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FOREWORD

The gap between national enerzy supply and demand and the re-
sulting gscalation o. operating costs we are now experlencing
cannot be reduced or sliminated without a concerted and contin-
wous effort to reduce the national energy consumptilon through
the applicatiom of rconservatilon practices. Contrary to common
bellef energy conservation does not mean sacrificing ocur living
ptandards or living in = bleak utilitzrisn society. It can

be accomplished without discomfort or szcrifice merely by

the mere efficlent utlilizarion of our non-renewszble energy
TESOUrCes.,

Buildings consvme for heating, air ceonditioning, lighting,

and power more then 33% of all snergy used 1n the United States,
the equivalent of 10 wmlllion barrsls of oll per day at & time
when our oll imports are approxlmatsly sizm million berrels per
dey. REducing ensrgy used in all buildings by 30% without ilm—
peliring the indoor enviromment i a reslistic possibility and
is the equivalent of cutting our present oil imports by helf.

Most of the bulldings now in use were designed and constructed
when fuels and electric power were readily available and in-
expensive and the need for enerpy conservation was not recog-
nized. The structures and their mechenlcal and electrical
systems were desigmed to minimize inigial costs, not ensrgy
usage. Bulldinpgs are generally ovetheated in the winter, over-
cooled in the summer, overlighted, overventilated year~round,

.ané not operated efficiently. Esch year they .consume increas-—

ing ampunts of energy because systems and bullding components
deterjorate 28 meintenance and service becomes more costly and
neglected)

Enargy conservation programs which have been undertsken within
the past three years in many thousands of existing commercizl,
instituticnal and residantial bulldings have already resulted
in a reduction of thelr apnual fuel and electriclity consump-
tion of 20 -~ 50% and indicate the vangs of potentisl savings
for almost sll bulldings now in uge.

The Federal Energy Administration has been directed by Congress
to analyze total nationsl energy usage and formulate policy
and stimGlate attlons which will increase domgstic energy
supplies and decrease enerpy demand. To assist in the overall
effort to reduce mational energy demand, the F.E.A. retzinped
Dubin-~llindell-Bloome Associaztes, P.0. Consulting Engineers

and planners on July 1, 1974 .to study natlonal energy usage

in existing commercizl buildings, tibgerher: with methods of



reducing energy consumption through conservation and the re-

sulting coats and bemnefits. The conclusions of these studles

arg complled in two energy cons&rvatiou manuals, ECM~] and ECHM-2, , e
for public use.

EQM~1 is directed primardly to owners, occupants, and operators
of buildings. It includes a wide range of opportunities and
options to save energy and operating costs through proper opera-
tion and maintenance. It algo includes minor modifications to
the bullding a@ad mechanical and slectrical systems which can

be implemented promptly with little 4f any investment costs.

The measures contained in ECH=-1 would result inm anergy and
operating cost savings of 15 to 30% based on present fuel

costs.

EGM-2 is intended for engineers, architects, and skilled bulld-
ing operators who are responsible for analyzing, devising, and
implementing comprehensive energy conservation program3s which
involve additional and more complex measures than thase included
in ECM-1. ECM-2 includes many energy conservation measures
which can result in further energy savings of 15 to 23% with an
investment cost that can be recovered within 10 yvears through
lower operating expense.

The urpgency of the energy crisls has necessitated the lommediate
development of these guldelines. They should be used now to
conserve energy; reduce operating costs and zlleviate hardships
as fuel and power supplies become less available.

These guldelines and conservatlon opportunitiss will be updated
ag:

(a2) Further studies are made and data is collected from exist-
ing buildings in which these guidelines and conservation
measures have been implemgnte&.

(b} Further State and Federal Energy Policies evolve.
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INTRODUCTION AND SCOPE

Congerving energy means reducing the amount of fuel and electricity
which your building or epace uses every month. Reducing fuel znd
electrical consumption saves money. Cost savings made now will be
increasingly greater Iin the future zs rTaw fuel and slectricity

. prices continue to rise.

Fuel aund electricity consumption cost savings are importent,

but by no means the only reasons for you to congerve energy:

*Energy Comservation can extend the useful life of existing
egqulpment and eliminate the need for early replacement coStS.
*Energy Conservatlon can Increase the reserve capaclty of the
exlsting central plent systems and meet future bullding
extensions without imstalling extra bollers, chillers or
transformers.

*Energy Conservation reduces the likelihood of shutdown or
curtailment of operations due te fuel or power shor‘ages-
inevitable if demand continues to outstrip supply.

*Energy Conpervation reduces airborne pollution resulting from
combuation of ell, gze, or ceal and mey save instsllation costs
of pollution control eguipment.

*Energy Conservation means reduction of weste permltting fuel
economy without reduction of hezlith and comfort standards, or
curtailment of bullding services and fumction.

*Energy management, 2 form of conservation reduces peak electric
loads and electric power demand charges while ezsing tha
burden on exdsting powsr generating and distributlon systems.

In asddition to the imsedliate advantages of Energy Conservation for
you, there sre advantsages to the nation 2s a2 whole.

*Energy Conservation conserves natural resources.

*Energy Coneervation ean enhance economic opportunity where matarials
and labor are required to improve bullding thermal characterisrics.

*Energy Conservatlon reduces the need for oll imports and the
dependency upon external sources for the internal economic well
belng znd security of this country.

*Energy Conservation combats inflation.

Purpose of ‘thkis Manual

ECM-1 hae been prepared to help you, a building ouwner, manager, op-
erator or occupant, to conserve and manage energy usage now, without
the necessity of investing a significant awcunt of meney to do so.
In order to conserve energy, you mush understand all of the following
factors which ere included in ECH-1:
+The basis principles of Energy Conservaticen and the dintere
relationships between gpecific climatic conditions, bullding




structure, bullding use, and each of the mechanical and elec-
“trical systems.

*The systems, in order of priority, which use the most energy
and. provide the.greatest potential for conservation.

‘Methods to identify your building by type, size, function,
construction materials and features, mechanical and electrical
systema, operation, gecgraphic location {climatic influences)
and present energy ussage.

*Suggested standards for indoor environmental conditions during
occupied and unoccupied periocds for spaces with d4iffering

- funetlons witnin the building.

*The opportunities for Energy Conservation with options and
guldelines; and the charts, praphs and tables to enable you to
quantify the-potential savings in fuel and electricity for
your own building.

ECM-1 Is not strietly a design manual, nor a cost estimating
manual, but rather .a set of guldelines and procedures to reduce
energy usage by reducing waste, and o save energy through wmore
effective operation of the building and its mechanical and
electrical systems,.

The material, labor and energy costs which are noted or used
in the examples throughout the manual zre cited to help you gain
a perspective of the relatlve costs and benefits for spacific
energy conservation measures. The costs are based on specific
gelected conditions and way vary widely even within the sape
city. The costs are ladications of order of magnitude only.

) NOT ADCPT THEM A5 EXACT QUANTITIES.

ECH~]1 and ECM-2 were prapared specifically for conservation of
energy in exiating offlce bulldinpgs, retail stores, and bulldings
which are generally accupied only a few hours a week suych as religious
buildings. Many of the examples and analyses refer to these three
types of structurss. However, most of the measures and operating
procedures are equally aspplicable to other rypes of existing and new
buildings as well, and can be used for hospitals, schools, univer-
sitdes, libraries and other institutional buildings, houses, apart-
ments, warehouses, and industrial buildings {excluding the industrial
processes).

ECM-1 and ECM-2 are summations of energy conservatlon measures
which require neither new inventlons, new systems, nor exotic solutioms.
The tables of values, charts, and graphs which are includad are based
on the authors’ analysis, computations, computer programs, judgement
and observations,



‘The opportunities which are dezcribed are not universally
applicable. Each bullding is unique, even though others may be of
the seme type and general appearance. The manualis suggest ideas for
conelderation with corresponding costs and benefits, but those which
are appropriate for any individual building can be determined only
after a thorough aﬁalysiﬁ of the speclfic bullding.

Hany of the 1dess outlined in these guidelines can be executed
directly by the bulilding occupants, owners, or menagers without
daley or the need for further advice; while other measuyres, eyen
though they do not entail significant cepitel costs, may require
further analysls by an engineer, architect, utility company or
service and maintensnce orgenization. Ownere should not hesltate
to comsult these sources. An engineer cen complete @ preliminary
anlysis of energy options to be considered for further analysis, even
for & lurpge bullding in just 2 few days time.

