in size, has a roof U value of ‘0.15 (R = 6.67), an '
outside wall U value of 0.34 (R = 2.94), has 220 ft.2 of window area per
classroom and operates 178 days out of a 278 day calendar period beginning
izmediately after ‘Labor Day. The building has infrequent "after hours" use
and such uge 1s confined to the wul ti~purpose roow.

This "typical” school is heated and ventilated only (no air conditfoning)
and employi a single hot water boiler with operating temperature automatically
adjusted from outside temperature from 210°F hot water temperature at “npiffsum
outside cemperature to 130 OF boiler water temperature at 60 °F outside air
tezperature. The boiler 1is operated from .late September wuntil early May.
Boiler copbustion efficiency is 80%. Each classroom, and the library, has.a
unit ventilator operating on an ASHRAE Cycle' II control cycle for occupied
periods and cycles intermittently, without outside air, to maintain the unoc~
cupied space condition. The oulti-purpose room is served by a heating and
ventilating unit controlled in°the same manner as the unit ventilator. All
other spaces are ‘heated by convecfors or cohnvertors with fans (forced flow
codvectors). The washroous have powered exbaust fans which operate whehever
the unit ventilators are on their "occupied” .cycle of operation. Domestic hot
vater (water for washrooms, etc.) is heated by a separate water heater.

The butlding 18 in good repair and the mechanical system {s adequately
maintained and adjusted and is operating efficiently. .



By Heating Fuel Use Factors
i
To provide a nmethod tu "ba]l park" the energy saving potential of various
‘retrofics Theating fuel use factors”" (HFLF) have been developed as a hasis of .

. uomparlsona Table S=1 1Tses il operating tonditions for the.systenm instal led -
in our Ytypical” school. For each of these 1l operating conditions, two heat-
ing fuel us% factors are given. One factur 1s provided for a ™fairly nild"
Cllmate having a +5 © F design termperature and 5300 degree days during a "nor-
nal™ sthool heatling season. & secund "severe" clinate (~11° F design tenpera-
ture and 7600 degree days In a normal season) heating fuel use factor is also
glven for each of the !l systenm operating conditins. The accuracy of these
facturs when wused to predict potential fuek saving for other schools is
greatly dependent upon how they are applied. These factors assune good effi-

! clent operation of systems before and after retrofit and also assume that any

and all rectrofies will be effectively impleoented.

|
|
|
To use these factors, first pick the climate. that nost neatly approximates l
that of your area. MNext pick the condition that describes how your system 1s
presently pperated. Sclect the fuel use factor that applies. This "is your
w base. To figure an appruximate percentage uvf fuel. to be saved by retrofitting .
to acconplish other operating conditions, select tne fuel use factor for4 any l
operating «condition 1listed 1ia Table S=i which has a higher condition number
« than that of your existing system operation. Use lfactors fron the cliisate
column which 1is most similar 'to your climate. The approximate percentage of .
fuel saved by rectrofitting is HFUF of.existing system minus HFUF of retrofic- 1
ted system divided by HFUF of existing system. For example, if your.presentg |
s system 1s a condition 3 systen and you want to know approximately how much you |
can save by retrofiting to a condition B8 .system, select the HFUF's for condi-
tions 3 and 8 from the columns for clinates closest to yours. (If you live in
a 7000 degree day climate with =100 F design’ tenperatufe, you would use tre
values f-rom the 7600 DD colunns.) The approxinate percentage saved will be

. 395 = 343 o 132 or 13.2 ‘

.

. 395
\
‘Thls percentage is applied to your— historical energy consumption at your
school, normalized on a degree day basis, L
0

P

Establishing the historical heating fuel use for your sghool builiding can
¢ be done with, the three most recent years of actual heating fuel usage (not .
necessarily the same as fuel purchased) records. Next you need the heating
degree ddays of a "normal" year and Tor the three recent years for which you
have actual heating fuel use data. Degree day information for your location
is available from your local utility company or weather bureau. Make sure the

sane calendar time period 18 used for both fuel wuse and for degree days. .
. "Normalize" each of, the three years fuel use by multiplying the actual fuel
use tinds the nornal hegree days for that time period and divide by the actual v

degree days for the same time period of fuel use data. This gives a "normal=-
{zed” fuel useage. ‘After performing this calculation for all three years, add
the three normalized fuel wusage figures and divide by thrce. This gives a
hiscorical normalized fuel use figure. It is to this figure that the approxi-
nate percentage saYings is applied. '

-t
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TABLE §-1 ' ‘
v T MEATING FUEL USE FACTORS

+5° deéﬁgn
5300 deq. days

-11°F design
7600 deg. days

4

Conditionm 1 - No ‘unoccupied cycle
temperature setback + high veptilation
rate - long occupied cycle
’ 2) Un1t vents and ventilation
Un1ts operate on a 33 1/3 ¢
minimum qutside alr occupied
cycle.
b) Unit vents and ventilating.
units operate without outside
air on the unoccupied cycle
¢) Room temperatures maintained
at 7G°F at all times.
d) Occupred cycle of 31 hours per
school day.
e) Exhaust fans operate on
occupied cycle only.

" fondition 2 - Same as condition }
except that the occupred cycle is reduced

to 7 hours per school day.

Condition 3 - Same as condition } except
that unoccupred cycle room temperatures
are set back 10 60°F.

Condlulon 4 - Same as cond1t10n 3 except
that the occupied cycle is reduced to
7 hours per school day

Conditloh'S - Same as condition } except
that the occusied yentilation rate is
reduced to 5 cfm outside air per room
occupant and exhaust systems are re-
balanced to minimum code requirements.

A

e

320

301

/
© 338

Condition 6 - Same as condition 5 -except

that the occupied cycle is reduced to 7

hgurs per school day .

. Condition 7 - Same as condition 5 except

that the unoccupied room temperatures are

lowered to 60°F i

Condition 8 - Same as condition 6 except
that the uni unoccupied room temperatures
are lohered to 60°F,

335

457

395

370

406 ¢

403

351

343

»
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Condition 9 - Same as condition 8 except -

that roof insulation, has beem added to 213 309
increase R from 6.67 to 20. (redyce U from
0.15 to 0.05) )
Condition 10 - Condition 8 with the
addition of a "boiler optimization panel®
to allow boiler to operate only when its .
output 315 required by the buildina, to 182 . 255
uti1lize more- of the heat generated by the ‘

boiler, to permit ventilation to occur only .

during full occupancy of building or zone,

etc.

Condition 11 - Cond1t1on 10 wath the roof . . -
1nsulation of Condition 9 added 161 255

-

< f
1]

0 r
s »

A1l of the above factors assume that the full fire combusion eff1c1ency
of*the boiler 1s 80% before and after system changes (retrofits) are made and

that any and atl system retrofits. will be properly installed, adjusted and/or
calidbrated.
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—?3\ purposes of llustratiun, Jdsune your normal 7000 .degred  day olimate
had — Tuly-to slune depree day figures of 6300 fur 1978479, 7600 for 1977=78 .md
6900 fur'l97b-?7\hgating seagons.  Your actual fuel use July to  June), wvas

33,000, 36,000, and 340N0 therms for the sane yedirs. Normalized fuel consunp-
tion would be. | _ '

., - RO S
- - -

»

‘ 33,000 x —== or 36,5667 1978-79 i"*l

-+

36,000 x 220 or 33,158 © 1977-78 -

- b !

