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ABSTRACT

Under tha aponsorship of the U.3. Department of Energy
{formerly ERDA), The Aerospace Corporation, the {ity Covernment, and the
Board of Edueation of Jersey City, New Jeraey, have oonducted a group of
enargy conservation experimenta at Jersey City to explore a nunber of
conservation techniques believed to offer quick payback and to bs of wide
applicability. Experimenta inolude the updating and/sr rehabilitation of
the senergy consuming fsatures of old buildings and installation of
devises deaignad to minimize enerzy losses caused by human eorror o0
laxity. Among the experiments conducted, bome specific examples includa
the upgrading of the deteriorated snd inefficient ateam distribution
systam of the eity hall (originally constructed in 1898): an extensive
program of reducing Infilteation in an old achool bullding: uas of
asveral timing devicesz in connection with heating, wentilation, and
lighting aystems to encourage energy conservation practices; retrofit of
achool ¢lazarsoms with high-pressure aodivm Llampa; and demonateatlion of
practieal and ooat-effective ways of increasing the efficlency of
conventisnal stesm boilers.

Tha report describea the nature of the selectad
exparimenta; technical, human, and organizational factors which proved Lo
be aignificant in performsnce and evaluation of the experimsnta:
discuasions of obssrvations and lessons  learned; snd  general
regommendations for an axtended program of energy c¢consarvation in looal
governments. It is esophasized that, imn the retrofit of eaxisking
buildings, the unexpected is commenplace; and the habita and attitudes of
building cccupanta are elemantz of the syatem which must always be taken
into acoount.

This report showy the Dbenafita of energy saving,
cogt-saving, and added comfort which may be attained by retrofitting old
buildings feor improved enargy sonsepvation, noting typical 2o0mplicaticns
whish arise in doing a0, The effectivensas of the conservation methods
has been presented In terms of oosts relative to eaffestive payback
perloda which wers calculated frowm results of thelr application in Jeraey
City.
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1.0 BACKGROURD AND OBJECTIVES
1.1 PROGRAM BACKGROUND

The Arab oil embargo of 1973 fooused attention on the
Unlted Statea' growing imbalancse between energy supply and .damaud. a
matter of greater long term aignifiecance than the immediate problem
prenlpitated by the Arabs. It wWas genarally recognized that aseveral
ateps would be necessary 1n order to define and implement a new national
snergy policy. The Energy Research and ﬁevelopment Administration {ERDA)
was formed, and the need for energy conservation began te get widespread
attention. ERDA perceived that looal governments constituted a3 blog of
largs users of anergy which cowld provide vislble examples of
ecnssrvation practices. Furthermore, i1t =ppearsd 1likely that local
governments, which are perpetually pressed te provide more and more
dervices within the constraint of very limited budgets, would respond to
the opportunity for monetary asavings afforded by energy conservation.

The Aerospace Corporation had been concerned for several
yeara with the technical needs of communities and percelived that energy
congervation offered an importent possibility for economy in  lecal
govertwents with potential benefits to the nation as well. Aercoapace
anlicited and obtained support from the National 3clence Foundation for
planning a program to demonstrate enmergy conservationh in publie housing.
This prdgram was initiated by BAerospace wWith four local housing
authorities under sponsorship of the U.5. Department of Housing and Urban
Development . '

In 1974, The Mational Science Foundation initlated a
program, the Urben Technology System, to assist local governments 1n
applying and utiliziag available technology to meet municipal needs. In
thiz program, “technology agenta™ were assigned to 27 local - governments
on an experimental threep-year baals under the management of PFublic
Technology, Inc. (PTI). One such technology agent was assigned to Jeraey

1=1




City, N. J. In that assignoent he resognized that technioal efforts for
energy conservation within Jersey City for city bulldings, schools, and
other municipal agencies had a potentially high paveff in dellars and in
energy savings.

In 8 mesting between a representative of The Aerospace
Cerporation and the PTI Technology Agent of Jaraey City, the neesd for
energy oonservation meagureas by local governments was discusaed. The
applicability of energy conservation measures to Jersey City and the
opportunities for energy conaervabion there were cbserved. The Aspoapacs
contract for the Jersey City Energy Conservation Demonstration FProgram
came from thizs meating and ensuing diacussions.

1.2 OBJECTIVES

The fundamental objective of the Jersey City program was to
demonstrate examples of energy conservation technolegy for public
buildings which night be expected to have a short pa]rba'nk time and to
have wide application for local governments. Specific Jdemotistration
projecta pgelected for the program are described in 3ection 3.0 of the
report. A3 will be aaen, these projecta have a strong technical emphaals.

As the program progressed, 1t involved a large number of
agencies {as will be described in more detail later), each with its owm
eatablished methods of coperation. The problems which arose in trying to
do new kinds of things rapldly within this complex of organizations
proved Lo be managerially difficult. and much more complicated than had
been anticipated.

Moreover, bhuman factora were found to have a pronounced
effect on the progress and outceome of the dJdemonatration experimenta.
Habit, emotional and psychologlcal factors frequently had as significant
an effect on energy conauwmption aa did the technological Fixes provided
to achieve conservatliom.




Aceordingly, two ancillsry objectives were identifled: (1)
to observe and to raport results with regard to the _human behavior and
institutional factors which have been found impdTtant in the parformance
of the energy conservation programs: and {2) to identify those portions
of the program affeated most heavily by these factora. A pecond of zuch
sensitivities might help develop awareness from which pertinent human and
inatitutional factors will be taken intc account in planning and
conducting future programs for energy conservation in local governments.

1.3 SCOPE

As indicated above, the original scope of the program was
primarily technical, in that only teohnical means for conservation were
considered and quantitative assesaments of resnlts were emphasized. It
proved necessary to inerease the emphasis on human behavior, on the
institutional and bureaucratia factoers that affect the program, and on
qualitative and judgmental effectz which proved to be significant.

The scope of the projectz aelected was limited to
conasideration of energy saving in public buildings. Local Jersey City
government btodies which have buildings that are important energy users
include the City adminiatration, the Board of Education, the Medical
Center, and local public housing. Of theas, the City administration and
the Board of Education were selected as partlclpants in this program.

The nature of these demonatration experiments (with limited
funds available for cquipsent) restricted some projects to examples of
Iimited aize rather than fulle=acale retrofits. For instance, the timed
light controller (3ection 3.2.2) was inztalled in ons bay of the Central
Garage, representing only a small part of the total Central Garage apace
in which benefits ﬁight acorue from application of thia concept.
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1.8 . TECHNICAL PREPARATION FOR THE COMSERVATION
DEMONSTRATION PROGRAM

A great deal of on-aite work in Jersey City was required to
acounulate the information and perspective neceazary to  ldentify

. potential energy conservation cpportunities, to evaluate their petential,

to select equipment and techniques which would best meet the need, and to
cbtain the advice and aupport of the pecple whe subsequently particlpated
in the conservation projects.

It was necessary to obtain, conaclidate, and interpret
energy consumption records, wuwsually 1o the form of billings, for
facilities and activitiea in the city adainiatration, the school aystem,
the clty medlcal center, and public houaing. Field work and detalled
obzervation was required to identify wasteful practices, obaolete or
sern-out equipsent, and other conditions leading to energy waate.

Azaimilation and interpretation of the acoumulated data was
neeessary, uaing such devicea as scatter-plots of seasonal energy
conamptlon per unit of floor area forr about forty achool bulldings.
Energy-use time profiles were examined to determine use patternz and to
evaluate peak-load charges. Calculations were made of potentlial savings
and their relative m_t-éf‘factivenaag'. Hew devices and techniques were
inveatigated for pcoasible appl:l.cabi.lif:.r.

Much of this work had been done by the Jersey City
Technology Agent before the inception of the program, and it waa
:ﬁppurted and assaisted by technical advisory groupa of bthe Urban
Technology System {(UTS) sponsored by the Hational Science Foundation and
operated by Public Technology, Incorporated. (Por further information
concerning participants in this program, see Section 2.1.)




2,0 PROGRAM ORGANIZATTION

The Jeraey City Energy Conservation Demonstration Program
fleacrited in this report had a temporary project-type organization,
compoaad of personz or elements of wmany participating organizationa,
usaually participating part time.

2.1 PARTICIPATING QRGANIZATICHS

Organizations participating in the Demonatration Program
are liatad below with a beief statement of their rolss,

2.1.1 Department of Energy

The U.5. Department of Energy (DOE}, formerly The Energy
Research and Development ™ Administration (ERDA), was the oontracting
ageney whieh funded and directed the Jersey City demonstration progras.

2.1.2 Public Technelogy, Ine.

Publiec Technology Ine. (PTI), Washingten D.C., provided
technical and Financial aupport for the logal Technology Agent. The PTI
information network (called the Urban Technology System, UIS),,
consisting of 27 technolegy agents assigned to leeal governments
throughout the TUpited Statas, wa=s a wvaluable resourse for the projeat,
bath for obtaining jnformation as to useful materials and technlques and
for disseminating the ideas and practices For energy conservation which
ware identified and teated in the Desonstration Program The UTS was
aponaorad by the National Soience Foundation.
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2.1.3 City of Jersey City

The City of Jersey City, H. J.; under an agroeement with The
harospaae Corporation and the Jerasy City Board of Education, as approved
by DOE, provided test sites for acme of the demonstration experimenta.

"The ity also provided: procurement services For all equipment and

inatallation services purchased wunder the program; labor by city
employees for aocme of the inatallations in city buildings; and =ome
asslatance in data gathering.

The City provided the services of the FTI Technology Agent
assigned to Jersey City, as described in Section 2.1.4 below. The Agent
aerved as the on-aite planner, supervisor, quality control supervisor,
data taker, reporter, and program coordipator, as well az the technical
representative of Jersey City for the program.

. The Jeraey Clty Board of Education

The Jersey City Board of Education alsc participated in the
program by providing demonatration teat =ites in school bulldings,
installation labkor on special projects, and data collection assistance an
some projects. (In Jersey City usage, the term "Board of Educakion"
encompazses the entire adminiatrative and management organization of Lhe
¢ity achool system, and not merely the governing body.)

2.1.5 The Aerospace Corparation

The Aeraspace Corporation iz a not-for-profit federal
contract research center originally founded in 1960 to provide support
and direction for U.S. Air Forcee mlssile and space programs. In working
for the USAF, Aerospace haz assembled a uniquely diversified technical
ataff and a technical management organlzation.
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Since 1969 Aerocspace has asaumed progressively increasing
reaponalbilities in such diverse fields as: analysez and program
direction in ehergy systems; resources; transportation; the envirorment;
law enforcement: and foresatry.

Aerospace, as the DOE oontprastor for the Jersey City
- program, was reaponsible for planning, specifying equipment, supervising
and/or verifying proper installation and operation of the equipment,
gathering of project data, and reporting on regulta of the program.
Aerospace, in performing these tasks, coordinated the activities of all
agencies participating in the program; thase agencies and their
relationships in the program are shown in Ssotion 2.2 In addition,
Aproapane was made responsibla feor disbursing project funds for equipment
or sarvices to Jersey City on proof of an  appropriate purchase
copmitment: ses Section 2.2.1.

2.1.b6 Architeot-Enginear and Consultant

In support of its function, Aerospace retained the mervices
of J.AB, Associates, an engineering firm of Livingaton, N. J.
Invaluable support on site has been provided by this organization, and
espeaially by its President, Mr. Robert Haikem, P.E. In addition, Mr.
Walter MWellveen, of Walter Mellveen Associates, Avon, Connecticut
assjisted in plannine the technical approach to saricus problems which
arase in modifying the existing non-atandard oity hall steam heating
ayatem (Seation 3.1.2).

2.1.7 Othar ﬂrganizatiuna Concarned

Other organizations which have had a3 =significant impact
upon the direction and conduct of thiz program include:

The Natisnal 3cience Foundation {spnﬁsnr of the PTI
program Tor technology agents)
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The State of New Jeraey BDoard of Education

The Hew Jerssy Fublic Utility Commission

Numeroua centractors, consultants and vendors

The roles of these organization2 are described in Sesction
3.0 in connection with the individusl projects with which they were
concerned.

2.2 PROGRAM STRUCTURE

The Jersey City Energy Conzervation Program had both formal
and informal organizations. The formal organization inoluded both the
relationships defined by or derivative from the ME contract bto Aerospace
and the statutory relationships which directly affected actiona under the
contract. The Informal organjzation existed within the feormal as a
complex of perszonal, profeasional, and political ties which wére neither
explicitly defimed nor directly under the control of the forasdl
organlzation. The informal organization =- and particularly that part of
it within Jeraey City == had very significent eflfeots on the progranm;
some of these effects are discuazed elsewhere in this report.

2.2.1 Formal Organization

The formal structure of the Jersey City Energy Conservation
Program 13 derived from and based upon the Aerosapace contract with the
DIOE. fUnder this contract, Aerospace was responsible for: (1) reaching
suitable working agreements with the City and the Board of Education of
Jersey City, (2) for selecting and recommending the experimenta toe be
employed, (3} the specific hardware to be used, and (4} the data-taking
procedures to be used for project evaluation. DOE (ERDA) alsc made
Aeroapace responsible for the disburaement of project funds to reimburse
Jeraey Tity for purchasea of goods and services.
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A Cormal agresment between Aerospace, Jarsey City and the
Jeraey (City Board of Education was negotiated. (See Appendix A=1). The
original purchasing and reimbursement procedures of this agreement werse
revised and approved tater; these procedures are given as Appendix A-Z2.
The faect that meticulous revision was necessary and the detailed nature
of the necessary procedures  awve  indicztive of the complexity of
instituticnal relationahipa and constrainte of the progrsm. These are
typical of working relationships which may be prequired in dealing with
iocal goverrments.

A unique aspect of the fiscal arrangement between Aerospace
and the City of Jersey City arises from New Jersey state law. Jersey
City cannhot carcy an unbalanced revenue statement bevond the end of the
City fiscal wear, which coincides with the end of the calendar year.
Therefore, a speclal agreement, Section C of Appendix A-2, wWas necessary
toe facilitate relmbursement to Jerzey City by Rerosprce for prnjenct
obligations in late December for compliance with the law.

Figure Y shows the elements of the formal relationships
which existed within the program and the parties involved. The Xey
relationahip of this program is the funded contract between The Aerospace
Corporation and DOE. Supporting thia are: formal agreements between
Aeroapa2oe, the oity, and the board of 2ducation; an Aerozpace subocontract
for local architectual and engineerlng support; Jersey ity contracta
with Fublie Technology, Inc. and with local contrzetors and vendors.

2,242 Internal Functional Organization

The complexity of the project organization, including
contractuzl, official/lega® and information channels 13 suggested by
Figure 2, which ahowz the organizationa participating In the
demonstration project, the comstraints upon poliey, funds, and technical
approval which axist among tham, and the principal! channels through which
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Figure 1. Organizational Relationshipa
Jersey City Energy Conservation Demconstration Program

technical information was tranamitted in some formal senae, The
ponatrainta showm in this figure are formally impssed by law {asa between
the State and the City Boards of Education)}, by contract {(as between DOE
and The Aeroapace Corporation), and by formal agreement (az between The
Aergapace Corporatlon, the City of Jersey City, &snd the Board of
Bducation),
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Mo 2ffort has been made to represant the looae, informal
relationshipa of the program, which permitted the sxshange of information
between each and almost every other pacticipant.




3.0 PROJECTS

All of the projects and project sites which were planned
for this program are described in the following subsections, although
some were changed during the program. For each there is a discussion of
the initial rationale for selecting it, subsequent changes which proved
necessary, new insights acquired, the energy savings attained, and how
these savings were measured. MAlsc described are those considerations
which apply in interpreting the data or in applying techniques of the
experiment elsewhere.

Projects have been evaluated in terms of energy saved (kWh,
BTU, or gallons of oil), of dollars saved, and of simple payback time in
years, defined as the ratic of project cost to the annual saving in
dollars. Savings are computed on the basis of 140,000 BTU/gal for oil
and at approximate mid-1978 costs of energy to large munieipal users in
Jersey City: 6.3¢ per kWh and 36¢ per gallon for #2 or #4 fuel oil.

3.1 CITY HALL PROJECTS

The City Hall of Jersey City (Figure 3) houses the City's
administrative offices and serves the general public for licensing and
permits. It housea the mayor's office and the City Council chambers.
Features of the building are shown in Table 1. The architect's original
concept of the exterior of City Hall is presented in Figure 1.

When this energy conservation demonstration program was
being planned (in 1975) the e¢ity hall of Jersey City was notable as a
heavy user of fuel o¢il. Over calendar year 1974, a relatively mild
season of Just over U700 heating degree days, the city hall heating
system used 66,100 gallons of No. 2 fuel oil. Adjusted to an average
seagon of 5000 degree days, this iz the equivalent of 69,700 gallons per
average season, 0.85 gallons of oil or 112,000 BTU's of energy per aquare
foot of its 82,000 square foot floor area. By comparison, some of the
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Figure 3. City Hall: Jersey City, N.J.
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Table 1
CITY HALL FEATURES
JERSEY CITY, NEW JERSEY
(Condition prior to this program)
Building Description:

Year of construction: 1894

Number of floors; 3 plus basement
Total area: 82,000 =q. ft.

Type of conatruction: granite block and brick
with interior courtyard

Windows: About 330 wooden,
double-hung, single-
glazed sash, approxi-
mately 714,000 sq. ft.

Energy Systems:

Heating aystem: ateam, two-Zone

Boilers: 2 Mulhearn, fire tube forced draft,
22 psi; #2 oil

Burner; Iron Fireman, gun type, 10 gph

Domestic hot water: electric heater

Ventilation System:

Exhaust system: open window

Air conditioning: window units

Electrical:

Lighting: fluorescent
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newer school bulldings in Jersey Clty were consuning energy at only
31lightly more than half this rate per wnit floor area. The City Hall waa
alearly & promiaing locale for energy conaervation efforts.

Prior to the {[pception of this ERDA/IGE conservation
program, the City of Jersey City had started to deal with one major
source of energy loas in City Hall: itz windows., There were over 300
single-glazed double~hung Frame windows totalling in area almost 14,000
square feet, These were the original equipment of the 1894 buildinz.
Basidea the losses implicit in the use of single-glazing, the sashes of
theae windows were weathered and warped, s0 that infiltration losses were
excesaive.

The asteam distribution system of the building and uwser
practicea for controlling room heat were Judged to be other major sources
of heat loas In City Hall. Room temperaturez and the availlability of
heat were highly wvariable throughout the building. Some areas were
under-heated, with correspondiog discomfort for personnel. Many rooms
were overheated. The unbalance was tentatively attributed to the unequal
loading of the two steur mgins serving the building. Temperature control
of individual offices had originelly been maintained by hand-controlled
throttle walveas at the individual radiatorsa. However, nany of these
valves had eroded s0 badly that they could no longer be closed. Thua,
oecupants of overheated ofTices without operable radiator walves had ne
cholce But to open windows for btemperature control. The generzl use of
thia practice, however, btended to further deprive oold areas in the
building of needed heat. In addition, bthere were no stemm traps in the
two-pipe system, 50 that live steam was free to flow through the
radiators and to heat the condensate return syatem. This appeared to be
a wasteful misapplication of heat. ,

Estimates of losses due to theme several effecta {and of
the energy to be saved by their elimination) have been made. However, it
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should be noted that such estimates inevitably have large uncertainties,
2ince there are several oritical parametera, of which some are
time-variant, interacting, and impractical to measure accurately when the
building iz in usae.

Savings Attainable by Double Glazing

As praviously noted, the approximately 330 windows of City
Hall have an exposed sres of about 13,800 square feet, of which about
5000 square feet open into the inner courtyard whare wind speed has baan
agsumed to Be negligible. Using parametara from Reference 1, Chaptera 20
and 21, it was dstermined that for the 8800 aquare feet of outside
windows and an assumed 15 mph wind spsed, double-glazing would provide a
saving of

0,55 BTD

hr x ft° x °F.

Similarly, for the 5000 square feet of windows in the courtyard (assumed
windlean), the saving is
0.32 BT

hr x rt2 x °F.

In sombination, using the average Jersey City seasen of 5000 degree dayas,
replacsmant of al)l original single glaxs windows with double-glazing has
been estimated to save 7.7 x 10 BTU per =season. For 79 percent
efficiency of the heating system and 1.Y¥ x 1(15 ETU per gallen of Ho. 2
oll, a savipg of T300 gallons of oil per year waz oomputed for
double-glazing the windows of City Hall.

Savings Attainable by Redueing Infiltration

Az noted above, the old weathered windowa of City Hall, hag
developed large cracks and gaps, which were clearly the cause of serious
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infiltration 1osses. Reference 1, 3in Chaptersz 20 and 21, givea

approximate relatfonships and paramstars for determining infiltration
loszsea. Important perametera affecting infiltration include the length
and average size of leaking cracks {around and between the window sash in
this casel), the pressure differential between the inside and ocutaide of
the building, and the air temperature differentia) bYetween inmide and
cutside. However, these differential=s are dynamic rather than atatic
parameters, extremely diffiecult to determine accerataly by measurement
and Impractical to calculate on the basis of static parameters, such as a
fixed walue for building leakage, or fFfor leakage which is assumed
constant for 8ll wind directions, The internal building pressure will
depend upon wind speed, direction, and the distritution of leakage
effects around the building perimeter; it ifa not reedily determinable,
nor can it be expreased realistically as a single, static pumber
characteristic of the building.

Sample caleulations were made of the zavings which could be
effected by reducing the infiltration lpssez to levels expegted of
present-day heating snd ventilating practicea. These calculaticns were
based upen parameters given In  Reference 1, usineg the arbitrary
assumption of internal building pressure D.2 inches of water greater than
outaide pressure. The resultant estimated savings which might be expected
from reduction of infiltration (based wupon the arbitrarily selected 9.2
inches pressure differential) was 10,750 gallons of oil for an average
season. These savings would wary 1in almost direct proporticon to the
actual average differential pressure.

Improved Efficiency of Steam Heating System

Installation of steam traps at {ndividus! radiators wan
recognized as a possible energy-saving measure, since, in the abaence of
auch traps, heat was flowing Jdirectly through the radiators apd into the
condensate return system (as shown by the high temperature of condensate
lings). However, the precise extent of such losses was not easy to
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determine because {1) the flow was not readily measurable, and (2) the
proportion of the heat entering the condensate system which represented
actual waste was not distinguishable from that partion which was merely
oisdirected heat.

Correction of sysatem unbalance, which was attributed to
deficiencies in the steam main configuration and to the deteriorated
{open) radiator ateam valvea, appesarsd to be a promising measure for
energy conservation. It was anticipated that =such correction oould
eliminate overheating and therafore the neceszity for opening windows to
aontrol the temperature of overheatsd offices.

The peneral and habitual wuwse of open windows for
temperature control in City Hall made measurement of heat losses due to
system imbalance impractical. Morecver, uncertaintiesz in the number and
extent of open windows and in the internal bullding pressure made
estimation of 1osses due to overheating impractical. Prediction of
savings attainable by restoring the capability for temperature control in
individual off'ices was accordingly not feasible.

In susmary, the large uncertaintiea in City Hall heat
lomses attributable to leaking, single-=glazed windows, the simultaneous
unknown lcossea caused by deficiencies in the steam heating system, as
well as interactions between theae effects, made detailed predictions of
savings which might result from any single conservation astep
impractical. TYet it appeared that important energy savings were possible
amd practical in City Hall in the areas considered.

When the DOE demonstration program for Jersey City was
baing planned, the eity had already decided to preplace the old
double=hing, single-glaZed windows of City Hall with wmodern units, as
. described in Section 3.1.1. )
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Forr thls program, the remaining step of renovation and
wpgrading of the atezm syatem was planned, &3 15 described in S=ction
3- 1-2!

3. 1.1 dindow Replacement - City Hall

Approximately 330 windows in City Hall, origipa}) equipment,
were single-glazed, double-hung sash which had weathered and warped
badly; accordingly, severe heat losses were occurring both as a result of
losaes through the single-thicknesas glass by conduction and convection
and from infiltration around and betweesn the window sashes.

Az indicated in Section 3.1, the detailed calculation of
infiltration loasses from static data to 2 uwseful degres of accuracy was
net practical. However, rough estimates previously described auggested
that use of double-glazed windows in City Hall would save about T300
gallona of fuel ofl in an average heating season of 5000 degree days,
while potential asavingas of 10,750 gallons of oll per asason were
predicted from reduction in infiltration lossas,

Prior to the inception of the DOE progrem, Jersey City had
arranged for the replacement of 329 coriginally-inatalled double-hung,
single-glezed windowzs and their framez with double-glazed unjts which are
extremely well fitted and weatheratripped. The primary purpose of this
replacewent was renovetion, since the old window azashez wepes badly
weathered, cracked, and unaightly. Energy conservation, while promoted
by the tight fit and the double glazing of the new windows, was a
gecondary conoern. Furthermera, if energy saving had been the only
purpoae, much lesa ecatly ways of reducing losses from the windowa of
City Hall were available.

The Swedish-made double-glazed window type szelected has a
wooden sSash, with extericr aluminum <ladding; c¢ontreollable slatted
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klinds are installed in the approximately one-inch space between the two
glass panes. The frames are anodiZed aluminum. The single movable sash
ig pivoted on a wvertical axix for opening and for ¢lezning the exterior.
One @ixed pane within the frame and below the wpovable sesction is
removabla for mounting a window afr conditicner. The vendor from whom
these windows were obtained is no longer in business in the United States.

The 329 new windowa inatzlled in City Hall varied from 3 It
x5 Ff to 5 f£t x 10 &t in saize, and they cost approximately $200,000.
Additional cogata, Inejuding the modifisation of drop eeilings to
accommodate the pivoting sash, brought the total cost to about $236,000.
Insta?lation was effectively completed in December 31975,

The new 1duuble-g1azed windows appear to hbhave been as
effective an energy-conserving measure as antieclpated. In the 1974.75
meanon, bafore 1installation of the windowa, Clty Hall consumed 73,600
gallona of No. 2 oil in a season of 4715 degree days, or a semsonsl
consumption vate of 15.6 gallons per degree day. After inatallation of
the double-glazed windowa, the =measonal conaumption rate waa peducad to
10.5 gallona per degree day asz indiecated in Table 2. This represents =z
aaving of 5.1 galleons per degree day or zbout 25,500 gallons of ofl per
average (5000 degres days) vear. At a ocurprent price of appru:iﬁ;tely 364
per gallen, the dollar saving attributable to these windows is about
$9180 per averags year.

This saving 1s somewhat greater than the arbitrarily
derived estimated savinga for these windowa of 7300 gallona of oil for
reduced conduction and convection losses and 10,750 gallena for reduced
infiltpratisn. The total of 15,050 gallons caleulated saving per average
year, would correspond to A 203t reduction of absut $6500. The
differanse suggests that the actual average pressure differential {inside
vepaus cutside) may have been greater then the estimated figure of 0.2
inchea of water, or that the ¢racks of the old windows werse larger than
was assuned.
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Tabla 2

JERBEY CITY CITY HALL

Before and After

OIL CONSUMPTION VS DEGREE-DAYS

Steam System Modification

ﬂilﬁﬂaagﬂ Degraz-ﬂaya 011 Esage
in Month in Menth Per Dag-Day
gals, (Heating) {A div.by B)
Before Steam System Mod:
January 1976 11,595 1172 9.9
February 1976 5,915 727 0.5
March 1476 7,084 651 10.9
April 19756 4,851 345 13.49
Totals 30,445 2898
. Average for period 7,611 725 10.5
After Steam System Mod:
January 1978 10,085 1157 8.7
December 1977 9 574 o67 g.9
November 1977 b.440 543 11.9
October 1977 b, THY 318 15.0
Totals 30,872 2885
Average for pariod 7,718 TU6 10,3




#a noted earliier, the primary purpose of installing these
windows wa= rehabilitation and modernization. Conzequently, energy
saving and direet considerations of cost-effectivenesa were sscondary
concerna. Very aignificant savinga, asuch az those achieved by the new
windews in City Hall, could he achieved lesa expenaively 1in analogoua
situations where energy savings and cost are the first considerations.
For exanple, the approximately $10,000 annual savings demcnatrated might
have been attained by use of storm windows, weather-stripping, and
calking. Simple payback in five years could have been achieved with an
installation cost of about $50,000, or about $150 per window. This
appears to be a realistic target cost for storm windews and sealing.

3.1.2 City Hall Steam Heating Systen—-Refurbishment
and ModerniZation

The steam heeting syatem of the ecity hall waz identified aa
having & potential for energy savings. Sines the heating was very
uneven, overheating was commonplace in many parts of the building.
Worn-out manual radistor steam valvea were common, so that the enly
avajlable meanz of coptrolling room temperaturesz was by opening windowa.

3.1.2.1 Enaergy Conzmervation Qpportunity

Original Cendition .

The City Hzll of Jarssy City is a three-story-plus-basement
strusture (with a partial fourth satery) of granite and brick, built in
_ the typical grandiose atyle of Amerjican architecture in the late
¥ietorian pericd. The building waz originally equipped for =tean
heating, with twoe ooal-fired Mulhearn ocaat iron bollers, and a two-pipe
orifice-meterad =team distribution syatem with manual throttle valves on
individual radiators. Drawings and apecification= for the system are not
available. '
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Age and changing circumstances had modified the eity hall
heating =system. Atomizing oil burners had replaced hand firing of coal.
An improved facility for feed water control, inecluding a storage tank and
feaed water pumps, had replaced the original mechanical condensate wvalve.
The radiator steam orificea, used to balance flow to individual
radiators, had eroded away and had never been replaced. Radiator wvent
valves had been poorly maintained and replaced =poradieally with
inappropriate or low-quality unita. There were no steam trapa on the
radiatora: it ia not elear whether they had been removed or if they had
never isted,

The ftwo ateam distribution zones in City Hall, establizhed
by .he routing of eight-inch steam mains in the basement, shown in Figure
5, #ere dissimilar and badly balanced. One of these zones covered about
two-thirds off the southern and northern eXposurez and all of the
eastern. These Zones were fed at about 6 psig by a pressure reducer from
two boilers whiech provided steam through a common manifold at about 18
psig. This system, lacking balaneing controls, had reportedly provided
very uneven and unsatisfactory heating for the workers in City Hall for
many years. This uneven heating had been accentuated by a relatively
racent partitioning of the building spaces in which radiators were
sometimes not divided proportionally with space.

Recommended Project

It was initially estimated +that a significant energy
saving, with improved employee comfort and efficiency, could be achieved
by modifying the existing =ystem. The initially propozed modifications
would have ochanged the prineipal steam mains ¢to provide three
approximately equally-lcaded Zones rather than the existing two =zones,
added new manual throttle wvalves to all office radiators, and installed

new thermoatatic steam traps in all offiee radiators.