EQM~1 provides case histories of energy and cost szvings for
two buildings which have already instituted energy conservation
programe, and presents other examples of the calculated savings
in energy and dollars for selected major energy conservation options.
These two large buildings were able to save 5758,000 per year and
5434 ,000 per vear respectively, with very little capitzl costs,
by following the recommendations of professional engineers retained
by the owners. Small bulldings cazn also shaw proportionate, but
dramatic savings as well.

A partial summary of the procedures we suggest you follow to
pave snergy and operating costs for your building are outlined
below. The Federal G.S5.A. operates more than 10,000 bulldinge in
the United States and by following many of these procedures, they
report an average savings of 30% in energy use last year. (Consult
Sectiong 3 and 4 for a more comprehensive description of major
energy conservatlon opportunities and detailled precedarea &nd
guidelines to lmplement the opportunities.)

i. Wall through your building. Are there areas that are
unoccupied, or wvhich can be vacated by making better use
of the remalning areze? If so, turn off air conditioning,
lights, ventlilation and heating (where freezing is not a
hazard) permanently. Isolate these 'sreas from other spaces
by doors, walls, or other meansg. If.10 or 15% of the
building ecan be vacated, energy 5aviﬁgs will follow =lmost
in the same proportion.

2. Repair broken windows and lezking pipes or ducts; clean
filtere, radiators, light bulbs and fixtures; caulk ieaks

~  ground doors, windows, louvers a&nd openings. In many
cages, 5 to 15% energy savings are possible, especlally
in coid climates wheve infiltration or cold air increases
the heating load and causes your heating system to operate
longer hours. '
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8.

Shut off lights where not needed. Post colored signs along-
side the switch to remind the occupants to do s,

Lower thermostats tc 68°F in occupied areas during the heating
season, and even lower in less critical areas. Lower the
relative humldity settings to 20% 1n the winter. Raise
thermostat settdings to 78°F¥* or higher in the sumer 1f your
bullding 45 alr condltioned, and shut off the alr comditiomer,
fans and pumps at night, weekends, and holidays. Savings

of 6Z to 15% in energy can be reallized simply by resetting

the gontrol polnts,

Repair all leaky outdoor air dampers, shut off all ventila-
tion systems when the buildlaog is unoccupled. OQutdoor

-air which must he heated or cocled often accounts for as

much ag 0% of the energy used in many bulldings. More
than half can be saved by night and weekend shutdown since
there are more hours in those periods.

Have your oil burner and hoiler or furnace checked. Clean
soot and sczle and adjust the firing rate, drefit and com=-
bustion. 10 to 155 of the heating bill can be saved iu
many bulldings; the colder the climate, the greatsr the
savings.

Replece lamps with more efficlent omes giving more lumens

per watt; remove lamps in unoccupied spaces and disconmect
ballasts. Many areas in the building require less illumination
than others,reduce lighting levels in less critical areas by
removing laops and disconnecting ballasts. In schools, ocffice
bulldings, and retail stores, lighting often accounts for up
e 40% of all energy used and the heat from the lights also
forms a major part of the alr conditioning load. 207 to

40% of the energy used for lightiug can be saved in many
buildings. '

Clean your windows to let in more natural light. You may
find that deing so will permit turning off some of the
electric lights near the windows. '

Set the aquastat lower on your water heater Lo save enaergy.
in schools, hospitals and housing, domestic hot water often
uges from 25 te 40% of the amount of energy required for
space heating even in cold climates.

#Exception where terminal reheat syatems are installed.



10. There are dozens of other snergy conservatlon opportunitiea
avalilable with little, 1f any cmpital costs required {often
labor only), depending upon the building orientation, number
of windows, the roof and wall materials, the building location
and use, and the characteristica of the heating, lighting
and alr conditioning systems.

In order to take advantage of the opportunities, detailed in
Section 4., you must .irst understand the particular character-
isties of your bullding and the influences which affect fuel and
electrieity usage; then analyze each of the measures independently
and in combiration with each other to assure mexlmum energy ssvings
without advermely affecting the operation, amesthetic guality, the
health and comfort of the occupants,

it is suggested that you alao read EQ¥-2, for additiomal energy

conservetion opportunities, Thess entall more capital expenditure,
but the investment can be recovered, through reduced opersting costs
in relatively short periods of time. ECM~2 includes the procedurem
to estimate energy sevings resulting from wmodificstion to the
building structure and which can be used in sltering or replacing
elements of the mechanicel and electricsl systems with more efficient
components. Instructions for estimating costs, methods of economic
‘anelysis based on life-cycle cost conslderstions and suggested energy
managewent plans ere also included in ECH-Z.
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CSECTION 1

PRINCIFLES OF ENERGY CONSERVATTION

Before energy can be conserved, the waye in which it is
used must De understood., The building structure - 1l.e.
walis, windowe, reof -~ and the passive components of

the mechanical and electrical systems - i.e. ducts, pipes,
fiiters, or lighting fixture louvers - do not directly
consume energy but they influence the amount that is
finally consumed. The primary energy~conserveion equip-
ments, such as coal, oll or gas burners and boilers/
furnaces: refrigeration chillers and compressors) motors;
and electric lighting bulbs oy tubes, consume energy

to supply the "bullding" load and to compensate for the
distribution system load.

The term "building” lead, as it 1s used in this manual,
refers to the amount of energy in BTU or KW required to
maintain desired indoor space conditions and to operate
bullding equipment 1f the distribution system and energy-
conwersion eguipment were 100X efficient. The distribu-
tion or '"parasitic” load is a measure of the emergy
required to deliver energy from the primary comversion
equipment to supply the "buillding" load. The efficiency
of the primary energy-conversion equipment (conversion,
since the egquipment converts fuel to heat and/or electric-
ity to power or light) ultimately determines the actual
amount of ermergy comsumed to supply both loads.

Energy usage, then, depends upon two main factors:

1) The magnitude and duration of the loads.
2}  The seasonal efficiency of the primary energy—
converslion equipment.

"Bulilding" loads will be reduced if the temperature and
relative humidity indoors are maintained at lower levels

in the winter and at higher levels in the summer; heat
loss, heat gain, and iafiltration through the bullding
envelope are decreased; ventilation rates are reduced;
domestic hot water temperature and quantity are reduced;
the level of illumination by electric lighting is lowared;
and the number of hours of operztion of elevators, business
machines, and cocking zquipment is reduced.

The "building’ load must be considered on a seasopal basis
rather than for peak conditions only. Although two build-

?reged ing page hiank
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ings may have the same heating lead for amy particular
hour, one of them may have a considerable higher locad,

on a seasonal basis, than the other, due te the duration
of peak conditions. Or, for instance, a relipious
building, auvditorium or warehouse may have a relatively
high energy requirement for lighting during a brief
pericd of time, but if the lights are turned off during
unoccupied periods, the annual lighting load may be
nominal. Generally, the greater the peak loads for any
particular system in an individual building, and the longer
their duration, the greater will be the seasonal lcads,
The distribution leads will be decreased by reducing the
amount of power required for pumps and fansyreducing heat
lpss or gain from ducts and pipes, and by a2liminating
steamywater and air leaks. Distribution loads are often
excessive hecause systems are designed to operate
continuously at the maximum capacity required to meet
peak "building” leads, even though these peak loads

oceur for rvelatively short perieds of time. (usually

less than 5% of the year)

Peak efficiency 1s usuwally based on a one hour perfermance.
Seasonal efficiency, which reflects the average for the
entire season, is a better measure. It is the ratio of
useful work (in British Thermal Units - BTU's) performed
by the eguipment over a period of time, to the BTV value
of the fuel or electricity consumed by the equipment

over the same peried,

Reducing "building' loads, then "distribution” leads,

and then improving primary conversion equipment effi-
ciency are most effective when done sequentially, since
the latter depends upon the magnitude of the first two
and the potential for reducing distriburfon leoads

depends uporn the magnirude of the btuilding loads and

upen the operating conditions of the distribution systams.

Changes implemented for a particular purpose often Induce
secondary effects which also Influence energy usage. For
inztrance, reducing lighting levels and increasing the
efficacy of the lighting system alsc reduces the

cooling load. On the other bhand, it incresses the
heating load., Additional heat usually can be supplied
nore efficiently, however, and at lower energy cost,

by the hea:ting system ratber than the lighting system.

In large sifices, schools and stores, where lighting
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is responsible for & large percentage of the energy which
is uped for eooling, efforts to reduce energy for lighting
are partisularly important.