* 35,000 x —z77x or 34,493 197677

e . .norualized historical energy use , for —your * school is
38*§67 $ ??,f§§ hs 3&’165 r 34,773 therns. {lhen three year datq\js unavail=-

able a one f%ar non?!lized existing'energy consunption will need to' be wused.
Obvxousf?\\;his will' tend to a less accurate prediction than a historical fig-
ure based ok three years.) Your retrufit fron a condition 3 systen to a condi~
tion 8 systen will save wpproximately 13.2%7 of the historical normalized
energy coqjggption or 4590 therns during a "nornal" year. ) '

Ce Vhy botler optinizacion? P . )
Before explaining the advantages and features of "Boiler Optimization” it
is well to point out that there are wide differences of opinion on how boilers
should be operated. Ome school of thought is that boilers should be fixed at
the system raximun design temperature whenever heat 1is needéd. In this
instance, any lowewing of the tecperature of water supplied to the heating
system shoul! be ac.omplished by blending the hot boiler' water with water
returned fronm tie systen. Anotfer school of thought frowns on this nmethod of
operation because of possible "thernmal ock™ to the boiler when water is

regurned at a temperature too tuch lower “than the temperature being maintained
In the boiler. '

Still another hool of thought advocates resetting the K emperature nain=
tained A\{ﬁ;he boller to more nearly match load requirements but to a tenmpera-
ture no loW&r than J60°F {others cecorrmend {40°F and 130°F as mininuns). The
reason  for linmiting the minimun operating temperature is that when a dewpoint
tenperature occurs on any exposed boiler surface, acids can form which attack
that surface. It is {nteresting to note that the ASHRAL 1975 Equipunent Hand- ~
book* recornends firing an idle boiler to maintain the boiler water at about
100°F to keep the boiler warn {and the boiler roon dry) stating that the fuel

-

consuned by <o doing is a small cost to pay for protection from boiler
deterforation. . R

Still another school of thought cautions against operating boilers
equipped with modulating burners at reduced temperatures but sce less danger
in doing,so when boflers are equipped with on=-off cdntrol burners.

-
~

*

. \ - R

*Cbapter.lé,_Laxe 24-8, "Care of ldle Boilers.” A |
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!any well natntained, steel, fire tube boilers have been operated {n a
maner approxinating that accomplished by the following description for many
years without adverse effects. In the continuing interest i{n energy conserva-
tion npethods the Energy Efficlent Bulldings Program at Lawrence Berkeley
Laboratory wil be interested in recelving information regarding any problenms
that may be emcountered when using "Bofler Optlﬁ}zatlon-"

The ﬁeating systen for any buildlng Is sized for the maxinu?{béfting load.

Most of the time the actuil load.is only a fraction of maximum 4dnd much of the
Tne the actual net load is zero. For example, an area with a design tempera-,
ture of =119 F (design tenperature i{s the basis for sizing & heating systen)’
may have an average heating season temperature in excess of 379 F. Boilers,

, even In severe c¢linates, need to operate at full capacity only a small part .of
a heating season. :

LY

Classrooms in schools receive heat from the classroom lighting’and «notor- ¢
{zed equipment and from the room occupants. When ventilated at normal minimum
code requirefents (5 cfm outside air per occupant) classrooms frequently do
not need heat, after Warmup, at outside alr temperatures above approximately
35 o 40 © F, and almost none need heat above 45° F after any required inftfal
waroup s complete. When heating systenms are reset to lower unoccupied cycle
temperatures there is a sybstantial period of time when no heat is required.
This time perfod can be the entite unoccupled period for most of the school
year. ghen a boiler {s allowed to malntain hot' water during those times when
there {s no demand for hot ‘water, energy {s wasted. When a boiler operates .at
partial load (periodic firing) its overall efficiency drops. Oversized
boilers are less efficient than those properly s¥zed. Systems which employ a
single boller must have that boiler-sized for 100% of 'the maxinun Tload and
Consequently {t must be operated in an oversized condition.at most times.
Energy comservation measures which reduce the load on the boiler have the
effect of making it even more oversized and thus reduce it§ overall operating
eff {clency even further unless {ts operation is optimized.

Boiler operation optimization means alloying the boiler to operate .only

~«when {ts heat output is needed or expected to be needed in a reasonably short

period of time. Figure 5-1 {llustrates a boiler operation optlmization panel
for the heating system in our “typical™ school. The panel has been designed
for a single boiler heating system having an unocgupled period setback control
system employing the unit ventilators as unit heaters (no outside alr) during
the unoccupied perfod. The features of this panel are: )

l. A single 7 day ptog}am time clock establishes a program for the nor-
mal week (a 7 day cycle). It-is to be set¢ to provide mininmun warnup
\ periods and to set the system to the unoccupied mode at the end of
the full ocqupancy part of the school day. This 15 the only device
which requires resetting after power failure or when time base
changes. )
~

» L3

2. A singke "loliday" override switch keeps the entire system on the

unoccupled cycle for the duration of a holiday period.
bode
3. Ap adinstahie "scle repeating” timer is to be adjusted to provide

Sotler e s tor o mtnleee preser "warnmup” time peniod whea out-
slde wr a P Tatures are above a preset temperature Ldpprox.ndately
L]
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FIGURE S-1

-

BOILER OPERATION OPTIMIZATION PANEL

FOR

“TYPICAL"” SCHOOL WITH PNEUMATIC DAY NIGHT CONTROLS
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1. T5-1 ts a 7-day progzé; time switch with 2 normally open (close
for occupied cycle) contacts And 2 normally closed contacts. Set to close
normally open coptacts agproximately 1 1/2 nours before classes start and
open the normally open contacts, when the class day 1s over. This 1s the

« only device that neéd¥ resetting after a power failure or when the time
base changes. ’ >

£ r
B

2 » CRT-1 15 a cycle repeating tiver. Set to open 1ts contact (CRT-1-1)
for approximately 1 1/2 hours after power 1s applied to ‘CRT-1. (This time
period should be adiusted to suit the warmup peniod of TS-1)

i 3 CRT-2 ps a cytle repeating timer. Set to clds€ 1¢s contact (CPT-2-1)
for approximately 1 1/2 hours after power_1s applied to €RT-2. Thas time
period can be shortened for better insulated burldings than our typical, schqol
or for $Chools which have less ¢lassroom window area. » :

4 " MT-1 15 an nterval tamer. If will close 1ts contact (MT-1) for the
arount of. time set on 1ts diral -- then open. Its purpose 1s to provide a timed '
period for "after hours” use of the multi-purpose room.

5 MS-V 35 a manual "holiday override” ‘switch. Closing this switch . RN
allows 75 1 *o control the occupied-unoccupied switching of the system,
Upenang Ms-] keeps the system on the wnoccupied cycle for holidays and
vacation periods. - . . .

b4 — .

»

6 M5-2 1s a manual swatch  Closing MS-2 allows the multyr-purpose room
heating and ventilating unit to ventilate during "after hours" use. This
switch would normally be clused only when large crowds are present oc tn warm -
wedther

’ . s ' : o
7 Terminals ' through.l0 interconnect this panel to the pnelmatic
control system for the bualding. Terminals 1, 2, 7 and 8 provide signals for
the classrooms and 3, 4, 5 and 6 provide operating signals for the mudti-
purpose rcom  Terminals 9 and 10 are common to both systems.
‘ N = s

£ Terminals 11 and 12 - provide a closed¢tontact for- heatipg hét ¢ircu-
lating purp operatinn. Relay R-2 can be procured wi1th additional contacts for -
additional circulat-ng pumps. The relay contacts may be able to be ordered to
hardle the full current of the circulating pump motors or, in the case of larger
pump motors, can be used to pull 1n magnetic motor starters. .