CounrTvaARD

|

Cal

fity Hall Basement Floor Plan

Showing Steam Distribution System

Figure 5.
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F.1.2.2 Project Implementation

Project Initiation

Specifications were prepared, bids were solicited, and in
accordance with Jersey City procedures, a contract was let for tha
installation of self-contained thermostatically controlled steam wvalves
and thermostatically controlled steam traps on approximately 150
radiators in City Hall. The work was initiated in October 1976 and
completed in November 1976. Figure T shows the valve elements and a
steam trap installed in an exposed radiator. Figure B8 shows elements of
the control valve mounted on 2 more typieal eabinet-enclosed radiater.

2. 1.i2.3 Narrative and Key Events

A contract to A%A 0il Burner Service of Clifton, N.J., for
the installation of thermostatic control valves and steam traps at
approximately 150 office radiators in City Hall, was approved by the City
Council on August 23, 1976. The contract amount was $22,580. The work
was substantially completed by late October.

As pold weather came in late October, building heat waa
required. It became evident immediately that & new and major heating
syatem problem had developed. There waa extensive hammering in the steam
pipes; overheating in many rooms and "leaks"--mainly from the spraying of
condensate water from defective radiator vent valves which had not been

checked or replaced. There were many complaints.

The causes. of these difficulties were at first not clear,
and there was concern that the hammering in old pipes might break them.
Tt was decided to return the system to (approximately) its original
configuration by removing the thermostatic elements of the new steam
traps so that condensate could flow freely. This was perceived as a way
of aveiding catastrophie pipe damege while the causes of trouble were
belng sought.
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ACTUATOR

STEAM TRAP

Figure 7. City Hall, Exposed View of Thermostatic

Control Valve and Steam Trap Installation

Figure B. City Hall

Cabinet-mounted Radiator with Thermostatic Control Valve Installed
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Changes in Plan

Cost studies indicated that rerouting large steam mains and
the accompanying condensate return lines through the heavy load-bearing
masonry partitions of the city hall basement, as originally proposed,
would be costly and difficult. Coneseguently, a revised approach to the
problem was adopted. A modified plan was developed to install new steam
traps and individual thermostatically contrelled valves at each of the
approximately 150 room radiators, and te retain the original two-zone
steam m-un configuration. The thermostatically controlled wvalves were
designed to prevent overheating of the individual rooms and provide
adec uate steam to rooms previously underheated. This installation had
the merit of being very simply done. Figures ba and 6b show the elements
of the Danfoss Type RA thermostatic contreol valves used.

Savings comparable to those attainable by the original plan
were expected from the much simpler approach using thermostatically
controlled radiator valves because it appeared that: (1) overheating of
many regions in ¢the building could be prevented by use of the
thermostats, and (2) heat losses resulting from the flow of steam through
the radiators and into the condensate lines could be eliminated by use of
radiator steam trapa, which would pass condensate out of the radiator but
retain (trap) steam. Some proportion of the project costs could properly
be allocated to system renovation and modernization, rather than to
energy conservation alone.

Data Requirements

Evaluation of energy =avings was planned on the basis of
comparisons of oil consumption (adjusted for heating degree-days) before
and after the change.




a = Pictorial View

Cutaway View

b -

Danfeozs Type RA-33 Thermostatic Control Valve

Figure 6.
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A request for emergency assistance waa made to the Jerszey
City Facilities Maintenance Division. After 1lesa than half of the
elements had been removed, City Maintenance people were arbitrarily
withdrawn from the job on the basis of a jurisdietiecnal concern over the
issue of City versus contractor responsibility. Meanwhile, the hammering
of pipes, the sputtering of radiator wvalves, and the threat of serious
damage and posaible flooding were substantially unabated.

On the requeat of project people, the contractor finally
completed removal of the trap elements (at no cost), although he had no
contractual obligation to do =p. A=z hoped, the most extreme aystem
problem, the water hammering, waa alleviated.

Consultations were held to identify the cause of the
problems observed. These included the Jerszey City Technoleogy Agent, the
engineer who had been retained for the Jjob, a speeial eonsultant on older
steam systems, the installation contractor, and a representative of The
Aerospace Corporation. It was found that an heretofere unnoted feature
of the original City Hall steam system was causing the problem.

Reexamination of the steam system revealed a f(eature
(apparently typiecal of steam systems of the 1890's period) which
explained the difficulties observed aftar Iinstallation of radiator steam
trapas and econtrol valves. Individual radiator steam traps were
apparently not commonly used in the year 1894 when City Hall was built.
Each vertical array of pradiators on the several floors was fed by a
aingle steam riser and drained by an adjacent condensate return line;
these were connected to steam and condensate mains in the basement. A
direot bypass of 1/2-inch or 3/U-inch pipe was found at the base of each
suoh rigser pair, evidently inztalled to eliminate condensate accumulation
in the steam main.
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When these bypasses were discovered, it was immediately
evident that they were the heart of the problem. Increaszed backpressure
due to the radiator valves and traps had forced steam te flow through the
bypass lines into the condensate risers. There the resulting high steam
temperature on the back side of the radiator traps sometimes held the
thermostatie radiater traps eclosed, ecausing radiators toe fill with hot
water. Spewing water from radiator air valves resulted. Hammering
raesulted from the interastion of steam and condensate flows throughout
the system. In faect, at least two cases of broken steam pipes were
found. Instances of room overheating were found, caused by the
uncontrolled heating by radiators full of very hot water. In additien,
low places werae found in the mains where provision for "dripping” with
additional traps was needed, and almoast every radiator air vent valve was
found to be deteriorated beveond acceptable 1imits.

When the entire problem was understood, specifications wera
prepared quickly for additional work to resolve the problems:
elimination of the direct steam bypasses: their replacement with aver 50
Tloat-and-thermostatie steam traps in the mains system, each with
strainer and blow-out wvalve for cleaning: installation of new
high-quality air wvent valves in every radiator; and replacement of the
radiator trap elements previously removed. A typieal installation ig
diagrammed in Figure 9z and illustrated in Figure 9b.

Since winter had come, it was important that this work be
done at once and with minimum disruption of work routines at City Hall.
Fertunately, the City Attorney coneluded that the work was within scope
of the previcous contract for traps and wvalves 3o that it was not
necessary to obtain new bids. The original contractor provided a
satisfactory price (about $10,000), =0 it was convenient and appropriate
to award the additional work to him.

There might have been a severe problem of getting funds for
the unplanned additional work, except that deletion of another planned
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Figure 9. City Hall Steam Riser Trap and Strainer Installatien
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project of the program (which had proved infeasible) freed money in the
project equipment fund provided by DOE. DOE projeat peopls =upported the
reallecation of funds to meet the emergency.

All preliminary aections necessary to implement the eoity
hall contract extension were completed with dispatch. An enabling
resolution was placed before the City Council on December 21, 1976. Some
members of the Council opposed the contract extensions, apparently
because they blamed the contractor (incorrectly) for the difficulties
with the ecity hall heating sysatem. In the resulting vote, the resclution
was rejected. A similar resolution was tabled at the next meeting of the
Council on December 28. It was finally passed on January 4, almost
surely a2 ‘a result of effective lobbying by the ecity Business
Administrator.

The econtract went into effect promptly, and the new work
was initiated at once. It was not completed in time to permit an
evaluation of energy savings in the winter of 1976-T7, although it was
possible to wverify that the actions taken had improved personnel comfort
and the control of temperature within City Hall and that the system
revision had effectively eliminated problems in the system.

Early in the winter of 1977-T8, a very unspecifie list of
steam system difficulties ("doesn't work", "leaks", ete.) was accumulated
by the custoedian of City Hall. Aerospace pressed for resolution of
these complaints, both in the interest of the City and as pertinent input
information for this report. In January a meeting was held in which the
Jersey City Engineering Department assumed responsibility for disposition
of these problems. Most appeared to be trivial matters of adjustment.
The contractor disclaimed responsibility, and the conventional
requirement for a one-year guarantee had inadvertently been omitted from
his contract with Jersey City. Accordingly, responsibility for
porrective action fell upon the City. A= of mid-July 1978 these matters
had not been corrected.
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3.1.2.4 Feaults

Data Obtained

Evaluation of energy savings was to be based wupon a
degrea-day adjusted comparison of fusl oi) conzumptien before and safter
the ateam system modifications.

Degres.day dats were obtained from the U.S. Department of
Commerce National DOeeanice a2nd Atmoe=pheris Administration (NOAA)
Environmental Data Service. Dally il consumption records have been
maintained by Mr. Thomas Finnegan, Mity Hall Stationary Engineer, =mince
1975, These data were made available by him,

Local Climatological Data =heets are not  published
zaparately for Jersey City by tha NOAA. However, Jersey City degree-day
data are published in the monthly NCAA Climatological Data pamphlets for
New Jersey {Ref 2}, In a few instances where minor diffarences would not
be important, Newark degree-day data were used, which are avilable in
greater detail (Raf 3).

Evaluation of Data

In evaluating effects of the steam system rehabilitation on
energy cconsumption for space heating, 1t was necessary to account for
affacts of the double=glazed windowa installed in late 1975, The time
period of January 1976=April 1976, inclusiva, appezred to he a suitably
long interval after the windows were installed; it was taken as
repregentative of buflding performance with the double-glazed windows and
before the steam =zystem modifications., The pericd of October 1977 =
January 1878, inelugive, was =zelected as a suitable time for mezs=uring
building par formanas with the e  windows and ateam  aystem
modificationa. Az indiocated by the data of Table 2, the numbers of
degree-days par month have similar disteributions #n thesa two periods.
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Data from the winter of 1976-1977 wuwere not nsaful feor
evaluating steam systenm modifications because szignificant system changes
were being made throughout the haating season.

A convenlent Fipgure of merit iz the number of gallona of
0il consumed per degree-day. As Table 2 showa, in the period of January
1576-April 1976--with the new windows, but before ateam system
changes--tha averapge oil consumption waa T0.5 gals per degres day. In
the pericd of Octobar 1977-January 1978, after steam system changes, oil
consumption was 10.2 gallona per degree-day. Plots of these data are
given as Figures 10z and 10b. Tt is elear that the average energy usage,
both =xeazonally and monthly, iz not mosh diffareant betwesn the two time
periods examined: hafore the steam system moadifiocatisns (1/T6-U/T7A
incl.}, and after the modificationa (10/77=1/T8 incl.)

Az a partial explanaticn of the small ohange 1in  0il
consumption following the heating ayatem modifications, it has been
nger-ved that many windows are open in City Hall on aold days. This is a
fami}iar phenomenon, also observed 1n Public Schosl Ho.o B0 (Section
3.6.3): the practice of modulating room heat by adjuating opan windous
rather than by use of the thermogtatie aontroels such as those recently
inatalled in the city hall. Though 1t cannct be proven concluesively, it
appeara that the very general use of open windows (inateagd of
thermostats) Ffor temperature control explains the apparent laok of
benafit from the new steanm traps and thermostatic wvalves. The practice
13 extremely wasteful.

Figure 10b shows that, in periods both before and after
installation of the experimenta) equipment ir City Hall, the oil
consumption per degree-day varied inverasly with the severity of ecold as
measured by the number of degree-days per month., The reasons for this
phenomenon are aot absolutely certain, but it is probably a result of
modulating room heat by opening windows. 1In mild weather, open windows
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are a convenient and habituval means of controlling temperature. In
colder weather, the drafts which reauvlt from open windowa are unpleasant
and tend to discourage temperature control by open windows. The data in
Figures 10a and 10b seem to confirm these hypotheses.

The boiler room perzonnel of City Hall atate that they are
required by law to provide heat when the oubside temperature falls to
55°F or below, and the boiler 13 at present controlled to a 3=t steam
pressure, wWith no peans of controlling the amount of heat delivered.
bocordingly, if the boller 1=z operating at 211, heat consumption i=
unconstrained. There iz no built=in means of preventing deliberate
overheating in individual offices or the waste of heat by opening windows
while thermostats are demarding heat.

3.1.2.5 ConaTuaions and Recommendations

The difference between the oll consumption rates before and
after changes were wmade in the =team system is not astatisztically
slgnificant. Contrary to expectations, based upon general experience 1in
the industry, our data do not show beneflt from this project. The most
likely reason for this unexpected result 18 the persistent tenant
practice of controlling rcom tempersture by opening windows, rather than
by use ¢f the new thermoatatlie wvalves. This iz attested by wisual
inapection of the building exterior at any time in oold weather. It iAa
betieved that functioning ateam traps and thermostatic valvea will be
beneficial in installationa, such as that in City Hall, when the upgraded
aystem is operated az intended.

Several changea could be lmplenented in order to discourage
wazste and achleve economy in energy usage of the City Hall heating
System. A eontinuing program of training, reninders, and wultimate
dizciplinary action for persistent window=openers 1= recommended. Thias
iz eazily established, =since open windows are readily visible from
outside the bullding. Technological rixes could also be implemented, but
many of these would be mora costly and less desirable than administratlve
methods. For example, controlz for the boiler system could be added
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which limited the heat avallable to a user to the estimated actual need,
based upon a reazonable oriterion asuch as outsaide air temperature or
chill factor. One Iimplementation of such a =cheme would convert the
stean ayatem by addition of & vacuum punp, 3o that syatem pressures lower
than atmospheric could bte maintained and controlled. By reference to
suitable cutside temperatures, absolute ateam pressure would be
controlled to make availsble only that limited smount of heat needed to
maintain comfortable room tsmperatures with the windows closed. Simple
electrical switchez bave z2l30 been conaidered which would sense the
opening of windows and cut off steam flow to adjacent radiatora

accordingly.
3.1.2.0 Obaervations and Lessons Learned

In the retrofit of old structures or syatems, dravinzs
frequently do not exiat (as in the casze of the city hall steam heating
syatem). Whers they do exist, they are commonly incomplete or nokb
Up=to=date. 3Sinpe many now obapletes practices of long-past timea may not
be known by engineers of the current generation, it is important to avoid
ﬁaking invalid assumptions about the desigh or condition of an old
aystem. A detailed survey and analysia should be wmade of its design and
the physical condition. The actual functioning of every such syatem
should be determined before modernization or major rework iz undertaken.

Anomalous conditions may be expected in the major rework of
gld bulldings. In City Hall, one radiator was standing on rotten floor
Joiata, supported mainly by piping, When the pipe connesctions were
lopaened, it nearly fell through the floor to the room bBelow. Very
corresive coal furnace ashes . wers used as acoustic fnsulation between
floors in thke building. Thi= had led to aevere external corrosion of
steam pipes imbedded in the ashes. The prodlem of frozen pipe Sthreadas
inevitably arome. PFroblems of contractor acceéas to eapecially asensitive
building areas were alsa experienced:; e.g., the mayor's office, the
council chapbers, and the cpedit union office. Contractor work hours
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presented a problem in that: work on the stean aystem waz not possible
with ateam pressure up; steam pressure (for heat) waa essential during
most of the normal winter workday; and after-hours oontraster work
engendered inconvenience and resentment on the part of thoas oity
empleyess whe are ssnoerned about admission and building secumity,

Sericus deficisncies in oooperation and responsiveness,
especially by oity personnel, arcse during the program, to the point
where cooperation and the needs of the c¢ity and the project were
adversely affected:

- City departments in Jersey City were found to be rather
speaizslized, =0 that joint actionz or the &Xplicit - undertaking of
non-routine work by one division at the requeat of anothar eould not be
eXpected to take place smoothly.

- Strong resentment of the contractor was quite evident
among some City employees. It 1s possible that this resentment came, in
part, from the fact that the contractor was not a unich organization,
whereas City employees were unionized.

- Tha City Council was apparently well aware cof enmployee
attitudas and of hallway rumors in City Hall, including attitudes towards
the contractor; the council evidently attempted to be responsive to
them,

& statisnary boiler of 15 paig or over 13 rated by the
Undervriters as a “high-preassure™ boiler, and such high-pressure boilers
require around-the-elock attendance. It i3 1ikely that a saving in both
insurance and manning costs might be effected by operating the city hall
hailer at the sopvioe pressure (6 paig) and feeding tha mains direotly
{without the regulator} at less than 15 psig pressure. However, it has
not been established that the eity hall boller would meet systen heat
requi rements operating directly at pressures of & paip or less.
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3.2 PIBLIC WURKS SBUFS FPROJECTS

The Public Works Central Garage facility iz the major
repair and storage complex for all the divisions within the Dexrar tment of
Public Works. The complex consists of two buildings: Central Garage Ho.
1. tﬁe repair faclility and administrative oFfices, and Central Garage Ho.
2, the wehicle storage facility. Tﬁe conservation dJdemonstraticna were
cenducted in Central Garage Ho. 1, alse called the Cepntralized
Maintenance Facility, which is depicted in Plgure 11 and described in
Table 3. '

Activities performed in this facility ioclude: welding,
carpentry, rcadic repair, signal repair, traffic vehicle repair, tirce
repair, paint spraying, machining, steam cleaning, plumbing rephir, and
sign making. It serves as a nustering and storage acea for the divisions
of forestry, streets and sewers, sanitation, traffic, water, and facility
maintenance,

Central Garage ¥o. 1 also houses the city's computer center
and serves as a supply center for the Department of Public Workz. The
second floor houges the Department’s administrative offices and the
Engineering Pivision.

Three enerqy oonaervation progedures were &dopted for
Central Garage NHo. 1. Theae were (1} automatic timed closure of garage
doors, IE}I time cﬂntrél of overhgad lighta, and {3} timing of the
duration of opace heating in selected work. baya. The rationale for these

projects and the resulia of their implementation are discussed below.

1.2.1 Timed Clozuce of Garage Doors

32.1.1 - Emergy Conservation Opportunity
The Central Sarage MHe. 1 has 32 large; operator—actuated

{motor—driven) vehicle doovrs In the shop and asaembly areas, in addition
to four at the facility loading docks., Its interior space is heated with
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Table 3

PUBLIC WORKS SHOPS
‘I' CENTRAL GARAGE NO. ONE DESCRIPTION

STRUCTURE

Year of Construction:

Floor Area:

Tvpe of Construction:

Windows and
Exterior Doors:

HEATING SYSTEM

Distribution:

Boilers:

Burner:

Domestic Hot Water:

VENTILATION SYSTEM

Type:

Exhaust System:

Air Conditioning:

LIGHTING

. ELECTRICAL SYSTEM

Lighting:

1965

first floor - 119,300 =q. ft.
second floor - 6,700 sg. Et.

steel, concrete floor; brick and block walls

the shop windows are typlcal clear glass

four £t. in height, located on the upper wall
and continuous around the entire perimeter

of the building. There are thirty-one
power—operated high bay overhead wehicle
doors around the building, in addition

ta four at the loading dock.

hot water, with down-blow unit circulators
in the shop area and constant wvolume terminal
reheat in administrative area

two, Pacific Mational fire tube, hot
water, forced draft

Pacific Mational - fire tube, hot water,
forced draft

gun type, atomizing

generated by a Patterson-Kelly gas-fired
unit

shop area: open door
adminiatrative office: central fan
shop area: area fan
administrative office:
300 CFM

central Ean,

administrative offices only: constant
volume, reheat

fluorescent, mercury wapor, and incandescent
az appropriate.

fluorescent, mercury vapor, incandescent
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large thermostatically controlled down-blow hot water circulators as
shown in Figoure 12. Interior partitions between bays along the east and
west sides of the building do not extend to the ceiling, so that heat
losses in one part of the building tend to cool off large regions of the
building.

Figure 12. Public Works Shops

Central Garage No. 1
Typical Blow-down Hot Water Circulator

The pattern of operation in various shops is for the crews
to muster at Central Garage No. 1, to prepare for the day's work, and
then to leave during the early morning for work around the city; the
crews (and vehicles) return in the middle and late afterncon to work in
the shop and to prepare for the next day. The garage doors are
controlled from inside the building. The relative locations of the
vehicle doors, personnel doors and the location of wehicle door controls
on the inside building wall made it inconvenient for departing work crews
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to close the wvehicle doors after they had exited. It was much more
convenient to simply drive away and leave the vehicle doors open and very
often, even on winter days, they were left open after the trucks
departed. Administrative controls were not applied effectively in

preventing this practice.

Recommended Project

It was recommended that the motor-driven wvehiecle door
operator be equipped with a time-delayed closing feature so that it would
close auntomatically at a preselected (and adjustable) time after
opening. A 1-1/2 minute maximum interval was recommended, and the times
vere initially to be set on the maximum. For safety, convenience,
flexibility, &and maximum conservation of heat energy, the following

additional features were specified:

Bright red lights, inside and outside the building,

flashing when the door is in motion;:

- A pressure-actuated safety-edge strip along the bottom
of the door to instantly reverse the descending door
if it should hit an obstruction;

- An interlock relay to hold the heater-circulator
blower "off® while the adjacent wehicle door is open;

- A spring—-loaded takeup reel for the flexible

electrical cord connection to the safety edge switch;
- A limit switch &t the lower extreme of door motion to

disable the safety-edge reversal feature when the door

seats at the end of downward motion;
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- A key—operated switch to change the mechanism from

timed automatic closing to manually-directed closing.

= A placard explaining door opener/closer operation
to be placed at each control switch

Predicted Savings

It was believed that up to 20% of the fuel used for space
heating of the Public Works Shops might be saved by use of the timed
automatic closer with a feature which turns off the heat circulator
blower when the door is open. This would be a saving of about 18,000
gallonag of Mo. 4 fuel oil in a normal (5000 degree-day) year, based upon
average oll deliveries in the 1974-75 and 1975-76 seasons of 18,4 gallons
per degree-day.

Data Reguirements

Evaluation of this project was to be based on
before-and-after seasonal oil consumption data, adjusted for degree-days
and for savings attributed to the timed door closure experiment equipment
{Section 3.2 3).

J3.2.1.2 Warrative and Key Events

During project planning, the design and functioning of the
timed automatic garage door closer were described to supervisors in the
Public Works Shops, and general approval of the plan was obtained.
Required features of the system were defined as listed in Section above.

The Public Works Bhops" motor-driven wehicular door
operator/actuators, installed as original building equipment, were made
by the Overhead Door Company. It was determined that a division of this
company made auxiliary eguipment which could provide the automatic
closure and the safety features reguired, and it was clearly expedient to
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use egquipment of their design to ensure compatibility. However, the
local Overhead Door distributor did not handle this auxiliary equipment,
was not familiar with its design and application, and could not provide

desgign, circuit, or ordering information.

Technical data for the several possibly applicable
electronic timer assemblies were obtained, a tentative selection was
made, and comments were solicited from the Overhead Door engineering
staff. Their response indicated the possibility that a communications
problem existed. Accordingly, an Aerospace design engineer was sent to
the Overhead Door plant in Dallas, Texas to work wikh the company's
engineering staff in deriving a eircuit and parts list which would
fulfill the requirements.

Drawings were prepared (see Appendix B-1), and materials
were ordered. The Aerospace design engineer traveled to Jersey City in
January 1978 and worked with Jersey City's Facility Maintenance Division
electricians to verify and demonstrate the system design by installing
and opsrating one complete system. An example of the installation is
shown in Figures 13a and 13b.

Installation by Jersey City electricians continued slowly
until about 14 sets had been installed. Then it was decided that the
Jersey City people would not have the time to complete this work, so a
contractor was hired to install five more, leaving several uncompleted
installations. Seven other doors and the loading dock doors were not
included in the plans for timer installation because they were
infregquently used.

Placards as shown in Figure 14 were prepared by Aerospace

and attached near the control box for each door having the timed closure

feature.
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Figure 13. Publie Works Shopa Central Garage No..1l
Timed Door floser Installation
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AUTOMATIC GARAGE DOOR
INSTALLED FOR ENERGY CONSERVATION

Clozes automatically aiter 1 minuis

O Spacial featuras
= Cabng heatar 1s off when door 13 open
a Lights flash when door & n motion

* Door reverses when edge touches
obyect

O Automabic chosng can be ayerrdden
with hay, sga Foreman

For sarwicl, ol ERcing st Forsmas
Fhong 3338510

Figure 14. Public Works Sheps, Centra) Garage No. 1 --
Timed Door Closer Insgtallaticn Placard

The iritial block of econtractor inatallations was let under
an abbreviated City prosurement procedure, applicablea for conteracts undar
22500, whish permits solieiting bids by telephone. Jeraey City offisials
ultimertely decided te contract For the installation of the last group of
timer systema, but this put the Job over the $2500 limit, so that bids
and City Council appreval af the additioral oontract wers required.
Whether from the added complexity =0 induced, or inertia, or lack of
funda, the contract was never let and the last grour of =ix timers was
never inatalled.

Meanwhile, an entirely new city pdministration was elscted
in Jersey City, and there was 2 substantizl hreak in the continuity of
the cponzervation programs. Several Public Workas supervisors, Ffamiliar
with the timed clemér concept, were replaced., The Jersey City contract

with the PTI Technology Agent, who had been leading Lheae projects

locally, came to¢ an end, and he resigned in the aummer of 1977.
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Reaistance by Public Works people to the use of the timed
e¢loaing feature became evldent, particularly In activities whers frequent
door operation ia required, or where several vehicles must pasa through a
door at about the same time. In ome instance, there was damage to a door
and wehicle when a large articulated fire truck couldn't be pansuvered
through a maintenance facllity door in the one and one=-half minutes
allowed by the timer in the "automatic"” mode,

Although all timer inatallations were ultimately reporcted
to work properly, during installation zome electronie modules, were found
to work ingorreotly. These were returned to the manufacturer, who tested
them and found them functiconal. After discuasion, Overhead Door ran
factory tests of the particular contrpl clrcuit used in Jersey City.
They report finding relay chatter which 1= not explainable or expacted
from inspection of the circuit uwsed. They have recommended changes in
the circult hookup wused, but Jersey City prefers not to undertake
rewiring, since the ayatems equipped with timers now appear to work
properiy, and the timer system 13 not being used {as discuased below).

In an QOectober 1997 meeting, the new Jerasy City Businesa
Administrator sasigned local reaponsibllity for progrem work and for
communications with Aerospace on the part of Jersey City to the new
Director of Facility Maintenance, Mr. Jack Jamesa, who worka urder the
Superintendent of Public Worka. Mr. Janes and hia people have been
exceptionally cooperative in supporting the project.

However, tha following circunstansea required action from
higher levels within the administration: need for completion of the
tiped door clozer installation; and need for policy as to its use, both
for short=tern experimental purposes in the gathering of project data and
for long-term oparations. Several letters were sant and telephone calls
were pade by Asrospace o request such agtion. Responses by city
officials were not timely. The installatison was not completed, and no
realiatic terial of the tinmed door 2losers as energy-saving devices was
mads during the program.
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Howayer, in viaita to the Pubtic Works Shops in the winter
of 197776, Aerospece personnel noted that the Central Garage HNo. 1
vehtcle doors were constatently closed, even though the timed closera
were not actuated and in use; thiz had pot been the case in preceding
winters. (Upon questioning, it was indicated that there has been an
increased ewmphaats upon conservation in Public Works by the new
administration.

3.2.1.3 Results
Dats Obtsined

No data were obtained which ©2n ba axoribed directly to the
effects of the timed garage door clomers, s3ince the =xyatems were nokb
fully installsd or conaistently usad, As discussed below, howaver, tha
1dea of the automatic timed door closer as an =nergy conservation measurs
haa the meritas originally ascribed to it for this project, when suitably
applied and properly used.

Discussion

The rate of fuel oll consumption 1in the Public Works
complex was much lower for the 1477=T8 heating season than for previous
seasons: 11,3 gallons per degree-day rather than 18 te 1%, as in the
past four ssazons. This improvemsnt may be ascribed to greatar general
conocern for energy conservation and to a tightening of adminiatrative
contrel. It mey 2lso ip aome messura be due to the Ceatire of the door
timer installation which cutz off heat when the adjacent vehtcle door ia
open, whetber or not the timer feature of that door iz turned on. Thix
outoff Festure has tha dual effects of {1} saving snergy directly, and
{2) encouraging personnel tn olose doars by the chilling effecta aof an
open door with an inpperative heater.
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1.2.1.4 ’ Ohzervationa and Lessons Learned

Considering this project, one must speculate as te the
relative merit of administrative controls for ensegy conservation versus
use of technieal measurez which compensate for laek of such
administrative econtrols. In this case, teshnical measures wers attempted
to compenaate for the lack of adequate administirative controls. Howaver,
after major changes in personnel and in poliey emphasi=, registance to
the technisal measures developed. Administrative preszurea might have
been applied to compel use of the technical solution. Instead, the
Superintendsnt of Public Works opted to presa ztrongly FPor operstional
rathar” than technieal eontrgls for conservation. As indicated ahove,
this was an effective slternate choice for promoting looczl conservation.
It was, however, a decision which effectively aliminated any pnssibility
of getting the direct axperimantal rasults needed for thls program.

The avtomatic vehicle door closing festure -- especially
with the heater cuteff [feature —- can be very useful In situations such
4z those which stimulated applicabtion af the concept for Jersey City.
Thaam are genarally conditiona unrder.  which opan doors ara
enargy-wasteful; where the closing of the doora preasnts an annoying
ineonvenienze; and where adeiniatration does not provide adequate

incentive for making the eloaing of doors habitual.