. A SUMMARY OF THE PRINCIPLES -OF AN ENWERGY
CORSERVATION PROGRAM

~Identify the specific climstic conditions to
‘witich the bullding is exposad. HMake a
thorough examination of the mechanical and
electrical systems and the Bullding structure
and determine the normal use and occupancy

of the building to become famfliar with
existing conditions,

~Identify the magnitude of annual energy
usage by guantity of fuel and electricity
for each system,

~Set 2 "goal" or target for reduction in
energy usage based upon potentisl seviangs
for each system.

-Reduce the.“buiiéing" loads which must be
satisfied by the mechanical and electrical
SYSLERmS,

~Reduce thermal losses and the power
requirements for the HYAC distribution
systems. Improve the geasonal oper-
ating efficlency on the basis of the new
"building” loads by making adjustments to
the distribution systems to reflect the
reduced "buillding" loads.

~Improve the seasonal efficiency of the
primary energy-conversion equipment and make
adjustments to the systems to vreflect the
reductions in the "building" and distri~
‘bution loads.

~Replace worn out and inefficlient equipment
and systems, which can not be improved,
with more efficfent ones. ’

-Maintain records of monthly energy usage,


http:the'Hv.AC

.

and ceontinucusly monitor the systems to

. assure that the methods wihuch have been
adopted are performing as expected, and

are meeting or exceeding the energy
congervation goals which have been estab-
lished, As Building use and function change,

energy congervation measures must be changed
accordingly.
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MAJOR ENERGY CONSERVATIOR OPFORIUVHITIES -
PRIOBITIES, EXAMPLES

A. BACKGROUND

This Section of the Manual jdentifies the relative order
of energy usage of the environmental systems by building
type. It is intended to assist the reader to gain a
perspective’ on the relative importante for each

type of the bullding structural elements and sepments of
the mechanical and electrical systems which use energy.
Before establishing priorities for an emergy conservation
progran which will produce the greatest comnservation
benefits first, the reader must know the order of
magnitude of energy wesage In his own building. The case
histories of actual bulldings, where enerpgy conservation
programs have already been started, demonstrate the
dramatic energy and cost savings which have been accom—
plished with minimal capital Investment and can be
repeated in similar situations,

The major energy comservation opportunities, labeled
MECO=-1 throupgh 20 and the associated examples of the poten-—
tial savings in fuel;power and dellars are not all
inclusive, but they are a sumary of the most important
opportunities for energy conservaticn in many buildings.
The savings show in each example were calculated to
provide Insight into the potential results pf conservation
efforts under specific conditions, A more comprehensive
list of energy conservation opportunities and mmltiple
options for each opportunity are described in Sectfon 4
ap guldelines.

Before implementing the options in Section 4, first
follow the procedures outlined in Section 3 . JTdentify
the particular building structure, its characteristics,
and use patterns. Select the options in Sectionm 4 which
are applicable to the building; then determine where
pogsible, the potential savings in emergy, for thomse
optiopns by using the charts and grephs in that Ssction,

E. PRIORITIES

Nationwide, the systems that consume the most energy
in order of magnitude are: (1) heatimg and ventilating;

Pi‘g ceﬁmgﬁﬁﬁe mamﬂ
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{2) lighting; (3) air.conditioning (cooling) and -
ventilating; (4} equipment and processes; and {5}
domestic hot water,

However, depending upon the climate; the building censtruc—
tion; use and mode of oparationm; and the. type, control and
efficlency of the mechanical and electrical equlpment;

the relatlve order of mzgnitude of energy use among

the first three systems will change.

The amount of energy reqqired for domestic hot water is
significant in Hospitals, housing, and athletic or cooking
facllities in schools and colleges. In many areas of the
country the amount of ensrgy to heat water 1s second

only to space heating in the north, and ailr conditioning
in the south in bousing. In hospitals the amount of
enargy to heat hot water masy exceed the amount of

energy required for lighting,

Religious bulldings and public halle which frequently
include meeting rocoms, offlced, and schoel facilities, are
most likely to consume energy in the same pattern as
office bulidings in the same geographic location—but in
smaller guantitles per square foot of floor area.

In those retail stores with high levels of general
illumination and display lighting, and/or a large number
of commercial refrigeration umits, electricity consumes
the greatest zmount of energy.

In climatic zones with mild winters (below 2500 degree days
Gee Fig.4) the seasonal cooling load may be larger than

the seasonal heating load and may even consume more

energy depending upon the respective efficlencles of each
system. In offlce buildings, schools and retail stores in
this zone, cthe slectrical load for lighting, which is
relatlvely independent of climate, may exceed either
heating or cooling., Bulldings used for only a few hours
per week, however, may consume more energy for heating unless
indpor temperatures are sat back durlng unccgcupled pariods
and boller or furance efflciencies are high.

In cold climates, 6000 degree days and above, heating
usually consumes the most ensrgy ver year in offilce
buildings and schools with lighting and then cooling

next. For cetail stores in that zone, the most likely
order of enesrgy use {s lLighting-heacing-cocling, or
1}ghting«ceoling~heating. Generally, heating consumes

the most energy for religious buildings or other buildings
used for only a feyw hcurs!waek;in this zonme (in fazct, in
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most climatic zones above 3000 degree days), with lighting
and cooling followlng In that order.

In mid-climates 2500 - 6000 degree days, the order of
magnitude af energy by systems largely depends upon the
type of mechanical and electrical systems and the
characteristics of the building structure in which they are
installed. The energy required for industrial bufldings

exclusive of process loads Is genevally stmilar Iu all zomes to
commercial buildings,

The following Matrix, Table 3, rates the systems by build-
ings and climates in the general order of annual energy
usage with 1 the greatest and 5 the least, However, sach
building must be analyzed individually to determine its
actual annual usage by system. The procedures for
determining these values are described In Section 3,

TABLE 1

COMPARATIVE ENERGY USE BY STSTEM

Heating Cooling lighting Power Domestic

& & & Hot ¥Water
Vent, Vent. Process

Schools A 4 3 1 5 #
2] A 2 5 3

C 1 A 2 > 3

Collepes A 5 2 -1 4 3
k) X K] 2 > A

L i ) A i} 3

Office A 3 1 2 4 5
Bldg. ) 1 3 2 4 5
G 1 3 2 4 5

Comm,- A 3 1 2 & 5
ercial B 2 3 1 [ 5
Stores © 1 3 2 & 5
Reli= A 3 2 1 & 5
glous 5L 3 2 A >
Bldzs, [y il 3 2 & 5
Hos- A 4 1 2 : 5 3
pitals B 1 '3 4 5 2

¢ 1 5 3 & 2

Climatic Zome A: Fewer than 2500 degree days
Climatic Zone B: 2500 - 5500 degree days
- Climatic Zome C: 5500 - 3500 degree days
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The following Pie Diagrams, {(Figures 1 and 2) which
were produced by Dubin-Mindell-Bloome Asscciates and
the National Bureau of Standards on the basis of a.
cemputer analysis, fllustrate the relative magnitude of
energy consumption for an office building If erected in
a cold climate (Manchester, New Hampshire), and the
identical building If located in a warm climate
(Orlando, Florida). Heating ds the single largest

user of emergy for the office building in Hew Hampshire,
and the amount used for cooling is relatively small. 1In
Florida the energy used for heating has decreased and
cooling reguires the greater amount, ‘

There is no general rule to determine which part of a
particular system accounts for the most energy use of
that system. The burner-boiler seasonal combustion
efficiency can vary from close to 78% down to 30%; for
buildings in climatic zones above 2500 degree davs,
imoroving the efficiency of the combustion device may
be the siggle most affective measure, However, lighting
accounts for a tangible percentage of energy used in all
climates and the potential for congervation Iy high.
Savings of 23% to 50% of the energy required for
lighting are possible with little initial cost,

HVAC systems which mix hot and cold air tegzther, or
simultanecusly heat and cool a space, are particularly
wasteful and offer a high potential for energy conservacion.
These systems i.e, dual duct, terminal reheat, and
multi-zone are described In Section 4 which also

inezlude guidelines for medifying operating modss to
minimize energy usage.