9 Termieals 13 and 14 are wired in series with the boiler operjting
controls " Relay R-Y€an be provided with addi1tional contacts to accormodate
a second borler but additional devices rust be provided so that any stand-by
barYerf fulfills only a standby function The stand by boiler is not to be |
allewed tn operate when 1ts capacity is not required by. the system. HWhen-a
borler 1~ in the “ctand by” condition 1t should be valved off (preferably
.automatically) so tngt no water circulates through 1t. |

Far
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10. Terminals 15 and 16 - are'connected to a thermostat sgnsing true .
outside temperature. 1t should be set to'close 1ts contact at about 44 F . .
(open at 46°F)  In buildings with betterTinduation or less window area '

+ than dur typical school, these settings #Hou fd be lowered unt1] discomfort L
acCurs on thdse dayS with outside air temperatures slightly above the \ .
thermostat Sptting. <« .. & . |
4 A - . . . -t ’R ’ . ;

“%. Terminals 17 and 18 are*connected to a thermostat located: iry the - B
"coldest” room (classroom or mult'-purpose room) This thermostat wily ~
close 1ts contact below 50°F and open 1ts coqgact atove 52°F

F 4

12. Terminals 19 and 20 are connected to a thermostat sensing\true -
outside air femperature, This thermostdt 1s adjusted to close its chptact .
below 32"F and open at 33'F

o

13 Fermnals 21 and 22 are Fonnected: to thermostat sensing the water |
temperature at the ‘outlet.of®the boiler. It s adjusted to close 1ts contacts -
at 105 F {open at 100" F). . . . = |

LY . \ |
- L] t’ - A

« 18 Terrfinals 23 and 24 are connected to a thermustat in the coldest
room (classroom or multi-purpose room). It 1s adjaosted to close 1ts codtact
at 67°F (open at 68°F) . - F“

15 Jerminals 25 and 26 are connected to a thermostat sensing true

outsifte ajr,tempersfure  This thermostat s adjusted to close its contact at
5 53°F (gpen at €1 F > o

¢ " 2 . <

1 | 3 1
‘16 Termipals 27_and 28 may be cEnnected to a thermostat sens¥ng boiler - ~j
room temperature Thisther@ostatwOuld close 1ts contact at 45°F (open at
- 60°F)  (This feature.1s uséd only imvery severe climates where the combustion |
air, intakes ,to the boiler room are not equipped with automatic dampers. [ts. |
. ( ‘ L] 1
purposerz1s to prevent the possible freezing of exposed domestic water ]ines® _‘. R
ett , during periods of boiler shutdown 1n severely cold we@thér  In.milder ‘
:

climates, or when boiler room combustion air intakes have automatic dampers,
" these terminals .are not used.)‘ S - |
17/ Termifals 29 and_30 are connected to a thermostat sensing boiler

water temperaturé (tRis canm be the ex1sting "operating aquastat” on most

boilers 1f it 15 totally disqonnected Trom 1ts existing wirihg and connected

to terminals 29 and 30  The wires originally connected to the operating

aguastat should bé spliced together Jeaving the outside reset control and the l
-high 1imit aquastat in control of the burner)™ The temperature settioa for the: ;;f |

thermostat attached to 29 and 30 should be' closk contact at 140°f (opjg?gt
158°F). . .
.' 18 Relays R-1 has 3,.or more. normally open contacks.. R-2 has 1, or ‘ .
mape; rormally open contact  R-3 has 2 normally open, 3 normally closed
contacts  R-4 has 3 normally open contacts, R-5 has 1 normally opep, 1.
.normally closed comtact. R-& has Zanormally open, 1 normally clgsed contact. |
R-7 bas 3 normally open tontacts, R-8 has 2 normally opén contacts ~ iy |
’ \‘ - N - ' ‘s \ . * T - ’

o " .50-C-
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20. General - Thisrdepiction of a "Boiler Operation Optimization Control
- ' Panel” and that of the “probable" pneumatic control systeh are dragrammatic
D and are presented to explain a concept. Thére are many sChepls with systems
that have-control systems gssentially 1dentical to our "probable" system which
can use our "optimization” panel with 1ittle or no tailoring. -

The boiler panel has been shown as totally Tine voltace (115 Volt) to :
- i‘]ustrate_funct1on.' ikcept for relay contacts for boiler and pumps, 1t cam
also be totally low voltage @4v)provided panel and field devices are p?bper}y
- ordered for that service. Combinations of the two (1line voltage - low Yoltage)
, are possible with the use of transformers and transformer relays. Again care
must be exercised to insure that panel aqgaigeld devices-are compatible.

‘ P It hspossible that the offides within a school may be uncomfortabiys
cool when boiler optimizatign is accomplished. Reducing the hegt loss from
thése spaces by adding storm windows, etc , may elaminate the problem. When

” additional heat 1s required, small electric resistance heating.units (1000
to 1500 watts) can be used to provide comfort during occupred hours. Portable

. units can ‘be used ‘unless prombited by local fire codes. In any event these

umits, portable-or permanent, should, be disabled ywhen the room 11ghts are off

-
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45 F) but  below dpproxir::atuly 60° T or when 2 key "eold"” roor fs . -
below 679 T, oA .
4. An adjustable "cvcle repeating timer” s to be adjusted to insure
N * that venti{lation {s pernmitted ohly during actual occupied hours:

>+ Prouvision for bofler shutdown after a warmup cycle has been accon-
- plished on the occupied cycle when outside air temperature is above
approximately 45° F. The heating hot water tirculating pumps con- -
tinue opgration(untll the boiler water temperature is reduced to iGJY -
. F . . 4 K
* 6. Provision for builer shutdown any’time the systery is 1indexed fror
- cccupied temperatures to unoccupled temperatures untyl the tempera-
. ture of the "coldest" room in the building drops to 50° F, at which
. . tinme the bpiler is restarted and operates natntain an unoccupied
cycle ‘bofler water temperatture of approxinéffigii20°F. )
” % .
7. If the water in the boi ler {s hot at the time the systen 1Is {ndexed
to uncccupiled node, the thernostats {n t e spaces remaln at occupied
tepperature, ventilathon {s discon&inueq nd the hot water circulat-
ing pumps continue to operate until the heat in the boiler 'is util- .
{zed (boiler water temperature drops to 10G° F)}, at which tine the
spacd thernustats are reset to their unoccupied temperature of 60° F.
’, This provides a ninimal® cost comfort perfod extedsion in cold”
weather. .

w

J

8. The fan ndtgrs of the unit ventilators and ventilating units are not d
pernitted to operate on the unoccupie® cycle when there {s no usable
*heat avallable (boiler water temperature below 100° F). - \

9. Hot water circulating pumps operate whenever therg {s usable heat 1n
the boilerpanﬁ anytine the outside air temperature {s below 32° F as
a.precaution against freezing of coils. (Note that all other freeze
protection safeguards such as Tight closing dampers and air free
heating hot wﬁjer must always be employed.)

v 10. A single fntarnal timer presets an "after hours"_ use time for the
nulti-purpose roen. is permits heating the nmulti-purpose roop dur-
v » ing unoc¢up{ed periodyt’ When thé outside air tenperature  {s \below
about 45° F, the boiler {s operated for a time period equal to that >
of morning warmup . -

1

II. A manyal "ven{i;ation" switch for the pulti-purpose room énables o :t
disables the ventflation cycle of the multi-purpose room unit during
the "jfter hours"” use,of that area as preset on the internal timer of. h\\ .

*

ftem IO above. .

.
’ £l

¥ . .

Figure S-2 {llustrates how this panel ries in to a standard pneumatyc'con-

trol systen. It also 1includes the modificatins which nust be nadetﬁo that

. System.  Adaptations and mod {f {cations are necessary for applications to dif-
ferent types of-systems. These figures are supplied to {llustraTe a concept. '

Systems' with standby boflers, etc., will neced to ad® standby provisions. The

A

v
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w 4 Water circulation grapdpoint except when the need for standby operatiun

% | ’ '

standby botleg should be locked out of the operational cycle and isovlated from
exists. The standby provision™whould accormodate switching the lead boiler

De How Do ! Determine 1f a'kétrofit Is Cost-Fffective?