It i3 ©poaaible that the space haater intarlook
feature--which ahuts off the down-blow heater fan when an adjacent
vehiole door ia open--may have had significamt influence in digscouraging
amployéea from leaving the doora open. Thia suboff iz wired to oparata
in both the manual and the automatic modes of vehicular door contrel; it
‘may in itself eonstitute a very usaeful means of encouraging enargy
eonservation.
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The utility of the timed door closer cannot be assessed
definitively from thiz experience. As with most conservation measures,
ardl as attempted here, its use should be underteken only with the support
of the prospective uvaer. Applications ahould be evaluated in terms of
the kind and frequency of traffice, locations of door econtrolas and
perzcnne)l doorways, apd possible alterpatives. For some kinds of
traffie, radio contrel, extericr manual controla, or other relatively
zimple devicea might be preferable. In many cases, the motivation of
employeezs to exert a alight extrs effort and close doorzs manually will
abviate need for elaborate technical sclutions. Moreover, experience in
this program leada us to recommend that a retrofit, auch as use of the
docr  cloging timer, involving moderately ecomplicated changes and
propriatary devices, should only be attempted if competent dealer
inatallation advice and mervice are locally avallakle,

3.2.2 Time-Limited Area Lighting
3.2.2.1 Energy Lonservation Opportunity Das&ription

Original Condition

Tha ground floor of Central CGarage No. 1 conalats, im part,
of a aeriea of large open bayas having acceass to the outdoora wla large
vehicle doors which permit the entry of work vehicles, (see Figure 11).
Lighting is provided by overhead 300-Watt mercury +vapor lamps In
individual fixtures; one auch fixture f= wisible in Figure 12, Figure 15
shows the lighting arvangement within bwo baya which are part of the area
aszigned to Publie Works. Light banks are individually contreollsad at a
comion switoh panel located near the northwest oorper of the area. Thess
bays are used as atorage areas for vehicles, large parta, equipnent, and
for &réw Azsemhly areas prior to work in the field. Mo detailed work
requiring high 1light levels is performed here.
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Figure 15, Publie Works Shops, Central Garage Ho. 1
Typical Overhegd Lighting Configuration, Showing
Identity of Timer~Controlled Banks

The typiea) uae pattern of the Publie Works Shepa iz that
crewa arrive 1in the morning, load their veshiclea, and obtain work
aaxigrments for the day. Crews then leave the bhullding and return in
mid- or late afterncon to work in the shops and/or prepare for the
following day. During thelr abasnce there iz little or no activity
requiring the lights in the bays to be on, especially since light 1is
available Trom other sources, including a partlal glass wall cp one alde
of the bullding. Prior to the introducticn of conservation practicea,
the level of i1llumipation with all lights on was wuch higher than that
-teeded for the kinds ﬂflﬂﬂrk ordinarily performed in the Public Works
area, vet it was common practice to leave the overhead nmercury vapor
lights on continuoualy 2% houra per day.
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For an exizting 1lighting inatallatisn, energy conseervation
may be considered In two dimensions: (1) intensity, determived by the
aumber and rating of lampa, and  (2)  duration, or on-time.
gvar-illumination was & commonplace feature of buildingzs designed in the
196012 when the Central Garage was built. When electric enargy was leas
" expensive, architects tended to specify high 1llumination levela as A&
matter of gcourse, baged on the most demanding peasible use anticipated.
Where banks of maltiple 1lights are uzed, it 15 often pomsible, as in this
jinstance, to reduce {llumination either by reduvcing lamp wattage or by

rempval of lampa.

Before the inception of this dsmonatration program, the
light intensity in the storage bays of thet portion of the Central Garage
oocupiad by the Strests and Sswera and the Water Departments of Jeprsey
ity had been reduced to a reasonable mimimum by repoval of all but one
of the lampa in each of eight individually switched banka shown in Figure
15. (In those araas of the garage where higher light levels wera headed,
Flourescent lighta in the office area and mercury vapor lampa over the
tonl oprib arsa were nnt removed. Thu=, Tdelamping™ provided energy
azvings by the reducstion of light intensity, with =avings of Ffrom
two-thirds to threa-faurths of tha previous= enerpgy consumption in the
affected lamp banka and with ne impairment of =afety or functien in the

present usage of thia area.)

Reaommendad Project

Thare remained an oppartunity for worthwhile savings by
regtricting the on-time of the rematining Lights from the customary 24
houra per day, seven davs a weelkt, to the actual tima &f naad. An
expecially designed controller made by Touch-Plate Elactro-Sysatems, Ine.,
was selected for the demonstration of timed 1lighting contrel 1in the
Central Garage. Thi= controller would utilize $ndividual, Inexpenzive,
pulss-actuated, magnetically-latched retlays (of a proprietary design by
Tench-Plate) wired in geries with the axisting switeh for each of the
aight light banks to be controlled.
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The recosmanded Touch-Plate ocontroller provided a bank of
nupbared control buttons and a conventional tab-set time-2ontrol elock,
all in a =single, astandard HNEMA steel enelosure. In opertion, each
individual light bank could be turned on and off by deprassing ita
individual contral button, Howaver, if a alngle light banik was not
fndividually turned off, all lighta ecould be turned off by either
simultanesusly Jdeprezxaion of the "of F* panel button or by the tine cloek
at preset times. Economy waes to he achieved hy turning lights off
periodically at timea =slgcted to minimize inconvenience and to prevent
long periocds of unneaded on-time. In operation, plang called Tor setting
the time clack to provide automatie turnoff at aelected times throughout
the workday and at frequent {say, hourly} intervals after normal work
hours. If automatie turnaff securrad when pesple nesded the lights,
depreaaion of the Toush-Plate sontpol hutton for the peeded bank{s) would
restore light after a short lamp warm-up tim&.

Rationale

The problem addesased in thia experiment waz fundamentally
a lack of diacipline tn the control of Iighta. This was primarily an
administrative problem, but an addministrative sclution mnight have
required both prolonged surveillance and disciplimary action, 1f hahits
af waste wera solidly ingrained. 3Such a scluotion was not being provided
in the Jersay City Central Garage. An experiment involving automated
light deactivation with manual reset capability, thus seemad appropriate
for tha Jersay City Publlie Works Department. The eaxperiment offered an
;ppurtunity te explore both the energy. savings and the asocial and
ingtitutional problem= &f timer-controlled illumination.
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Predicted Costs and 3aving

The pre-sxperiment cost of lighting in the Public Worka
Dapartment was approximated based on the following data.

= Bach light with itz assocjated bzazllast required about
330 W.

= Pre-experiment light usage wax 24 hours per day, seven
dayz a wesek

- The marginal electriv power rate was 63 mills/kWh.

The n.minal znnual energy ccat for 28 overhead lighta in the Public Horka
bDepa -tment, burning continuously, wouled be $5100. After reducing the
tot: !l number of lampa to eight by delamping, the annual ooat would be
$1b&y, '

The ecost savings expeoted from use of timed lighting ia -
proportional to the average freaction of time that the lights ecemaln off.
It this fraction ia daaiénated Ly Fo' the nominal arnnual dollar sarvinga
for the full ccoplementwould be given by

Annuwal Savings = $5100 Fo
Assuming an § hour daily work period, a 1-hour lunch period, and 1/2-hour
at the beginning and end of the =hift for preparatory work by
supervisors, the maximum expected dally (weekday) illuminablon period

would be no greater than 10 houra. Correcting thim for the fraction
{(5/7) of working daya per week gives as & lower bound for Fo:

ﬂnin
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Accordingly, if the uae of timers can limit the pericd of workday
illumination to 10 hours and entirely eliminate 1lights on Saturday= and
Sundaya, the reaulting cost saving would be

Arnual Savipg = 0.70 x $5100 = $3570/vear

Even larger savings would be potentially achlievable if the timers were
selected which could be programmed to turn lighta of ! during the middle
of the day when work corews were 2absent; the selected Touch-Plate
equipment has thizs gapability.

The eatimated coat for purchasze and inatallation of timing
and contrel equipment for thia experiment was $1000. This figure is
exclusive of the costa of instrumentation ‘elapsed time meters) required

for evalupkion of the experiment.

Data Requirementa

Evaluation of the time-limnited area lighting experiment
regquired three sategories of data:

- A measure of the average weekly on-time of lighta in the
experimental area before connection of the on~-time limiting elrouit.

- A measure of the average weekly on-time of lights in the
experimental area after connection eof the on-time limiting clireuit.
These data were deaired for 1 year or aore in order bto assess aseasonal
changea in work patterns and possible resulting changes in illuminstion

requirements.

~ Information {(comments and suggestions) from users
indicating satisfaction or dissatisfeaction with the experimental aystenm
and 1lts goals. Thia Information was needed to evaluate Inatituticonal
eonmiderations whick might be important in asseasing CMuture applicationa
of time-limited lizghting.
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32,22 Project Implementation

The functional! configuration (described in Section 3.2.2.1)
selected provided: (1) simultaneous automatic turn-off of all controlled
eircuits at selectable times (as determined by the stop settings on the
timeclock dial), (2) manual turn-off and turn-on of individual controlled
eircuits by successive depressions of a control button unique to that
cireuit; (2) simultaneously turn-off of all controlled circuits from a
master control button; and (4) a remote-located master button for
turn=-off at the interior bay exit door.

Aerospace prepared drawings of the impulse-control relay
system ' ith functional specifications. Key sections of these drawings
are | esented as Appendix B-2, The entire control assembly, Iincluding
the ime clock, was procured from Touch-Plate as a unit at a net price of
$63( .25; installation labor and materials are estimated to have cost
$200, for a total {nstalled cost of the system of about $850. The
purchased unit included provision for controlling twelve circuits, of
which only eight were used.

Figure 16a shows the controller cabinet partly opened. The
large electrical panel at the extreme left s the original lighting
awitch panel. Tt was retained in its initial! functional form in order to
maintain cireuit bresker protection. At the lower right {is the
Touch-Plate control panel, partially opened for display. The assembly of
four elapsed-time meterzs {3 loecated at the top of the figure. The small
assenbly in the center iz an existing telephone system terminal strip.
The 110V gircuitry of the Touch-Plate panel, including impulse control
relays and terminal strips, are concealed under the vertical panel on the
laft edge of the Touch-Plate cabinet. The contrelling time cleock, with
cover open, 1a at the right. The array of light control buttona is3 in
the center, and the solid-state electreonic control assembly iz =2t the

upper right.




a - Timed Lights Control Panel Installation (Open)

b - Timed Lights Control Panel (Closed)

Figure 16. Public Works Shops -- Central Garage No. 1
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Figure 16b shows the control assembly with cover panels in
place, and Figure 16ec is a detalled wiew of the control button array.
Figure 16d shows a eeiling of Central Garage No. 1 with a typieal array
of mercury vapor lamp fixtures.

Appendix B-3 shows the placard whieh was attached to the
light contrel panel, correlating control button numbers with light bank
location and listing the programmed turn-off timea. Turn-off timea shown
in Appendix B-3 are those initially selected. These turn-off timesa, and

the rationale for them, are:

10:00 AM After normal departure of work arews to
the field

12:30 AM After any all-morning work in the shop

3:00 PM Follewing afterncon departure of erews

5:00 PM After end of workday

g:00 PM Following any evening activity in the area

12:00 PM After late night work
Later, on the basis of experience and local preference, these times were
alightly modified. Automatic hourly turnoff was provided after working
hours.

3.2.2.3 Results

Data Obtained

On December 6, 1976, installation of the timed 1light

control panel with the four elapsed time meters was completed.
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g - Timed Lighta Control Button Array

d = Typieal Mercury Vapor Lamp Fixture Array

Figure 16. Public Works Shops -- Central Garage No. 1
{continued)
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Tnitially, the timed interrupt feature was bypassed 30 that the use
pattern for the lights was unchanged, but the elapsed time meters (ETM's)
were connected. One ETM was wired direetly to the building mains so that
the duration of any building power outage could be known.The other three
ETM's were connected to the power circuits of three of the eight
meroury-vapor banks committed to timed control. For 53 days these
elapsed time meters recorded the on-time of the mercury wvapor lights in
the banks to which they were connected without timer control. It had
been believed that all lights were being left on moat of the time--a
premise which the data supported. On January 28, each of the four ETM's
ahowed 1270 hours of on-time for its circuit. This indicated that:

= There had been no significant power outages in the

interval;

- The lights had been on 24 hours per day and 7 days
a week during the interval.

On January 2B, 1977, the timed cut-off feature was
activated and the controller time cloek was set. Banks 3, 8, and 8 of
Figure 15 were monitored by ETM'a a=s before. Resultz are presented in
Table 4.

Evaluation of Data

In summary, from the timer system actuation on January 28,
1977 to April 19, 1978 the three light banks with elapsed time meters
were on for an average of 334 hours total time, out of 10,683 hours
during which the building was powered. Thus, average actual on-time is
3.1% of the elapsed poweraed time, whereas, as the early measurements
showed, the lights were being left on continuously before actuation of
the timed controller. On-time with the ocontroller in operation averages
about 5 hours per week per bank, or about one hour per workday. This is
clearly a true measura of the nead for lighting in the particular Central
Garage bay housing this experiment. Considering the functions performed
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ElS=E

Table 4: CENTRAL GARAGE NO, 1 TIMED 1LIGHTS
Elapsad Time Meter Readingd
- Cumulative On Time
= Change (&) in On-Time
- & as a Percentage of Total Blapsed Time
aEar Mo, 1 3 4 [] Total
Cum Cumm A Cum Cum A Cum | Cum [ Cum Cumi A |Elapsed
Reading_gate Hr Hr Hr Hr o Hr Hr 5, Hr Hr o | Time {Hi)
1216176 0 0 a ]
{1300 hr)
12413 /76 167 157 | 106 167 167 | 100 167 167 106G 167 1&7 | 10D 167
{1200 hr)
1/28/ 17 1270 1270 | 100 1270 1270 | 100 | 1270 1270 100 |[1270 1270 | 100 1270
{1300 hr)
12877
TIMER ACTIVATEDf MNote &
2/3rm 1413 143 | 100 1277 T 4.9 [1z75 5 3.5 | 1274 4 [2.8 1415
{1200 hr) 143
214077 1680 410 | 100 1288 12 4.4 |(12B3 18 4.4 | 1288 15 .4 LoR2
(1500 hr) 410
3/altaT 2743 1473 | 98.. 7 1332 ¥ 4.2 |13086 il 2.4 | 1300 30 2.0 2ThZ
{1500 he) 1490
8/23/77 6222 | 4952 |99.6 1341 Tl 1.4 | 1326 36 1.1 13114 44 0.3 b242
{1430 hr) £970
4/19/78 11953 | 10683 [99.8 1399 129 1.2 2000 730 6.8 | 413 143 1.3 11, 978
16, 706

Average of 3 banks, 1/28/77% to 4/19/78: 334 hr on, or 3. 1% of elapsad time.

MNotes:

# A 'e below measured from /28177

1)
2
3)
4
3)

Meter Mo. | reads totzl elapsed time bullding was powered frem 12/6/ 76,
Maoteara No.3, 4 and 8§ show cumulative on-time of corrésponding circuits since 12/6/76.
See Figure 15 for location of numbered banks.

Tool crib mérsury vapor lamps and (luerescont office area lights are always on.

Elapeed time singe I2/6/Té over elapsed time aince L/Z8/TT.




in thia bay (Streets and Sewers and Water Department, shown in the lower
left of Figure 11), this low usage of the overhead lights is reasonable.
The open floor area is seldom occupied before B8:00 AM or after H4:30 PM.
During the workday peried, the wuaual activity 1s erew assembly and
loading of trucks in the morning, unloading in late afterncon. The floor
is not ecommonly ocoupied through the middle of the day or by people
invalved in detailed work requiring high illumination levels. Finally,
the ambient 1ight 1level, with contributions Ffrom the outalde wall
windows, from econtinuously-on mercury lamps over the tool erib (Figure
15) and from continuously-on flourescent lights in the office area, was

adequate for moat needs.

Savings may be computed from several viewpoints. If there
had been no delamping program, then, as discuassed in Section A above, Fo
= 1,0 - .031 or .969, and the savings would be $5100 x Fo, or %4940 per

vear.

In the delamping program, all but one 300W bulb
(330W power consumption with ballast) was removed in each bank of lights
30 there were actually 8 lights in use rather than 28. Thus, (assuming
the three metered banks are typical) the actual savings after the
delamping was 8/28 of the savings indicated above, or $1412 per year.
For the approximately $1000 initial ecost, the pavback time, even with
delamping, is lesa than 9 montha.

Conclusions

It is eoncluded that, for applications in whieh lights tend
to be left on unnecessarily, the use of autematie turnoff at salacted
times can be a very cost-effective means of saving energy. Clearly, the

same scheme can be applied to other esnergy-consuming facilities also.
Delamping and use of timer cut-off are not mutually

exclusive. For this projeect, both techniques were very ocost-effective,
singly and together.
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3.2.2.4 Dhservationa

The timed 1light controllers are a aubstitute for human
concern, awarenesa and motivation, and for the administrative methods
which induce these attitudes. Thus, whila the controller provided a
convenient way of szaving energy, in prineiple 1t was net esaential to
auch savings. Neverthaless, the low cost of the equipment and excellent
conservation results confirm that the timed controller is a useful tool
for conservation. The controller concept is 1ikely to be especially
ugeful in 1lighted areas where responsibility for lighting control
discipline is divided, or where people are unpredictably in-and-out, or

where administration is wealk.

Suffricient continuous lighting for safety should be assured
at all times. In Central Garage No. 1 this was provided by windows, by
tool erib lights, and by Fluorescent lights in the office area.

The Touch-Plate timed controller was readily wired into the
powar olircuit next to the existing switch panel so that no extenzive

wiring or conduit runs were needed.

Use of the system did not appear to impose any problems nor

cause objectiona by workera in the areas.

The timed cutoff arrangement is somewhat inconvenient when
used with mercury wvapor or other hot cathode gas discharge tubes because
of the long restart time, typically, 1 to 3 minutes.

The turn-off schedule on the placard (Appendix B-3) was
selected initially on the basis of known work hours and habits. Minor
nhanges were later made at the suggestions of users. Yet, in the late
spring of 1978, a check of the controlling time clock indicated that it
had not been reset at the end of daylight =aving time the preceding
fall,. The implied indifference to turnoff times is probably a result of
the infrequent need for lights.
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The Touch-Plate control system used as the Central Garage
No. 1 timed light control could be improved for any future applicatlions
in thres aspects:

= Identifying numerals on the control buttons should be
embossed in the surface of the buttons. It was noted
in early 1978 that they were painted on the surface

and had been nearly worn away under finger pressure.

- The array of control buttons (Figure 16b) could be
larger, more distinetive in appearance, and generally
more eye-catching. Perhapas a large, tersely worded
identification sign and bright local lighting would
help in this.

- Provision of advance warning of impending turnoff so
that it can be overridden without restart delays,
preferably from the actual work station. This would
necessitate a significant change ifYthe circuits, but
it ecould be done readily.

There was early diascusaion within the project as to the
specifiec control function desired. The Touch-Plate system selected
simultaneously turns off all circuits at one or more specific times set
on a standard time clock--typically, through the day at times selected to
follow normal crew asaembly operations and every hour through the evening
and night. An alternate scheme, which could be readily implemented and
might have distinet advantages, would provide a selected on-time period
for each bank of lights, after being actuated by the control button.
This would avoid uﬁﬁnticipated work interruptions and would provide
possible time overlap of lighting in adjacent areas. It would be
analagous to the timed heat arrangement described below.
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3.2.3 Timer-Controlled Heat in Work Bays

3.2.3.1 Description of Energy Conservation Opportunity

Original Condition

The assembly and work bays of the Central Garage No. 1 are
heated with thermostatiecally-controlled overhead down-blew hot water heat
exchangera. Use of heat in the shops haa been much in the pattern
deseribed for light in Seetion 3.2.2: it has been commonly left "on"
continuously, subject only to control of wall thermostats, and these were

commonly set for above-normal room temperatures.

Recommended Project

Restriction of heating of shop areas to times when the shop
areas are occupied was recommended as a demonstration prejeet. This was
to be done by the use of knob-actuated clockwork timer switches. These
were to be wired electrieally in series with the wall thermostats in the
shop areas of the Divisions of Parks, Streets and Sewers, the Water
Department and the Carpentry Shop. The timer switeches, when manually
actuated, would hold the wall thermostat eirocuit olosed to deliver heat
only for the duration of a hand-set time interval. A maximum interval of
2 hours was originally planned, but 1Z2-hours was later selected a=
providing more flexibility for workera. The thermostat timer function
was superimpozed on the control of heat by the wehicle door saystem
(Section 3.2.1). The owverhead heater fan only operates when: the
vehiole doors are closed:; the thermostat timer ha=s been actuated; and the

thermostat is demanding heat.

In planning this installation, concern was eXpressed that
restriction of heat might cause freezing of water pipes in cold weather.
It was concluded that spillover heat from bays with unrestrained heat

would prevent such freezing.
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3.2.3.2 Resulta

The timers were installed as planned (see Figure 17 and the
eircult given in Appendix B-1). Full 12-hour timed 4intervals were
provided so that employeea in the area could select a heating period
which would avoid the inconvenience of interrupting work to reset the
awiteh. However, elapsed time meters which had been purchased for
obtaining timer usage data were somehow loat, and replacements were never
obtained. No umage time data were obtained, and no quantification aof the
energy saved by the timer, 1a feasible. However, the original rationale
for use of Ltimer switches in thermoatat circuits to minimize unnecesaary
usa of space heat ia valid, and this simple technique should be used in
cases of: intermittent use of a space; or intermittent reduced
temperature requirements (as in sleeping space); and in many of those
aituvations for which time-clock controla are commonly recommended.

Figure 17. Publie Works Shops, Central Garage No. 1,
Timed Heat Contraller Installation
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3.2.3:3 Observationa, Lessons Learned

Jelection of the timer switch for timed thermoatat
installations should be made for the timed interval needed; mechanical
stops on the knob can be used to reatrict the maximum available interval
if necessary. If the thermostat oirouits are of the pilot-flame powered
"millivelt® type, care should bs taken to be sure that thermostat and
timer switch contacts are precious metal or otherwise suitable for the

low=voltage circuit.

The timed thermostat arrangement appears to have advantages
over the now-conventional clock-operated night setback aystem in that it
does not require resetting in the event of power failure or seasonal time
changes, and it operates to save energy at all times when there is no
demand, rather than at nighttime only The 12-~hour timer configuration
selected for this experiment can be readily modified (by installation of
a shaft stop) to provide any selected lesser maximum on-time.

If it is important to maintain some low minimum temperature
to prevent freezeup of water pipes or for other reasons; a modified
configuration is feasible which uses a two-level thermostat. For this
application; as for that installed in the shops, temperature control is
maintained by the high temperature thermostatiec element--which may be
ad justable--as long as the timer 13 in operation. When the set timed
interval ends, control reverts to a second, fixed low-temperature unit.
Its set temperature must normally be above EEQF to protect pipes from
freezing damage; it may be higher if personnel comfort or safety is of
conicern 1in off hours. Figure 18 shows a ecircuit diagram of Gthis
two=level arrangement; the choice of specific components is a matter of
detailed needs and component aveilabllity. The two-level timer switch
configuretion 1is basically an alternative to the more conventional
clock-operated sethack system. It ha=z advantagesz in not being confined
to 2 particular repetitive switching program and in not requiring

read justment after power outages.
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Figure 18. Two-level Thermostat and Timer Schematio
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3.3 PUBLIC SCHOOL NUMBER 6 PROJECTS

Publie School No. 6 is a typieal urban briek school
building constructed in the 1920's for elementary education. An exterior
view ia shown in Figure 19, and some characteristics of the building are
given in Table 5. Two conservation experiments, described below, were
conducted in the schosl. In one, an attempt was made to reduce excesaive
heat Jlosses caused by the long-term effects of inadequate building
maintenance. In the second, an 1investigation of the acceptability of
effieient 1lighting sources was conducted.

Figure 19. Public School No. 6 - Exterior View
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3.3 Sealing of the Building Shell and Window Area Reduection

3.32.1.1 Energy Conservation Opportunity

Original Condition

Each classroom in Publie Sechool No. 6 had five U-by-B-foot
double-hung, =ingle-glazed windowa, which exceeded the present state
requirement that there be two operable classroom windowa. Building
maintenance had been neglected for many vyears, so0 that the exterior
aurfaceas of frames and sashes had more bare wood than painted surface
exposed. The bara wood waa rotted, shrunken, deeply aracked, and warped;
see Figures 20a, 20b, and 20e. Windows did not eclose properly, and there
were large oracks around them. As a result, this building had
substantial heat lesses due to leakage, infiltratien and conveection at
the windows.

Recommended Froject

In order to eliminate air leakage around eracked and
deformed window frames and sashes and to reduce heat losses through the
single glass, it was recommended that three of the five windows in each
classroom be fTitted on the inside with an insulating seml-permanently
mounted panel of translucent plastie, mounted in a wooden frame. The
panel, in affect, forms a double-glazed window, permanently olosed and
sealed. LEXAN (polyearbonate) plastic was selected for its resistance to
physical damage from vandalism.

The remaining two classroom windows, which must be operable
in order to meet State safety requirements, were to be weather stripped
to reduce leakage and infiltration. Those windows not in clasarooma were
to be caulked or weather strippad as appropriate to eliminate the gaps
and openings which caused exceasive infiltration. Seldom-opened windows
were to be weather stripped with felt edging.
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Figure 20. Publiec School No. 6

2. Typical Weathered, Cracked and Rotten Frame and Sash
b. Typical Weathered, Cracked and Rotten Frame and Sash
. Large Crack Under Marred Classreom Sash
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Table &
PUBLIC ScHOOL NO. &
BUILDING DESCRIPTION
General Description:

Sdize: 124,000 sq. ft.
2,079,000 cu ft.

Conatruction: brick, wood floors, 3 stories
plus basement

Date of Construction: 1922

Number of Classrooms: 43

Windows: wood, double hung
Heating System:
Steam, 2 Boilers

Boiler: Pacifie, fire tube Scoteh Marine,
natural draft 8,930 1bs. per hour

Burner: York, rotary cup U5 gallons per hour,
#1 fuel

Domestic hot water: heat exchanger from steam

Ventilation:
Type: open window, central exhaust fan

Air Conditioning: none

Classroom Lighting: incandeacent, replaced with high
pressure aocdium
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Rationale

This approach to energy conservation in Publie School No. b
was not ideal; it ecircumvented rather than addressed the serious problem
of deteriorated exterior woodwork. Moreover, the wooden molding fFrames
which retained the sheet plastic window panels were not aeathetically
very attractive.

The conservation approach was, however, consiatent with the
objectives and the emphasia of this program: teo demonztrate low coat,
practical ways of saving energy which had relatively rapid payback, short
reaponse times, and required minimal changes to exiating conditions. In
any oase, program funda were far short of thoss which would be required
for full rehabilitation of the exterior woodwork of Publie School No. 6.
Reaults of this projeat were expected to be indicative af the energy
savings whiech could be obtained from a major rehabilitation effort using
double-glazed or storm windows.

Predicted Costs and Savings

In planning the program, a preliminary estimate of the
costa for labor and materials was $£7500. Annual savings of $9000, or
over 120 gallona of fuasl oil per day, ware prediected on the basis of
atandard ealeculations for infiltration and window losses. These

estimates suggested a probable payback period of less than 1 year.

Data Requirements

The project was to be evaluated on the basis of a
comparison of the total oil consumption by Publie School No. 6 for
heating seasona before and after the sealing and window area reduction.
Project costas considered in evaluating results inaluded bath material
oosts and ecosts of installation work done by Jerasy City Board of

Education personnel.
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3.3.1.2 Project Implementation

Aetions for sealing the building shell of Public School No.
6 centered on the classroom windows. For a typiecal array of five U-ft
wide x B-ft tall double-hung windows, several modifications were made to
reduce losgea of heat to the outside. Detailas of these changes are shown
in MAppendix B-H. Materials and parts requirements and installation
details are also given in the Appendi®. Weather satripping details are
shown in Figure 21.

Three of the five windows in each eclassroom -- the
outermost two and that in the center —- were permanently fastened in the
closed position. These three windows were calked and eclosed over with
plastie sheeting as shown in Fipgure 22, and in the construction drawing,
Appendix B-U. An approximately 4—ft x 8-ft frame of 2 x U inch fir
lumber waa installed to fit 1inaide the =maszh of each window. A
textured-surface translucent sheet of .0B0 in. Lexan plastic was fastened
over this 2 x § frame and retained by wooden moulding screwed to the 2 x
4 frame through the Lexan.

Textured, translucent plastic was selected to minimize the
visibility of scratches and of grime expected to colleet in the enclosed
dead-air =pace. Thiz material was also somewhat less expenszive than
elear Lexan. These modifieations effectively sealed the threae
permanently closed windows, reduced infiltration losses at these windowa
to zero (for all practical purposes) and substantially reduced econduction
and conveoction losses by use of the additional Lexan barrier -- in
aeffect, double-glazing.

The ramaining two windows aof each olassroom were modified
as shown in Detail 1 of Appendix B-U4, in accordance with State
requirements (Ref. 5, Para. 1213) for openable clasarcom windows in
each. The upper sash was permanently fastened in a closed peosition, and
the lower =mash was fully vweather strippad with durable stripping whioh
was expected to be capable of withstanding many operations.
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Figure 21. Public School No. 6 Window Enclosure Details

- 3 of 5 Classroom Windows
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Figure 22 shows a typical classroom after installation of
the translucent Lexan sheet in the first, third and fifth windows. The
clear glass of the still-operable second and fourth sections is evident
in the figure.

Figure 22, Public School &
Classroom Windows After Installation of Lexan Plastic Sheet

Windows in other parts of the building that had not been
previously weather stripped were eguipped with lower-cost felt weather
stripping which provides a sliding friction seal appropriate for limited
use. This arrangement is shown in Detail 3 of Appendix B-4.
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3-3.1.3 Key Events

Cenatruction drawings of the caulking, c¢losure, weather
atripping, and covering details were prepared by J.A.B. Associates. {See
Appendix B-4.) After approval by local officlals and by Aeraspace, the
drawings were sent to the New Jeraey State BHoard of Education for
approval.,

The drawings were approved by Ethe State as meeting New
Jersey State Department of Bducation requirements (September, 1476).

City Council approval for procurement of materials was
obtained (in atcordance with the Revised Procurement Procedures, Appendix
A-2), and the materials (lumber, Lexan plastic sheet, weather strip and
caulking eompourd) were ordered.

Inatallation by Board of EBEducation crews began in late
1976. * By early Degember, although weather stripping had not yet deen
delivered, the window area reduction work was nearly completed on the
third floor, and occcupants of the btuwilding wers comnenting favorably on
the already noticeable improvement in comfort. -

Delays in dellvery of weather stripping and frequent
reassigrment of work crews to other Jobas iaterfered with the progress of
the woerk. Consequently by the end of the winter of 1976-1977 the project
installations were only about S0 percent completed.

It had beep found, mearwhile, that the enties original
poeunatic thermoatat aystem of Public Schoel No. & did not #ork; this
conditicn had apparently been obscured by the generally uncomfortably-
cold room temperaturea prior to the project initiation. The boilers were
being econtinuously sdjuated by the Pfiremen In an attempt to contrel
aAvepage hui'l.ding temperature. Thisz procedure 1s at best very inexact.
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However, because of the enormous hest losses from the windows, excesaive
tenperature=s had not been a problem. It became obvious as the experiment
progrezzed that overheating and severe nnnupant.discumfurt would become
gerious problems a3 building heat losses were further peduced.

Board of Education peracnnel were notified of this prospect
with the recommendation that Immediate action be initiated to repair or
replace the axisting Inoperative thermostat control ayatem.
Specifications for such repair or replacement were prepared, amd
proposals were solicited and received.

The Jerzey City Board of Education requeésted approval of
the State Department of Education for a bond Llssue which, among other
things, would provide money for the temperaturse control aystem
rehabilitation or replacement.