In all cases, reducing the "building" load will
conserve energy, but for some particular bufldings,
the savings in energy by decressing the distriburion
loads and increasing the seasonmal efficlency of the
primary energy-conversion equipment are even greater,

C. CASE HISTORIES ,

Complete data is not available for buildings in which
energy usage was measured before and afrer a conservatlon
program was undertaken, and the results racorded and
published, however two such case histories for buildings
in New York are included here toc show the results of a
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energy used by identical office
miicﬁ?ngs in warm and cold climates £
]
r‘“{«u&mn“ blu I
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) ke anogy than
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{mﬁc hat watar {

i alectrical aguipment
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Figures 1. & 2 Engineering Data

Based on the NBSLD program from the Nationmal Bureau
of Standards whieh calculared energy consumption for
identical bulldings in Manchester, New Hampshire and
Orlando, Florida.,

Gross floor area - 126,000 ?t.z
Cccupants —~ 604 people
Operation ~ & a.am, to € p.m. weekdays only

Venrilation ~ 15,000 cfor occupied times only
Infiltration - 4,500 cfm aoaﬁinaousA(liﬁ air change/hour)
Lighting and power - 3.4 ¥Watts/¥t,“occupled times only '
Indoor conditions - Heating 68°F occcupied

58°F unoccupied
Cooling 78°F occupied only
Outdeor conditions -« Variable -~ NOAA weathertape
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comprehensive energy conservaticn program ounly one year
after fmplementation. The energy saved by performing
multiple energy conservation optlons iz not always simply
- the gum of the savings for each Individual meesure, For
instance, reducing the heat loss, or "building" heat
load, by a 10% reduction iz Infiltration, and then
increasing seasonal burner-boiler efffciency by 15%,
results in a total energy saving for heating of 23 1/2%
not 25%, 7The case blstories that follow iIndicate the

net savings achleved through multiple conservation optlons
which were exercised,

For an analysis of the energy savinge which are
identifled for esach of a number of individusl
conservation measures and the net savings due to various

combinztions refer to Appendix B,

CASE HISTORY 1

A. MAJOR OPERATIONAL CHANGE:
(1) 15°F. WIGHT AND WEEKEND SET BACK. AND INDOOR *
TEMPERATURES LOWERED DURING OCCUPIED HOURS IN

WINTER.
(2) INDOOR TEMPERATURES RAISED TO 78°F, IN SUMMER.

(3) LIGHTING LEVELS REDUCED BY 30X, AND ALL LIGHTS
- SHUT OFF WHEN NOT NEEDED.

{4) COOLING EQUIPMENT OPERATING HOURS REDUCED BY 20%.

(5) DOMESTIC HOT WATER CIRCULATING FUMPS TURNED OFF
- AT HIGHI.

B. BUILDING

Office building, New York City
Floor area; 2,000,000 sgq. ft. No of stories: 54

C. ANNUAL ERERGY CONSUMPTION BEFORE CORSERVATION PROGRAM:

(1) Purchased steam: 278,464,000 1b, steam/yr.
@ $3.20/1000" 1bs.*

(2) Electricity; 51,509,000 KWH/yr. @ 4c/XWH
including demand.¥®
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D. ANNUAL ENERGY CONSUMPTION AFTER OPERATIONAL CHANGES:
{1) Steam: xss,é;?,esﬁ 1b, steam, z savings of 32.5%
{2) Elecrricity: 39,264,000 KWH, a savings af 24 .5%.

E. ARNUAL sayzﬁgs*ix DOLLARS; |
$758,000

F. COSTS TO IMPLEMENT:

No construction costs. Engineering fees pald are not
available.

*Staam and electricity rates as of December 1, 1973,

CASE HISTORY 2

A, MAJOR OPERATIONAL CHANGES:

(1) COMPUTER CONTROL PROGRAM OPTIMIZED TO RESET
CHILLED WATER AND TERMINAL REHEAT WATER
TEMPERATURES IN ACCORDANCE WITH LOADS,

(2) OUTDOOR AIR OFERATED ON AN ENTHALPY CYCLE

- (3) STEAM CONVERTER REPIPED |
{4) OPERATIONAL TIME FOR PUMPS AND FANS REDUCED.
(5) 25% OF FLUORESCENT TUBES REMOVED.

B. BUILDING:
Office buildiag, New York City

Floor area: 800,000 sq. ft., No of stories: 22

Occupants: 6,000/day - 1500 at night (Building
operated 24 hrs./day - 6 days/week)

C. ANNUAL ENERGY CONSUMPTION BEFORE CONSERVATION:

(1) Purchased steam: 160,000,000 1b, steam/vyr (1970)
& 55.30/1000 1bs.*

{2) Electricity: 36,000,000 KWH/yr, @ 5.0¢/XWH
including demand.*
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L. ANNUAL EWERGY CONSUMETION AFTER OPERATICNAL CHARGES:
{1) Steam: 97,000,000 1b, steam (1974) a savings of 392
(2) Electricity: 34,000,000 ** KWH a savings of 6%.

E. ANNUAL SAVINGS IN DOLLARS: |
(1) Steam: $334,000
(2) Electricity: §100,000"

F. COSTE TO IHPLEEEET: $12,000 for new steam converter
piping {(cost to Temove bulbs, not avallable.)

#*Steam and electricity rates as of Decepber 30, 1874
**The true savings are unknown, since a substantial amount
of new equipment had been installed in 1974,

D. HAJOR ENERGY CONSERVATION OPPORTUNITIES AND EXAMPT.ES

The following MECO's are only a few of the dozens of
opportunitics to CoNBerve energy.

There are a large number of optlons which can be

exercised to take pdvantage of each opportunity. Those
which are listed here, in seetion 2 , do mot, by any means,
comprise a complete listxng, but hopefully, they will
gtimulate the reader to study the wider range of

choices to conserve energy, which are described in

Section 4.

1, HEATIRG

The amount of energy or fuel required to heat a
building is dependent upon the level of temperature and
relative humidity indoors, the amount of ventilation
and infiltration air thar must be heated, the severity
and duration of the outdoor temperature below indeor
room conditions, the thermal properties of the building
envelope, and the efficlency of ;he distribution system,
burners, boilers and furnaces,
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BECO 1 MAINTATN LOWER INDOOR TEMPERATURES DURING THE
HEATING SEASON

Lover indoor temperatures reduce the heating load due to
ventllation and Infiltration as well as heat loss by
conduction through the bullding snvelope.*

Lower the thermostat setting to 68°F or less during
occupled hours.#*Sge Section IV, Figure 13, page 103 for
"Suggested Heating Season Indoor Temperature Standards,"

~Lower the thermostat setting to 38°F or less at night,

on weekends, and during all other unoccupied perilods.

See Figure 14, page 105, and example below,

After reducing the heating loads, adjust the distribution

system and boller and bumrner accordingly to further reduce
fuel consumptlion.®#

An Example of Savings by Night Set-Back

1. OPERATIONAL CHANGE: THERMOSTATS LOWERED FROM 68° to
58°F AT NIGKT, WEEKENDS, AND HOLIDAYS.

Z. ABSUMPTIONS:

Office building, Chicago, Illinois ({6500 degree .
days - Fig. 4) ‘

Floor area: 50,000 5q. Ft.
Conditions before operational change: Building
occupled 40 hours per week; outside air supplied only
during occupied perlods; fuel comsumption, 64,000
gallons of oil per vear, @ 36¢/gzal,

3, BAVINGS:
Energy: 8200 gallons of oil per year; a savings of 12.8%,
Dollars: $2950/year.

4, IMPLEMENTATION COST; Hone

% Terminal reheat systems are an exceptlion
** Wot included in the example below,
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MECO 2 SHUT OFF OUTSIDE ATR DURING ALL UNOCCUPLED PERIQDS

Close outside air dampers or shut off ocutside air fan
during unoccupiled hours of the heating season, including
noon-day perlods when buildings may be lightly

occupled and periods when areas such as auditoriums,
cafeterias, gymnasiums, dormitories and conference rooms
are unaccupied.

Reduce or shut off outdoor air entirely in retail stores
-during pericds of the day when occupancy is considerably
_less than normal,

In religious buildings shut off outdoer air for all days
during the week, as well as nights, when the building is
unoccupied.

See Section 4 , Figure 16, page 115 for "Sugpested
Ventilation Standards."

An Example of Savippgs by Shutting off Venti'ation

1. OPERATIONAL CHANGE: SHUT OFF QUTSIDE AIR AT RIGHT AND
OTHER UNOCCUPIED PERIODS BY CLOSIKG OﬁTSIﬂE ATR BAﬁ?ﬁRS
OF AIR BANDLING ﬁXIT

2, ASSUMPTIONS
Office building, Minneapolis, Minn. (B400 degree days)
Floor area: 300,000 Sq. Fe.
Conditions before operatiomal change: Unoccupied 128
hours per week; outdoor air supplied 24 hours per day
% 30 CFM per person; fuel consumption = 250,000
gallons of oll per year € 36¢/gal.