First we nust define cost effect4we. This program initially defined "cost
effece{ve” "as recovering the investment, with interest adjustnent, within 12+
years, assuning tha;tenergy costs escalate at a rate of 0%/year. Energy
costs have certainly been increasing at least that amount. No one \ls certain
what the future will bring,.but perhaps the original definition of cost effec-
tive 1s still valid, 1f conservative, provided the interest adjustment is 6% ~
or greater. ’ ﬁ: '

To state 1t more simply, we want to insure that we will save enough in |2

.

years, assuming energy costs increase 107 each year, to nmor€ than reimburse us, ¢

for the noney spent to retrofit to accomplish that saving, assuPhg that we

van borrow at 6% {nterest. If we make the aSsumption that we need to borrow

the noney one year,before heating fuel savings begin, each dollar we’ll save

1 fuel 1s nultiplied by 18.531 to deternine the total dollar valve of all  \

fuel saved in the |2 yedr period, Likewise, each dollar borrowed now to

acconplish the retrofit is nultiplied by 2,012 (or 2.518 if your interest rate

is 8%) to determine the total cost at the end ¢f 12 years. . v
Another way to use these factors 15 to determine what anmount you can

afford to spend to have a break even point at the end of ]2 years, given the

apount you expect to save by implementing the retrofit. In our previous exan-

ple we estimated that 4590 ctherms would be saved by retrofitting a given

assumed system fron condition 3 to condition -§. Assuming that this school .~

uses natural gas and pays $0.30/therm for fuel, the estinated dollars saved

the f-irst year are $1377.00. For break even at the end of 1% years, given the

parameters stated previously, we could spend as much as

"

$1377.00 x 18,531 '
b 2,012

or $12,682.50. To accomplish this rerofit will not reqpirgl nearly that
anount. It can _probably be done for under 5%900.00 provided thd basic systen .,
is In ébod gpériffng condition. TRespating, in" this instance, {t will probatly
cost less than’ $1000 x 2.012, or $2,012 to save an approximate $1377.0C x
13.531 ot $25,517.13 over a 12 year period. The change to condition 8 opera-
tion is definitely a good Investment for this school.

-

i

Adding roof ingulation (increasing|P {rom 6.67 to 20) to a conditionihg
sysfen makes {t a condition 2.J§ste +« If one were to retrofit a condition

school to a'kpndition 9, approximately - * %
395 - 309 _ _
R . _.3_95_ 218 . .,
or 21.8% of a "nordal' year’s heating fuel can be sgaved. In dpllars, at _"3

$0.30/therm, cthis s 34,773 x .218 x .30 = $2274.15. Using- the same defini-

tion of "cost effective" as above, this savings would Justify an expenditure
of

v

. - " $52274.15 18,531 . .
"/ . ] ‘20012 LY .
. -
7 -52-
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or $203969.66. SIﬁceIabBut $1000.00 of that amount would be used to bring the
condition 3’systen {nto compliance with condition 8 this leaves approximately
. - §20,000.00 for the roof insulation It s questionable that 40,000 ft.2 of roof

+ * c¢an be f{nsulated fron R-6.67 to B-20 for that amount. It should also be
peinted out that less than half of the total savings here was brought gbout by

the insulation tgself. ) .
The sanme conditiéﬁ 3 school can be retrofitted to a condition l0school at
. an estimated cost of under $7,500.00. Condition 10 incorporates all of the
\ features of condition 8 and adds a boiler oprinfzation pamel. This retrofit,

‘in total, would save an estimated ’ >

395 -,255 .
. . _393-—- « 354 .

or 35.4% of normal years fuel 1f properly implemented. In dollars, for the

school {n these examples, this s 34,723 x .354 x 0.30 = $3692.89. and justi-
fies an inyestment of .t .

Y

" . -"-b§39692.89 X 18-53‘!"‘.\\-\ .
~ _2.012 ¢

or $34,012.42 using the above def;nition of "cost effective." About 37Z of the

total savings produced by this retrofit were acconplished by the modifications

to bring the systenm to the condition 8 level (a part of conditfon 10), buc

the: balanee produced by boilé optimization, $2315.83, by frself justifies amny
X investment of $21,328.90, almost three times its‘fstgmated cost.,

Condition 1l adds roof fnsulation, to accomplish R-20, to all pf the \
features of condition 10 (raduced outside air; reduced hours of high tempera—s? .
ture, veptilaring occupied cgnditions; and boiler operation optimfizatfion). It
assunes that all necessary adjustments have been made to this panel to take
advantage of the reduced heat loss frfof the building (shorter warmup hours,

. Occupied period bofler shutdown at lower outside temperatiure, etc.). If our
condition 3 school is rectrofitted properly to a condition 1l system, the

N approximate savings are d )
. . .
. , 395 - 225
. 395 - .

or «43 or 43X, This {s $4585.72/year andV justifies an investment of *
$43,314.52.  If $7500.00 is spent on the non-insulation portion of the retro-q  *
fits, $35,815 i< available to pay for the roof insulation. If re-roofing fis
{mninent, cthis amount nay, pay the cost of insulation. If 8o, the overall

. modiffcation {s ™cost effective,” by our definitioh, even though the highest
] cost portion of the total nmodification (insulation) does not, in this
Y inscance, qualify as cost-effective by {tself. . ’

L+ How Do I Apply the "Heating Fuel Use Factor™ to Other School Beil

-

ngs? d'

t " The factors can be appl%d, with some degree of accuracy, to any
constructed aingle story school (window dreas, U values) of substanti
which ‘is heajed and ventilaced only (non-alr conditioned), «located in climates
of 4500 to 8000 degree days and which uses a cencral heating boiler -~ streanm

-

-

er hot water. Judgment must be used wvhen applying them to dissimflar struc- [ i
tures +€¢¢, roof insulation would save a smaller percentage of energy‘in a
onulyi-story school. . . i ! .

s ' : ) ‘ ‘
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"It should be remenmbered that, hn all cases, these factors are an approxi-
nate mneasure of heating fuel use, are presentéd, as interin guldelines only,
te assist”In"@nergy conservation calculations. The accuracy of these factors

-

depends upon pruper and cogplete implementation of any or all retrofits tp a
gysten which {s in good, efficient operating condition. .
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. SPECIFYING YOUR RETRUFITS
N ' A. A specification should‘includ}\ﬁ cooplete and comprehensive description of

all wvork to be performed for, and the performance expected from, each
retrofit. Include: .

- ¢
1. Conmbustion efficfency required as the result of any "inproved" .
. boilet/burper (or furnace) efficiency retrofit. R
3) Require that a test for certification of gcompliance be performed ‘
in the presence of your authorized representative and that a for- .
mal report of the rebUlts of this “test be providedi,{or your &
records. . 3 B, e
g
b) Réquire complete gperation, maintenance and adjustmént {instruc- .
, tions and wiring diagrams. 3 .
2. Complete functional description of any control systeo change or * add1i-
tion, reconditioning or calibration.
a) Require complete "as bullt" control diagrams for the entire con-
- . trol systes as nodified and installed. Diagrams to 1nclg§e all
sttpoints for controllers, reset ranges for all reset controllers,
. and operational ranges of all cdntrolled devices. W
? vJ Require a maintenance and calibration procedure manual.
»
¢) |Require a f#rral fnspegtion tour with your authorizeé¥ representa-
. tive which incllides an operational demonstration of satisfactory .
completion. ) St ,/// )
' 4. A definition pf the varranty reQuirecents and any required inspections -

during warranty peried.

’
- . 1
*
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Part VIII:

INSURING THAT YOU RECEIVE VALUE FQR\?UUR EYPENDITURE. -

\ L

Select Raputible Co;tractoés.
Use Quality Equipment.

Withhold a sufficient percentage'of total payment due to insure satisfac-
tory eagpletion.' Release when you are certain that:

L]
¥

1.  Your autherized—rePresentative has inspected every detail of the work
" and has totally satisfied hi_nseli that all requirements and provisions
"of the specification have been thoroughly complied with. <{nly your

own diligent

efforts

will insure

Satisfactory completion of your

energy conservation regroiits.
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The project, Sav.ng Schodihouse Exesrgy, wis in.tiated to demonstrate the
- desiradility of modifying s.usol bu..1.ngs to achleve energy conservation, and
to developrguidelines by wrich schaol admu~istrators couid identify the most
. Qost-effective energy,conse~ving oppertunities in their bulldings. .
0 -

it shodld be stressed Lhat the emphasi% In this study 18 on cost=effective
~apital jnvestments for emergy conservatlsn In thia type of study the
recommended capltal investments sznould not be impleme-ted without first o
undertaking a, comprehens.ve operatlonal and maintenance program. This implies o
that sound eqergi managemen' procedures, such as approprlate scheduling,
perisdie iaspections, and routine malintenance are a continuing function. It
Turther assuzes tha®t the human element--all building personnel and
, students--13 eooperative and appreciative' of the iptent of the function
drsired.