By the summer of 1977, work on the windows was only about
half completed, and there were no indications that the Board of BEducation
was glving the project the needed priority. The Technology Agent, who
bad local responsibllity for the DOE project, wrote a letter to the Board
of Education expressing concern over the delays and lack of action. A
copy of this letter went routinely to the newly elected Mayor, Thomas F.
X. Smith, who waa a member of the Board. Mayor 3mith expressed by letter
his concern that bthe clty meet its commitments, stressing need for
immediate actlicn on the project. The sesling work was resumed
thereafter, and it was coppleted prior to the start of achoo) in the fall
of 1977.

The proposed bond issue was disapproved by the State Board
of Education in November 1%77. However, some money sStill remained
uncormitted in the $95,000 s=quipment fund of the DOE Jersey City Program
becauze of changeas in aocme projects. To help meet the Public School Ho.
6 needs for a thermoatat aystem, 47500 of the DOE program money was
offered to tha Board. With thi= =upport, the Jersey City Board of
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Bducation was able te find the necessary additional funds. City Council
approval for the procurement (based upon the originally obtalned bids)
waz obtained in Novembar 1977, and a conkract {(foy $33,600) wasz leb at
onge for a new pneumatic thermostat ayatem with: a night-setback
Feature; now thermostats and air compressoar:; new steam control valves on
all radigtorsz. In 2ddition, all roadiator steam traps in the buildirg
were also to bhe replaced under the sontract,

Difficulties arose at once, Deliveries of the steam
control valwves selected by the contracter were alow. Through the winter,
cutting off the boilera to permit work on the stgam lines wam not
tepaible dering the normal workday beczuse of conceren for oceupant
warmth. Work in non-achool houes was not fepsible becauge of union rules
and the lack of premium-pay funds. As a reault, the winter of 1977-1978
pacsed wikh Yittle work done con the temperature control! syetem and wikh
nc automatic control of bullding heat anywhere in Public School MNo. 6.

Discomfort of Public School Ho. & cocupants was extremely
high in the winter of 1977-1978, with classroom temperaturea Eraguenktly
in the 90's. Use of open windows toc cool off the now well-zeated
classrooms was common practice.

3.2.1.4 Results

Data Obhtained

It was recognized that overheating and Eemperature
modulation by opening of windows were wasting great amounts Of heat in
the winter of 1%77-1%%, However, there were zome Indicationa that, even
under these conditionsz, sjygnificant savings of energy might have resulted
from the projeck, Ascordingly, » comparison was made of oil consumphtion
tatez hefore and after the zealing of the building shell.
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Table &

PUBLIC SCHOCL Mo. & FUEL OIL CONSUMPTION
BREFORE, DURIMNG AND AFTER BUILDING SEALING

Gallons

Date Total ©il Total Degres Per
Interval Gal, Dzye in Data Degree-Day

Interval
1975=1976 54,17011} 45711 i1.85
(before project)
1976=1977 61,630 11} 5637 10,93
{during in=tallation)
Kov *77 = Jan *78 23,760 (2} 2667 8.,9113)

{1y Total deliveries iIn season with no allowance for end effects.

£2) Actual

(3} Ko =llowance was made for the holiday season; however, December
oll consumption rate was very near the average, sc the effects of
the holidays are belisved to be minimal
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il consumption data were recorded for Public School Wo. &
before, during, ard after sealing, Results are given in Table 5.

Evaluation of Data

As shown by Table 6, in apite of inasdegquate temparature
control, the bullding aealing activity reduced the oil consunption rate
m'a:rl:edljr. Even before the defective tewmperature controals had besn
repaited or provisions wmade for night setback of tespecature had been
made, and with general use of open windows for temperature contrel, oil
consumption was redeced from 11.85 ko 8.%]1 gallons per degres-day, or by
2,%4 gallons per degree-day, Thisz smounke to 14,700 gallons of oil saved
for an average year of 5000 heating degree-doys, At 36 § per gallon, the
dcliar saving would be $5290. )

Costa of the building szesling operation were asbont 57100
for meterials &and $16,500 for labor, or %$23,600. Thue, even imn its
present imperfact snd very unszatisfactory state, the projset shows 2
simple payback (tozt Jdivided by benefit) of about 4.5 yescz. It &
highly probable that fue]l consugmption wi11 f8)]1 by another vary
gignificane amount when the temperature ecentrol eystem iz working. Theke
benefite, with claszroom comfort, zhould prevail in Public School Ho.E in
the 1978-197% wintar geagon.

3.1.1.5% Obstarvations and Lessons Learnad

Tt muet be moted that a layge part of the savings obseryed
and to be observed on this project aries from the compencation for past
errors: neglect of the exeerior finish of woodwork and deterioration of
radistor steam traps ahd the thermoststic control system. Nevertheless,
savings attainad by saaling Poblic Sshosl Ne, & and by the reduction of
single~glazed window area are impressive, From thiz and other Jdata, it
reems clear that actions to reduce infiltration Josses sre among the most
cost-effective messures which can be ysed in poorly maintained buildings

for anergy conservation.
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As noted in oObther instances, nothing showld be taken for
grznted a2 to the condition or aperation of sr old boilding. The
Inoperability of the Public S5chool No. 6 thermostat syatem and radistor
stesm traps wasz not readily apparent prior to initiation of the program.
In cages of apparent neglect of hullding maintenance, 211 elements of the
rystems involved in the congervation program should be investigated
thoroughly.

Delavye in getting inctallations made must be anticipated,
expecially in programs involving major building renvvalione, It jg easy
2t the incepticn of a progrem for high-level adminiskrotive personnel to
commlt maintenance crewes in principle te a maior ingtallation effort in
the far-dictant Ffuture. However, it s moch more difficult For the
imwedtiate supervisors of maintenance persennrel te actually undertake

profect work and £+4i])] meet the Azy-to-day needs of 2n organization.

Some types of weather s£btripping sre susceptible to damage
in vee, For example, Figure 21 shows » damaged section of o PEMOOD Na, 10
weather strip. Damage to the sash-pounted PEMCO Mo, 10 "hook™ skrip
ocourred when tha sill-mounted Neo, 43 "al]l® strip was bent osutward and
caught the edge of the sash-mounted strip, This i% apparently &
Aamage-prone combination, and it i& not one recommanded by FEMCD. This
suggeste that unuzual combinations &of components (weather =trip or other)

ghould be tried exper imentslly before large=scale adoption.

3.3,2 Modermizing Clagsroom T1llumiration

1.3,2.1 Conservation Opportunity

Orjginal Condition

Clagsreome in Public School Mo. & were each lighted by four
pendant Flazhed-opal glass diffuzer Fixtures with (nominally} a 300W
incandeccent bulh in each, 35 ehown fin Figure 24. Thug, 1200¥W of
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Figure 23. Public School No. 6

Damage to Weather Strip on Window

Figure 24. Public School No. 6

Original Classroom Lighting Fixtures (four-300 watt diffusing pendants)
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incandescent lighting wes theoretically utilized per classroom. About 10
foot-candles (fc) average illumination at the desktop (without daylight
from the windows) was provided by the four lights prier to the program's
initiastion. The desktop illumination level recommended by the New Jersey
State Board of Education is 50 fc: Ffive times the average illumination
levels in the classroom prior to initiation of the program.

The Public Bchool No. 6 bullding wiring was undersized for
even the o0ld electrical 1lighting load. Approximately 12 amps were
required for the incandescent lamps in each classrcom and its adjeining
cloakroom, which was carred by l4-gage cbpper wire. This was marginally
sized wiring. The fusing level of the system had been selected so that
blown fuses were a serious inconvenience under the nominal electrical
load of the lighting circuits. Pigure 25 shows a typical wooden switch
and fuse box with exposed knife switches, mounted in hallways to control
classroom lights. It suggests the technology available during the period
of this building's construction.

Figure 25. Public School No. 6
Tvpical Wooden Switch and Fuse Box
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School personnel were anxious to improve th2 eclassroom
lighting level of Public School Ne. 6 and to elimipate the marginal
wiring condition. Extensive rewiring was outside the =scope of the
ERDA/DOE-sponsored conservation demonstration. However, the retrofitting
of classrooms with more efficient light sources was recognized to be a
potentially useful conservation demonstration. The experiment would
evaluate whether acceptable levels of degktop {llumination ecould be
provided without rewiring the building, with a corresponding "effective"

conservation of energy.

A comparison of the efficienciezs of commonly available lamp
types iz shown in Figure 26. 'A preliminary check indicated that if
either rluorescent lights or 250W high pressure sodium (HPS) units were
uged in sufficient numbers to provide the state-reguired 50 fo
i1l mination in a classroom, the resul ting electrical current
reqg iirements would overload the old wiring. Ineluding power required by
the.r ballast units, neither fluvorescent por 250W HPS lights would

provide lower 1ine currents then those of the original system.
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Figure 26. BRelative Efficiencies of Commonly Available Electric Lamps




Recommended Project

After investigation and test, it was determined that direct
replacement of the four 300W incandescent bulbs and fixtures in each
classroom with four 150W HPS buolbs in suitable fixtures would provide
improved illuminatien together with neminal energy savings, while
reducing the current in existing substandard wiring. The HPS fixtures
could be mounted directly on the existing ceiling boxes. The fixture
selected asre shown in Figure 27.

Figure 27. Public School No. &
HPS Light Fixture Selected (General Electric #C653G001-120w
with Pendant Hardware #C740G 546, Ceiling Canopy)

Some preliminary measurements indicated that the use of
these units in a classroom would provide about 35 fe at desk level (with
operating ballast and cloakroom incandescent lights) and impose a total
electrical load on each classroom circuit of about 900W or 8 amps. In a
test installation, desktop light levels with four 150W HPS lamps were
measured at 40 fc or more. Comparable measurements with the incandescent
lights had shown an average of ghout 10 fc at the desktops. With
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augmentation by window lighting, the 150W HPS units provided well over
the minimum requirement of 50 fc. Given these data, the State Board of
Education approved the retrofit of Public School No. 6 classrooms with
four 150W HPS lamps each to replace the existing incandescent lights.

It was recognized that the vellowish color of the HPS light
might be objectionable, although it provided a much more uniform color
balance than the nearly monochromatic orange light of the familiar
low=pressure sodium lights used for parking lot and highway
illumination. Tt was believed that the improved levels of illuminaticn
in Public School No. 6 would more than compensate for the moderate color

distortion.

Predicted Costs and Savinas

HPS luminaires with bulbs were expected to cost about
8§500-5550 per clessroom including installation costs. Agsuming that
lights were "on" throughout every school davy (7 hours per day); with &
saving "®f 0.5 kW (0.7 kW for HPS versus 1.2 kW for existing
incandescent), for 180 days per school year, then annual savings per
claseroom should be 630 kWh per classroom per year or, &t 5 per kwh,
§31.50 per vesr per classroom. This connotes savings of over 51300 per
year for the school. Taken alone, these early estimates did not indicate
that HPS lights would be a particularly attractive energy-conservation
option. The calculated return ie only about 6 percent of investment and
does not cover present money costs. However, this appraisal neglects the
following observations: It was necessary to improve the desktop light
level of Public School No, 67 and (2) The old wicring svstem weas
underdesigned, even for its eriginal use. Thus, use of 300W incandescent
bulbs to achieve the required 50 fc would have required: over 6kW of
lighting per room; fixtures for five times the original number of bulbs;
and nearly complete rewiring of the building. Use of fluorescent lights
would have required lamps consuming sbout 1B00W per room, 10 to 12 new

fixtures, and complete rewiring. HPS installation to fully achieve the
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nominal state requirement of 50 fe would have required four 250W lamps,
consuming about 1200 watts (with ballast). This echoice would have
alightly exceeded the reguired light levels, but it would not have been
compatible with the old wiring system.

Selection of 150W HPS lamps provided elear economie
advantages over all other feasible ways of providing the needed
improvement in elassroom illumination.

3.3.2.2 Project Implementation
There were few problems in implementing the light projeot.

Installation of the new light fixtures was made by Board of Education
personnel. Figure 2B shows a typical elassroom installation.

Figure 2B8. Publia Sehool No. b
Typical Classroom with HPS Lights
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The following data were obtained for evaluation of the HPS
lights and their energy savings:

(1) Before-and-after electrical billings to determine
savings

(2) Elapsed time meter readings to measure on-time of
lightsa

(3) Teacher attitudes towards HPS lights as determined

from a questionnaire, Appendix C-=1.

F.3.2.3 Results

Pertinent measured and ealculated data for the experiment,
with the arithmetir used, are given in Appendix C-2? and summarized in
Table 7. Teacher attitudes towards the HPS lights, as revealed by the
reasponse of 32 questionnaires returned, have heen summarized in Tahle B.
The data show that HPS lights were considered acceptable by the teachers
of Publie Sohonl No. 6, and their advantage over any alternative for
energy economy and oconvenience of installation is elear. Although the
power = consumption results from Publie School No. 6 were inconelusive,
HPS 1lights have been shown to provide nearly double the light output nof
fluorescent tubes for a given power input. Accordingly, where color
disorimination i3 not &a first-order requirement, they are highly
recommended for retrofit and for original installations.

Evaluation of Power Consumption Data

Direct comparison of electrical power consumption by Publie
School No. 6 was to be the primary means of evaluating the energy and
cost savings due to use of HPS lights. Such a comparison 1= shown in
Appendix C=2, Seection . TInitially, the period of October 1, 1975 to
Febhruary 29, 1976 was ta%en a= the "before" time and the period of
October 1, 1977 to February 28, 1978 was taken as the "after". Since the
power consumption figure for February 1976 is clearly anomalous, February
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was eliminated from both eases, and only the periods of Oetober-January
inclusive were considered. These show an average total monthly power
consumption of 19,795 kWh (before) and 19,797 kWh (after). The expected
savings due to HPS lights--about 2500 kWh per month, as szhown in Table
T-- were not evident in power billings, although school officials atated
that there had been no significant change in the kind, level, or time aof
activities in the .achool between these evaluation periods.

Disoussions with maintenance and operating personnel
indicated that burned-cut 300W incandescent bulbs were often not replaced
promptly, and that 150W bulba were often used as replacements in order to
prevent the freguent blowing of fuses. Thus, it appears that Publie
School Ne. 6 eclassroems were, in fact, operating at 1light and power
levels which may have been as low as half of those estimated and
discussed above. The actual incandescent bulb complement under which the

average 10 fo measurement was made could not be determined.

Evaluation of energy savings by HPS lights on the basis of
before-and-after electrieal billings, as planned, was eclearly not
appropriate. An savaluation based upen nominal pre-experiment electrieal
ratings and average measured usage times, believaed to be realistic and
accurate, has been presented in Appendix (-2, Section 8, and summarized
balow.

Caleculated savings for 150W HPS units compared to 300W
incandescent units for an average 20 school-day month, in LD elassrooms
of four fixtures each are given in Table 7. Classroom lights were
observed to be "on" for an average of 6.4 hours per school day.
Electrical power costs are 6.3¢ per kWh. 150W HPS lights consume about
175W each with ballast power. For purpoass of comparison, each elassroom
ia assaumed to have had the nominal original complement of Four 300W
incandescent bulbs. In additien, bulbk costs, Inecluding replacement
costs, are much lower for HPS lamps than for incandescent.




Table 7

PUBLIC SCHOOL NO. 6

Expected Comparative Monthly Coats
High Pressure Sodium Lamps vas Incandescent Lighta

a b fu |
Larp Manthly Honthly Appoetionad Total Monthly
Typa Powar Power Bulb Cost Coat of
Consumption Cost Clazsrm Lights
Lights Only {bsc)
300 watt
Incandespent 65144 $387 .10 £74.34 $U51.44
150 Watt
HPS (plu= ballaat)  3I584 225,80 17.90 243.70
Monthly Saving: 2560 $161.30 $56.44 $217.14

(Ddta Summarized fraom Attachment C-2)
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Average monthly savings attributable te the uge of HES
lights for Puhliz Schaal Ha.. 6 under the assumptions described are $217
per moenth or 47 percant of operating costs for the 300-W incandescent
installation ahove. Thiz repreasenta an overall saving of $1953 lor the
entire school over a 9-msonth school yeanr,

. Aotual cost of the Publle thbnl. He. & HPS 1light
inastallation was 3160 per fixturs, or $25,600. Thua, the annual return
of HPS-light power savingas is 7.6% on investment. It is apparent that
the 1improvement of olaszrcom illumination level, which waz the ba=siag
ohjective of the projaect, i3 Itz major benefit. However, thia
improvemant has been made with some energy saving and without major
rewiring or cther costly renovation work,

In this opase, the HPS lights have provided an economical
and funetionally adequate solution to a preblem of Inadequate
illumination. Energy savings are a bonug feature of the praject. The
HP3 light= have, in this page, provided considerabla azvings over both
the energy and in the installation coats which would have bsan imposed by

othar phnioes,

Tassher Appraisal

Results of the teasher gquestisrmatre given in Table B =msen
to indleate indifference by the teachers with only a =slight positive
bias. DOut of 32 respondees, Ffour more teachears liked than disliked the
lights. However, gquastions reviewed in Tahle 8 wepa poassd over 1 year
arftar the ipstallation had hesn ocompleted. It seems likely that the dim
clanaroom tighting levels which prevailed with the 514 lights may have
beany Forgotten Iin tha*t period, =0 that Qquesticnnaire responzes are
prabably Leas entﬁusiastie than they might have besn earliae.
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F.3.7. Conelusions

Utility of HPS Lights

Thiz demonstration has confirmed that APS lights provide
generally anpeptable i{1Jumination for olassroons with the advantagea of
very high efficiency {lumens/watk}, low builb ocost, and eelatively oezsy
retrofit in buildings with inadequate wiring by eurrent standards.

Color Discrimination

ITmmediately artar the lights were inatalled, one
third-grarde Leacher was quite vehement in objecting to the poor color
diseriminaticn which they arfforded. In using colored crayons, her pupils
were having speclal problemps in identifyving reds positively.
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Table B

TEACHER ATTITUDES REGARDING HIGH
PRESSURE SODIUM (LUCALOX) LIGHTS

Sunmary of esticnnalres Retu

Hunbepr of Reaponses bo Questions!

1. I find the coler of the lights: Plasazant
Accaptable
51ightly thplessant
Very Unplsasant
2. The affest of the liphts mm None
tlasy alertpesy has besn: Slightly Favorakls
Slightly Unifrvorabls
Strongly Farorable
Strongly Onfevorable
3 What (il any} effect upcon Hone
student tension and "Fidgeto” Slightly Favorable
have you observan? Slightly Unfavorable
Strongly Favorabls
Strongly Unfivorabls
L, Tymrall, hod do you Tesl Lile
about the lights¥ IndilTerent
Bialike
Commpenis
FEATURES OR EFFECYS OF LICHTS LIFED:
Brightness 10
Lanl of ahadows T
Colar 1
Physical appearance 1]
Lesa glars 1
Mere even light 2
More reliahla than old 1ights 1

FEATURES OF LIUHTS DISLIKED:
B)lod warmup

3low burp-0n rEaponas makes
intarrmittent wse of viswal alds
in olagaroom difflcult

Color diatortion

S5low reaponse in getting 2ervice
{mainly bulb changes)

More glare

Makes dirty walls more avident
Eyestrain due to color

Teaocher had headaches initially
Children had headachez after
board wark

Children aak to leave lighta ofrf
in afterncon

Hot bright enough on dark, dismal g

days ;

Tas bright 1

"Children love to gueaa which {of the four} will light fipakt™

_-Eru :

[ t

—
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If coloring netivity 1a important, 1L seems reascnahle
that, a apepcial olassroom--sich as one In PuYlie Schoo! No. 6 which had
been retrofitbted with Mluorescent lights for some previous program--might

be designated Por this activity.

Strobosconic Effects

Cas-discharpe lieghts, such as HPS, Pluorescent, and mercury
vapor, produce a Tlickering or stroltioscopic effect at 120 light pulses
per s=cond. Concern was expressed by some people that this effect might
accentyate student fatigue and eyestra’n. Questions 2 and 3 ef the
teacher questionnalre were deaigned to explaore the possibility of sueh a
problem without =ugpesking it explleitlv. Hesponaes tn thess fuestions
{Table B) seem to indicate that eye fatigue due to stroboscopiec or other
effecte from HPS lights in these glasgroom =ituations was not & problem.
It is not &lear that thia coneclusion would apply to sueh situations as
Hapdieraft or assemblv operations whieh reguire hipgh visual seouity wikh
observation of rapid motions. However, 3 few written comments hy
teachers attributed teacher and student headaghes to Ltha liphts and
suggested that students sometimes preferred to leave the lights off when

Aavlipght lavels were adequate.




3.4 PUBLIC SCHOOL NO. 24

Publie School Number 24 is a typical 1920's school building
of yellow brick construction (see Figure 29). Some featurea of the
building are given in Table 9. It 1= an elementary school, housing
kindergarten through eighth grade eclasses, with an interior 2-story
1000-seat auditorium. Public School No. 24, like Publiec School No. 6,
which is of about the same age and construction, had badly weathered,
poorly maintained window frames and sashes with consequent high
infiltration rates. At the inception of this project, the Publiec Schoal
No. 24 oil burners for space heating had essentially no working automatic
controls. The obsolete and partially defective oil burners of Public
School No. 24 appeared to afford an attractive opportunity for energy

savings.

Figure 29. Public School No. 24 Exterior View
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3.4.1 Energy Conservation Opportunity

Fuel oil consumption at Public School No. 24 was excesslive,
in part because of worn=out, obsolete oll burners.

Original Condition

The two rotating-cup o0il burners In Public School Ho. &
were worn out and ohsolete. They were set permanently 1n a high
fire=-rate conditlon; and both secondary and primary air dJdampera were
fixed. The operator manvally adjusted the Muel flow 1in the boilera
daily, usually without adjuating the combuation ailr flow. Secondary
dampers remained open when boller firing was terminated, =3¢ that
dovti=time loases (heat lasses due to cooling of the boiler by natural
atack effect when the flame was shut off} were correspondingly high. In
mormal winter operation, both bollers were continuously fired In tandem,
rather than uaing one boller to carry the base load with the other
aupﬁieuenting it as required. The Front breeching doors were not tightly
¢losed, and the tightening lugs were broken. The reaultant leakage
increased the heat loases during pericda when the boiler was shut off,
and decreased geperation capaclty when it was fired. In combination,
these aeveral deficiencies were clearly wasting Ffuel.

Conaumption of No. U fusl eil in the 1975-706 measzon of U570
heating degree~daya was 45,000 gallons at a coat of approximataly 35¢ per
gallon, totaling $15,750. Adjusted to the average Jersey City year of
COOD heating degree-days, the correaponding average oil copasumption rate
of Public School Ho. 28 prior to inatallation of the new burners waa
49,200 gallgna per year, Feor an overall consumption rate of 9.85 galiens
per degrdee-day.
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Tabhle &

PMIBLIC SCHOOL MO. 24 FEATURES
{Prior to Conzervation Demonstration Project)

BUILDING
Year of Conatruectlon: 1920
Humber of Floors: three
Total Area | 50,500 ag. ft
Typ= af Conatruction: brick and block
Number of Classrooms 4o

HEATING SYSTEMS

Type: ateam, low preasurs

Bollers: two 2-paaa Scotch Marine, Titusville

Burnars: Patro, rotary cup {mfg. 1950}
YENTILATION: natural, open window

ELECTRICAL SYSTEM

Lighting: fluorescent, upgraded
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During testa and observations ineidental to the selection
aof Public Schoel No. 24 as an experimental site, typlcal operationa were
obgerved. Tha number one hoiler (of twol was initially fired up with the
fue) floew rate too high for the Cixed air Flow. Thiz resulted %in
fuel-rich oomhustion and an abnormally low stack temperature of 250°F.
The opapatoer, when informed of the condition, manuslly adjusted the Fuel
rate, Therealftor, stack-gas measurements indicated an absorption
efficiency of T3%. This efficiency Tigure ia at best an approximation to
the average conditions prior to the Jeraey City program, slnce fuel
gettingzs vere then made in a lapgely random manner.

Recommended Froject

Tt wa= precormendad that the unmodulated rotating-ocup oil
burners of Publie Sehonl No. 24 be replaced with madern
pressure=atomizing, fuliy modulated burners of the =zame Tiring rate. It
was also recommended that as 2 part of this retrofit, defective lugs on
the breeching access doors be repaired so that the bresching could be
properly sealed.

Rationale

Modern atomizing burner equipment, az recommended for this
project, can operate reliably, fully modutating, at an absorptlion

effieienny of B3 parsent (12-% percent CO_, and 25 percent excess air}

z
with zero down-time losze=z. This upgrade of the absorpticn efficlency
from the assumed average of T3 percent would represent an improvement of
13.7T perpent. In addition, the new burners would eliminate amoke, which

was sonetimes produced by the old units.

Predicted Costs and Savings

Costs were estimated at 35000 per wunit plus  §3000
installation, or $16,000 total coat for the twoe-unit inatallation,
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Heat loases during perlods of burner shutdown are important
for an ummodulated (en-off} bSurner in 3 boliler without dampers, but
astual down-time was not well knsun and was varlable over the year,
Actual pre-seperiment down-time loas in Public Schoeol No. 20 lesses could
not be measured because projest planning was done in the summer. Two
cycles of dowm-time were assumed and analyzed: one cyoele was 20 minutea
Yon" Followed by 10 minuteas Moff*, and the other had 10 wminutes "on®
followed by 10 minutes "off"., Down-time lozses for these conditions were
caleulated to ba 5.2% and 10.4% respectively. These conditiona were
assumed to be extremes spanning astual operating conditionms.

Savings with the new burners were c<aleulated aa 13,78 for
improved absarption effictiency and {as indicated above) from 5.2% to
10.4% for elimination of down-time losses. Predictions of cumulative
fuel savinga ranged from 188 to 23%. Based on the average yearly oil
conaumption of U9,200 gallons, =avings were predisted of from 8860 to
11,300, gallons of oil per year. At present fuel costs of 36¢ per gallen,
thiz fuel reduction represents a cost saving of approximately %3000 te
34000 per year.

For the estimated total imstallation cost of #16,000, these
predicted savings would provide simple payback tiwes of From U to 5.2
years, if the estimated price of No. & oil nmhold constant at 364 per
gallon. The Yikelihood is that ol) prices will increase and payback
times will be reduced mrr:aapondingly.

3.4.2 Project Implementation

The project was selected For implementation and agreed-upon
Jersey City procurement procedures (Appendix A-2) were Initiated; these
were a atraightforward matter of advertising for bids, selecting the
loweat gqualifisd bidder, and letting the contract.
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Burners selected were Iron Fireman pressure-atomizing, type
PAO-4-9.8, having a maximum firing rate of 70 gallons per hour (gph) with
either No. 2 or No. 4 fuel oil. These are fully modulated units (3:1
modulation rate) with 7.5 hp motors and 5 kW heaters for use with No. 4
oil. The manufacturer's drawing is given as Figure 30. Figure 31 i3 a
photograph of the installation.

The burners were installed in December 1976,

-_t:j
e e DM a8
i = BURNER
11, iz A e
1
A 17"
- B TE
L__ LEFT HAND = : L
] -
s MAMIFOLD 15 D 18
STANDARD OM
— GAS-OIL MODELS
L]

iTI

(1]

Hed]

.1.'. ' k T ——iunting ras I .

T Lo B —=

TY
E

|
|

i

|

Iil
1]

Figure 30. Public School No. 2U
Atomizing 0i1 Burner, Iron Fireman Type PAO-4-9.8
Manufacturer's Drawing
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Figure 31. Publie School Na. 24

Atomizing 0i1 Burnera Photograph of Installation

3.8.3 Resultsa

The new atomizing oil burnera were installed in the midst
of the 1976-77 heating season. Aecordingly, for evaluation of the
resultant savings, the "before" condition was taken as the 1975-1976
heating season, in which 44,977 gallons of No. U fuel oil were consumed.
Thaese are total delivered gallens. Contents of the tank before and after
the heating season are unknown. There were L4571 heating degree-days in
this season; the resultant consumption rate in this season was 9.84

gallona per degree-day.
The "after" period waa taken as November 1977 through

February 1978, for which daily oil consumption data were taken. Burners
were adjusted and checked at the beginning of this peried, with a
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regulting average of 81% boiler abaorption efficiency. There were no
down=time l1oasesz: bacsose the modulating durners: apepated  virtually
sontinuousaly over the wide prange of econditiona a¥parisncead during the
tast period. During this period thers weps 37U heating degree daya, and
31,147 gallona of oit were consumed, averaging 8.Y% gallons per degree-day
{versus O.04 previously). Savings attributable to the new burners were,
therafore, 1.4 gallons per degree day or 7200 gallona per average (5000
degrea-day) year. At the 1977-1978 s=eassn oil contract price of about
364 per gallen, this reprasents a saving of $23592 for an averags season.

As a oheok, savinga were alaso calculated on the basis of
absorption effitiency and down=-time logsses, uaing the ohaerved T3%
absorption efficiency Ffigure as ap zvarage value for 1976-1976 =served,
ad juasted For the ecaleulated 5.2% and 10.4% extpreme values for downetime
loages, Under theze aszumptions, corresponding  1975-1976 boiler
operating effisiency would range from 69.2% to 65.43%, For the equivalent
assunptiona Tor the 1977-1978 period, 81.1 percent absorption effloigncy
and no down-time losses, the corresponding percentage savings over Lhe
1976-1976 condition are:

{81.1 = 69,2}

£ 3 17.2% (for 5.2% down-time losses); and

* 100%

(81,1 - 65,4}

AT 24% {(for 10.4% doun-time losses).

x 100%

Computing from a 5000 degree-day season in the "before" period (9.B84
gallons oil consumption per degree-day, or 49,200 gallons per season’,

these correspond to caloulated oil savings with the new burners of from
8477 to 11,808 gallons.




_ Tnus, the predicted savings {(BA77 gallons or more, or
$3052) sere not quite mpet by the actual savings, based upon obaerved
average annual fuel savings of 7200 gallons at $2592, The difference 1a
reascnabla, conaidering the uncertainties in the data being compared.

Installed coats of the two atomizing oil burnera were lower
than  predicted: $13,187  pather than the predicted $16,000.
Consequently, the simple payback time (coat divided by measured annual
savings in oll usage) ia 5 ysara versua 3.76 to 5,25 years for the sarly
estimates, )

3.4.4 Obaervations and Comments

Thia demonatration has shown the considerable benefits that
¢an be obtained and the shoprt payback time for replacement of worn-sut,
tbaolete, non-modulating o1l burnera with wmodern atomizing and Fullyﬂ

nodulating equipment.