3. SAVINGS
Energy: 68,100 gal. oil per year, a savings of 32.5%
Dollars: $24,500 per year

4, IMPLEMENTATION COST: Nome
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HMECO 3 REDUCE THE QUANTITY OF OUTDOOR AIR FOR VENTILATION
DURING QCCUPIED HOURS

1. Reduce the amount of ventilation air during occupied hours
by setting outside air dampers and controls. Generally

only 5 CFM per parson 1ls necessary to maintain proper alr
quality, bur smoking in many areas may raise the average
requirements to about 8 CFM¥ per person., BSee Section 4 ,
pagas 113-118.

An Example of Savings by Reducing Ventilation Rate

1. OPERATIONAL CHANGE: ADJUST DAMPERS TO REDUCE OUTDOOR
ATIR FROM 22 CFM PER FERSON TO 8 CFM. PER PERSON DURING
. OCCUPIED HOURS.
2. ASSUMPTIONS:
Office bullding, Minneapolis Minu. (8400 degree &ays)

Floor area: 350,000 Sq. Ft.

Conditions before operatiomal changes: Qccupled 40
hours per week; outdoor air = 30 CFM per person,
2000 occupants = 60,000 CFM; fuel comsumption =
450,000 gallons of oill per vear & 38¢ ver gal.
3. SAVINGS:
Energy: 137,104 gallons of oil per vear, a savings of 30%.
Dollars: §4086/per vear

4., IMPLEMERTATION COSTS: Rone
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MECO 4 REDUCE THE RATE OF INPILTRATION

Alr Infilltrates through cracke zround doors and windows,
_ through construction joints, and through doors which are
frequently opened. Infiltyation occure whether the
building 18 cccupled or not. When exhaust fans are
operating and outdoor alr ventilatlon is insufficient to
provide makeup alr, infiltration rates intrease.

Reduce alr leakage by gealing and ceulking leaks
around windows and doors.

Seal construction joints.

Reduce exhaust air volume and operating hours of
exhaust systens.

See Section 4 pages 113-122 and Figures 17 and 18,

1,

Example Showing Savinps Due to Caulking

'OFERATIONAL CHANGE: CAULK WINDOWS TO REDUCE INFILTRATION

RATE FROM 1 AIR CHANGE FER BOUR TO-1/2 ATR CHANGE PER
HOUR.

ASSUMPTIONS:

School, Farpo, North Dakote {9000 depree days)
Floor area: 300,000 3q. Ft,

Conditions before operational changes; Occupled 36
hours per week; average ludoor temperature during
unoceupled pericds = 60°F; existing double windows
{26,000 Sq. ¥Fr,) = 1000 windows; present f{uel
comsumption = 225,000 gallons per year Q@ 36¢ per
gallon.

SAVINGS:

Energy: 33,300 gallons of oil per year, a savings of 14.8%

. Dollars: $11,988 per year

IMPLEMENTATION COST:

$18,ﬁﬁﬂ fer caulking material and labor.
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MECO 5 REDUCE FAN HORSEPOWER

The quaatity of air (in cubic feet per minute - CFM),
circulated for heatiog can often be reduced in response to
reduced heating loads, or upon am analysis which
indicates that the curremt CFM circulated is not required,
Alr quantities, set for coeling loads, may often be
reduced during the heating season whea the same system is
used for both heating and cooling, Reducing the air
duantity for systems operating against high static
pressures,with motors 25 horsepower or larger, can result
in significant savings during both the heating and cooling
season,

See Section 4 , page 197 and Figures 23 and 24 for
savings resulting from reduced air flow with supply and
exhaust fans,

Example of Enerpy Savings by Reducing Alr Flow

1. OPERATIONAL CHANGE: REDUCE SUPPLY AIR QUANTITY BY
20% BY REDUCING FAM SPEED 6%. TFAN SPEED IS REDUCED
BY CHANGING THE DRIVER PULLEY.

2. ASSUMPTIONS:
Retail Store, New Y&rk, New York
Floor area: 100,000 Sq. Ft.
Condition before opgrational change: Air gquantity =
1 1/2 CFM/sq. £t., 1 1/2 CPM x 100,000 sq. ft. =
150,000 CFM @ 6" s,p. Fans operate for 2,500 hours/yr.
Energy used 360,000 KWH/yr € S5¢/KWH.

3, SAVINGS:
Energy: 118,000 KWH/year, & savings of 33%,
Dollars: 55940/vyear.

4. IMPLEMENTATION (OST:

Less than 3500, for pulley change and labor.



-3l-

MECO & IMPROVE COMBUSTION AND BOILYEER EFFICIENCY

The efficiency of the boiler/burner unit or furmace decreases
rapldly when combustion is dmproper, when the combustion
surfaces accumulste soot and scale, or when excess combustion
alr Increases the gtack temperature. Any percentage

increase in seasonal boller/burner efficlency directly
reduces fuel consumption in the same propertion.

Test the combusticn efficiency with proper instruments
and adjust the firing rate gnd combustion alr rate
accordingly.

Adjust the avteomatic damper to control the draft in
accordance with the firing rate.

Remove scale and scot from the boiler.

See Section &, "Heating", pages 124-125 for detalled
guldelines for boilers, furnaces, and burners.

An Example of Enerpgy Savings by Improving Combustion
Efficiency

-1, OPERATIONAL CHANGE: DESCALE BOILER SURFACES, REMOVE
‘ S00T, ADJUST COMBUSTION EFFICIENCY IO IM?RG?E BOILER~
BURNER EFFICIENCY BY 10%.

2. ASSUMPTIONS:
Retall store, New York, New York (4B00 degree days)
Floor area: 100,000 sq. Ft. |
Present operation:

Fuel consumption = 100,000 gallons of oll per year
€ 36¢ per gallon; occupled 72 hours per week,

3, SAVINGS:
Energy: 10,000 gallons of o0il per year, a savings of 10%
Dollars: $3600 per year.

4. IMPLEMENTATION COSTS:

$500 per year to service burmer and boiler at 4-month
intervals during the heating season.
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2. COOLING

The smount of energy required to cool a bullding is
dependent upon the level of temperature and relative
humiditvy indoors; the amount of wentilation air and
infiltration air.that must be cooled and dehumidified;

the severity and duration of the cutdoor temperature

and humidity above indoor room conditilons; the thermal
proparties of the building envelope; the heat gain

through walls, ruvof and windows due to solar radiation; and
the magnitude and duration of the internal heat gain due to
people, and equipment which emits heat and/or moilsture.
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MECO 7 OPERATING HOURS

Shut off all refrigeration equipment and auxiliaries, in-
cluding fane, pumps, cooling towers, and condensers during
all unoccupled hours-ar night, on holidays and weekends.

Delay the operation of the refrigeration system for one or
two hours in the morning and shut off prior to closing time
except in the severest hot spells.

See Section 4 , "Cooling", page 158.

An

Example of Savines Due to Reducing the Number of Hours

of

Operation of the Cooling System during Occupied Hours

L.

2‘.

4,

GPERATiGSEL CHARGE: ENTIRE GOOLEﬁé SYSTEM OPERATED IWO
HOURS LESS PER DAY TOR SIX DAYS PER WEEK.

ASSUMPTIONS:

Retaill store (department), Kew Yarg; Rew York
Floor area: 250,000 Sq. Ft. |

Conditiong before operational changes:

Cooling system operated 84 houzs par week;
electric rate = 5¢/K§H

SAVINGS:
Energy: 234,800 KWK per year, & savings of 14%.
Dollars: $11,700 per year

IMPLEMENTATION COST: None
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MECO & REDUCE THE QUANTITY OF OUTDOOR AIR VENTILATION

Measures to reduce outside zir ventilation (and in-
filtration) to-conserve heating energy will also result in
decreased summer cocling loads. Where infiltration exceeds
1/2 of an air change per hour for buildings in humid
climztes, measures to reduce infiltration will provide major
energy savings for cooling as well as for heating.

During occupied hours, reduce the azmount of air for
ventilation as in the measure described in MECO 2.

See Section 4., "Heating" and "Cooling", and Figure 21,
page lE5.

An Example of Savings by Reducing the Amount of Outdoor Alr
for Ventllation

1. OPERATIONAL CHANGE: ADJUST DAMPERS TC REDUCE OUTDOOR AIR
FROM 30 <CFM TO 8 CfM PER PERSON DURING OCCUPIED HOURS.

Z. ASSUMPTIONS:
Gffice bullding, Miami, Florida
Floor area: 100,000 5q. Fr.
Conditions before operational changes: UOccupied 40 hours
per week; outdoor ventilation air @ 30 CFM/person x 667
occupants - 20,000 CFM; electric costs = 3.5¢/¥WH. 4Annual
energy consumption for chiller = 715,000 ¥WH/yr. @ 3.5¢/KWH.
- 3. BAVINGS:
Energy: 63,000 KWH per year, a savings of 8%. -

Dollars: 52233 per vear

4., TMPLEMENTATION COST: nene.
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MECO 9 USE OUTDOCR AIR FOR FREE COOLING

¥or the many periods during the vear when dry bulb
temperature is below the setting for room conditions
the use of outdoor air for cooling reduces the hours
of operation of the refrigerstion system.