-

y * . : |
The pralect s des.gnéé in five phases. (1) sire selection and v

engineering analy3es Lo identify and recnzmend cost-effective energy |

conserving Opportutilities, ‘2 architectural and deslign work; (3) installation, |

- construction, or mndificat.ons to lmplement recommendations; {4) monitoring . |

W ¢ postapodification energy use ®o verily the prolected energy savings, and (5) N

. A rhorough and ~oaprehensive engineer:ng analysis of ten representative
slementary schocls acro33 “he nation was underiaken to.identify cost-effecwive
energy conserving opportunit.es, The reppqts of these studlies are designed to N
provide school adminiatrators, engxneers,¢§rcgitc:ts, and associaled technical
perscnnel with indicators of potentlal energy savers in similar buildings.
The following information-is a br.ef compllation of these findings and
sbbreviated sanagement summaries ¢f tnede ten reports.

i 413semination of the findings . , s
Th?s fublica%ion summarizes the PRELIMINARY reaults of Phase 1. The — {

v Federal Energy Administral.~n%, wh.ch funded this phase, is in the process of
', approving the final "eports. . a X 1
3 : . . . ‘\ . . | J‘
* A . PHASE 1 -- MANSGEMENT SUMMARIES . . }
. _ . . ) . :
PUBLIC SCHCOL ENERGY CONSERVATION MEASURES; REPORTS #1-10 K X . |
- ) . ‘J
|

they were multi-level and single-story, and varied from double-loaded
corridors to pod and'open apace ashools, and they were widely dispersed
geographically (Figure 1). 3ix of the gchocls used natural gas as a fuel

|
1
, . The demonstration sités selected were constructed between 1925 and 1973, - ° . ]

¢

L
source; two used oil; and two had gas/o® option. Fuel costsiat the time ‘
*Federal Energy Administraticn Contract No. CR-04-60711-00. The views and .
zonclusicns cantained in this summary and in the engineering reports are i *

!
those of the &ithora, and should mot %% {qterpreted as necessarily °
represen* ‘ng the Sffizial policies of the U.S, Government . :




. FIGURE 1. DEMONSTRATION SITES . ’ .
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studied ranged from $1.13/MCF to $3.36/MCF for nagural gas and was «~
approximately $0.34/gal for oil. All schosls were heated, two used unit alr
conditioners, and one had aentral air condltioning. All ten schools operated
. on a standard school year.. } ;L,/‘\\\ .
' Tost-effective energy conserving opportunitles have been recolended for
implementation at all sitea. "Cost-effective" i3 defined as recovering,the
cpst of investment within 12 years from the predicted energy.savings.
Calculations are based on curren} fuel costs with 10 percent per annum -
escalation ad justed’fcr interest rates. By using the rather conservative .
12-year payback périod, 'the reeommendal.ons highiight the post cost-effective
' ECG's that should, first be considened by school administrators -- remembering
that school distrcts generally have very limited capital funds and must seek .
the most advantageous ‘way to spend those funds,

o it
Preliminary results shoy recommendations vary in cost by site from $1,000
V to $80,425 with a mean recotimended expenditure of $25,323. Prelimxnaﬁy -

projections suggest these expenditures +ill reduce energy consumption an
average of 50 per cent across all ten sites. While modifications to th
building envelope represént a signfficant portidn of the total recopmendgd

expenq&E:Zii, the most Trequentl recommendations wer'e to adjust controls and to

reduce side air lntake. Generally, they had the guickest recovery rate as -

well. Table 1 gives an overview of recommendations with assodiated papital ’

cost estimates and recovery rates by site. Table 2 ingicates the spemaflic

recomendations and estlma ed.co3t by site. ! . :
» o~ , . . . -

The recormendations made are for existiné buiidings with the .
characteristics as described., They offer guidelines for analyzing buildings

. with similar characteristics. However, suggested energy conserving .
opportunities must be weighed in terms of the fuel used, its cost and - - )
assoclated savings, a5 well as capital expenditure xconsiderations. While it ¥

is not the primary intent of this report to address new constructton concerns,
the findings do have implicaoions for such work. .
' It 'should also be noted that, in a free market, availabl¥ity is reflected
i{n cost. However, fuels have not had such a history. As long as fuel costs.
or supplies are in any way.regulated,cactual fuel availabilipy may tnanscend
the cost-effective characteristics of a modi’iiifion ’ ‘ . j

A3 soon as the phase 1 engineering reports have been approved by the

d Federal Energy Administration they will be available at cost. An order blank :
is attached to this summary for your convenience Inquiries related to the T .
study should. be addreSsed to: . ’

br. Shirley J. Hansen, Director or to AASA's consulting engineer.: .

. Saving Schéolhouse Energy ) . JCox Associates .
AASA : . ’ - Bhgineers-Consultants B y

. 1801 No, Moore St. 245 West Maple Avenue ) ’ .
Arlington, VA 22209 | . Vienna; VA 22180 ‘

. N '. " ‘
Following Lthe sumary tables is a brief description of each 3chool and ) )

more details on the energy conserving opportunities.(ECOs) recommended. Algo

noted are ECOs stidied but not recommended, at currept fuel rates. As the |
. coat of fuel exceeds the rate used in the calculations, such ECOs may beconme
* coat-effecttve ard should be reviewed. Any reconsideration should not view
ad Justed energy and dollar savings in isolation, materials. labor, interest
rates, etc. must also be assessed. ) ’

"




-

. ot Lt .
»; -~ L = _ / . )
.‘ - * -~ * )
. - - . - //
. LY . A} 2 // . . "
. .o T (,.' T T .
¥ ~ ! *
. ’ » . T . N . ) . . ’
o . . * b * " . -
za‘_', I . N P
N . '. - L} .~ »
. . s . . . .
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DEHONSTRATIQNQS£?E NO.1: Harold C.- Scott Elementary School
.« . & ¢ Warwick, Rhode Island %

Building Characteristics: . ' ‘ .
’ - . A ) >
1965 single-story pdd or nodified open space school -- 27,610 sq.ft. with
1ibrary, multipurpose,:and administration areas. Walls are 4" face brick, 4" ™

loose insulation, and concrete:block with approximately 22% single pane

. \ glass. Roof has 2 1/2" insulrock supported b)? steel beams, . |
. " . ]
The building T8 heated by natmral“draft gas-fired boilers. Unit
. ‘*’ ventilators are in all clas rooms, library, and multipurpose area. , |
y ‘h Convectors, radiators; and cabinet heaters are used in offices, toilets, and . |
|~ . «corridors. Gas consumption averages (85 HMBTU/sq.ft.) /
253 i - : _
. C Illunination 1s primary fluorescent. KWhYsq.ft. for all electrical .
by
. demands averages . \
5 ges 00 o 1
" 400 students, K-6; 25 staff. . Scho‘éf\'day:., 9:00 a.2.-3:00 ped. School J
7. . year,i early'September-lgte,dune. . " . - 1
Totals Annual Enef‘gy Cons;:m’ption: 89.6 MBTI¥sq.ft. @ 5550 Deg. D;\ys. i
.o ’ . . ' |
w ® ' = |
\\ Energy Conserving Recommendations: U UL NS
¢ " Rebalance unit ventilators to reduce ocutside air .
¥ 500 cfm to 250 cfm (R.I. code 10 cfm/stu) . C
’ . “  Esticated cost: $6,000. Recovery Rate: less than 5 yrs. - . |
. . Revise occupied/unoccupied‘eycle - from 4:60 a.m,-4:00 p.m, to j
8:00 a.m. to 3:00 p.mr; ovérride for night use . . ' ’ |
Estimated cost: ,"$0.00. Recovery Rate: immediate. Projected
savings lst year:®$1,535
. Replace gas-fired -boilers with 0iI-fired boilers .t
. Estimated cost: $19,500., Recovery rate: 9 ywears o
/ e 3@1 reof insulation during re-roofing o g.,, .
Y ' at imated Cost: $17,390. Renove::-y rate: "7 years . .
! v . , D o / ) NN
. - . ,All recommendations: $42,800 (est.r :.Becover_'y': 7 years. '
* 4 , s N i . L A . -
\ * o . ECOs not recozmended warranting future review: doudble glazing all’ windows
-‘ . .. "‘ ) v . » Il .
o N . Vo v ) {
‘. LY oot . i - .59 - .
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DEMONSTRA?Idh SITE NO. 2 Central :.ementarj School *
, . %;Pn Rocxk, "New Jersey
L] L ) 7 = .