Perforpansse tagts and tune-up of the burners and boilera in
Publie Sghoel No. 24 were provided at the beginning of the 197721078
sepzon, and they showed that ajgnificant degradation in efficiency occurs
over a season of use, even with new and modern egquipment. Fer full
effialieney, heafing gyatemz, 1including burners, should be given a

complete check and tune-up at the beginning of eévery heating aeason.
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3.5 FERRIS HIGH SCHODL PROJECTS

Ferriz Migh School is a modern (1869) school building of
brick and concrete block conatpuction. It was initially selected as a
demonstration site in which energy consapvation measurss appropriate teo
buildingas of rvecent design might b2 explored.

The projecta originally planned for Ferrds High School,
with one exception, were not undertsken in that achool. Transfer of
projecta from Farrig High Schoel wass found necessary bscauss of the veey
high ineldence of vandaliasm there. It hecame olear that any
demonstration equipment instzlled in the olassroomas and hallwayx would
probably not survive until completion of an experiment. Some of the
projects proposed for Ferris High School were eliminated, and others wers
transferrad to Publiec School No. U0,

21.5.1 Deactivation of Air Conditioning System

3.5.1.1 Energy Saving Opportunity

Criginal Condition

The lithium bromtde air conditioning system of Ferris High
Schoo) was identifled as s major instrument of energy loaaea.  Alr
conditioning for Ferriz High School i3 provided by a central lithium
bromide abaorption aystem via circulating cold water to perimeter colls
in the wvarious zonea of the =chopl. The singleestage lithium bromlde
abaorption air conditioning process requires exorbltant amountz of hot

water to achieve a relatively amall cocling effect.

All four bhoilerzs are cperated to provide air conditioning
power during regular and summer aessionn. Two hundred gallons of fuel
oil are consimed per hour of operation Iin summer, almost all for air

conditioning.
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Such systems may have been economically feasible when fuel
costs were low, but the current high ¢il prices favor more efficient
cooling systems auch as the mechanical vapor compression {Freon} cyele.

The cooling season during the regular school year is short,
estimated at approximately 30 dayz during April, May and June, and
approximately 20 days during September ard Qctober. This, with very low
building utilization during summer sessionz, (10 classrooms were used
during the summer of 1975) suggests that more economical means than this
ahaorption cooling system ghould be uged to maintain comfort in the
huilding on the oecaslonal hot  days: opening classrcom windows to
provide air ecireulation and providing forced ventilation in windowleas
areas such aa the aunditoriom.

Recommended Project

It was recommended that the abzorption air conditioning
gyatem be deactivated and that bollding blowers and HVAC system dampers
and thelr aontrols be modified to provide foroed wenptilation of such
areas a5 the auditorium, gymnastium snd eczafeteria in 3ummer. Summer
segsion claszzes are held {in the moerning. If these clas=el were held in
elaaapoonz having northern eXxpoaures, the normel building wventilation
should be sufficient to maintaln comfort. Window fans could alao be

ahtained to ineresaze ventilation low and comfort.

Fredicted Cozts and Savings

Degetivation of the abaorption air conditioning system was
estimated to require spproximately 20 heours of labor (about $150) and nc
materials. The modiflcation to the blowers, dempers and thermoastats was
estimated to pegquire approwimatety $600 in materials and 150 hoursz of
labor by ity personnel Tor installation and modification work for a
labar eost of approkimately $1000. Wirdow fans would cost about $100 per

alasaroom, if neaded.
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Deactivating the air c¢onditioning and thareby saving
approximstely 200 gallensz of oil per hour at 35¢ per gallonm (in 1976},
assuming 8 hours use par day over the Y0-day summer session perisd, would
provide savings of approximately $23,000 per year, Any needed window
fans could be quiskly written off by energy savings.

Data for Requirements

For project evaluation, it was planned to vas "bafore"™ and
"after® o5il eonsumption data, adjusted for cooling degres-days.

3.5.1.2 Results

Tha proponed desetivation af the apsoarption air
conditioning system waa initlally opposed by peaple in the =chacl aystam,
and 1t was understoad that the scheme had Dbean parmanently rejectead,
Projess interest and activity shifted away from Ferriz High Schnol to
Fublic 5chocl Ho. 40, and project personnel were not aware that the Board
of Education =lected to follow the recommendation developed in thizs
program for deactivating the Fearrls High 3chood  absorption  air
aonditioner. Accordingly, the detailed recordekeeping which had been
planned originally was not undertaken.

However, three (of rour) boilers were shut down Lhrough the
summer of 1977 with savings estimated at over 15¢ gallons of No. & ail
per hour, H hours per day, for 40 days of the summer session: a total of
be,000 gallons. At an approximate contract purchase price of 36¢ per
gallon, thia represents a aaving of more than $17,280 for the two-month

summar seasion.




3.5.2 Inatailat;_ﬂrn of Gas-Fueled Pool Heater

1.5.2,1 Energy Conservation Opportunity

During the summer vacation perisd, the swimming posl of
Ferrias High Sechonl 12 wsed by the City as a faellity of 1tz publie
recreation program. Pool heating is necessary, and it is provided by one
of the four oil-fired bollers of the scheel, operating at low firing
rates and correspondingly low efficlency, consuming about 240 gallons of
cil par day for pool heating.

It was propoaed that an 200,000 BIU/kr gas boller be
ingtalled in Farris High School to assume the summer pool-heating load
with more nearly optimum: afficiency than the large oll-fired boller now
being used can provide. A cpat advantage could also be obtalned by use
of off-peak gas ratea, sinece the therma) inertis of the pool pernits
heating it at infrequent and, Iif necessary, irregular intervals.

3.5.2.2 fintion Taken

Thiz projest was transferred to Publie School No. #0; 1t

wgs subzequently dropped because gas servige was ultimataly refused.
{See Seotion 3.6.4).

3.9.3 {lasasroom Ventilation Control

3.5.3.1 Enerpy Conservation Opportunity .

Original Condition

Ferris High School alassrgoma employ unit  cablinpet
vantilators for classroom heszting, ventilating and air conditioning.
Cutside ventilatiom air is admitted via controlled dampers in the unilt
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ventilators at the formerly required rate of 0.5 c¢ubie Cest per aquare
foot of floor area per minute (1) or on anm average 15 cuble Feet per
pupil per minute.

Alss, in  Ferria High Schoal, the ventilation rate
requirements are being met throughout the school day in every classroonm,
sven when they are empty.

Recommended Project

A very simple modification wes proposed. A Limed on=off
switeh with 2 Y40-minute *"on" duration was to be installed Iin each
elassroom for wventilation damper control. Upon entering the classroom,
or at the start of a class, the teacher was to turn the demper timer
awiteh on, which would allow the ventilation damper to operate normally
according to a preset position schedule under control of the room
thermostat syztem. At the end g4f 40 minutes, the ventilation switch
would open the damper control cireuit, driving the damper to the fully
clomed position. With this errangement, ventilation would be provided
for the duratinn of each olaa=z but not between claszex or during Cimes of

the day when the classroom iz unused.

Predicted Costs and Savings

Costs were estimated to be 3$10 per timer awitch unit and
$15 for installation: %25 per classroom.

Expectad henefit= from the zaving of both heated and cooled
air were not specifled quantitatively, However, the uze of a timer was
expected to cui the time duration of ventilation air flow by about half.
Subsequent calculations suggest that this would save about 43 gallons of
oil, or about $17.50, per timer-=squipped classroom per year.
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1.5.3.2 Praject Implementation

Thi= projest was recommendad for inplementation in Publis
Schoal Ho, 30 ratber than in Ferris High Schesl as origimally planned
because of ooncern for vandalism. Howewer, after the projest was
committed to Public School HNe. U0, it was found impomsible to run a
controlled ventilation experiment Lhere; see Section 3.6.3.

3.5.4 Zone Control Master Switching

I.6.41 Energy Conzervation Oppertunity

Cleaning crews work throughout the bujildings after aschocl
hours and Iinto the evening houra, moving from room to room and corridor
te corrider. All lighting awitchea are inconvenlently located 1n a
sina central location ao that lighta thresughout the achool are left on
for the entire duration of the ¢leapning and maintenance work, although
noeat areas are actually uncecupled at any given time during this work.
Aewdring the 1lighting aystem to eatablish  switching =2ones  was
conaidered. Each such zone would ineclude one corridor with its
alassroomns, and each would have ilks light switch within the zone.

The 1lighting electrical load of Ferria High BSchecl is
eatimated (from the profile of total electrical demand} to be about 425
k. Aecordingly, 2 houra daily use of the full light 3syatem by
custodiana costa $10T0 per month at current ratea. By the =zone
arrangement considered, this could be reduced dy 80 to 90 percent with no

Inconveniance & added ipefficiensy.

At a mone=y coat of 10% per annum, each $100 per month of
saving can amortize an investment of about $77T00 in 5 years.
Accordingly, the predicted savirngs in Ferris Bigh School ocouwld have
justified (by 5 year amortization) an outlay of $02,000 for zone control
off lighting.
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F.5.0.2 Disposition

This project waz deleted when detailed atudy ahowed that
costs for the rewiring were beyond the finaneiz) rescurces ‘of thia

prograt.
3.5.4.3 Recommendat ion

Zohe lighting controls should be carefully conaldersed for
all new construction and for building retrofit in casges whara
inconvenient locations of lighting switches lead to a major waste of

electrical power by building maintenance people or tenants.

3.5.% Phatooell Control of Clazsropm Perimetar Lights

3.B.E.1 Erepgy Conzervation Opportunity

Ferriz Hiph Sehool oelasarooms are esch illuminated with
three rows of fluorescent fixtures. Each row is controlled by a saparate
switoh. Hormal teacher practice i=s to awiteh 811 lights "en® upen
entering the alsasroom and to leave all three banka on through the achosl
day amd until oustodizl work has been gompleted. Ewven at times when
daylight can provide adaquate desktop illumination near the windows, Lthe
outer bank of lights ia not ordiparily turned off.

It wam proposed that photooell lipght econtrollerz he
installed at clas=réom windews and wired to turn off the outer bank of
fluorasnent Jlights when ocutside brighthess was adequate bto mzintain

required deasktop illaminatien.
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3.5.5.2 Action Taleen

Thia project was changed te Publie School No. 40 because of
concern for vandaliam of equipment at Ferrls High Schosl. For a
desoription of results at Publie School U0, zee Section 3.6.2.




3.6 PUBLIC SCHOOL NO. 40 PROJECTS

Publie School No. 40 is a modern elementary grade school
typical of those constructed in the sixties. Classroom windows (Figure
32) comprise a large portion of the wall area. Special features include
a full-size indoor heated swimming pool which is used during the summer
months as a facility of the city's recreational program. Other features
of Public School No. 40 are listed in Table 10; a view of the building
front is shown in Figure 33.

Many of the conservation demonatration projects inatalled
in Public School No. 40 were originally planned for Ferris High School
but were transferred to Publie School No. 40 because of the reportedly
high probability of vandalism at Ferris. The conservation projects
planned and conducted included: (1) boller modification to improve
efficiency; (2) photocell 1lighting controllers for reducing unecessary
c¢lassroom lighting; (3) automated ventilation air controllers to reduce
excess air heating requirements; and (4) installation of a gas=-fueled
pool heater to improve boiler utilization factors and efficlency during

summer months.

. "““‘i“ﬂ"':-tp-u -
T
==

Figure 32. Puhlie School No. 40
Exterior View - Classroom Windows
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Figure 33. Publie School No. U0
View of Bullding Pront

3.6.1 Turbulators in Boilers

3.6.1.1 Conservation Opportunity

Original Condition

Combustion gases from conventional two-pass beoilers, such
As those of Public School No. 40, typically exit from the stack at a high
temperature, indicative of wasted heat and correspondingly high fuel
costs. Stack temperatures of the boilers of Public School No. 40 were
originally found to be 5913—615“]5‘, indicating absorption combustion
efficiency for these boilers of about 73 percent at the beginning of the
program. Reduction of stack temperatures by dincreasing the heat
absorption in the boller tubes was recognized as an evident mechanism to

improve the boiler efficiency and the fuel economy.
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Table 10

PUBLIC SCHOOL NO. 40 FEATURES

BUOILDING
Date of Construction: 1963
Number of Floors: Three, Plus Basement
Total Area 122,500 sq. ft.
Type of Construction: Brick and Block
Number of Classrooms: 45

HEATING SYSTEM

Boilers: Three, Steam, Low Preasure,
Pacific Sootch

Burnars: York-Shipley, Rotary 60 gph,
#4011

Domestlc Hot Water: Heat Fxchanger, from Steam

VENTILATING SYSTEM
Type Perimeter Unit Ventilators,

Interior Cantral System,
Exhaust Fans and Open Windows
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Brook Turbulators are "zig-zag" steel strips which are

slipped inte the boiler tubes and retained by frietion fit. They are
engineered for a particular boiler application by the choice of length,
width and number of =strips. The manufacturer statea that Turbulators
will inerease boller efficieney by reducing laminar flow in the tubes and
by promoting heat transfer to the walls through increased turbulence.
Suitably tailored for the application, they help balance the flow of
gases in the boiler tubes so that the lower tubeas, which ordinarily ecarry
a lesser flow than the upper, are made to perform as effectively in heat
transfer as the upper. Figure 34a shows a cross-section of a typical
two-pass boiler. The uneven heat distribution among the tubes and the
increasing degree of laminar flow at the exit end of the tubes is shown
schematically in the figure. Figure 3Ub shows a similar schematic
representation of the equalization of flow between tubes and the
turbulent flow produced by s=suitably designed Turbulators. The
manufacturer of the Turbulators will, under many conditions, guarantes
significant fuel savings by their use. For the case of Public School No.
40, an 8 percent improvement was specified in the purchase order as a

requirement.

Recommended Project

Tnstallation of Broek Turbulators was recommended for all
three boilers of Public School No. UO.

Predicted Costs and Savings

The rcost of installing Turbulators was estimated at $2000,
and the expected annual benefit was $2000, implying a 1-year payback
D&F'Em‘h
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8 = Representative Z2-pass Scotch Boiler Cross-Section Showing
Unequal Flow Between Tubes and Increase of Laminar
Flow Along Length of Tubes

GAS: FLIOW.
COLALIEET
THR'L AL1 TLHES

&

@

l'é:_f

b = 2-pass Scotch Boiler with Typical Turbulator Installation
Showing Equalized Flow of Gases and Turbulence Along
Entire Length of Tube

Figure 34, Boiler Before and After Turbulators
Courtesy, Fuel Efficiency, Inc.
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3.8.1.2 Project Implementation

A purchase order was placed for Brock Turbulators with the
specifications given in Appendix B-5. A Publie School No. U0 boiler with
Turbulators is shown in Figure 35. BSome of the zig-zag Turbulator strips
have hesn pulled ocut of the tubes slightly for illustration in the figure.

The evaluation was planned on the basis of both measured
combustion efficlency and comparizon of "hefore” and "after" fuel oil

econsumption.
3.6.1.3 Results

Data Obtained

Actual installed costzs of Turbulators for the three boilers
was $1006,

Figure 35. Publie School No. 4D Turbulators in 2-pass Boiler
- Three are pulled out partially for illustration
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Before installation of Turbulators, the holler combustion
afficiencies averaged T3 percent after tune-up. The annual
pre-experimenﬁ fuel usage rate was 17.2 gallons per degree-day (1975-T6).
’ With Turbulators, combustion absorption efficiencies (after
tune-up and adjustment) averaged 82,5 percent in 1576 and B0 percent in
1477, for an owverall average of 81.3 percent. Annval fuel usage was At
the average rate of 1.6 gallona per degree-day with Turbulators.

Evaluation

For evaluation, 211 data were adjusted for the average
heatii:; vear of Jersey City of 5000 degree-days. Savings were calculated
fron. f(a) the change in the oil conaumption rate: and {&} the measured
chr 1ge 'Ln combustion efficiency.

A. From measured oll consumption, tha saving duse to
Turbulators is 2.6 galloms per degree day (13,000 gallons of oil per
average year) or, at the current contract price of about 36¢ per gallon,
S4685 per year, for an overall saving of 15.1 percent of the previous
anmual. censumption.

b. BPBased upon the average combustion efficlency figure of
81.3 percent with Turbulators and 73.0 percent without them, the measured

aavings were:

1.3 -73.0 x 100% = 11.4%
73

For an average year, this represents savings of 9,800 gallons of oil or
$3530 per year, Thiz 1s a seving of about 25 percent less than that
caleulated from mesaured o0ll conaunptiott. The combustion efficiency data
are approximate, ap the resulta are in reazonable agreement.
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Discuzsion

The =mavingas computation based on measured oll conaumption
does not depend upon any asaumptionz. Accordingly, the simple payback
time was less than one-half year: mich better than that pmdicted.
Clearly, devices such am turbulators represent aone ol the hest conversion
investmenta which can be mada with two-pass boilers and others having
higherathan-minimum atack gasz temperatures.

Application of Turbulators 13 ultimately limited by the
neceasity of holding minlmam stack ga= above the dew point of the aulfur
compounds in the gaa in order to avoid corroalon. Minimum stack
temperatures which usually provide troubleafree gperation ars:

Fuel Sulfur,% Minimun Actual Stack
Tenperature, O
Diesel type 1 280
Heavy 0il 2.5 310
Heavy 011 3.5 320

It szhould bte remembered that mipimum gas temperatures will
be lorally affected by temperatures of metal surfaces exposed to the
gasea. Ductwork, for inatance, may be much cooler than the flue gases it
contains. Such low temperature surfacez must be mainteined above the dew

point.
3.6.2 Photo-Controllers for Outer Clasaroom Lights
3.6,2.1 Conservation Opportunity

Original Condition

Observation of lighting practicea by teachers in Fublic
School Ho. 40 and other achcols ind{cated that they did net make full use
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of natural outside light. In Public School No. 90, each clasarcom is
lighted with four rows of fluorescent Fixturea parallel with the outside
wall. Eash row of lights has a separate wall switch at tha classroom
door. Tt was observad that most teashers routinely terned on all feur
banks of lights when they entered the elassroom and left them on
thereafter. In many olsxsrooms, window blinds are left down most of the
time. This may have been in part caused by the large proportion of
inoperative window blind mechanisms in the building, but there were
indicationa that thoughtlesamess and the lack of aministrative action to
make potentinl economies known were also reasona for these lapaes.

Recommended Projest : ‘

A series of light measurements made at the classroon
desktops indicated that outside light from the windows was capable of
providing the required minimum level of 50 footcandlea {fe) or more at
the desktops of the outer desks for an average of about 60 percent of the
daytime hours of school operation.

Accordingly, it was proposed to Ainstall a photoeell
controller for the outer two banks of lights in the windows of each of 10
classrooms. The controller would automatically turn ofFf the fluoreacent
lights in the outer two banks whenever outside light {as measurad at the
windows} was sufficiently bright to provide S50 fc at the outer deskbops,.

Rationale

The rationale for this project was that attainable savinga
by use of outside light appeared to Ybe significant. However, such
savings were not being implemented by administrative ruling or Ey spegial
requeats to teachers. Such actlions are apparenhtly not customary in
Jersey City, where they aeem to be regarded as challenges to the
authority and prestige of the teacher.
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Predicted Costs and Savinga

The photo controllera were expected to coat $97 each, and
the predicted annual! saving was about U0 per classroom, hased uwpon an
estimated average saving of 3 hours for 2 lamp-banks of about 1.6 kW
‘each, 180 days per school year, and (in 1975) 5¢ per kWh electrical coata.

Data Requirsments

The saving in electrical energy due to use of the
photo-controllers wazs to be computed from the total power copaumption of
the outer banka of lighta during the time period which they were held
#of f* by the photo-controller. Power oonsumption was derived from
ratings of the lights. The time difference was provided by a palr of
elapaed time meters {(inatalled with each phote-controller) to show (1}
total time that the inner {uncontrolled) banka of lighta were on, and {2)
total time that the photocell-controlled lighta were on. It was assumed
that without photocontrollers the outer lights would be on for the same
total time az the inner. Thia assumption is conslstent with earlier
ohaervations. The difference between the ellapased time meter readings
accordingly represented the increment of ouber bank operating time zaved
by the photo-controller.

3.6.2.2 Project Implementation

It was necessary to eatablish a correapondence between
deaktop illumination and the light levels inecident upon a photo-cell
mounted at a classroonr window te loock at the asky. Limited data taken in
Ssptember 1976, ahowed that, with the ioner twoe banks of lights on, an
out=ide brightneas of 400 fc at the windows (measured looking about 20
degreea above the horizon) would provide minimum requisite desktop light
levels. The northwest-facing roomsz, however, did nobt experience direct
aunlight, as did those facing scutheast. On a c¢lear 4ay, the akylight
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produced at the windows of the northwest-facing rooms (B60 fec) was about
twice the 400 fe level which was selected as the switching level for the
lights. Under these conditiona, adequate desktop light levels were
provided by the indirect skylight. On an overcast day, the skylight
{l1lumination levels fell to 340 fe (3:00 pm) in the northwest facing
rooms, making desktop levels marginal. For the southeast facing windows,
on 8 bright day in direct sunlight, the controller location at the
windows received BUYUDD fe. However, on an overcast day in the afternoon,
even in southeast facing rcoms, skylight measured at the windows
decreased to about 380 feo, with correspondingly marginal desktop natural

il1lumination levels.

Key specifications for the desired photo sensor/eontroller
were: that it be reliable, atable, and as nearly tamper-proof as
feasible; that it control an approximately 12-amp 115-v ae load; that it
be readily mounted at the clasaroom window with an uninterrupted field of
view of the aky; that its sensitivity be adjustable to provide the
desired switching at required desktop minimum ifllumination lewvels for
various outside econditions:; that the eircuit be designed Eto prevent
annoyvance cauaed by too-rapid switching of the lighta; that it draw
operating power from the 115-v line; and that its design be approved by
the State of New Jersey Department of Education for experimental use. A
manufacturer, Area Lighting Research, Inec. (ALR), Hackettstown, N.J., was
found with a uniquely applicable szenszor/controller device. A deseription
and a schematic of this sensor/controller are given in Appendix B-6, A
photograph of an d4nstalled controller is given in Figure 362 and a
schematie diagram in Figure 36b. Key features shown in the photograph

are:

- Tne sensor/controller assembhly, mounted at a
elas=zroom window

= The sensor housing, mounted on the faee of the larger
box so0 that the sensor aperture faces the sky

~ The electrieal terminal box and BYX eable pigtail

connecting to the room wiring.
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3fa - Public School No. 40
Photoeell Contreller for Clasaroom Lights

LIGHTS OFF
AT i e MIN
- S ARE B taton i
: CINTACTS “Z = SEALED PHHED CELL
!
I
T LANIP (DA

36b - Public School No. 40
Photocell Controller Schematic Diagram
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31.6.2.3 Narrative of Key Events

The needed configuration for tha photo-controller was
defined and a vendor identified, as described above,

Approval of the State Board of Education for installation
of the photoecontroller experiment was requested. Approval was granted
on the bBasia that the aystem would maintain the atate-required level of
S0 fe at deaktops. Since the photo-controller assemblies are not
approved by the Underwriters Laboratoriea (although they are fabricated
from UL-approved parta), approval was contingent upon the Internal fusing
of all clrcuits and upon obtalning approval of the Board of Education
insurance carrier for their use. Thias approval was obtained without
difficulty.

Initial inatallation of 10 photo-contrellers with =lapsed
time meters was made in early 1977.

After some time in use, 1lght meter measurements showed
that the zensor calibrations were Iincorrect, and the sepnaors were
returned to the manufacturer for recalibration. Thereafter, elapased-time
meter readings were taken at intervals. Eventually {in late 1977) it was
coneluded that asome unita were not functioning properly. Consequently,
they werd a1 returned again to the manufacturer For functlonal chesk and
repalr. Several dasmaged units were found., In one, the asnsor houaing
aperturs had been rotated away from the window. Two power relaya had
fused gontacts, indicative of an unexplained electrical overlcoad. {How
thiz happened without blowing the self-gontalned fuses is mot ¢lear.} On
one unlt, the optierl polarizer filter adjustment for senaitivity had
been broken off, and in other unita, the case had been opened and the
hysteresis control (Appendix B-6) had been changed.

Upon investigation, it appeared that expressionn eof
dissatiafaction by teachers with controllera might be due to defective
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window blinds in the clasarcoma. Many shades were found which could not
be ralsed conveniently. Use of natural light was clearly not possible in
clasarooms with lowared and ineperable window blinds. In such cases, the
action of the photo-controller would only cause unacceptably low light
tevels. It appears that some tampering may have resulted from teacher
effort=s to obtaln adequate light when it controller was turning outer
bartka off and shades could not be opened te provide window light.

Miita were again recalibrated; dafeckive relays were
replaced; ioproved polarizer-attenuaters were 1installed; the sensor
housing wes aecured more rigidly to the unit case; and accesa to the
hystereziz contrel waz pade mere difficult. Efforts were initiated to
provide operable window blinds in the alazarcoms.

It was unoted that, because a female type connector had been
used origlnally on the controller housing for external connection, a male
connecl.or with expoaed pinz, potentially at line voltage, was necessarily
uzsed ¢n the pigtall connestor from the olassrotom wiring. Accordingly,
when the sensor/controller wasz removed, as for servicing, the exposed
pina of the pigtail connector were a potentlal zource of electrical shock
and an unacceeptable clamsrcom hazard. During rework, the units were
retrofittsd with connectora having male pinz, and the pilgtails wWare
fitted with female connectors so that potential hazard vas eliminated.

Upoen reinstallation after factory rasalibration and repair,
window shades wera still defsctive, so temporary disabling covers were
placed over the photooell senssora, They were retained in thia condition
until window blinda were reported to be repalred.

After classrcom window blinda were reported to be repaired
in late March 1978, the photocell covera were removed on March 29.
Flapsad time mater readings were taken then and on April 19. The
intearvening time was taken as the teat intarval. Although this interval
wag undesirably short, the period waas diectated by: (1) the long time
required to get a working combination of shades and photo-controllera in
the clasaraooms: and {(2) the imminent end of the program.
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Az previously noted, tea photo-controllers weare installed
with elapsed time meters. Data waz not obtained from one elasarcom [(Ho.
223) in the last set of readings. Data from the sther nire alansrooms
were examined when taken, and four data aets showed 1itEle or no
difference between the total on=time of eontrolled and uncontrolled
lights. These controllers were evidently not turning off 1lights as
intended. A check prevealed that one photocell still nad the disabling
cover unremoved. No wvisible fault was found with the other three., A
subsequent factory check indicated that they were functioning within
speoifications. Theae three ware all Crom cla2sroom2 on bthe weat sidae
center of the main building, on the sécond and third floors (Nos. 224,
323, and 324). The units were those which maximum 1llumination at the
window had earlier been ohserved to be laow [(B60 fo at midemorning on a

clear day'}.
31-61-3 . Results

Data Obtained

Table 11 shows that, for the [rive photocontroller
installationa which appeared to Functlon properly, total on«tbime zaved
waa 117 hours, or an average of 23.1[ hours each. The averaged on-time
for inner classroom lipghts gver the same period was 58.8 hourzs each.
Thus, the controllers saved 34 percent of the electrical energy the
nuter two hanka would otherwise have used, or 17 percent of total
claasroom (Cour banks) lighting power.

A queationnalre (Appendix C-3} was given tc those teachers
using the photo-controllers to obtain their subjective reactions te the
experiment. Apart Crom inastances of actueal malfunction, they report the
photo-control systems as unobtrusive. The mixing of artifieial light and
outside light wa& considered acceptable. Light levels were adequate, and
tlackboard glare was no problem, when vzeable shades were available to
control it., It was alzo revealed In the questionnaire that window wlinds
in test eclassrooms which had been reported to he repaired were not all
operating.
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3.6.2.5 Evaluation and Conelusions

For a schoal year of 180 celass days with the measured
average on-time of 5.6 hours per day, 1.6 kW load for outer lamp banks,
of which 34 percent 1s saved, the annual energy szaving per classroam is
548 kwh., At the current applicable Jersey City rate of 6.3¢ per ¥Wh,
this represents a dollar saving of $34.50 per classronm. As shown helow,
the installed cost was about $140 and might be lower If the units were in
quantity production. Thua, for o¢lassrocomz with adequate akylight or
direct sunlight levels, the photo-controllers provide a payback time of
about four years. Use of the'phntocuntrni]era may be inappropriate for
some rooma, edpecially those with shadowed or predominantly northefacing
windows,

Discussion and Interpretation

. The data intervel was short, and no adjustment was wmade for
cloud cover or percentage of time the aun shone because these data are
not available. However, a check of historical sunshine and ¢loud
atatisticex indicates that the results are reazonably repreaentative of
those which would be obtained if the test were conducted over the entlre
achool year.

Costs of recalibrating and reworking the photo-controllers
1s considered an experimental expense and has not been included in the
fixed costa. Accordingly, the ophoto-controllers coat $57.50 s=ach; wunit
installation coata were about 340 {one=half man-day plus materiala); the
per-unit installed cost was approximately $137.50. Unit costs might be
scmewhat lower if the controllers were in quantity production.

Simple payback time for the photo-controller ia, therefore,

$137.50 divided by $34.50, or slightly under 4 years when used in
appropriate classrcoms.
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PUBLIC SCHOOL WO. M40

Table 11

Clasaroom Light Photocontrollers Light Cn-Times (Hours)

Inaide Lipht

Outstide Light

Between 3/29/78 and 4/19/78

52
ug
41

L2

a3

62
71
68
7

Change Operating
Inaide Qutaide

Hra
Saved

23
21
n

28

.
117

23.4

Note 2
3 MHote 2
0 Hote 3
5 HNote 2

O HNote 2

Roon Banks Banka
Cumulative Hra Cunulative Hrs Banks Banks
3729 5419 3529 419
202 989 1064 520 581 s
203 1026 1096 654 T03 TO
302 540 592 334 375 52
304 806 376 455 4oT T0
309 582 659 322 365 g7
Total: 34k
Avearage: 68.8
223 1Tmn Ko 1028 No -
Readingsa Readinga
il 1004 1069 795 85T 65
225 1016 1087 981 1052 Tt
323 617 690 598 666 73
324 685 T62 614 691 ™
Hotes:

1, Between 3/29/78 and 4/19/78 there were 13 school daya.
2. Illumination levela in mehsor fleld of view may be

inadequate.