Using ouctdoor air at nighttime to reduce the late afternoon
gunloads which are stored in the building mags, and
precooling the building, will result 4n fewer hours of
compressor operation on the following day.

Enthalpy control may be even more effective im saving
_energy in locatlions where there are fewer than 8,000
wet bulb degree hours.

On cool days open the demper to clrculate 100Z
- putdoor air for eensible cooling.- It may be
necessary to open the wiadows sliphtly to relieve
. pressure.

If equipped with an enthalpy controller, set it to

permit full outdoor air supply when the total hest

content of the outdoor alr is below room conditions.
See Section é,_”cdoling”, page I59

An Example of Sayings by Using Outdoor Adr During Occuvied
Periods in an Economiser Cycle

| 1. OPERATIONAL CHANGE: OPERATE AN ECONOMISER CYCLE POR 650
HOURS PER YEAR BY OPENING OUTDOOR AIR DAMPER, CLOSING
RETURN AIR DAMPER, AKD OPENING A FEW ﬁxanows ?QR
PRESSURE RELIEF. : :

2. ASSUMPTIONS:

Office building, Denver, Colorado
Floor area: 50,000 Sq. Ft.

Condition bBefore opeystional changes; occupled 40 hours
per week,

Anmual Energy Consumption for Chiller: 245,000 KWE per
year @ 3] Sﬁ‘per ggﬁﬁrefrigeration eyele off at night.

3. SAVIRGS:
Energy: 35,000 KWH per year, 2 savings of 34.7%.
Dollars: $2975, per y&ari

4. TMPLEMENTATION COST: None.

Balt]



MECO 10 PERMIT HIGHER INDOOR TEMPERATURES AND RELATIVE HUMIDITY
DURINGC OCCUPIED HOURS.

By allowing higher teapearature and humidicy conditions in
the summer, the cooling load is reduced and chillers

or compressors will operate fewer hours and consume

less energy per hour of operation, Higher room temperatures
will also permit a reduction in supply air quantity with a
gavings in moter horsepover.

See Section 4, Figure 20, page 163 for "Suggested Cooling
Season Indoor Temperature and Humidity Standards."

An Example of Savings by Ralsing Indoor Temperature and
Humidity Levels and Chilled Water Temperatures

1, CPERATIONAL CHANRE: DURING THE COOLING SEASON, RAISE
IRDOOR TEMPERATURES FROM 72°F to 78°F AND RELATIVE
HUMIDITY WROM 30%Z to 60%. RAISE CHILLED WATER
TEMPERATURES FROM 42°F to 46°F.

2. ASSUMPTION:

Dffice building, Miami, Flerida

Floor area: 100,000 Sq. Ft. No of Stories: 10
Conditions before operational changes: Building
occupied 40 hours per week; annual energy consumption
for chiller « 715,000 KWH @ 3.5¢ per KWH. .

3. SAVINGS:

Energy: 115,000 KWH per year, a savings of 16%
Dollars: 54025 per year

4. IMPLEMENTATION COST: ¥one, if done manually.



P iy

MECO 11 REDUCE THE SOLAR HEAT GAIN THROUGH WINDOWS

The solar heat gain through windows can be & large percentage
of the cooling load in offick builldings, schools and in small
stores where show windows are in direct sunlight.

The greatest smount of solar radiation in the cooling
zeagon strikes "he west and east glass, and next the
southern facade. .
Heduce the solar heat gain through the windows by
adjusting existing awning, blinds, or drapes on
each window when they are in direct sunlight.

Add reflective spolar film to all windows in
direct sunlight. ’

See Section 4, "Cooling", pdge 173, Figure 22,

Ekampie of Sevings by Reducidp Solar Heat Gain

1. OPERATTIONAL CHANGE: REFLECTIVE SOLAR FILM* ADDED TO
EAST, WEST AND SOUTH WINDOWS TD REDUCE SHADE CD-
EFFICIENT FROM .9 to .15. AIR AND CHILLED WATER
SYSTEMS OPERATION REDUCED ACCORDINGLY.

2. ASSEMPTIONS:
Office building, Miami, Florids
Floor area: 100,000 Sg. Pt, No of stordies: 10
Conditions before operational chanpes: Cooling system
in operation 40 hours per week; window area on west,
sputh and east facade = 10,000 sg. ft. existing
windows - clear, slngle glazed., Anpual energy consumption
for cooling 1,100,000 KWH @ 3.3¢/KWH.
3. SAVINGS: '
. Energy: 170,000 EWH per year, a spvings of 15Z.
Dollars: $53,900 per year.

4, TMPLEMENTATION COST: At installation cost of $1.25 per
8q. Ft. = $12,500,

*The film may‘require replacement after 8 - 10 years.

t



' MECO 12 REDUCE SUPPLY AND RETURN AIR FLOW AND CHILLED WATER

. QUANTITIES

Reducing the cooling loads and analyzing the operation of
the existing air. conditioning system make possible many
opportunities to reduce fluld flow,

While dampering, in the case of alr ducts, and wvalving, in

the case of water pilping, will reduce £low rate and energy
input to motors, greater savingse can be galped by reducing
motor speed and/or, for piping systems, changing the impellers.
For systems with motors drawing 25 brake horsepower {(BHP)

or more, the yearly savings can be very significant.

CAUTION: Don't neglect the smaller motors and gystems;

thelr aggregate emergy draw may be very high. Follow
references in MECO's 6 and 7 for fanm and motor modifications
during periods when the cooling asystem is in operationm,
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MECO 13 CLEAN AND DESCALE CONDENSER TUBZS

The efflclency of chillers and refrigeration condensers
decreases markedly ag scale builds up in the tubes. Check
condenser temperatures on & regular basis and desczle
tubes at least once per year.

See Saction 4 , page 181,

Example of Savings by Condenser Maintenance

i.

i

OPERATIONAL CHANGE: DESCALE CONMDENSER TUBES TO REDUCE
FOULING FACTOR TO .00D5 OR LESS.

(ASSBIHPTICONS

Retail Store (department), Dallas, Texas

Floor area: 100,000 8q. Ft.

Conditions before operational changes: Building

cccupied 72 hours per week; average fouling factor =

,001; annual energy comsumption for ch&ile:ﬁ*ﬁﬁﬁ 000 XWB/vr.
@ 3.0¢/KWH,

SAVINGS:

Energy: 116,000 KWH per vear, a savings of 18%.

Dollars: $3,480 per yéar.

IMPLEMENTATION COST:

$1200 per year to maintaln the condemsers and all air
conditioning equipment,
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MECO 14 OPERATE AT HIGHER CHILLED WATER AND

ATURES TO ZNCRE& E THE EFEICIENCY QF THE ggxgzga
TION CHILLERS,

There are extensive periods of time (in some cases the entire
vear), during which the chilled water temperature can be
raigsed by 4% or &° or more. Accordingly, the refrigeration
compregser or chiller can operate at higher suction temper-
atures. An increase of 1° in the suction temperature of the
chiller, or compressor in direct expansion systems, results
in a reduction of 1 1/2 to 2% in the power requirement for
the refrigeraticon unlt. The savings In operating costs by
increasing chilled water or suction temperatures for systems
of 15 H.P. and more are significant.

Raise the chilled water temperature from two to
eight degrees higher when cooling load permits.

Reise the chilled water temperature in buildings for
those portions of the day that cooling loads are
likely to be lower {(i.e. during slack business hours
in retail stores; noon hours when office bulldings
are partially vacated; morning, pre-occupancy
periods after a night shut down.}

Sea Section 4 , "Cooling" page 178.