&
Bul.ding Characteristicg: 3

\ L] - - »

\
Constructed 1925. 2 levels; 1939, one level addition similar .
gconstructien. i84.4q. fr. Wall 1s 4" face brick, 2" air, 8¢ concrete
bloék with p! aster interior finish with 35% gzlass, double hung sihgle |
pane Roof 1s dullt up roafing over plyJocd deck; 3' drop in interior b
¢ ceilmg finished .:i‘n plaster boar'd or acoust:ical taile, 1

- . .

1958 addition is single level. Wall is 4 "face brick on 8" concrete
« block witn 60% single pane casements. Rcof s built up over wood

sheath% with air gpace, 27 insulation and_'gco.:stical tile on interior
surface .

Y

e . Heated by ‘20 -925 o1l-Tired low steaz-boilers (converted froz
pusp for or.g.nal structlre and first add.ticn; second pump for 'S8
addztxon -- f‘oh“ rolled marually., Fuel consumption averages 9, 914 < *

. Ral/sq.ft.713°.6 HB"‘U/sq 1A

. L]
»,

. #° . Reduce outdide air ) i > “ oy /

20al) Unit ventilators and radiators in classrodms and auditorium. One
N ¥ ’ L]
. Illukinatisn .3 pr....ari'ly fluorescent . KWH/sq.ft. for all electrical s
¥ demands averages 3.5. . [ '
» . v - L4 .
300 Students,' K-6; 30 staff f:.r:.cludes district adeministration ToTTTT T T

v personnel). School day 9:00 2.2.-3:00'p.z.; staff 8:00 a.m. to, - R

6:00 p.2. School year: early Septecber-late June.. 15 adults 8:00 - ’

a.2.-6:00 p.a. in July. Vacated in August. ) ) -
) Total Annual Znergy Censuzbtion: 158 .”.BTU/sq.!"t. @ 4590 ‘Dgg. Da}s. “ .

™ Energy Conserving Recozmepdations: o«

-=500 cfm to 175 afm (:stafe\ code] .
Estinated cost: 45,000, “Recovery rate: 5 years
et Repiace botier with modular hot witer boilers '
¢ Estimated cost: $20,000. heéovar; rate: 6 years. <o
) Redyce thermostat settings: 70 F to 6B F )
" . Estibated cost: $0.00 (maintenance). Recovery rate:

imuedlate. Estimated savings lst year: $565.00 . : ] '
’ . Insta motor hperated damper %o nlose louvers and roof . . '
vehtilatars in audito-iun
- Estizated costh 31,350. Recovery rate. 2 ygars.: A
. K Install roof insulatidn: -- Hlanket®type in existing 3¢ .

" alrspace, Estimated cost: $7,200. Recovery.rate: 7 yearas,
e ‘iInfiltration reductions:
- ==Weather siripping windows and dcors h .
--automatic damper at roof vent ilator - . 4 /
Estimated cost: $6,000. Recovery rate: 6 years.

-
L]
- .

‘ -~ \ . - . .
S . . 3
. An recortNgdationd: $39,550 (est.). Recovery rate: 6 ‘years

. . L I 7
) » . ’ .."
£C0s not domcr.iod warr-antmg~ ruturo review institute warm-up » '
L@u with r;\ampor-s rloaed . . . L .
. " ‘\ FREIE . ‘ '
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. ﬁEﬁONSTRATION AITE NO. 3: Samuel Eferitt Elezentary School
; . . RN Langhorne, Pennsylvan{ia

A

Building Characteristics:

Construdted 1954 with two additions (1958, 11967);-a1l have similar
structure. 49,30\ sq.ft. Walls are 4¢ fade brick, alr, space, and. 8"
. concrete blqgk with approximately 45% glass in single pane casements. It

has a built p‘; f.over 3 1/2n Insulrocg supported tq;exposdh stesl

N ‘ beafs.
. Heated by (2) ofl-fired hot water boilers.: There is a 5.5 ton air
conditfoning unit ‘for office zrea controlled by a 7 day time clock and
two manually controlled window air conditioners for the library. Unit

ventilators and radiators are used throughout the building. ' Puel
. . _consumption ,48 gals/sq.ft. (93.8 MBTU/sq.ft.). :

Iliumination is primarily fluoresceqt. KWH/sq.ft, for all electrical
Jezand averages 3.27

. wt
b ’ ' N . . * n'/
Everitt has 559 studgnha,;xzs,__SQhoo%-dayf*—9¢

S¢hools year: . early September to Mid-June., ‘Used five "13htiJ$°r Week and
the office all summer, °* .

i
H

Total Annual Energy Consumption: °108.9 MBTU/sq.ft, @ u596 Deg. Days.
- . Y . P ~ - -

+

Energy Conserving Recozmendations: .
- ‘ . £ . .

s I3

. Reduce outside ‘air intake '
S . --500 cfm to 175 cfm (state req,)
Y ", " Estimated cost: §1,200. Recovery rate: 2 years, ¢
. v Replace boilers with medular hot water boilers
) Estimateghisst: $20,000. Recovery rate?. 11 years:, @
. . ~ .,

,
- . - = 3
]

All recommendattons: 421,280 (est.). Recove&y rate: 7 years
L ] L .

N . . / - . ’4 . 1 .
ECOs not recommeAded warranting future review® double pane glass,
. . and{or panel over cledrstory glass. .

p.a. s

")

*

- M
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" DEMONSTRATION SITE NO. %: Hindman lezgntary School

thdman entucky
g 3
Constructed {n 1957 with addition of similar stpucture in 1966+
Walls are 4n face brick, 2" air space, and 4" concrpte block with 49%
glass of 1/8" plate glass with aluminum frape. Thel roof is 1 1/2" rigid’

insulalion, air space, and 2 3/4"-blanket fiberglalss on steel deck.
Total area is 32, 338 sg.ft.

Hindwan is heated by a gas-fired cast iron sectional boller with
‘forced hot, water circulating through convectors. ,‘Four sections were
added in 1966 to accomodate addition. Classroonms do not have
thermsotats. Building is controlled by zone of exposure Annual ruel

" consumption .8CCF/sq.fr. (80 MBTU/sq.ft.). 4

Illumination is primarily %Tnorescent with level at approximately 60
foat-candles. Annual electrical consumption 2. 58 KWH/sq.ft. p.

~  b1li students, /_7 and 32 staff,occupy building from §: :30,a.m. to
3:30 p.o. 180 days, nidLAugust to mid-May. P

C
Total Annmal Fuel Consumption: 88.4 MBTU/sq.ft. € 3320 Deg. Days.

Energy COnaerving Recqﬁmendatyons

' Increase boiler er’iciency to 805, reduce outside air, and
. repair zone control ¢
--cfean, .adJjust boiler; establish appropriate controls

--set unit ventilators for reduced outside air; close daspers on
night set back

‘repair and correct zone ,thermostats and 3-way vaﬁves
Estimated cost: $8,059. Recovery rate: S years.
° Reduce glass by 60%. ‘

Estimated cost: $5,600. Recovery rate:' 7 years.

-
i il
- . a7 o

All recompendations: $13,659 {est.). Recovery rate: 6.3 years
¥ " |

.44
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DEHS!STRATION SILTE HJ. 5: Falrmoor Elezentary —. )
. Columbus X onio :

v .
Original structure duild in 1949 was 23,500 3q.ft. on"3 levels, The

walls are 4" brick face on 8" concrete biock with 28% glass, N/S facing.