3. Sanzor cover had not been removed.
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Jub.2.6 Observations and Leasons Learned

The photo=-contrellers used in  thia experiment were
experimental wunits made from readily avalilable parts. They are
physically largéer bthan production units would likely be. Production
units would Iineorporate standardized ocalibration procedures, would
probably be leas susceptible to tampering than were the experimental
daviess, and might be less expensive than the erperimental unit=s. Ares
Lighting Reaearch, Inc. did not, at last report, plan to manufacture or
to obtaln Underwriter Laboratory approval of these devices. They do plan
to manufacture a functionally =imilar controller with lower electrical
load capability. This device, augmented with 2 power relay of suitablae
capacity, could serve for Jight=level! control applications with large
electrical loads,

Satiafactory use of elasaroom light photo-controllers of
the sort teated at Public School 40 will only be attalned with 2 fully
operable set of window shades. Shades which are disfunctional in the
down position leave the room too dark; while those which are permansntly
up do not provide neceszary means for centrol of blackbeoard glare.

Blackboard glare impoaes need for the oceasional use of
claasroom window ahades. (Given normal human inertia, such uae can
gradually deteriorate inte a sltuation wherein the easieat couras of
action iz taken: shadez are always be doun; claasrcom lights are alwaya

Tl

The ¢lassroom light photo-controller experiment, in common
vith @agme other experiments in thls program, repreaents an elffort to
substitute mechanical devices for administrative and motivational forces
to  conserve  energy. Best reaults are evidently obtained when
technologicael methodz for erergy conservation are closely coupled with
afministrative and motivational methods.
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It appears that illumination levels were inadegquate for
some of the installed sensors (those in rooms 224, 225, 323, 324, and
possibly 223) -- probably because their view of the sky is to the
northwe=t and partially obscured and/or shaded by the west-wing of the
building during this season of the wvear. A check of 1llumination level
data taken early in the program confirms that distinctly lower 1light

levels were measured in these northwesterly windows.

The skylight brightness available at the windows of rooms
which are potential photo-controller sites, should be checked over & full
season to ldentify rooms where the photo-controllers may be best used and
the appropriate thresheold settings.

This experience demonstrates the necesaity for (1) careful
measurements of the average exterior illumination levels to wverify the
adequacy of illumination for proposed photo-controller locations; (2)
determining the switching threshold setting appropriate for each; (3)
need for sociclogical studies which are strongly concerned with human
behavior and important subjective reactionz to be conducted concurrently

with the technological programs for energy conservation.

For extensive use of photo-controllers, simple instrument
and/or test instructions should be developed and made available for use
by local personnel to (1) take long-term average readings of available
1ight at representative classroom windows to select appropriate locations
for controllera, and (2) to provide means for setting the triggering
threshold locally, according to measured skylight levels.

3.6.3 Classroom Ventilator Experiments

The Publiec School No. 40 heating and ventilation (HV)
system consists of: an individual pneumatically-controlled steam heating
and ventilating cabinet (Figure 37a and b) in each classroom; Ilarge
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ACTUATOR DAMPER

a - Classrocom Unit Ventilator
Detail - Ventilation Damper Actuator

b - Classrcom Unit Ventilator
(Key-actuated ventilation timer shown on right side of panel)

Figure 37. Public School No. U0 Ventilator Projects
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building exhaust fams in several locations; a central time-programmed
controller and a <¢entral a8l  compreassor; énd individual two-level
{daytime and night set-back] thermostats in each classroom. Each HV unit
cabinet has a finned-pipe radiator, a pnreumatically actuvated control
dawpér, a 3H-drum motor-driven blower, and ap outside air intake for
ventilation. '

Two vwentilation eXpérimentz For energy <onzervation wers
attempted at Publie School No. U0. One provided a reduction in the
veptilatisn Flow rate of individual ¢lassrcoms, sonsistent with recently
lowsared State requirements, The sesond involved installation of key-smet
timer switshes in clasaroom unit ventilator cabinets to activate the
pneusmatic ventilation dampera. These timers were Iintended to provide
normal ventilation flow as needed; the need was aignalled by teacher
actuation of the timer and aubsequent thermoatat action. The damper
which admits outside ventilstion air into the classroom was to be closed
at all other times.

These two arrangements have energy-naving potential for any
buitding in which the ventilation air flow rate may be greater than
neceasary, or where ventilation is maintained at times 'when it is not
needed and when the building design permits individual, seleective control
of veantilation flow.

A detailed deseription of these experiments is provided
below. Altkough installation of the equipasnt for the experiment wan
made in Public Sehool No. B0, factors beyosnd the- control of the program
personnel rendered the resulta indeterminate and their evaluation

imposaible.

After imstallation of the saxpariments, flow tests were
attemptad at representative classroom unit ventilators, and measured
ventilation afir flow wes very differsnt from the design wvalue.

Inveatigation revealed that the ventilation exhaust Cfans wers not
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operated continucusly during building use, as intended in the building
deaign, Instead, the bullding custodian was turnlng the fana off and on
arbtitrarily in response to requests and conplaintz Prom teachers.
Accordingly, measurements and evaluations of ventilation flow rates=-pr
of sctuval energy savings {(derived from flow rate datal--were infeasible
in Public School Ko, UO.

3.6.%.1 Reduced Ventilation Flow Rate

Energy onservatlion Opportunity

Public Schaol No. 40 was designed in 1963 when ventilatlon
air flow requirements for New Jerszey achools were greater than thoze now
in foree. Sipnce the ventilation air muzt be heated, a redection in
ventilation flow to present-day minimum requirements would save energy.

Recommended Project /Rationale

Wheri Public School Ho. U0 was designed, the State
requirement for classroom ventilation air was 0.5 cubie feet per aquare
foot of floor area per minute (Reference 5, Section 700, Table 1I). Thia
requirement has subsequently been cut in half (Reference 6, p. ¥ of
Attachment).

It was preopossd to reduce ventilation air fFlow in
elasarcoms from the old required minimuom level! of 0,5 cubic feet per
square foot per minute to the new minimum atandard of 0,25 cubic feet.
This weuld halve the flow of ventilaticn air, which must be heated by an
gverage temperature increzse over the achoal year of over 16°F.

Predicted Coata and Savings

Eastimeted costa of thi= ochange were low. Depending on
de=zign detsils, the desired flow reduction was to ba accomplished by some
simple combinatlion of reducing blower motor speed, throttling unit vent
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and/or exhaust fans by partial gleosure of the flow path, or by removing
one o more oF the feur blewer drums from each unit ventilaker pobtor
ahaf't. In Publio Schosl Ne. 40, the aimpleat ohange of all those
possible -- redustion of classpoom unit ventilator blower speed -. waa
possible abt essentially no cost by use of an existing voltage ohange
switch.

It was predicted that reduction of ventilation air Ilow
from the old to the new minimem requircmant would asave 201 gallonz of Ne.
4 fuel o0il annually, worth $72, for each classpeom, corresponding to 9000
galions or {at 364 per gallon) $3240 for the entire 45 olassrcoms of
Publie Sohool Wo. 40, Detalled estimates of the oonservation potential
are given in Appendix B-7T,

Project Igglementatinn

In implementing thiz projeszt, a trial was planned of each
of saveral prepoged harduare chapges. In order to evaluate the several
concapts, adjustments were to be made in the clasarocom squipment until
the desired results were obtainad.

The firat effort was to be a reduction in blower motor
spead, using the bullt-in provigions of a tapped autotranaformer with a
voltage- change switeh, az previously noted. A schematic dlagram of thia
cireuit is given as Figure 38, The switch, initially at the high-speed
position, was ahifted to "lo" with a definite reduction in fan speed.

At this point in the investigation, flow measurements were
made which revealed that the overzll Fudlic 3chool WNo. YO system was not
bheing cperated as designed. Additional efforts to reduce vent flow would
have utilized either a partcial barrier to restrict the intake grill
opening or, perkaps, a change in the pullay ratio of the belt-driven
building exhaust fans which also influensad Flew of the ventilation air
for the overall school systam.
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3.6.3.2 Timed Control of Classroom Ventilaktors

Energy Consepvation Oppartunity

Crasasrson ventilation i3 neither. required ner deszired when
tha room 1a unaccupied, yet the existing system in Publie School No. 40
{and in post such buildings) is designed to introduce and heat outside
air during the entire time that the master controller of the building is
in the "daytime" mode. Thuz, energy iz wasted prior to and after regolar
classroom hours, between clasmes, at lunchtime, and during class periods
when the rooms are unoccupled.

Resommended Project

A timer=controlled switch was proposed for inatallation in
the individual elassroom ventilator damper control circuit =mo that the
damper would remain elosed and no ventilation air would be admitted
unless the timer had been ac¢tuated. The plan provided that, upon
entering the olasaroom, or at the start of a class, the teacher unuld
activate the classroom ventilation timer, which would cause the unit
ventilator to operate normally and to respond to the inatalled thermoatat
ayaidh during the timed cyele, At the end of the timed cycle, the timer
would open the damper control cirenit, causing the damper to close.
hc&nrdingly, vantilation would be provided for the duration of each class
but not between classes or at other timex when the classroom was not in

Such a restriction of ventilation air flow to timea of
actual need is provided in modern buildings by a centralized
éﬁﬁﬁurﬁmntruller. Betrofit of an existing building with such a aystem
is worthy of consideration but costly, primarily because of need to
provide eontrol elpcuits for easch classroom ventilation unit. The
recommended timer arrangement representas an attempt to provide the
savings of such centralized computer control by utilizing & degree of
Eéacher- responsibility 1n lieu of costly full autcomation. '
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Predjoted Cozta and Savings

Unit cests for thiz medification were estimated as $15.00
For the timer switch and $8.00 for the installation, for a tota) cost per
elassroom of $23.00. Estimates (see Appendix B-7) suggested that timer
control of ventilation s=ir, as proposed, could aave fuel ocosts by
eliminating wventilation air flow for about 3 172 houra of aeach 3-hoor
zehoo] day: a reduction of UNE. .

This' would result in savings of approximately B85 gallons of
oil, or (at 36¢ per gallon) $32 per classroom, when utilized in
conjunction with the new, reduced ventilation Clow rate {(0.25 cubiec feet
per square foot per minute). This correzponds to 3950 gallons of oil r.;r
$1425 for the U5 plassroom=s of Public School KNo. U0 in one year. When
compared with the old ventiljiticrn requirement to which Fublic School Ho.
40 wam deszigned (Section 3.6.3.1), the =mavings would be double this:
ive., 177 gallons of oil per elassroom, at $63.60, or 6960 gallons of old
or $2870 for the school.

Project Implementation

4 simple arrangement was nreeded to provide timed acttvatinp
of ventilator damper controla. Controla for the 3ystem were to be
readily available to teachers; yet not sublect to tampering by studenta.

The damper <ontrol iz a compressed-air activated cylinder
{pneumatie motor} operating against a calibrated compression spring so
that the damper position ia controlled By the air presaure, vwhich 1s i!’l
turn controlled by the room thermostat and the night setback aystem.
Theae items are shown in Figure 3Ta and a general view of the open vent
cablnet 15 shown in Flgure 37b. An electrically-actuated air valve in
the cabinet econtrols the compressed air flow to the pneumatic damper
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AUTOTRANS- MOTOR
FORMER

Figure 38. Public School No. 40
Integral Unit Ventilator Blower Mobor Speed Control Circeuit

actuator. A switeh ipstalled in series with the air valve soleneid coil
can override all other controls., When the switeh is open, the ventilator
damper is c¢losed, and ne ventilation alir flows, When the switech is
closed {timer awiteh actuated) the ventilation damper responds normally
te the bullding eontrola, following the performence profile of Figure
39. A manually-actuated cloekwork timer switeh was installed in sach (of
10) unit ventilator cabineta with the switeh (n serles with the pneumatie
valve controlling the ventilation damper. For tamper-resziatance, timer
astuation required the use of 2 removable kay.

Results
fpon  diacovery that the bullding wventilation =ystem was

being operated arbitrarily, efforts to continue thia experiment were
terminated.
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ELOS

Figure 3%. Publi{c School NHo. U0
Clazsroom Unlt Ventilator Damper Performance Profile

3.6.3.3 Obgervabtions and Lessons Learned

Ventilation air flow repressnts a significant Dbut
ineonapicucus coharnel f{or energy uwasts. Any efforts at energy
conasrvation in existing buildings should Lnelude a check of actual
ventllation flow against the real need, with szotions to coresct for any
important differsances. A large fraction of the Iexhaust air heat may
sometimes be saved by use of economizer devices such as the heat wheel or
by heat pipe exchangera to warm intake ventilation air. The practicality
of retrofitting with such devices ahould be investigated also.

Existing requirementa for ventilation should be checked to
determine whether they are current and whether they have been examined
under the pnew reality of growing energy costa.

Reatriction of ventilation flow in any room te the times it
is occupied 13 clearly a conserving tactie, but it is also important that
ventilation be provided when needed. It iz probable that, wad the timed
ventilation sexperiments been conducted as planned, manual activation of
the ventilator system would Trequently have been forgotten.
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Recent obaervations at Pudbliec School No. 40 indieate a
extensive tendency to open clazaroom windows for ventilation. Since this
is conventional practice, it is not certain that use of a special key to
initiate mechanlcal ventilsation action would have supplanted the
habitual, vigible and wasteful use of the open window.

Thermostat settings in Publis Sehool No. UD (whish are made
hy the custodian with a special key at the Lteacher's reguest) wsere
nﬂmﬁﬂnly set to temperatures well over the normal; often 76 degrees or
mora, with night =etback temperatures frequently at or zabove normal
daytime settingz. Theme excesszive thermostat temperature settings muat
have contributed in 2 substantial way to the uge of eopen olagsgsroom
windows.

Public Sshool Ho. 40 was  originally desipned with
finned-pipe perimeter steam radiators extending from the central KV
eabinet, under the window, along the entire sutside elassrcom wall. Due
to some design deficiency, these perimeter units had 3  pronounced
tendéncy to Freeze and burst. As a consequence, most were disconnected
long ago. It is possible that los: of these units has contributed to
ococupant dimsatigsfaction by causing drafty conditions and inadequate hest
distribution.

An ef3ential rule for energy conservation retrofit or
experiment s ‘n existing buildings was confirmed in the Publie School Ne.
4D work: Verify everything and assume nothing, either as to the physieal
&esign or A% to the use of expected or converntional practices in
operation and maintenance of the building.

Also:  ecustodial persornel will tend to Aact to minimize the

environmental stresses to which they are subject, particularly in a
loosely adminigtered situation. Spectfically, unless operation by the
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Before the definitive design was prevared=-or the ¢lear
need for additional funds had been addreased--a letter (February 25,
1977} was received from PSGAE announcing termination of their commitment
to provide gaa to Public Schiol Ho. W0, effective March 1, 1977,
Continuing <urtailment of gas from plpeline suppliers was clited as the
reason. Thia elffectively ended the project to install a gas furcnace for
peol and zhower water heating at Public School No. 40,

A3 backup, a check was made of the posalble utility of a
200,000 BTU/hr oi! furnace for the appliecakion. This was found to be
uneconomical. Use of ofl sacrificed the savings {9¢ per therm) based
upon comparatively low energy costs of off-peak gas. Although the coat
of an oil-fired boiler was about the same as that for a comparably-sized
gas unlt, 41l1-fdred bollepas of the deaired slze were avallable only for
Ho. 2 fuel! oll, whereas the exiating oll storage facilities at Public
School No. 40 were committed to No. Y oil; accordingly, & considerable
added cost and complication would ariae 1if new storage provisiona were
built ™r No. 2 oil. Moreover, the en=rgy coats of NHo. 2 cil were
alipghtly higher than thoae for the Ho. 4 0il to be diaplaced., Therefore,
ne advantage of sfergy saving &r of cést saving dould be attained from
the addition of a small oll-fired boiler for the Public School Ne. Y40
peol and ahowera. The project wia deopped.
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by an optimally sized gas-fired boiler. The thertal inertia of the pool
water 1s high, a0 that poel heating could be timed for off-peak gaa uaage
at very advantageous energy rates. Public School Ko. U0 already had an
insulated 2000 gallon tank for shower hot water. Consequently, shower
water could alas be heated at eoff-peak timesz, utilizing off-peak gas

rates, and stored in adequate quentities or aummer use.

Rationale

The justification for this project lay in: (&) Antiecipated
enrrgy savinga feom aubatitution of an optimally-sirzed gas boiler for the
axisting o0il-fired boiler, which operated infrequently under the summer
pcel heating loads with gorresponding low efficiency and high down-time
lesses; (b) projected monetary savings due to Lhe observed lower cost of
energy from ges at off-peak rates as compared to No. ¥ fuel oil at market
price=. It muzt be noted that theae savings are derived Prom current
regulated prices for natural gas.  Acecordingly, thia lower cost  of
natural gas  endrgy has  regulatory pcather than an economie basia.
Moreover, the price differential may be a temperary phenomenan.

Predicted Costs and Savings

It was initially assumed that savings (in efficiency} could
result from use of the gas-fired boiler (at about 80% combustion
efficiency) as compared %o the existing oil-fired furnaces at about 70%
efficiency. (However, this ¢atimate did not take inte account the
effecta of the Public Schoo! Ho. 40 turbulator experiment in improving
efficiency of the Publie Sechool 40 main beilers, Turbulators {see
SBention 3.6.1) actually increased the combustion efficiency of the Public
Schogl No. M0 oil-fired bollers to about B'). Off-peak gas rates of
$0.176 per therm (one therm equalas 1U5 BTV}, compared to $0.26T7 per
therm for Ho. 4 oil (at 36¢ and 1.4 therms per gallon) provides about 9¢
per thera saving., This project was expected to provide annuval savings of
about $4000, obtainable for an investment of about $10,000, the estimated
price of a 200,000 BTU/hr gas boiler, with piping and inatallation.
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3.6.4.2 Narrative -~ Events and lAotions to Implement

Approval of the project by the 3tate Board of Education was
required. Preliminary plans were prepared, snd a request for approval
was submitted with the plans. Approval was granted on December 6, 1976.

A pequest for service was made to the Public Service Gas
and Electric Company (PSGEE), and the utility showed extreme reluctance
to provide the service.

Paul Jordan, M.I., HWayor of Jesraey City, wrote a lsttep
June 18, 1976 to the New Jersey Public Utilities Commission, requeszting
that they consider the matter and comment to him by July 12, 19756,

On September 15, the State of HNew Jersey Department of
Dtilities wrote to Mayor Jordan that they waps avthorizing the PSGLE to
provide the requested searvice,

Action was undertalen by the project engiﬁeér, J.A.B.
Assooliates, to prepare definitive drawings for implementation of the
project. This called for several meetings with PSGLE personnel,
ineluding meetings at the aite. There were two gas mains adjacent to the
Public School Wo. H0 aite, elther of which could have aerved the needs of
the propogsed program. The ohoioe between them, an eazsentisl for desiagn,
depended upon details of relative costz, involving suvch considerationz an
the lengthz of the gas lines required, necegsity for s pressure boosater,
ete. The mesting= with PSGAE pergonnel did not provide a eslear pozition
by the utility as to the choice of gas main to be used. The utility also
insisted that some equipment for the projeet would have to be installed
" putgide the zchonl building proper. This imposed added project costs for
an auxiliary bullding, or lean-to5, a need whioh had not prevlously been
identified.
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project rules is verified and enforced, prescribed procedures will bde
modified wunder pressurex from the Ninformal organization®: that
upapproved, undefinaed interaction procaszs which exiata and operates
within any formal organization,

3.6.3.4 Recommendations

It is resommended that: {1} Public School Ne. U0 be
rastored to itz nominal design eonditionz, based upen the current reduced
ventilation requirements {(Ref 5); (2} that temperature and ventilation
system controlas he operated aceording to standard practices thereaften;
and (3) that the installed timed ventilation equipmént be put to use for
the aconomy 1t can provide.

1.6.4 Installation of Gas-Fueled Peol Heater

This project was originally planned for Ferriz High
Rchopl. Concern for the high rate of vandallsm at Ferris led to transfer
of all work originally planned For that achool to Publie Sehaol No. #0.

1.6.04.1 Energy Conservation QOpportunity

-

Original Condition

The indoor swimming ponl of Public School NHo. 40 i= used in
the summer aa a facility of the Jergey City summer recreational program.
The pool requires heating in summer usage and hot vater for showers. In
the past, pool heating and shower hot water have been provided by use of
the mair school boilers, ofl-fired with Ho. 4 fuel o5il. This susmer
application reprasenta a wvery light -(hence, an inefficient} load for the
boilers.

Recommended Project

It appeared that significant savings oould be effected if

the =zummer regquirementa for heating the pool and showers could be assumed
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4.0 CONCLUSIONS AND RECOMMENDATIONS

Prior to the inception of this program, the Technology
Agent of Jersey City had made an investigation in depth of energy usage
in the municipal and school buildings of Jergey City, He had jdentified
many opportunities for savings. Some of these conservation opportunities

watre Zalectad for the experimeants of this program.

Inveatigations by Aerospace, the Jersey City Technology
dgent, and others had identified materials, devicas, and technigues,
applicable Eor energy-saving opportunities, for which applications
testing and verification was needed,

This demonstration program  has confirmed that  such
opportunities are xeal and that they can be profitably exploited in the
saving of energy and the costs of energy. An outstanding example is the
usg of Turlhulators in Public School MWo. 40 boilers, which provided full

payback in lezs than a year.

A key feature of the program has bheen the Jdiversity of
consideraticena which entered into the selection of projects and into
their c¢onduct. With some experiments (3uch as the timed gacage door
closers in  the Public Works Shops]  uanexpected coomplicakions  were
encountered. Other projectz appeared to promise significant energy
gavings in conjunction with a retrofit which would have been easential in
any case: for example, the installation of high-pressure sodium lights
in Public Bchoul HNo., € to replace dim apd obsolete incandescent bulbs
with lampz providing higher intensity lighting while continuing to use
exisking {1920's vintage} wiring.

For some projects (such as the City Hall steam system
nodifications and updating}, the present benefits are in quescion,




Puture bencfits appear to depend wvpon achieving a change in worker
habitz: i.e., controlling room temperature by use of the newly inatalled
thermostatic wvalves rvather than by opening and cleosing windowa. One
conclusion seems inescapable; there were {and are) in Jersey City and
its schonls, and by reasonable analeyy, there are 1n other local
goverrments {counties, cities, school districts, szpecial districts and
authorities) many oppertunities for wery significant, feasible, and

cost-effective enerqgy savings.

Such savings may be attainable through use &f téchnical
devices {which was emphasized at Jersey City), or by administrative
orocedures and by motivaticnal oprogeams, o hy some combination of
technical, administrative and motivational actioms. of the wholly
technical meana far energy conservation, only the pucely passive neasures
auch az in—wall finsulakion, can ke inatalled with confidence that their
potential for emmray conservation will be realized without the consclous

rurpese and cooperation of the users.

it szems clear that naither administrators hor
technologists can organize and operate an optima) peogram for energy
congervation alone. Administrative, technical, and socialogical talents
are all needed, working together, for an effective esnerygy conservation

program -- ip pre-planning, initiation, and prodram conduct,

Perhaps the moat €undamental Jessons Iearh&d during the
conduet of this pregram concern the importance of active support by
people participaking in a program for conservation. For the savings
potential of energy conservaktion measures to he vealized, individual
emplovess must he convinged that kthe congumption of en=rgy which thay
influente -- often in seemingly small ways -- ¢an he reduced without
great inconvenience or hardship, and that it is werthwhile to do so. Inm
4 zimilar wvein, the selection of a2 specific eneray-saving technelogy,
desian of the application, and relection of the way in which it ia used

on the logal scene mast be made with concern for the personal involvement
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of logal people. People must be led to awareness of their energy uzage
and hence persuaded to change from present wasteful habits. Continuing
indoctrination in the simpler technical and economical facts of energy
usage will be useful, but it i2 most important that people in the
programa  (anr]l expeciments) become true participants. Thelr desices and
teelings must be recoygnized and considered in program planning and they
mast be helped o become involved personalily and emotionally in
day-to-day activities promoting energy savings.

A system of rewards -- not necessarily all of them formally
hestowed -- should be provided For individua) acts of congservation. BSuch
rewards may ke tangible or intangible, material or psychic. In the
practical case, most such rewards will surely be psychic: the personal
satisfaction of knowing that cone has behaved in a construckive,
aleruiztic fashion which meribts approval and which =licits favorable

social attention.

To establizsh an environment which fostere =zuch attitudes is
the greatest challenge presented by the need to consetve eneargy. The
need for such a public attitude is nationwide, and this ne=ad has not yet
been met at the national lavel., The currant high degree of pubklic apathy
regarding energy conservation exaterbates the dJdifficultiez of starting
and maintaining an effective conServation activity within a loca)

government otganization.

Press aentry an exhortative posters will sarely neot meet
the need; in fact, such PR-type propagandizing within the organization is
often an ampky gestura offered by incompatent administcators in lisu of
conetructive actiong. We have ¢ome o haljsve that an effective program
of espergy oonservation will come into being only theough pearsonal
conviction and participation on the part of moszt of an organization's
people at all lewvels. 5Such conviction and irvolvement by all lewvels in
the employes/employer chain of aothority ig necessary. zince the personal
attitudes of managament and workers haz a decisive effect in establishing
anergy-saving concern as an  element of sorially aeceptable behavior

within the organization.




4.1 OBSERVATIONS

A diverse set of conclusions may be drawn reasonably from
the experiments and assoclated experiences of the Jeraey City program.
Eome of these conclusionz follow.

1,1.1 There are many opportunities for important energy savings
in the existing physical facilitiesz of wmost {and probably all)l local
governmenta,

4,1.2 Such opportunities may utilize both technical means and
operational or managerial method®, =ingly or in combination, Ear
gonserving enarygy.

4,1.2 Technical consetvation measures may include installation,
ratrofit, refurbichment, or replacement to improve, restore, or replace
ingfficient ejuipment and facilities. For the purpomes of this raport,

wg exclude new construcktion from consideration.

4.1.4 Pechnical congSecvation measures may emphazize either
development actiong of an  eXperimental npature {(usually as sample
installations in an exploratory, R and © project), or proven conservation
te=asures, involving applications of well-understocd technologies, often
on a large scale, or both.

4.1.5 Mosgt technical measures for ensrgy consecvation will not
garve thelr intendad purpoge without continuing active human involvement.

4.1.6 Tochnical means for energy conservation should not usually
be installed o compenzata for lack of sisple human actions or for
ignorance or lack of wmokivation, unless there iz some reason why normal
good managerial practice and leaderghip cannot bring about the needed
alertnesg and congern £o mave enargy. There ave vary fow instances where
puraely technical means can compenzate for lack of the needed human
attributes.
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4.1.7 Demonstration experiments and conservation instr~llations
should be performed with dispatch. Procrastination Jeads to defercal of
potentia! gavings and -- more important == to logs af interest and
corviction on the part of users and participants jn snargy consecvakion
Brojects,

4.1.48 © For success in energy congervation, humaty involvement ig
eagential at all) organizational levels. This active participation shaould
provide needed infarmation, skills, examples, motivation, and
inspiration. Human awareness and purpose are essential elements of
opsrational conservation, which servéa to save energy by care in the use
of exigting facilities, These same gualitiegs are also nesded in the tesk
and application of new technalogiss for congervaktion.

4.1.9 Most local government organization=s are not well equipped
to plan for and administer eithar the .technical or the
behavioral/motivation aspects of an energy consarvation program. The
skills needed for such a program must usually be provided initially from
an outside source.

4.1.10 For an energy conservation project to be effective, 1t is
essential thaﬁ it be planned and supervised by a perscn or a team who are
technically and administratively competent, who are directly involwved,
and who are frequently present at the project site in commanication with

- participants.

4.1.11 Each locale for an ehergy conservation program is unique;
few "aff-the-shelf” ways to _conserve energy attain theie potential
without the use of speclalized attention and skills to adapt and apply

them to local conditicons.

4.1.)2 It is usually not wise to rcely upon local maintenance ooews

to make new installaticnms on any kimd of a preconceived schedule. Their




schedules are ugpally fall w«ith the normal woerk load.  In tha tare
exception, there is likely to be strong reluctance to confirm the
axistenca aof open time by responding to extraordinary tasks.

4,1.13 Lacal governments having well-developed enhergy conservation

programe oonld serve as a nucless havimg the sKills, examples, and
stimulus to initiate and support community=wide conservation programs.
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4.2 ENERGY CONSERVATION OPPORTUNITIES IM LOCAL GOVERNMENTS

The term "local governments" is commonly taken to include
all =state chartered, tax-supported public=service agencies, including
counties, cities, achool and special districts, and aothoririesa. Por
pragmatic reasons, the Jerzey City project was restricted to projects for
conservation in buildings and to only a zample =set of city administration
and public school buoildings. hoocordingly, the projects conducted in
Jersey €ity, deacribed in Section 3.0, have far wider potential
applications in Jersey City than were addressed under this program. HMany
other energy conservation opportunities in city buildings, schools, the
Jargey City Medical Center, and in public housing werse identified as
having a high payoff potantial. Sobstantial spergy savings may also be
attainablr. in hon-building uwges such as processes and transportation. By
analog , a gimilar diversity of cost-effective anergy-saving

cppor’ enitiegs exigts in the local governments of other communities.

Summary data on the national or regional energy consunption
of local governments (other than schools) does not appear to exist at
presant, so that accurate characterization of the enecgy consomption of
local governments is not feasible, One ERDR document {Reference 7,
Exhibit 2, p. 6) ascribes 2.2% of total 1.5, energy consumption to local
governfments in 1972 (and 0.4% to state governments}. Thias figure
excludes hospitals and universities, but it appears to inclode local

school systems.

IE reports the total 1977 national ens=rgy consumgption to

have been 75.75 X 1015 BTUS. (Referanc= B!; the equivalent total

consupption by local govermments a3 defined is 2.2% of this, or 1.67 =

10*® Brus. Por fuel oi! at 1.4 x 10° BTU per gallon, 36¢ per gallon,

and 42 gallons per bacrel, this is eguivalent to 1.2 x 16*? gallons,
34.3 million, or 286 million barrels. These are the gross amounts upon
which estimates of possible savings by local governments are to be

applied.




The potential for major energy savings through congservation
measures is not confined to those local governments which are in
aconomically disadvantaged communities, such as Jarsey City,

Officials in Portland, Oregon, uszing present costs,
estimate Ethat straightforward improvements in energy management and &
$200,000 one-time investment <Gan save Portland over $4.0 million in
biilding energy costs for the city administration an? schools over a
pecricd of 5 years, which representa a feasible saving of more than 50% in
Portland’s present annual energy budget for city buildings and schools.