Ar Examnle of Enerey Savings by Raigineg Chilled Water
Temperaturs

1. OPERATIONAL CHANGE: RAISE CHILLED WATER TEMPERATURE
FROM 42° to 48"F. FOR.ALL NORMAL OPERATION.

2. ASSUMPTIONS:
Retall Store (department) Los Angeles, California
Floor area: 50,000 5q. Ft.
Present conditlions before operational éhanges:
Building occupled 72 hours/wk; cooling system off
at night; present energy consumption for refrigervation =
320,000 KwH/yr, @ 3,5¢ KuH.
3, SAVINGS:
Energy: 32,000 KWH/yr., a savings of 10%
Dollars: $112Q/yr,

4, IMPLEMENTATTION COST: Nonme if done menually; nominal
cost for controller and sensor for automatic operation.
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MECO 15 REDUCE THE CONDENSING TEMPERATURE OF COMMERCIAL
REFRIGERATION UNITS TO IMPROVE OPERATING
EFFICTENCY

In general, air-coocled condensing units serve a large

number of supermarket refrigeration cases. These units

are often crowded into storage areas where they are
partially blocked, mounted outdoors In direct sunlight, or
mounted and neglected on the roof or another remocte location.

Refer to Section 4, "Commercial Refrigeratiom", page 226
for guidelines.

Examgle

1. QPERATIONBL CHANGE: CONDENSER COILS FOR REFRIGERATION

(GLEANED TO REDUCE AVERAGE COﬁSEﬂSIﬁG "TEMPERATURE
FROM 115°F to 95°F,

2. ASSUMPTIONS:
Supermarket, New York, New York
Floor area: 25,000 Sq. Ft.
Conditions before operational change!
120 H.?. Installed capacity; refrigeration
units operate an average of 12 hrs./day or
4380 hours/yr. Annual energy consumption for
refrigeration = 420,000 KWH/yr. € 4.5¢/KWH.
3. BAVINGS:
Energy: 84,000 KWH/yr., a savings of 20%.
§§11ars: $378B0/vr,

4, IMPLEMENTATION COST: Negligible
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3. LIGHTING

Modifications to the operation of the lighting system
and to the system itself provide the greatest
gpportunity to réeduce energy consumption., Simply
turning off unnecessary lights, day and night, and
making greater use of available daylight for illumination
saves energy for both lighting and air conditioning

with no added costs. Better cleaning and maintenance
practices Iincrease the efficiency of the iighting svatem
and provide the opportunity for lamp replacement (by
lamps of lower wattage) or removal, or the switching

off of liphts, with little or no reduction in
{ilumination levels.
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MECO 16 UTILTZE DAYLIGHT TO REDUCE THE LIGHTING LOAD

Windews, properly exploited, can provide a sizeable
part of the illumination required in small stores
and offlce buildings during a large portion of the
buildings occcupied hours,

1. Open drapes and blinds during the day to take advantage
of daylight at the perimeters of the building while
controlling glare and excessive polar radization.

Drapes should be used to contrel light greatly

in excess of that required. It should be recognized
that excess daylight may cauge materials to fade
and chenge color.

2, Bwitch off the lights which are not needed when
daylipht can supply necessary illumination.

Refer to Section 4 , “Bighting" for comprehensive
guldelines to maximize the use of daylight for
illumination. :

Example of Energy Savings by Reducing Lighting Load

‘1. OPERATIONAL CHANGE: PERIMETER LIGHIS TURNED OFF
APPROZIMATELY 303 OF OCCUPIED BOURS.

2. ASEUMPTIONS:
Office Building, Hew York, New York
Floer area: 100,000 Sq., Ft. Ho of storles: 10
Glass area: 33%2 of pet well area
Available davlight: 50Z of cccupled hours

Switching arrangement: Beparate switches for perimeter
row of lights.

Electricity used for lighting: 935,000 KWH @ 4.5¢/KWAH
3. SAVINGS: ,

Energy: 139,000 ¥WH/yr., a savings o% 17%

Dollars: $7155/yr.
4, IMPLEMENTATION COST; None

“Additionai savings in energy for cooling and refrigera-

- tion equipment will also result from reduced interior
heat gain,
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MECO 17 TURM OFF LICHTS WHEM ENTIRE BUILDING OR PORTIONS
ARE UNOCCUPTED

A large parcantaga of energy used for lighting is wasted when
all lights are burning and only a samll portiom of the bullding .
is in use. )

Turn off lights at night.

Turn off lights in auditoriums, conference rooms,
cafeterias, computer rooms and other areas when
not used during the day.

Schedule cleaning hours during daylight. If this

is not entirely possible, illuminate only that
portlion of the building which is being cleaned at any
one time.

Refer to Section 4 "Lighting" for guidelines on the
use and operation of lighting systems to conserve anergy.

Example of Energy Saved by Turning off Lights

1. OPERATIONAL CHANGE: LIGHTING TURNED OK AT 8:00 AM
AND OFF AT 5:00 PM FOR 5 WEEK DAYS. MIRIMAL NIGHI
LIGHTING DURING UROCCUPIED HOURS.

2. ASSUMPTIONS:
Qffice building, NHew York, New York
Floor area: 100,000 aq. ft.
Conditions before eperézional changess Bullding
occupied 40 hrs./wk. Lighting turned on at 7:00 A.M.
and off at 7:00 .M. for 5 week davs. Connected
lighting load of 4-watts per sq. ft., = 400,000 ¥XWH
X &.5¢/XwH.

3. SAVINGS:

i

Energy: 300,000 KWH/yr., a savings of 25%
Dollars: §13,500/vr,

4. IMPLEMENTATION COST: None.
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MECC 18 REDUCE ILLUMINATION LEVELS TO REDUCE LIGETING LOAD

Lighting levels arve frequently higher than necessary for a
given task, and can be reduced in many areas of a building
during the day to sult the task belng performed. The
level of illumination necessary over filing cabinets, dead
corners, storage arcéas and some clerical areas, need not
be as high as those levels for accounting areas, drafting
tables or detail work stations occupied for many hours

per day. Uniform lighting in large areas can be unnecaessary
and wastaful, In sparsely occupled spaces.

Different tasks done in an area may require different
light levels; reduce lighting levels when possible.

1. Meintain existing lighting system to improve the
footeandles/watt output.

2. Analyze the tasks to be performed and reduce the
levels where the tasks are not so critical by:

{a) Replacing existing lamps with lower wattage,
lower output lamps.

(b) Removing some lamps and ballasts from
fixtures. : :

See Section 4 "Lighting", Figure 26, page 237 for
Recommended Lighting gulidelines and energy conservation
optionzs, See ECH 2 for additiomal measures involving
switching, and the relocation and replacement of fixtures
and ballasts.

Example of Baving Enerpy by Reducing Lightine Level
throush Removing Lamps and Ballasts

1. DPERATIONAL CHAWGE: REMOVE 2 OF THE 4 LAMPS FROM HALF
OF THE OVERHEAD 2% x 4%, FLUORESCENT FIXTURES AND
DISCORNECT THE ASSOCIATED BALLASTS,

2. ASSUMPTIONS:

Retall store (department), Los Angeles, California
Floor area: 100,000 8q. Ft.
Condivdione before operational changé: Lights on for

72 hrs. per week; lighting levels average 80 font
candles. Electric use, 1,400,000 EWH/yr. @ 3.5¢/KHH.



MECO 18 REDUCE ILLUMINATION LEVELS TO REDﬁCE‘XIGETING LOAD (Congfd}.

3. BAVINGS:
Energy: 375,000 KWH/yr., a savings of 28%
Dellars: $13,000/vr.

4., IMPLEMENTATION COST: $3600 to remove lamps and disconnsct
ballasts,

3. REW LIGHTING LEVELS AVERAGE 65 FOOTCANDLES. NOTE THAT
THE LEVEL OF ILLUMINATION DECREASED ONLY 16%.

MECO 19 REDUCE THE LEVEL OF ILLUMINATION IN PABKING LOTS
TO REDUCE ELECTRIC LOAD

Parking lots reguire an average of only one Footcandle of
even I1llumination. Overlighting, inefficient light
sources, and unnecessarily prolonged perlods of operation
account for excessive energy usage.

1, Reduce the level of lighting if over one footcandle,
while maintaining reasonable uniformity of illumination.

{a} Replace iaﬁps with more efficient light sources.
(b} Reduce wattage of lamps or remave unnecessary ones.

Refer to Ssctien 4, "Lighting", page 234 for more
conprahensive guidelines.

1. UPERATIONAL CHANGE: REDUCE THE WATTAGE CF THE LAMPS 1IN
A PARKIRG LOT TO REDUCE LIGHTING LEVELS TO AN
AVERAGE OF 1 FOOTCAXDLE.

2. ASSUMPTIONS:
Retail store {2560 car parking let), Chicago, Illinais
Conditions before operational changes: Lights opsrated
& hrs./day x 315 days/yr. = 1260 hours/yr. to
maintain an average of 2 footcandles,
Electric usage ~ 256,000 IWH € 3.5¢/KWH.