Roof was rehabilitated 3 years ago with 2 1/2¢ insulating board on ateel ~)

! d&ck. N ' (*

~< A 19,200 sq.ft. addition was' added in 1955 bringing total square
. footage to 43,765 aq.ft. The addition is i single level. The walls are
; k" brick Tace on 12" concrete block with 58% glass, E5/W facing. “The
addition roof consists of built up roofing on 2 1/2" Tectum panels with

no ceilings. ‘
L3 . , .
- Fairooor 18 heated by 2 gas-fired boilers converted from coal. There
are unit ven:ilators in all classrooms -- steam in or{ginal section, hot
#ajer in add.tion,  Therms/sq.ft. dverages 1.5. (150 MBTU/sq.ft.). -
. . . i

Illunination s primarily fluorescent with mercury vapor and i
n incandescent in nmultipurpose ~ooad. Electricity demand is 3.56 KHH/sq.{t.

»

875 students, K-6 and 30 @staff occupy the building 8:45 a.z. to 3:15
p.m. from early September to ®id-June. 3 ~N

Total Annuai Energy'Conqgmp:ion;A‘180.6 MBTU/sq.Tt. € 5280 Degi Days.

Znergy Conserving Recommendations: '
L - -

- —

T e  Shu .down unit ventilators in unoccupied sucmer months
Estimdted obst: $0.00. Recovery rate: immediate ($844 1s
J yed“"
_ e Izprove bo.ler efficlency ’
) --replace burners
. - -rreduce flie size ) , . b
) --irstall boilen controls to fire’on demand . ) .
Est.zatea cost: .C,000. Récovery rate! 4 years. -
® ¢ Nigsnt set back )

--inatall time Fidvdk to shut unit ventilators, c§ose awpers,
stop exhaust fins :

S . Eslizated cost: 48,5007 Recovery rate® 3 years,

] Acjust unit’ventilators to reduce outsideair intake '
, { --ai~ balance; upgrade con‘rols . |
' , Estimated cost: 47,200. Recbvery- rate: under 4 years, ' .
* oo \ ’ |
’ - ) " j
™ e . = ]

All, recocmendationa: $25,700 fest.), Recovery rate: under 3 years . ,5

.
.
\ -

{ o EC0s not, recommended warranting future review: double: glazing,
o 1n-n1atanedd1:ggn roof, add doudle'doo"s, or reduce glass. ) -

R - . . A
.
» . ' " . . . \\)D . . . Ve
. . .
s
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DBMONSTAATION SITE NQ. §: P. F. Brown 1-‘~‘““~. ’ . |
. Lubboc’k Texas : & i '
- L}
Original 1949 “®ructure and 1950 addttion comprisé 25258 sq.ft<
. single level. Of similar construction - walls are 4" face brick on 8" -
" structural tile with interior plastered with 16.5% glass, N/S facing.
Root' is 3" concrete deck, ceixing plastered. . -
1956 addition brought total footage to 36,802 sq.ft. Tnis addition -

is essentiany the same with the éxception of acoustical board on ceiling -
and the double hung windows have an E/W orientation
»
P. F. Brown has one sa:;frired fire tube, low pressure steaa boiler.
There are no unit Ventilators. Outside air by infiltratiorx only. Gas
\eonsumption averages 0.91 MCF/sq.ft. (91 H&TU!sq fr.).

>

I
|
I
. |
. Illumination is primarily f reseent. Total electrical demand |
averages 2.185 KWH/sq.ft 7 ‘ . ) . |
¢ I
'-’\' . - 388 students, X-6, and 48 stafr occupy the building 8 00 a.m. to 3:00 Lo I
v p.@. late August I‘.hrdugh May. - . ’ ) I
- . ’ !
, Total Annual Energy Consumption: 102.5 HB“U/sq ft. @ 3150 Deg. Days. I
T Enerfy Conserving Recompendations: TomTm T _F___ 7 ‘
. ’ 1
- ] Update and improve controls . e
: \ “ + . =
i N. \ ‘. - * P » . ) .
. Estimated cost: $1,000. Recovery rate: 1.5 years® "< \
. ‘t . -y X
. : L R

ECOs not ‘reopmuended warranting future reveiw: increase egf'riciepcy
of heating plant.

. P

Adding roof insulation, replacing glass, blocks, and éontracting .
weather stripping all had recovery rates over 50 years.

- -
.

'l"' . RN Lo . '. ‘ -
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DEMONSTRATION SITE NO. 7:

A B "\\w ] ¢ . .
- ’
Fastridge Elementary School —— — ~
Lingoln, Nebraska -

: . L J .
Constructed in IQGU.and added

Same structure Walls are 4" briex on 4"

gle pane clear?and frosted ib
predogjnance N/S facing. | Roof is built up ¢

veneer. Glass {s sin

-~
in '955, Eaatrggge‘has essentially the
cavity dlock with 4" face briek,
ove, 27* of wall.with

var and gravel on 3 1/2" ‘cedap
% deck, 3/4" acoustical tilp ceiling. - :
- & ! '

Eastridge,{s heated by
water baseboard radi

‘Annual fuel consumption: .71
. L- 3
Illumination is fluoresacens.

300 stulents, K6, oécupy the -
25 ¢staff wembers frog 8:00 a.m.
r ' ¥

Total Annual En!‘gy Conaumption

Energy Conserving Recommendat{ons:

EsZimated cost: $2,000,

CCF/8q.ft. (71 MBTU/sq.ft.).

Suilding from 8:40 a.ff. to 2:
=4:30 p.o. for 178 days'each year.

* Resetting and rebalancing air handling ‘unit
Recovery rate: k. yeara

8a3/0Ll fired hot sater boilers. t has hot‘
ators. akd hot water central aiﬁ\handéing uni

ta: -

Annualjglectric 3.7 KWH/se. It .

“ p.m.;

B8 MBTU/sq.fL. @ 6040 Deg. Days.

_ Ay et
—— -

® °, Nignt Set back for baseboard radiation

= _E§§jmated.Cos:;n-$BTOOO.“ Recovery rate:

-

S.years\

Estimateq cost:

.
—

$10,300. 'Recovery rate: 6 years

K0s not'“ecohmended warrantin
' reduce glass by 179, sr add exteriop

) ' ' \

g fiture review: add roof insulation),’

wall insulation.
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DEMONSTRATION SITE NO. 8-. Garfie!d Eiementary School

Estimated cost: '$8,000. Recovery rate: 8 {ﬁﬁ‘*"’ﬁ"'1“"\.‘;~ -
. Igprove boiler efficiendy , )
Estimated, cost: $9,000. Recovery rate: 12 years

i
- L i
Sioux Fa.ls, South Dakota ‘ . _1
. L4
. Constructed in 1952 and added to in 1956 for a total of 33,700 sq.ft. o
Garfield has two levels. Walls are 4" face brick on 8™ concrete block ‘ |
with about 30% glass. ,Of this glass area, 70% s glass block and the y '
remainder is plate. The roof 1s &4 ply piteh and felt, 2" demi-rigid
lmsulation, and 1 1/2" metal deck. » '
LY
7 farfield 13 heated by 2 gas/bil (ired hof water bollers. Hot water : o
baseboards ard hot water central air handiing units handle the heating . .
~.and ventilating requirements. Arnual fuel consumption: 94 CCF/sq.fr. \ j
(9% M8 ®/aq Lt ‘ ‘ . 1
Illumination 1s primarily fluore3cent. Annual electric usage 3.08 o,
KWH/sq.ft. = * . . 1 i
. ’ . . |
500 students, X-6, occupy: the building 8:30 a.m., to 3:15 p.o.; 26 . {
full time and,8 part tizme staff are there from 8:30 a.z. to 4:00 p.m. for 1
180 days per year. . .
Total Annual Energy Consumption: 109.7 ﬁBTU/sq.rt. € 7860 Deg. Days. _
. . N L J
Energy Conserving Recormendations:
L] - N
® Reduce outsfide air to oinimum code (& cfnm) ' , |
A Estimated dost: $3,000. Recovéry rater 3 years v
) Hight -set back sysfem ’ ) ,
J
\
i
|

T T

All recommendations:” $20,000 {est.). Ré&overy rate: 8§ years .. :\

. L]
] * . “ ! " !
: .