Consecvation estimates from several reputable sources seem
cansistent in the view ¢hat in most Jocal governments, management
contrals can save up to 20% of current huilding energy cost with
essentially no omtlay, and up to 20% additicnally %y investments having

n moce than a S5-year payhack peciod.
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4.3 CONDITIONS AND CHARACTERISTICS FOR ENERGY CONSERVATION
IN LOCAL GOVERNMENTS

For a guccessful enecqgy conservation progaram anywhere,
nanajenenk must Eirst develop and make krown its conviction that energy
saving iz egsential. It must tharzafter set a visible example and
educate emplayees on the need For energy consarvation and on specific
congervation techpigues, Tt muet provide the naeded rasources:
energy=saving squipment, tachnical information, and personnel to plan,
leplement, and avaluate specific conservation measurses. Most important,
management must provide feedhack about resultz and current problems so0
the pecple know how bo direct their attention and efforts and so that the
general perception of enerdgy conservation as an important matter and as
an element of 2oeially commendable behavior is reinforced.

Local governments generally are limited in their capability
for undertaking comprehengsive esnerqgy conservation programs. These
limitations in¢lude:

#. Lack of a tradition of emnergy conservaticni

b. Lack Of the technical skills amd resources neseded for
apergy conssrvation:

¢. Lack of speclific political pressure for energy

conservation:

d. Absence Of an impetus to ipitiate purposeful epergy

conservation measures;

e, The self-image of loCal governments as task—
oriented or caretaker Kionds of orgamizaticen; and

f- The short-term perspective from which most local
governnent decisions are made.
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These limitations are not universal among local governments, but they are
typical. Most were true of Jargey City before it acguired a Technology
hgent, and many still are largely true. There are clear gigns of changed
attitndes and a commitment vo anergy saving in Jersey City:r these are
surely attributabhle in part to participation in thiz DOE demonstration
program.

This 1list of typical local government limitations for
implementing anergy conservation forms the basid for the recommendaticns
which follow. The nature of most local governments as caretaker,
task-oriented (as dQistinguished from change-oriented) organizations 1s
the basiz for much of the apparent inertia in local governments, and a
principal reason why they need help in undertaking new roles.

These ocrganizations, whether county or city governments,
schools or special-purpose aothorities, have wetl-understood traditional
toles and missions which they pursue with determination. There may be
much internal debate in a city or school system about how an established
mission or a function asscciated with soch a mission is to be performed
in the future, or who will perform it, or with what resources. However,
serious active consideration of adopting major new functions, such az
energy conservation, with prlorities Jike those of the traditional
missiony, is infreguent. Local governments usually accept their owm
primary roles uncritically as being established by tradition. Typically,
they and their constituents are preoccupied with the direct amd visible
effectiveness of such functicns as street maintenance or snow remcval or
classroom teaching: they are not searching to find and adopt new roles.
Pregsures for economy arcte always present, but they are usually
deperalized and directed along fairly obvicus lines, rather than towards
the development of new roles and functions specitically to promote
economy. The idea of a new function for the otganization will normally
come Erom an ocutside initiating forge. This is particularly true whan
the propused new function concerns housekeeping or other matters which
are considered to be peripheral to the central mission of the
organization,
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This task orifentakion of local govermmental bodies has
dimensiong in time, also. Since local governments' wain responsibilities
are genetally perceived as well understood amd stable, most changes in
function cecur a2 ingremental and evalutionary adjustments pather than as
large and d&iscontinuous shifes.  Accordingly, these organizations are
attuned principally ro pressures Efor shork-term, =small-zcale actions.
With the exceptions of lan? wse and physical plant projections, which
haye hecome routinized as tasis in the acgepted structure, the planning
hotlzon usually extends no Further khan the next budget-planning period

or the next election.

There charactericsties of local governments are wvary
significant for local energy conservation progecams becacse of their
inflpnense on loeal perspectives: thers iz little concern by city o
zchon! ornanizations to identify possible new mainr needsz, such az energy
congarvation. That alertness to poszible change and its implications
which is the esgzance of (For example}l a resaareh or system development
organization {3 largely missing in local governments-—to the extent that
innovation is often resisted, and peeded major changeg in role  and

function are accepted slowly and, at first, partially.

The introduction of a policy of energy conservation is Jjust
such a majoe change., It was first accepted and sponsored in Jarsey City
by political leaders who presumably saw both community and perscnal
political benafits to bae attained by a new policy of conservation. 1In
the lower echelons, reactions varied from acceptance to passivity: in a
Few cases, covert opposition was suspected. Yet there are signs that the
program has had effects beyond the matter of Eolliars and anergy saved or
not zaved, An awareﬁess an? & concern for energy waste, which was aurely
not prasent before, hecame evident in our talks with schoolteachers and
public employess, The current Jersey City administration plans to hire a
fuil-time professional, locally fonded, te continue the  energy
conservation activity which started in this demonstratlion program.
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The initial absence of a traditjon of energy conservation
gwarenegs in local governments imposes serlous limitations on what can be
done at first. The traditioral concern for economy amd efficiency in
local gowvernment would at first glance appear to lead wery directly to
awareness oOf energy consecvation as & means of econmizing. In fact,
residual effects of the EBconomy and Efficiency Movement, which strongly
influentced municipal Jgovernments several ddecades ago, commonly have
emphasized meticulouve sccounting procedures apd other measures designed
to disclose and prevent dishonesty or flscal irregularity. Attempts to
discover new economies which can be achieved by changing accepted hablts
or facilitles are not often made.

Two possible courses of action are coonceivable fot
promoting energy <conservation by local governments. One i3, of course,
to induce each local government to change from its present task-oriented
role o a more imquisitive and aggressive stance, seeking to identify new
or future needs amd to act upon thenm., This approach is clearly frauwght
with difficulty, for it must surmount great inertia both in habits and in
perepective.

A more realistic way s to provide a nationwide,
federally-supported plan for a program of enecgy conservation which is
compatible wikth the needs, methods, and self-image of present-day local
goverpments. To be accepted and useful, the approach tfaken for enerqgy
conservation must be appealing to local leaders and saleable by them to
local government enployees and citizens.

Such a program wounld seek to incorporate concern for energy
conservation by institutionalizing it throuwgh: f{a) patiently working at
the local level to develop awareness and tradition; (b} defining tasks
and establishing a role, position and title for the lead person{s); (o)
providing guidelines and {where poasible) criteria at the federal level
for the 2evelopment and conduct of energy conservation activities at all
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levels of government and at the citizen level as well; (Y providing
sonrces of leadership, information, amd counsel which can support local
people in startinmg programe and in dealing with unusoal or especially
difficult problems thereafter: and by including R and b —— exploratory or
demonstration programs -- to evaluate, develop, or dJdemonstrat new
technology or management methods. There should be a provision for the
axchanga of conservation information between local governments and with
the Federal government. Such a program should include an ocrasional
audit of the local conservation organization and its work by & competent
unaffiliated outside agency. This may appear counter t¢ the principle of
local autonomy; but it need not be so. Means must be found for ohtaining
skilled energy conservation leadersz for assignment to participating
commanities, and/or provieion for selecting and training people from

local governments in enerygy conservation must be arranged.

4-13




4.4 RECOMMENCED EMNERGY COMSERVATION PROGRREM IN AND BY
LOCAE. GOVERNMENTS

Some characteristics and peculiarities of local governments
which bear upon the design of a large-scale program of energy
congervation in  local governments were degoribed in the preceding
ecticons. The program cacommendsd below is not necessacily the only
feazsible way ko implement enerqy conservation in local governments. It
iz, however, a program congistent with the leszong learned in Jersey City
and with tha recognized mature and funetioning operations of local
governments. Key Features of such a program and =ome precauvtions to be

takaen in planning and operating it are dezcribed below.

In dAeveloping the program concept degeribed  in the
following sections, oongstructs have been bBorcowed from: Ehe 0.5, public
gchonl gystem: tha U.5. Departmental BAgriculture agriculture extension
service;y the MNational Science Foundations' experimental Urban Technotogy
System; and some aspects of the U.5. Department of Housing and Ucban
Development's program for support of local housing asthorities [(which are
local governments), as the operations of these agencies suggest workable
celationships hetwean a federal program sponsor and  local governments
recipients. These and other examples of intergavernmental operationg are
valuable models which may be adapted and sdopted for present neads.

Tha Jarsey City demonstration progrem has not provided thea
entire range of experience necessary to define g full-scale program in
decail. Clearly, a gradually expanding progeam starting with a modest
numhar of participants --— say, 20 to 40 communities initially -- would
peovide an opportunity for developing the concept while getking khe dob
under way.

£.4.1 Goals for the Regcommended DOE Program

The fundamental goal of the recommended program is to

cCoOnserve energy, since energy is both a }Yimited npational rescurce and a
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Factor in national economic health by way of The 0.5. international trada
balance. The program has been conceived as lbeimg implemented by loecal
govetrnments with Jlimited federal support as may be authorized and

arranged.

Derivative goals are:r (1) to aid in the identification,
development, and sponsorship of local proegrams which will serve as
instrument= for such energy-savingy (2) to assure a szource for the needed
te=chnical, administrative, and behavioral sciences talents; {3] to assure
that the awxiliary respurces npeeded for such a program are made
available; (4] o monitcr the program and its progress towards the
fundamental goal; (5) to make adjustments to the overall federal program
as negeasary to guide and support needed modificaticons in local programs;
and {68) to perform R and D explorations In the program as may be
necessary to identify needs for and to confirm new technology or to
optimize designs for conservation measures as being most compatible with

needs of the users.

4.4.2 Participatinmg Local Governments

The recommended progvam for energy conservation In and by
local govecnments aa viaswvalized would ultimately be nationwide. Though
federal incentives would be provided, participation by local governments
would be voluntary; selecktion of participants would be on the basis of
criteria suggested helow, Jeoint participation by several cooperating
logal governmentz (as, in Jersey City, by hoth the City and the Board of
Bducation] =zhould be encouraged. Since the recommended progcam would be
supporked in part by Federal {DOEY funds, it fhould he the prerogative of
the DOE to set minimum standards and to monitor and publicize results.
Tt i& essential that thise be Jone without {ptruding upon local
sensitivities or upsetking the local exercise of initiative. It will be
tecognized, that, while one of the primary goals of the DOE iz te
Conserve eonergy n a nationwide level and to develop the habits, the

machinery, and the awareness of concervation, most local governments will
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be motivated by primarily by dollar economies. tecordingly, the
popularity of the program among participating local governments will
depend on dollars saved and, to some axtent, upon grants regeived.
Porkunately, there appear +¢ be many opportunities in every loeal
qovermment operation for a good eeturn on investment through energy
congervation.

Setting coriteria for the selection of local government
participants iz a matter of Ffundamental policy. Suoch eriteria might
include: {a} existence of a significant potential £ar saving energy:
{b) svidence of priovr afforts for energy contervation on the part of the
candidate governments: (¢} evidence of local support of the program by
local political and community leaders; (d) willingness to assume
Progreszively graater local responsibiliky as the program progresses) and
potential for eventually assuming full financial support of the program,

4.4.13 Elements of the Rscommended POE Program

-Program Plans

A program plam will be neaded for the DOE ackivity as a
bagie for funding approval and for program implementation. A lower-tier
specimen program plan for local goveroments which can be adapted to the
gpetial neads of individual participating lecal governments will also ba
required. Finally, each local governme=nt or ocongartium of  local
governments should be aided in preparing a detailed program plan and
opdating it periodically.

-Personnel and Trainimg
The necassity for recruiting andsor training personnel with
the combination of skills and background needed to lead the effarts of

local govarnmants is a significant problem. Such persons should have 2

general technical background, preferably enerqy~related, with an
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inclination towards practical aprlications. They should understand the
workings of government hureaucracies and be able to work effectively
within thesa bureaucraciag, They ghould have inteiative, curiosity,
innovative tendencies, and oval and writkten communicative abilities.
Engineers are obviously candidates, but a lower level of technical
training than the bascalasireate degres might often be adejuate, if Ehe
individual were strong in the creative and communicative araas and if the

recommended technircal consultant resources were made available.

Selection of lead Individuals from the availahle employment
poocl of expert or profesgional workers wmay he feasible for a
noderate=5i2ad jnitisl program. However, if larger, nationwicde program
i ever ko he undertaken, gpecial provisions for training or supplying
qualified people will be needed, Short, intensive training seasiong may
be adeguate to fit oollege~trained  technical peoble for anargy
congervation work with local government2. Well-designed two-year junior
ecollege courges ghould be adaguatre preparation for most assignments.
Updating and rceorientation ecourzes would bhe needed to support a major

consarvakion affort.

The selecticn of peeopls to man the regcommended program has
other dimensions than those of skil?, luck and experienge, The agant of
change in a task-oriented organization frequently must take unpleasant ar
controversial stands in order to get the job dona -- generally at the
cost of reduced popularity and the poszible alienation of local people
whoee goocdwit]l may eventually be needed.

The professionally-ociented non-local leader may tend to
drive hard to achieve program goals with cumolative loss of good will and
reduced effectivengss in interpersonal relationships. & logca! person, on
the other hand, might tend to maintain good retaticnships, even at the
cost of reduced program effectiveness.

4-17




For local conservation programa, the optimum mamning
strategy may be sometimes to aszign professionally trained people from
osutside the ocommanity initially as leaders of local programs in the
knowledge that, in getting the program started, they are likely to lose
their effectiveness locally. When the program is well under way, a local
pecson - perhapa after on—-the-jocb training in a subordinate role -— can
be agsigned the top job in a primarily maintenance role, rather than as

an agent of change.

=Starting Force and Mativation

Some starting foroe is needed to initiakte local actions for
energy conservation, The initial motivation will Jlikely come from
perception by loeal leaders that the DOR program offers ways by which
their own ideas and ends for energy ocongervation and econamy in
government may be realized. Such motivation will include both the
potential fiscal baenefits to the community and the political benefite
which may occur to leaders who seize the opportunity. In the medium long
tecm, the continwation of any such program will ba justified only by the
vigible benefits it brings and by favorable attitundes of losal peopla,

~hdvigory and Information Sources

Technical and motivational advisory resources, information
exchange provisions, and an organizatiomal mechanism for the impartial
periodic appraizal of lowal ackivities should be provided at a local or
regional level.

Expangion of the orogram scope to include an  advigory
service to the publig -- after the fashion of the agricultural extension
service -- may be undertaksn at any time. Such a service may present
troublesome political problems, however; it may be in competition with
commerzial consultant and engineering operations. There iz & guestion of
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howr widely such secvices thall be made availabhle: if to homeowners, then
algo bo proprietore or occupants of rental property? If to hewsing, then

to commereiz]l activities?

=Program Monitoring

There could bhe great banefit in the recommended DOE program
from periodic evaluakiong of local energy conssapvation program2 by a
gualified outeide group. PBeporks from such evaluations could provide
waluable objective guidance to local people responsible for the program
and expert testimohial to the local government and the comnmunity as to
the benefits of the program.

=Frogram Management

Careful]l planning and continuing management of the program
by DOE will he essential for success. The organizationis) respongible
for planming and management should be active participant{g)l in the
beginning of loral programs, with an on-going role in maintaining
cognizance of work done under the programs and, in  evaluating
applications for participation or renewal, with recommendations. The
management organization should be held ec a monitering and advisory
role. It should plan, arrange for, and perhaps provide needed program
facilities such as an initiating and adviscry service for participants;
an information clearing bouse and  product advisory  services a
consarvation library. This organization should have troubleshooting
capability {technically and managerially} or bhe able to provide ic. It
should identify pertinent trends and new needs, recommending khe action
necgssary to respond to theme The monitorimg group should plan for and
prescribe training and curriculum reguirements. It should he egquipped
and requir=4 to make thorough pericdic or emergency reviews of lorcal
government programs to advise the local grouwp as may be appropriate, and

to apply lessoms which come from such detailed wisibility to the needs of
othersa.
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4.4.4 Epilogue

The BCE program recommended is similar in gensral form to
the Urhban Technology System {UTS) program, initiated Yy the Hational
Eciance Foundation. In the broad view, the programs have generically
gimilar c¢lisnts and pusposes, Both the Aerospace Corporation (serving as
a tachnical resource) and Jersey City [ag a pacticipant) were active in
the UT5. However, some differences between UTS and the recommended DOE
program are evident. A DOE program, a8 proposed, will e limited in
gcope to energy conservatiom, with consideration of pertinent
non-technical factora, whereas the UT? had wunlimited scope among the
technologies which are pertinent to city naeds.

Current HSF acktiong to evaluate the UTS program should be
monitored by DOE for any added inaight which may become available.
Interviews with UTS, WSF, and PTI participanta in UTS may be very uvseful
at providing inputs for planning the DOB program. The OTE TPechnology
Agents who were assigned to work ip amd for local goveraments are likely
o be sagpecially fruitful sources of ideas and commentary.

Conceptually, the recommended program has roots in the 0.8,
Department of Agriculture s=xtension service. It is likely that the
exper jence of the Extension Service in providing local technical support
may be helpful in planning a DOE progesm.

Publin schools, publie or puablic amgsisted housing, and
urban  renewal activitiez are local goverrment activities which are
spongored at the fFedaral level by the Dapartments of Health, Education,
and Welfare (HEW} and Houalng and Urban Devalopment {(HUD). A local
energy conszervation program could Iikely be more effective and wmore
afficient {f jt included these local activities and were supported at the
fFadaral level cooperatively by khe DOE, HEW, and RUD.
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The period of Federal suppect commitment for each community
should be specified. We suggest strong initial Pederal support and
gradual phaseout, although some F£lexibility iz needed for wunusuval
considerations., Initially, such suppoct can provide the potivation and
impetus to get a program atacted. Over the mid-pecicd of support, it <an
help develop working methods, awareness of need for energy conservation,
information exchange, alertness to the oppoctunities for conservation,
ard the necessary local tradition of conservation, Ewentual local
support of the progeam is assumed to be justified by Jdemonstrated
benefits; local organizations could readily ke maintained as functions

assigned to local councils of governments.

A goal of the program should be to foster the development
of such local interest, and initiative responsibility. This suggests
need for Bbtromg (but not restrictivel DOE guidance and support in the
initiation of the program, ultimete}y diminishing te a low level of
support in matters such a3  information aexchange, BOE participation
should be planned =0 that it can teper down to a low minimum after the
programn {2  under way, with a commenaurate increase in  local

responsibility,

It may be that, in the wery long term, even the technical
advigory, monitoring and data exchange functions whigh are advocated may
be relegated to some non-DOE organization supported cooperatively by

participating local governments.
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Appendix A~

Agreement Between The Aerospace Corporation
The City of Jersey City, and The Board of Education of Jergey City

(1 March 1976)

" Agreement made this 1 day of March, 1976 between The

Aerospace Corporation of El Segundo, California ("Aerospace'), and
the City of Jersey Gily, a municipal corporation of the State of New
Jersey, 280 Grove Street, Jersey City. New Jersey ("City'), and the

Board of Education of the Gity of Jersey City, a municipal corporation

with olfices at & Harrison Avenue, Jersey City, New Jersey {"Board").

WHEREAS, the City of Jeraey City, the Board of Educatien of the
City of Jersey City and The Aerospace Corporation of El Segundo,
California have agreed to jﬁintly conduct A Local Guver_nment Buildings
Enercgy 4IIL.".-t::n:w.r'!.r‘::u.'u:rrl. Program [unded by The Energy Research and
Development Administration (ERDA) and as described in the Aerospace

Proposal dated July 18, 1975 entitled, "Energy Conservation Demonstralion

in Jersey City’s Government Buildings, ™ /

WHEPREAS, the parties contemplate that Aerospace will assume the
pritnary responsibility lor the application engineering, development of
procurement specifications, technical guidance for equipment installations,

evalnation of the conservation demonstration results and dissemination of

the resultant technical findings.

WHEREAS, the parties contemplate that Jersey City will provide the

services of 'its designated Energy Conservation Coordinator and variqus

other related personnel employed by Jersey Gity, [(acilities, and procurement

expertise for the several procurements defined in the Aercspace proposal,
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WHEREAS, the parties contemplate that it will be necessary to engage

the services of an Architect-Enginear in the performance of work hereunder,

NOW, THEREFORE, in consideration of the mutual benefits to be

derived hereunder, the partiea do heréby agree as followa:

A, GEMERAL STATEMENT OF WORk

}. The respective parties will perform the woik descrihed in Sections 1 and Il
ol the Aerospace proposal dated, July 18, 1975, which was submitted to
the United States Energy Research and Development Administration and
which is hereby incorporated into this Agreement,
2, Aerospace shall be responsible for the following:
(a) Application engineering for all Tasks (Section III, Task 1
through V) outlined in the Aerospace proposal.

(o)

Preparation of all technical and procurement specifications.
(2) Cn=going technical assistance during the installation of all
energy conservation eguipment,

{d] Evaluation of all results of this project and preparation and

dissemination of all technical reports,

B. RESPONSIBILITIES OF AEROSPAGE

Aerospace rmay perform all or part of the above services, Aerospace
may engage the services of a licensed Architect or Engineer to pericrm all
or part of the services enumerated above; provided however, that the
engagement ol such Architect or Engineer shall not relieve Aerospace ol

any ol its responsibilities under this Agreement.




C. RESPONSIBILITIES OF CITY AND THE BOAERD

The City and the Board shall be responsible for the procurerment and
installation of all energy conservation equipment to be installed under this
project. Such installaticon may be done by employees of the City and the
Board, where the City and the Board [ind this to be [easible, or by
contractors to be engaged by the City and the Board. All contracts for

the procurement of goods and the installation of eouipment under this
Agreement shall be subject to Section G,

D. PLANNIMG AND SCHEDULING

I. Within 14 days alter the execution of this Agreement the parties
shall designate one or more representative who shall cooperate in the
planning, scheduling and conduct of all business necessary to the successful
compietion of this project, including the purchase of ail goods and services
required for the completion of the work. The purchasing agent of the City
of Jersey City is heresby designated the purchasing agent in behall of the
City and the Boavd for the purchase of all goods and services required by
this Agraement.

2., Prioer to the performance of any work under this Agreement,
representatives of Aerospace, the City and the Board shall prepare mutually
agreeable schedules for each Task cutlined in the Aerospace proposal. Such
schedules shall include a proposed target date [or the completion of each

Task of the project and may be revised {from time to time by mutual

agreement of the parties,
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E. PERIQOD OF PERFORMANGE

This Agreement shall become effective upon execution of all parties
herein and shall remain in effect unitl all the work in Sections II and I1I1L
of the Aerospace proposal has been completed or until termination in

accordance with the terms of this Agreement or by written apreament of

the parties,

F. PAYMENT

1. Aerospace will make direct payment to the Architect and Engineer

and will also pay lor the work and services (urnished under contract to
Jersey City. except thal Aeraspace shall have no obligaticn te pay {or services
perlormed by employees of the City or employses of the Board,

Z. Each invoice for materials andfor services which dees not exceed
the sum of $2, 500, shall be presented to a designated representative of the
City for signature approval before it is forwarded to Aerospace [or payment.
Such signature approval will constitute verification that the work and/or
services described in the invaice has been satisfactorily completed., There-
alter, as a further condition of payment by Aerospace, such inveice shall
Le presented to, reviewed, and countersigned {or approval by a designated
representative of Aerospace,

3. Procurement by the City of materials and/or services in excess of
$2.500. each shall be subject te the previsions of Article G.l, and G.2.

herein below, Aercspace approval of the contract award wilt constitute

verilication of City invoice to¢ Aercspace for payment upon presentatiom.

City voucher should accompany City reguest {or approval,
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G. PROCUREMENT BY CITY

1. Aerospace understands and agrees that aill procurement by the City
is subject to the provistons of the New Jersey Local Public Contracts Law
{N.J.5. 40A:11=-]1 et seq.). City nnderstands and agrees that neither this
Agreement, nor Aerospace as a party thereto, are subject to the provisions
of the New Jersay Local Public Contracts Law cited herein,

2, &Lity apgraes that all specifications fér procurement of goods or
services pursuant to this Agreement shall be approved by a designated
represantative of Aerogpace prior to public advertising for hids and that
ng contract shall be awarded without the prior approval of Aerospace,

Aerospace shall approve or reject all bids within ten (10) working days.
after receipt of a copy thereof [rom tha City by Aerospace.

3. All modifications for the renewal or extension of conltracts or lor
the perforrmmance of any extra work or the procurement ol any extra goods
under any contract awarded by the City shall be preapred and recommended
for approval by City, but shall not become effective until approved in writing
by a designated rperesentative of Aerospace. All contracts awarded by City
shall contain a provision that no additional compensation shall be allowed a

vendor or contractor for any delays that may result in cbtaining such approval,

H. TERMINATION

The City and the Board understands and agrees that the Enerpy Research
and Development Administration {(ERDA) will provide incremental funding l[ov
this project and may terminate funding for any Task or sub-task of this project,

in the event that ERDA terminates any funding to Aerospace f{or this project,
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this Agreement may be terminated by Aerospace in whole or in part, at
any time, by thirty (30) days written notice to both the City and the Board,
Upen receipt of suth termination sole liability of Aevospace shall be (or
those costs incurred through the sgpecified date of termination by Aerospace
or receipt of such termination by the City or the Board, whichever is later,

Termination costs shall include any contractually committed costs incurred

by the City or the Board prior to the effective date of termination.

1. AUDIT AND EXAMINATION OF RECORDS

City will maintain adequate records to permit substantiation of invoices,
and shall make available at its office at all reasonable times during the
period covered by this Agreement, and [or a period of three {3} years there-
after, any of the records pertaining to periormance hereunder, Aergspace
may, at any time or times, have the inveoices, vouchers., or statements of
costs audited by an Aerospace representative. Each payment theretaofore
made shall be subject to reduction for amounts included in the related invoice
or voucher which are found by Aersspace, on the basia.p[ such audit, nol to
constitute an allowable charge hereunder, Any payment may be adjusted [or

overpayments or underpayments on previous invoices eor vouchers.

J. BOARD OF EDUCATION APPROVAL

This Agreement and any modilications thereto shall be binding upon the
Board ooly il approved by the New Jersey Department of Education, Bureau
of Facilitics Planning Service, Aercspace shall cooperate with the Board in”

the preparation of any inlormation or presentation necessary to secure the

approval of the Bureau,
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ae GOVERNING LAW

This Agreement and any medifications thereto shail be governed by the

laws of the State of New Jersey.
.. NOTICE

All notices effecting the rights and dutises to the parties of this hgre:me:nt

shall be sent in writing to the (cllowing:

fa) City of Jersey Cily
Jolm Fowen,
Technology Agent/UTS Program
280 Grave Street

Jersey City, New Jersey (7302 )

(b)) Loard of Fducatiaon
Juhn Ewen,

Technology Apentf{UTS Program
2HU Grove Strect

Jersey City, MNew Jersey 07302

(2] Thr Acrospacr Corporation
.. Box 92957
Los Angeles, California 9400%
J. 1, Price
Bldg, A-1/3081

M. DESIGNATEL REPRESENTATIVE

All designated representatives of the parties required under this Agreement
shall Le identifled by separate cemmunication between said parties,

N, PROPERTY

Title to all equipment, materials and supplies, purchagsed, fabricated.or
furnished by Lhe Contractor, the cost of which is allowable ag direct items of cost
ander this contract, shall, with respect to such purchased or [abricated ilems,
+es3t in lhe owners af the buildings in which the installations are made, at lhe

;iime of approval and payment of work and services, as described in Article F.,

ayment, al this decument,




Q. INDEMNIFICATION

Jersey City agrees to indermnify and save harmlesas The Aerospace Corp-
cration and it's officars, apents, and employees from any and all ¢laims and
lceses arising out of or in relation to the performance of this agreement,
Aeruspace shall have no obligation to remove the modifications accomplished
under this Demonstration Program and shall not be responsible for any damage
to or loss of the Public Buildings that may arise out of the periormance of the
work hereunder,

P. MANDALORY CONDINONS REQURED BY ERDA [N ADDITION TO OTHER

1 ERMS AND CONDITIONS
éee Appendix 1.
\‘\'\__

.
-
~
-




ERDA Appendix A.

Oreganizations.

ERDA Appendix B,

Article § -

Article 7 -

Article 8 -
Article 18-

Article 24a-

Article 24b-
Article 25 -
Article 32 -

Article 34

Article 38

Article 37

APPENDLEX 1

Principles and Procedures for Use in Cost Reimbursement Type
Non-Murlear Supply and Research Coniracts with Commercial

General Provisions, Cosi-Type Supply and Research Development
Centracis with Concerns Other Than Educational Institulions,

Excusable Delays

Accounts, Records and [nspection
Examination of Records

Buy American Act

Contract Work Hours and Safety Standards - Overtime
Compensation

Canvict Labor
Equal Opportunity
Drawings, Designs, Specifications
Lisling of Employment Openings
Faymant of [nterest on Contractors’ Claims

Employment of the Handicapped

ERDA Disputes Clause - {ERDA-PR-9-7-5004-13)
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DISPUTES CLAUSE

]
{1) Fxcept as ctherwise praovided in this Agresment

e -

- *1
anv dlspute concerniapg a question of fact arising under this Agreement

which .5 ang disposed of by apresment shall be decided by tEflfqrf
Fontrartine Officer for the prime congractor's Contract Me 411-33-4820

vho shall reduce his declsion to writing and gall rr ptherciza, toegi 1 2 0 3
copy therenl fe the prime contractor and the ig_{g_ﬂj_fa_lfly_i@f-_ﬂ;ﬁ__ﬂf Educaiion |
The derisicr of the Contracting Officer shall be [inal and conclusive
uyles; vithin 30 days from the_date of receipt of such-copy the

JgUJL{Ui@UEi ------------------ mails or otherwise Turnishies o the
Conlraceing Offlcer a written appeal addressed te the Administratar

cr his deeipgnee. The decisfon of the Adminlstrator or his desienoa

for the deterpinacion of such appeals shall ba firal and ronclu=ivs

untrse deternined by a court of competent jurisdiction ta hive bogn
framlulent, ~r capricicus, or arbitracy, &r sc¢ grnssly errorcous :e
necrsearily to ieply bad Eafith, or ant supported be substantial evidence.

To ferpsti-n with any appeal proceeding under chis clanse, the

Lt o eeaeaeo2® ghall be alforded an opportunits ¢

by erird and to offor evidence in supp‘c§ lE itﬁdappeal. Fendine fi;al
derigfan + [ 1 dispute hereunder, the —=ILVEDHALE oo i ..

st2l! procecd dilipently with the periovmance of the _Agreement 4
and Ln rccorlance with the Ceomtracking 0fficer's dacisien,

(2Y This rispuLes clause does net procliude ernslderatirn of law
que<iions in conaecction with decisions p:g&irngsgmféﬁt ir p&r-wrat-h 1
abeve:  Provided, That nothing in this --=%--22--T-Saewa- shall “e
coanstrued 25 making (inal the declsion of any adcinistrative cfficial,
representacive, or board on a question of law..

i

[nsert subcentract, purchase order, #tc., as appropriate.
2 p2ere subcontract, purchase order, atc., as appcopriate.
3 lngsert subcontract, seller, atc., 4s appeepriakbe.

Per ERDA-PR 9-7.5004-1 - For Subcontracts
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IN WITNESS WHEREQF, The City of Jersey City, the Board of Education

and The Aerospace Corporation have executed this Agreemsent on the day and

year first above written.

Thomas F. X. Eml
City Clerk

WITHESSED:

-1

t‘;f [ ..-::A_.-fé /f("‘l""

‘\

WITHESSED:

ﬁrfﬁﬁ’"\—/ %ﬁgw %ﬁae

<. M. Tulver, Heacl
Contracts Managcement Department

CITY CF JERSEY CITY

Y:

Eus1n=ss Administrator

?:ff,{m,m s Aheid,

William G. Spedding, Director
orks

Department cyublic /

e ]
/Jﬂhn Ewrn, -
Technotogy Agent/UTS Program

‘ BDARD QF EDU J‘;TION

,..f,.{ [ /L-h..
B/b\retarm Board of Edu-:ation
-

THE AEROSPACE CORPORATION

‘?,z/a 4

t

Jl Di Fl‘ict‘.,
Dircctor of Contracts

APFROVED AS TO LLGAL 1

Shovens dodies,

Agsletant Ll}rr-n'tl.l wh Lt

-I"""‘

FL

b
Ly
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CERTIFICATION

I, R. T. Jensen, certify that [ am Secretary of the Corporation
named as Contractor herein; that J7 [7. Price who acceplod this
Contract on behali of the Contractor was ther Divector of Coulravls

of sairl Corporatinn, that said Contract was duly signed Tor and on
behalf nf said Corporation, by the authorily of ils governing body,
and is wilhin the scope of its corporate powers,

IN WI'TNESS WHEREQF, [ have hercunio affixed my hand and the

seal of sald Corporation this !Z HEd day of ﬁ-‘é EE,.E’!: 1976,

-~

VA r.)alé}étﬂ“""‘-
(.

S5EAL

A-l.12




AMENDMENT iNo, 1

AERQSPACE[JERSEY CITY/BOARD OF EDUCATION AGREEMENT

L, PLANNNG AND SCHEDULE

ADD:

3. Representatives of Aerospace, the City and the Board shall prepare
mutually acceptable procedures to make funds available to the City for purchases
required under Section G, in accordance with the requirements of the Mew Jersey

Local Fiscal Affairs Law and the Local Budget Law,

O, INDEMNIFICATION

REFPLACE WIlH{ THE FOLLOWING

Jersey City/Board of Education agrees to indemnily and save harmless The
Aerospace Corporation, their officers, agents, and empleyeges from any ang all
claims and losses resulting or accruing to Jersey Gity/Board ol Education or
their officers, agents and employees in connection with the periormance of this
Agreement, where such claims and losses are due to Jersey City/Board of Edu-
cation's negligence, provided however that should liability be imposed as a result
of the acts of the parties hareto jointly, said liability shall be apportioned between
the parlies hereto according to the percent of fault of each party. Aerospace shal
have no obligation to remove the modifications accomplished under this Pemon-
stration Program and shall not be responsible for any damage to or loss of the

Public Buildings that may arise out of the performance of the work hereunder.
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AMENDMENT No, |

IN WITNESS WHEREQF, The City of Jersey City, the Board of Education
and The Aerospace Corporation have executed this Amendment on the day and
year of the original Agreement,

ATT EE? ‘. ’7 p-g
“’L&t"“{ By! _ 7

Thomas F, X, Smith, : ;
City Clerk inistrater

’}: /Lz{f E: gl { J_./. Jéud). ‘6--:;1

William 'G. Spedding’. Director
Department of Public}Warks

By
ohn Ewen,
Technology Agent/UTS Program
WITNHESSED: BOARD OF EDUCATION
o 7 /-
/}L.ﬁ-n.i: l_l../{/q M"h i BY Vg B ot uu::{.tz‘:ﬁ-f_:
-~ ,S'qcretary, Board of Education
WITNESSED: THE AEROSPACE CORPCRATION
“{jf/})?? % ..d ~ Q/ %;ﬁ By: ZMH:J %f’é&
C. M, Cuf:er, Head . D, Price
Centract Management Department Dlrectur of Contracts

APPROVED AS TQ LEGAL ©2awld

Hhesonas dodure

Aalal ey v w— - Rk

Aesis tant {.arpnrai.mn Cul
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CERVIFICATION

I, I, T, deasen, cervitdly that 1 am secretaey of the Corporaling nameoed
A Comlracior hiceein: that J. T, Pmcceplt‘d Amendiment MNo.l
e beliadl ol the Canteinc tor was then Thrector of Contracls of said
orperation, that said Contract was duly sighed Tor and an behall of

satd Lerporralion, by (he anherily of its guverning body, and i3 within
thee seope wf (b4 corpnrate puwers.,

TR WTENESS VIIVREOF, | have hereento alfixed niy hand and the seal

il mad § Corporaloon (s /3 day of /S bpyae., 1976

o

mEATLL
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Parzny THutitwity

IF the semunt of this cond raet 1 In Secess
of 2104002, e Candraciol :hall Dedemnils
the Coverament and It+ oferrs aceanis andl
rmpipjecy acalnsk Nalulivy  meleding coslx,
tor yiring=nitnL of any Lh-iled Etades Ieltrr
palent (eretpl 1ellers patent Irnued upon an
Application which 5 woea of ma herealter
Be ECpl rooiet ar arhersite wirhhetd T
isyue e Apler Al s e remppnty e e
ecul o the manwlnctwee or deitoery of Sup-
plles oF aul of Cafaionc b,y LE et sl
ficalban, of repadt of teal prepesty {hereina
ofner refereoed ig ax eondbuctiom wgik )
under fhia cnntriet, Ar et of FLE usp ar
di=patal By or for e p~rount of the Catrn-
et of SugT SupPle-s A1 COsiee SR S e
The ferteoine elemats ebalt ol apply un-
leag the Sl tacter shuall hay e breen wmisemed
&3 Aol ap pracneable by the oy EFumcin]
of the snit or netbon AlEZTAE Tuch L Bney -
ment, medd thall e Bees COoen toch op e -
fufEy a3 1= aflordreed By gephicadeds 2aa s roales,
or repulslings En partteipates 0 e defencs
Lhetend. amd Fuarbher, =ven imadeomeliy cBsy
nol Apply Lo” 1D ananfnAgcsent riting
(tam Laanpllange wl'h tpegl=g atalbgh In.
atrugliguny mf Fhe Canaslun Trheep thegs Finr
ROCRACE Ui thE wipphs o in Be eigoped or
uy thee warrrale A Lo LTI TE T AL BT L L N
or diresting A wvnaee of poelarnines of v
conlracl anl el u-sd by the Contrae-
lar M) an Infraremnent rewilloee from
additlon W, ar chasze o s suppliss or
conpateitd farpslied fr eansirnriion nark
petfrmed v inih Achlvilan or ehhote oy
fade agitrguent Booclehivery aF prrinnmangce
By the Coalraclor. A i) oA elyitsdl e
frongemienh whnsh by soileet Lol et Vi #g i
arnt Of the Contracler wntesy regquierd by
Al decree o 2 eaurt of compelent
i lsdlctlon.

- 1 1.
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Appendix A-2

Revised Purchasing Procedures
Aerospace/Jersey City/Board
of Education Agreement
June 15, 197&




REVISED PURCHASING FPROCEDUERES

Rerospace/Jersay City/Board of Education Agreomant

Energy Conservation Demonstration Program

WHEREAS, on March 1, 1976 The Aerospace Corp. of El
Segunde, California (Asrospacel; the City of Jersey City
(City}; and the Bcard of Educaticon {Board) entered into an
agreement to conduct jointly a Local Government Buildings
Energy Conservation Program to be funded by the Energy
Research and Development Administration (ERDA) ;

WHEREAS, paragraph three of Section D cof the subject
agreement as amended by Amendment #1 requires that repre-
sentatives of Aerospace, the City and the Beard prepare
motually acceptable procedures for the procurement of goods
and services for the program;

WHEREAS, New Jersey law requires public bidding for
procurements in the _amount of $2500.00 or more.

A, INTORMAL PURCHASING PROCEDURES FOR PROCUREMENTS
AMOUNTING TO LESS THAN 52500.0¢

1. The Technology Agent of Jersey City shall notify
Berospace prior to each procurement in connection with the
Aerospace/Jersey City Energy Conservation Program. Aero-
space shall prepare written specificaticns for the items of
procuremgnt, if such are required, and forward these to the
contracting agent of Jersey City or his designee.

2. Upon receipt of specifications the contracting
agent ghall solicit at least three {3} quotations, whenever
practicable, for each item of procurement. Records shall be
kept of all gquotations sclicited and received.

3. The Technology Agent shall review all guotakions
and tentatively select a vendor for each item. In accord-
ance with New Jersey law, goods or services the estimated
cost of which exceeds $500.00 shall be purchased from the
vendor submitting the lowest guotation which complies waith
the specifications. The contracting agent shall forward the
names of the vendors selected together with all other guo-
tations to Aerospace.

4. Upon receipt of quotations Aerospace shall review,
approve and sign an authorization to purchase,

5. Upon receipt of Rerospace's authorization the

contracting agent shall prepare a purchase order and encum=
Ler the necessary funds in accordance with New Jersey law.
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5. Upon receipt of a copy of the purchase order,

Aerospace shall transmit the required funds to the con-
tracting agent.

7. The Technology Agent of Jersey City shall be
résponsible for the verification that all goods and services
delivered are in accordance with specifications. Written
copies of such verifications shall be forwarded to, Aero-
space. Goods received which are unacceptable snall be

rejected immediately and returned to the vendor for replace-
ment or rework.

8. Shipping invoices for goods and statements of
receipt of services shall be forwarded to Aerospace.

9. If it is the decision of the Technolagy Agent and
Aerospace not to selqct the lowest quotat%cn, the contracting
agent shall arrange an informal hearing with the vendor
suomitting the lowest quotation. Hearings shall be scheduled
to take place forty=-eight (48} hours after notification of
the vendor. The final decision of the vendor to bes selected
shall he made by Rerospace, which shall substantiate its
decision in writing. '

B. FORMAL PURCHASING PROCEDURES FOR THE PROCUREMENT OF
GOODS AND SCRVICES ABOQVE $25Q00.00

k. ‘Prior te each procurement Aesrospace shall prepare
and sopmit the appropriate specification to the City.

Specifications for goods may specify a trade name "or equiﬁ-
alent.”

2, Thé contracting agent shall advertise for, and
receive bids in accordance with the New Jersey Lccal Public
contracts LEW

3. Bids shall be received, opened and publicly read
at a time and place specified in the zadvertisement. All
bids shall then be sent to the Technology.- Agent for review
and preliminary selection of the lowest gqualified bidder.

4. The preliminary selection toqether with the other
bids shall be forwarded to Aerospace for Einal selection and
authorizatien to purchase.

5., - LEf a decisien is made Lo select cther than the
lowest bldder, the lowest bidder shall be accorded a formal
hearing in accerdance with New Jersey law, At the conclu-
sion of such a hearing, the hearing panel shall make speci-
fic factual findings in support of its decision. All hear-

ings shall be arranged forty-eight (48} hours after notifi-
“cation of the low bidder.

6. | A resplutian shall be drafted and. included on the
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Council agenda requesting Council approval for award of a
contract te the selected bidder. Resolutions awarding con-
tracts to other than the low bidder shall recite the factual
findings supporting such decision..

7. After Council approval, the procedures shall be
the same at these ocutlined in Section A, paragraphs 4-8
abova,

NHew Jersey law reguires that publicly advertised con-
tracts be awarded thirty (30) days after the opening of bids
unless the three (3) lowest bidders agree to an extension of
an additional thirty {30) days, or unless the municipality
choosas to reject all bids and readvertise. A decision to
reject all bids must be based on sound publi¢ rzasons, which
shall be recited in the resoclution rejecting the bids.

C. ALL PURCHASIWG PROCEDURES

Because of restrictions imposed by the State of flaw
Jersay, Jersey City cannot garry an unbalanced revanue
statement beyond the end of the City's Ffiscal year, which is
coincident with the calendar year. Therefore, if goods or
services are to be procured during the month of Decerber,

Aerospace shall transmit funds {or such procurement to the
City before the end of the fiscal year. '

AEE?DVED;

, U - —
e e

1 g@rd'nf Education

L ¥\'g .
wl T N
MR

Josepﬁ_ﬁT D&leyi
Jelsey City Purdhasing Agent

J oo
A
e o 2. L JUN 1 51975
J.D. Price, :
Director gf Contracts
The Aerospace Corporation

TF : §pk A=2,4
5/20/76




Appendix A=~3
Sources of vipment and Materialzs Used

The Eollowing lisk oF trade namea, vendora, manufacturers,
ard installers 12 provided a5 a <convenience to the reader. Most were
gelected o the bagis of low bids in responge to publicized
announcements. The Aerospace Corporation, as a matter of policy, does
not publicly sndorse producks or vendors.

Ciey Hall

- HRadiator chermostaric stsam traps:
Dunham-Bush, Inc.
170 South Strest
West Hartford, Connecticot 06110

- Radiator thermostatic control valves:
Danfo=s, Inc,
McEKer Drive
Mahwah, New Jersey 07430

- Contractor:
A and A Oit Barner Service
9-11 Sheridan Avenos

Clifton, MNew Jersey Q7011

Public Works Shops

- Autgmatic timed door closers:

Advance Industries

Division of Overhead Door Corporation
2002 French Road

Appleton, Wisconsin 54%11

lightz controller:

Touch-Plate Electro-Eystems, Inc.
16520 Garfield Avenue

Paramount, California 90723

for timed heat:

W. H. Rhodes Mark Time Company

9% Thompson Road
Avon, Connecticut 06001




Public Sehool Mo. &

- Weather Stripping:
PEMEO Manutacturiag Company

1360 59%th Strest
Emeryville, California 94608

- Calkirg compéund:

Var iouz Sources
~ LEXAN:

Genaral Blectrie Company

1 Plasticz Avenue

Piktsfield, Massachusetts 01201
- HP8 lights:

General Electric Company

Lamp Division

Twinsherg, Ohio

Publie Sehool No, 24

Atomizing oil burners:

iton Plceman

Bunham Bush

178 Soukh Streat

#. Hactford, Connecticut 06110

Contractor:

A and A 0il Burner Service
9-11 Sharidan Avenue
Clifton, WNew Jerzey 070)1

Publie School No. 40

= Claxsroom light photocontroller:
Arga Lighting Research

Asbury Road
Hackettegtown, New Jersey
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Tarbulators:

Fuel Efficiency, Inc.
131 Stnart Avenus

F.0. Box 48

Mewark, Maw Jersey 14513

Yentilator timers:
H. H. Rhodes Mark Time Company

99 Thompeon Road
Avon, Connacticet 06601
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Appendix B-1, Public Works Shops Central Garage No.1
Vehicle Door Timed Controller Design

*CUTOFF CONTROL

L:m lTTEHES TO SPACE HEATER
DOOR | %1 meR

OPERATOR |/
o G— ELEC-

o J&CONTROLS

*
FLASHER

SECTIONAL b
DOOR

=)

=

ey
¥*WARNING LIGHT
{inside & outside)
¥KEY-OPERATED
CONTROL SELECTOR
(Manual-Autol

18 SRV 9T
%f /Z ,Zf A /f/{’;, \E‘CABLE

A bid

CONTROL BOX
\* — {Up=Down~-Stop)
*SAFETY EDGE

# ADDED FOR PROJECT

FUNCTIONS OF VEHICLE DOOR CONTROL SYSTEM:

Manual Operation - Existing Added Features
Actuate door up, down, or stop by Manual - Automatic mode selector
existing control box on inside wall. switch (key-actuated)

Automatic closing after set time open
(1.5 min maximum when in auto-
matic mode)

Automatic reversal when safety edge
of descending door encounters obstacle

Warning light flashes continuously
when door is in motion.
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Appendix B-3. Public Works Shops
Explanatory Placard, Timed Lights Control Fanel
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4 % — i
VEHICLE DOOR VEHICLE DOOR

T0 TURN LIGHT ON or OFF: LieHTLY PUsSH 1Ts BUTTON ONCE
THE NUMBER OF EACH LIGHT CLUSTER IS THAT OF ITS PANEL CONTROL BUTTON

THIS}EEUIPNENT TURNS OFF OVERHEAD LIGHTS IN THE BAYS (EXCEPT THE TOOL
CRIBJ AT:

10:00 am 5:00 pMm
12:30 pM 9:00 em
3:00 pM 12:00 pM

NOTE: |IF BUILDING POWER GOES DFF, THE TIMING SCHEDULE WILL CHANGE.
WHEN THIS HAPPENS, NOTIFY THE ELECTRICAL FOREMAN FOR RESET.
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' Appendix B-5

Specifications
for
Brock "Fusl Saver® Turbulators
School #40, Jersey City, N.J.

FIRETUEE TURBULATORS

’ F
Fucriish ‘and install flue gas Turbulatoras ¢f 14 gauge flat
metol planes formed into radical 45 degqree bends, which create a designed
turbulence of hot flue gases to improve thermal heat transfer and balance
heat releasa into all tube surfaces.

Tuchulators shall be desigeed to Fit inside of the bojilar
Flue tubes, with varied lengthe and positioning handle for inatallation
and ramowval.

Turbulators shall be Adezigned to not exceed 450° eoxit
stack tamparstures while the Pacific scokch marine boilers are being
fired with full input of #4 fuel oil.

Pire tests shall be made by Industrial Combustion
Agsociates' repregentative before and after Turbulators are installed in
the boiler; the test report will Include: high and low fire stack
tenmparaturesy high and low fire COy conteney high and low fire overfire
dcaft. Submit (4) copies of fire test reports.

_ Turbulators shall be guaranteed for a period of five yesars
and to save a minimum of BS of fuel cost.

e

ey




Appendix B

Photocell Controller for Cutar Classroom Lights
Fungtional baseription

This sensor system is diagrammed as Figure 36b. It consists of
a cadmium sulphide photoresistive cell (R,} in peries with a reaistance
wire winding (Ry) which is intimately wound around a bimetal awitch
arm, The circuit is powered by 120v ac and the photocell resistance
Adecreases under illumination. This increases the current flow in Rj.
which heats the bimetal strip of the thermal relay, K, c¢losing its
normally apen switch contacts at the desired light level. Closure of the
Kj contacts energizes the 4PDT power relay Kz, which controls the
lights. Variable resistance By is a built-in adjustable hysteresis
alement which determines the time raquired to actuate the tharmal relay:
it also affects the Llight response level of the system. Kz, when
energized, effectively removes Ry from the cirenit so that illunination
must drop well below the turn-on level before the relays open and turn
the lights on.

Fuses were added at the request of the State Board of Bducation
as a condition for use of the system in classroomg, since the systen doea
not have Underwciter Laboratory approved. Adjustment of the illumination
level at which the relays close is made by an adjustable optical
attenuator composed of two polarizers, mounted over the photocell light
aperture; the outer can be rotated with respect to the Inner to provide

adjustable light attenuation.

LIGHTS. DFF
A0

Ay = Sk YARIANE
COMTALTS l? = SEALEO PHIND CEL.

i

jhﬂi 20- WP
: — LAMP 1l ]
e
é‘S;Q ’r‘-h-‘-\
M ith__ {1
: 1 £ E L]

% e @9

HE [Figl e il §

HEYIRAL

Figure 36b, Public School No, 40 Photocell Controller Schematic Diagram

irepeated for conveniecnce)
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QUESTIONAIRE RE LUCALOX IIGHTS, P.§. #6
PLEASE PRINT

Teacher name: Date:

Grade: Classroom No Na. Pupils:

Please check the appropriate responses:

1. I find the color of the lights: —— _a. pleasant

b, acceptable

o @ slightly unpleasant
— 4. veryunpleasant

2. Tha affect of the lights on class. —_— none

slertness has been; e zlightly favorable
. s&lightly unfavorable
. d, strongly favorahle
strongly unfavorable
3. Whae (if any) ?Hect upon student ______ a. none
;i’lf:fﬁgf,_‘d “fidgets” have you b, alightly favorable

e €. slightly unfiavorable
@&, strongly favorable
. e. strongly unfavorable

4. Owverall, how do you feel about the lights: _ a. like
_ b indifferent

¢, dislike

5. Please list the features or effects of the lights you like:

6. Please list features or effects you dislike:

7. Please write any special cbaervations or comments which may help us

evaluate these lights.

FLEASE RETURN THIS FORM TO THE PRINCIPAL'S OFFICE WHEN

COMPLETED.
C-1.1




Appendix R-T

Analysis of Clagaroom Ventilation

Energy Logces -= Public¢ School HNo. 40

1. Reduction of Ventilation Air Flow

Thae average daytrime outside 3Jir temperatuvre during the school
year [Sept. thru Jume) lies between the average maximum daily temperatipre
{38%F) an? the average daily temperature for this period (49.1).
Assume it to be midway batween theze valuss: 53,6 97, .

The average clasgroom temperaturs is not lower than 72 9,
Thus, throughout the =chool year, ventilation air musat be haated through
ahout (72 OF - 54 OF), or 1§ VF,

The reguired nominal flow for F.5. Ho., 40 when bueilt was 0.5
£e3 per ft2 of floor area paer minute (Ref. 1, Section 700, Table
IT:): this requirement has been changed to .25 fta,{ftz-min {Ref. 2,
Attachment, p. 4), for a potential saving of one-half the oariginal
requirement: 0,25 fedsfe? - min.

For a nominal 900 sguare foot classroom, the saving is 0.25 x
300 or 22% cu £t per minute,

Total ventilation air flow per classcoom for an 180=-day school
year would then be 225 ftag’nin x 60 pin/ft x .8 hrs/day x 180 day=, or
19.44 x 108 ftafclassrnum-yEﬂr.

If putgide air is assumed to be at 530% relative humidity, then
the same ajir, heating to 729F, is at about 28% RA with a specific
volume of about 13,5 cu. ft./1b. and an enthalpy of about 12.5 BTU/1b.
{Ref 1, Figure 5-1; p. 102).

Thus, wvnder the aszumptions, heat which may be zaved in one
classroom-year by modernizing to current classroom ventilation require-
ments is:

19.43 x 10% £1° classroom year x 12.% BTU/1b aic
13.5 ££2/1b
6

= 1§ x 10 BT
classroom-year

B-7.1




To converk to savings in oil (at 316¢ and 140,000 BTU per gallon)
and in dollars, assume 20% cowbustion efficiency and 80% distribution
efficiency: 64% averall.

18.0 » 105

0.64 x 140,000 gallons, or 201 gaxllons

Thos, reducing ventilation flow feom the old required level ko
present requirements will save about 201 gallons of Ho. 4 fuel oil per
classcoom, or about $£72 per year. For the 4% classrooms of Public Zchool
¥o. 40, this would represent a total annual savimg of 9,000 gallons of
oil or {at J6¢ per gallon) 51,250,

2. Timad Vaenktilation Contral

If the propoged timar-switch wers uged on each classroom unib
ventilaktor so as to ¢logse the ventilation damper exespk when the
clagsaroom waz oocupied, it may be assemed ceasonably that (of the I-hour
dav), ventilation Flow would not be required Eor:

lunch hour

one vacant pariod

l15%-minutes between-claes periods for each of the
temaining ¢lasa hours,

or 1.5 of the B haupre: abosuk 44% aof the bEime.

Annual savings for the btimer switch would therefors be 443 of
“he remaining ventilation costs (which are ¢qual to the savings ~- 50% —-
derived in Section 1 abovel. Thuasg,

- IFf the ventilator Flow modification has been made, timers in
all olaggrooms can save:

8%.5 gallons of oil or $31.80 per clazaroom-
year,

3980 gallons of oil or 51,431 for Public School
Yo 40 par year.

- If the ventilator flew modificakion has not been mads, timers
oM Sathe:

177 gallons of oil or $63.50 pear classroom.
7,960 gailans of oil or 32,865 for Public School Ha. 40
par year.




Appendix -2
Public School Mo. 6 Data

High Pressure Sodium Liﬁht Costs vs
Incandescent Light Costs

1. Installation Costs, HPS Lights:
Pixture and parts by part no:

C653G001 120 $111.23
CTA0G545 2.97
Bulb, LU/50/B0 13,92
light stemsz and canopies 2.12
Parts cosk per unik: $135.25

Labor: 352 hours at $7.82/hr
divided by 158 Fixturas

Labor Cost per unitb: 17.44
Total installed cost per Fixtues: $152.69

Total installed cost, 158 fixtures $24,125,00

_2. Classroom lights on timg:

From elapsed time meters showing tokal on timpe of 7 sets of clazgroom
Lighte for period B/22/77 to 4/19/78:

Average sn-time per classroom: 8547 hours
Total number school days in interwval: 132
Total on time per classreeom per school day: 6.4 hours

3. roximate apar Gonsumpt ion
150 watt HPS bulb with Bsllast: 175 watts

4. P.S. No. 6 total Power Consumption

Before and after installation of HPS lights (by month):

Month kWh

Aa. Bafore Oce 1975 18,540 18,540
Bovy 1975 18,900 18,900
Deg 1975 20,220 20,220
Jan 1976 21,520 - 2),520
Feb 1974 13,900*
Total {5 mos) 53,080
5 mos avg. 1B ,616/kWh/ mo
Total (4 mosg) T%,1806

4 moz avg. ) 19,795 /kWh/mo

F
thpomalous Data Point




Month kWh

b. After O=t 1977 15,500 15,500
Hoe 1977 22,370 22,370
Dac 1977 21,900 21,9490
Jan 1978 19,420 19,420
Fab 1978 19,640
Tatal (5 mox) 93,830
5 mos avyg. 19,766/ kWh/mo
Total (4 mos) : 19,180
2 mos awg. 19, 797 /k¥Wh, /oo

It i evident that the darum for February 1976 iz anaomalous and
should be Jdiscarded. Accerdingly, the evaluation comparisen utilizes
data from the periods of Ockobgr-Januvary inclusive,.1975-'76 {before] and
197T7="78 ([aftar}; no significant change ie seen in the power consumption
billings which is attributable to the APS lights.

5. Claseroom Elactrical Load vs Total Load

Tha monthly energy ugage for 158 HPS fixtures {which is essgentially
the entire classroom alactrical load} 1z calculakted as:

20 school-days X 6.4 hours % 158 fixturaes
nonth day % 0.175 kw/fixture

= 3540 kw=hrz/mo.

T the 200 watts load of cloakroom lights for each classecom 18
added, then the total monthly clapsroom light energy usage g 5560
kw=hr. This 1s xlightly more than 25% of the total awverage monthly
eleckrical usage durimy the school yaear.

Orher elemants oEF the toral elpckrical l1oad aret the gymnasium,
often in use until 10:00 pm; woodworking and meta) shaops in nearly
continuous use: the indoor pool with pomp continuously ony furnace
burnaers and blowsrs: lights in hallways: teachers' roomsy offices:
outside area lights: miscellanssus load elements, such as coffees pots,
other small appliances, janitorial and service power tools, ete.

fi. Bulb Costa
Estimated labor cost for bulb replacement: $2.00 each

HPS (Lucalux) 150 watt (175 watt with ballast)

Bulb cost: $148,.%92
Installation labhor: 2.00
Total 520,92

Average bulb life: 24,000 houra
) Bulb cost per hour of life: O.087¢
APS Bulb cost per Kw-hr used = 0.50¢

C-2.2




300 watt incandescent:

Byulbh cost $0.75
Installation labor 2.00
Total §2.75

Average bulb life: 758 hours
Bulb coat per hour of life: .367¢
Incandescent bulbk cost pat kw—hr used: 1.21¢

7. Comparative costs per month:

a. Original Bominal Configuration:

40 classroons, =ach egquipped with 4-300 watt
incandescent bulbs:

40 rooms x 20 days/mo. % 4 bulbs par coom
x 0.3 kw/bulb x &.34 hrs/day
= 6144 kwh/month

Power cost per kwhe $0.063

Bylb cest per ¥uh [par Ssation 6)

Section 6] 12
Total costs per Ewh 075

Total monthly costs
4 claszrooms with 3I0D-=wakk
incandescent hulbs: £460.30

b. HES Configuration

40 clazgrooms with 4-HEFS @
0.175 Fw each: 1584 Ewh/mo.

Fower cost per Fuh: $ .063
Bulb costs per Ewh
{Sectian €) 05
Operating cost per Ew 5 .0s8
Total monthly costs, 4) classrooms 5241.7T0

with APS bulbs

B. Calculated S5avings, Public School Ho. &

160 units 150 watt HPS lights ws 300 watt incandeacent
Fer 20-zchoolday month:

C=2,3




Total power Appor tioned

Consumad Bulb Total
per month Power oSt Cost Cost
Ewh
300 wate 5144 F187.10 574.34 5461, 44
Incangescent
150 wate A5847% $2215.B0 517.90 5243.70
HES
Difference 256D 516]1.30 556.44 5217.74
{Savrina)

*including 15 watts ballast power per bulb.

Thus, average monthly savings attribaotabla to the use of HPS lights
for Public School Ho. & undar the assumptiong described are %217 per
month or 47% of operating costs for the original 300-watt incandescent
installation. This reprasents an cverall payback of 51,954 for a 9-month
school year. :




Appendix Ce3

.QUESTIDNAIRE EE CLASSROOM LIGHT FHOTOCELL CONTROLLERS, P.S, #40
PLEASE FPRINT

Teacher name: , Date:

Grade: Classroomy No. Pupils:

Please check all responses you consider appropriate for the way the photo-

gontreller works since repairs were made recently.

1, I find the blending of artificial and a. acceptable
natural light by the photocontroller:; b pleasant
. unplsasant
2. The photeocontreoller action in switching a. noticeable
the outer banks of lights is: b, not usually noticeable
____c. annoying
__ _d. too abrupt
— too frequent
5. The light level maintained by dse of ______a. adequate
sunlight with the contreoller is; b, too high
¢ toolow
o d. too variable
4. With the controller, blackboard glare is: ___a. a minor preblem
——_ b. amajor problem
- — no problem
e 4. correctable by use of blinds
5. With the controller in use, I kasep the o &, down all the time
window blinds: b d-::t/v.rn some of the time
&, up

d down when necessary to
*_prevent blackbeard glare
6. 1 offer the following comments and recommendations regarding the use
and usefulness of the photocell light controller for achool clasarooms:

+ U5 LOVERNMENT FRINTING OFFICE: 137002 1095
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