ECOs not recommended warranting future review: add robf :nsulation, ]
add exterior wall inSulationf or. Feduction’ of glass. s

4 = ¢

NI
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DEMONSTRATION SITE NO. 9: Plover Wnit:ing Elementary School
Stevens Poimt, Wisconsin
. ) . i .
Plover Whiting (% an open space school of 44,000 3q.ft. ponstructed
in 1973. It has three distinct wall vypes: (1) 3/8" diagonal wood
siding, 1" rigid insulation, 3/4" air space, and 8" concrete bloek; (2)
as "1" with 12" concrete block™ around ‘gym; and (3) 3/8" wood siding, 3/8%
gypsum sheathing, 2" air dpace, 3 1/2" batt {nsulation on 6™ stud wall

with 5/8" GWB on interior. Glass averages 6£.9%5. Roof is built up, 1 )
172" rigid insulation, 1 1/2" getal deck, and 3/4° acoustical ceiling
' tile. . .

" Plover Whiting is heated/cooled by 2 forced draft.gas-fired boill?ﬁ

and 120 ton reciprocating chiller with air cooled condensing. Classrooms N

and multi-purpose are heated, ventilated and air conditioned by 3 central

air handling units. Uses, average .9 therms/sq.ft. (90 MBTU/sq.ft.).
. INlumination is primarily fluorescent. Electrical load'demand is-

. approximately 10.5 KWH/sq.ft.
. F ]
472 students, K-6, and 28 staff occupy the building from 9:00 a.m, L0~

» 3:30 p.m. for approximately 180 days, late August to mid-June.

( Total Annual Energy Consumption: 132 MBTU/sq.ft. 8 7590 «Dég. D&ys. .

P

. Energy Conserving Recommendations: b .
\ ¢ ' Improve air conditibning usage schedule
Estirated cost: $0.00. Recovery rate: immediate (82,934 1st
yea~) ’ .
- ¢ Inprove indoor lighting usage schedule | . G. .ia
Estizated cost: $0.00. Recovery-rate: immediate ($3,214 1st $
- LN year) . , ",
4 ) &ir temperature reset mixed and s&pply .
* Estimated cost: $900. Recovery rate: 6 years
. Reduce outside air Intake to minimud code (5 cfw/person)
--rebalance outside, -return, and exhaust dampers .
’ . | Estimated cost: $3,000. Recovery rate: 3 years »
, o All recommendatidns: $3,900 (est.),
- . Recovery rate (investments only): 2-years. & ..

‘all recommendations: ‘8 manths.’

‘ . * L4 ’
| T SEEE} . ’ - -, D : .
i

. * » .
) ECOs not recpmmended fwarranting future review: add roof, irlsulation |
4 and/or add wall insulation. L Y ) . .
& . b 1 ( 3 * ‘ b ! . [ 1 \
- . A . . - ¢ 3




DEMONSTRATION. SITE N0. !0 washingion Elementary School 7
) Kennewick, Washington

Washington is a single level structure buiit in 1957 with no
addition.” The three wing jouble loaded carr tdors has a total area of
40,124 sq.Tt. wWalls are precast pangls ang 3/4" rig:d insulation with
SOS glass (1/5" plate). "The roof is built Jp roofing with 2" rigid
insulation on steel gdeck with 2% sky-light

’

»

>

AN »
Heating 1s by a gas-fired induced drafy steel boller. Dfstribution
is on 3 zones with unit ventilators in ela rcoms, -muitipurpose, and

administrative areas Consumption averages| .87 therms/sq.ft. (86.9 .
MBTU/agq.ft.}  ° e

L4 ~

Illumination is incandescent throughout. Total electrical demand :
approximately 6. 14 KWH/sq.rt. i

.

503 students, K-6, occupy the building 9:00 a.m. to 2:15 p.&. and the
staff from 8:00 a.z. to 3:45 p.o. rrom early September to mid-June. .

Total Annual Energy Cgpsumption: 107.8 MBTU/sq.ft. & 5300 Deg. Days.

Energy Conserving Recommendations: s v,

I
) Mechanical adjustménts and maintenance r .
--bring outsidt air up to code (5 cfm)
-=bring pump, filters, cdile, fan motors, and damper Iinkages to .
maxioum efficiency n .
--calibrate and reduce thermostat settings
--provide night setback capability
Estimated cost: $10,000. Recovery rate: 3.08 years
07 Add roof insulation in re-roofing process
’ P -=3" nigid insulation | ’ \ .
Estimated cost: $35,407. Recovery rate: 11.8 years
. Reduce glass by 285 - fixed window modules with N, E or W
1
1
|
|

! exposure ’
. Estimated coat: $5, Rﬂ? Recovery rate: .2 years, - .
. Replace incandescept lighting with 'luorescent at code (50
classroom, 20 corridors) . )
Estizated cost: $29,571. Recovery rate: 9.38.years -
A, . .
L -‘3
.*_;J—- ) N 'L 2 -
All recommendations: $80,u§5 Recovery rate: 7.5 yea?ﬁ :
. 1 s

' ,D an L) -

. " . ~

. E€60s not recopfmended warranﬁing future review. change from gas-fired R !
to electric boilsgr. ' . o 7 . !

. '
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ORDER FORM - 7
. - '
Public School Energy Conserving Measures e e
P Report No. ) n

1. SOO'I‘T:' 1965,67 pod; replace boilers, adf roof insulation,

eontrols ($37,800/5 yr. retwrn)
7, CENTRAL: 1925,39,50; replace boilers, roof insulation,
. reduce infiltration, controls ($39,550/5.yr: return)
; " 3. EVERITT: 1954,S58, 67; replace boiler, reduce outside air |
' ) (821, 200/9 yr. return) . '
. 4. HINDMAN: 19§7,68; increase boiler efficiency, reduce ,
outgide air, night set back, controls, reduce glads '
. 60% ($13,659/6.3 yr. return)
5. FAIRMOOR: 19¢9,85; improve boiler efficiency, revise
unoccupted settings, reduce outeide air, night v
. set’ back (825,700/3 yrs. return) . I
6. P.F. BROWN: 1949,50,58; update and improve controle
4 (81000/1.5 yr. return) ‘ .
7. EASTRIDGE: 1954,55; reget and rebdltince air handling
. units; night set back (810,000/8 yr. retwn)
‘. 8. GARFIELD: 1952,56; reduce outside air, night set back,
improve boiler efficiency (320,000/10 yr.-retiarn) .
9. PLOVER WHITING: 1973; air condition schedule, indoor
lighting schedule, alr temperature reset, reduce ‘
“outside atir ($3,900/1 yr. return) . . .
10% WASHINGION: mechanical adjuetments, night seét back, .
- roof insulation, -reduce glass, replace incandescen“t.\_,
. | lighting ($80,425/7,5 yr. return) . . . .
. 4 —_—
) No. Reports Requested .
Each report at cost’ ($2.50) including postage and hatidling"
as soon "as cleared by Federal Energy Administration. A
: A
Enclosed is 3) ' (# reports X $2.50) B
- Make check paygb-ke—(o AASA-Energy and gail to: Dr. Shirley J. Hansen
AASA-OGR 2
. . . ] ' 1801 North Moore Street
Arlington, VA, 22209
. ," v
‘ §
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Fhis report was done with support f{rom the
Department of Energy Any conclusions or omions
expressed 1n this report represent solely those of the
| author(s) and rot necessanly those of 1he Regeats of

the University of Califorma the L awrence Berkeky
Laboratory or the Department of Energy »
Reference to & company or product name dom
not amply approvat or recommendation of he
Wproituct by the Unwversty of California or the U S
Meparyment of Encrgy to the exclusion of others ihat
may be suitable '
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