3. SAVINGS:
Energy: 128,000 XWH/vyr., a savings of 50%
Dellars;: 54,480/yr. @ 3.5¢/KWH, .

4, TMFLEMENTATION COST: Wone, when lamps are changed at normal
relzmping periods,
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4, DOMESTIC HOT WATER

There are easily-implemented opportunities to conserve
energy used to heat hot water at minimal cost by lowering
the temperature of hot water at the faucets and redncing the
volume which is uased. ‘

In generel, office bulldings use 2 to 3 gellens ot hot
water per capita per day, resldences about 20°
gallons/capita/day and religious buildings and stores less.
Hospiltals, laundries, cafeteriss and restaurant kitchens
use conslderably more,

Heat lost from storage tanks snd clrculating pipes is in PTO™
portion to the temperature difference between the water and
ambilent zir, Therefore, reducing the malntained

temperature of hot water not only reduces the smount of
engrgy raquired to hest esch gallon of water used but also
roaduces the heat loss from the tenk and piping aystem.

In buildings which have kitchens reguiring vary hot
wetar for dighwashing, boost ths temperature at the
squipment, rather than meintaining 2 high temparature for
the antire building hot water system. 8es El¥-2Z for
deteils.

Reduca the temperature of hot water at faucate to 90°F.
Reduce the comsmumption of hot water in all bullidings
by flow restrictors in the piping, self-closing

faucete or £low restrictor taps.

Refer to Section 4, "Domestic Hot Water', page 141, for
data on usage in bulldings and for couservation guldelines.
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MECO 20 REDUCE THE QUANTITY AND TEMPERATURE OF DOMESTIC HOT
WATER

Example of Savinga‘by Reducing Temperature and Quantity
of Hot Water 1

1, OPERATIONAL CHANGE: INSTALL 1/2 GPM SPRAY NOZZLES ON
LAVATORY FAUCETS AND REDUCE TEMPERATURE FROM 135°
TO 90°F.
2. ASSUMPTIONS:
0ffice building, New York, New York
Occupancy: 35330 people

Hot water usage: 2 GPD/caplta - 135°F. delivery
temperature -

Total consumption: 7gaﬁc‘gallaﬁa/day

011 conﬁumﬁtion for hot watery 12,000/gallons/yr. @ 36¢/gal.
3. SAVINGS: |

Energy; 6240 gal./foll/yr., a savings of 52%

Dollars: 52,250 per vear
4. IHPLﬁﬁﬁﬁTATION COST:

$§1750 for spray valves
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USE AND IMPLEMENTATION OF THE MANUAL

A. BACEGROUND

The opportunities to conserve energy are identified in

bold type and numbered ECO-I through ECO-40 in Section 4

of this manual, For each sub-system, i.e. Heating, Cooling,
Domestic Hot Weter, Lighting, Power, HVAC, a brief

discussion describes the conservation comcept for eaeh

ECO and reference is made to the appropriate Figures which
are the Charts, Graphs and Tables for use in quantifying the
amount of emergy which can be saved for easch ECO. The optioems
for consideration are summarized in the guidelines following
each section.

Each set of guidelines includes a number of options for
consideration, and in many cases, a choice must be made
between them. In order to choose the appropriate guidelines
and use the Graphs and Charts which are applicable, vou
must first identify the factors which are particular to
your building. Instructions for preparing identificationm
profiles are described in "B" below, which zlso describes
the method of determining the amount of energy your
building now uses. Use profile Formg, Figures 3,10,11

and 12, pages 55,71,75,85 to agsemble the data you need.

Before assembling your identification and energy use
profile, pgo back and reread the Introduction and Scope,
and the Swmmary of Energy Conservation Princdples, Sectien 1.
Then review the major enerpy conservation opportunities
(MECO's} which asre summarized in Section 2,  The case
histories, and examples in Sectilon 2. showlng savings

are presented to give you an idea of the potential
economic benefits as well z& energy conservation potential
which are possible. The energy savings for each example
selected are conservative., More dramatic savings are
possible. '

Before starting to construct vour ldentification profiles,
read all of Section 4 to gain a greater understanding of
the general conservation opportunities which are available,
but don't try to quantify savings for your building before
you congtruct the four profiles, page 71 - 8B.%

#The implementation costs given in Section are for
Hew Yerk City. Refar to Appendix A to determine costs
for other locations.

?W_(?{gceﬂiﬁg page blank
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We strongly suggest that you obtain and read ECM~ 2 after
you have constructed vour profiles to understand the broadest
range of energy conservation opportunities which are

available, 4n understanding of the further energy savings
which are possible may influence your course of action.

For instance, if after consulting Section 4 in ECM~1, you
.are contemplating caulking windows to raduce heat loss

in the winter vou may decide, after reading ECM= 2 that you
can benefit from lower life cycle costs by lnvesting in
storm windows which will also reduce infiltraticn and
conduction losses without the need for caulking. Storm
windows will cost more ipitially, but will result in lower
life cycle costs,

The Index at the end of EM~1 and ECM-Z should be used
to quickly find the infermation on specific subjects
oy systems which are of interest Lo you.

‘B. ENERGY LOADS

1. Bullding Load

The magnitude of the "building" load and the amount of
energy required to maintain the desired indoor temperature
and humidicy levels 1s dependent upon (1) the location

of the building and climate, (2) the degree of enviornmental
control which is maintalned, {3) the number of occupants

and period of occupancy, (&) the thermal performance of
building structure and (5) the use of the bullding.

a) Location

The location of the building affects the heating

and cooling loads, since the angle and amount of

solay radiation which strikes the bullding exterior
surfaces determines the solar heat gain at any peried
of the vear. Solar heat galn may be detrimental in the
summer (by increasing the cooling load)} and/or
beneficial in the winter (by providing heat

to the building and reducing the heat load).

The amount cof sunshine also determines the amount
of available daylight for natural illumination.

Thae location also determines the climatic conditions
to which the building is subjected, amd in turn,

the peak, aud magnitude of the annual heating and
cooling loads.
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b) Climate

The major climetic conditions whiech affect the amount
of enerpy used for heating and cooling are: (1} temper-
ature, (2) humidity, (3) wind, (4) the high-low range
(diurnal swing) of (1), (2) and (3); (5) the severity
of the winter (degree days) and (6) the severity of

the summer (cooling wet bulb ‘and dry bulb degree

hours)

c¢) Degree of Envirommental Control and Process Loads

The degree and length of time that indoor conditions
such azs temperature, humidity, amount of ventilation,
and quantity and temperature of hot water, influence
the gize of the "building" load, and the amount of
energy required to supply it.

The lighting levels influence the smount of
electricity required for illumination when daylight is
not available and used.

Energy usage for the opervation of elevators, escalators,
business machines, commercial refrigeration, cooking
equipment, communications and special procegses
{packaging, ete.) is also dependent upon the period

of time they are used. Processes gnd equipment

which emit heat also affect the building's heating

and cooling loads. o

d} Heat Loss and Heat Gain

The magnitude of the heating and cooling loads due

to conduction of heat through the butllding envelope,
and the leakage of ocutdoor air (infiltration) which
must be heated, cooled, and humidified or dehumidified
alsc depends upon the thermzl and structural properties
of the building as well as on climate, and perloeds of
operation of the beating and ceooling equipment to
maintain established indoor conditdons.

2. Distribution Loads

The energy used in heating, ventilating and air conditioning
systems to distribute hot or cold air or water ir malnly
for motor-driven fans, and hot or chilled water or condenser
water motor-driven pumps.

Additional loads are caused by fluid leakage or heat
transfer in hot or cold ducts and pipes. '
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In llghting systems, the [ixtures themselves are responsible

for reducling the effective lumen ocutput from the lamps, and,

along with lamps with low lumen/watt cutput, power

losses From conductors, trausformers and gwitch gear, zccount
for a major amount. 6f the energy used for lighting.

3. Enerpy-~Using Equipment Efficiency

-The primary enargy conversion unitrs, such as bollers,
furnaces, compressors and chillers, which are supplied
with energy in the form of fuel or electric power must
supply all of the "building" and distribution loads.
The amount of energy required to meet the "building”
lozds and distribution loads is dependent upon the
efficlency of the primary energy-conversion equipment.

In order to improve the seasonal efficiency of existing
equipment, the characteristics, condition and operating
mode of the equipment and systems must first be
determined.

C. DEVELOPING THE IDENTIFICATION BUILDING PROFILES -
ENERGY CONSUMPTION/PARAMETERS

In crder to quantify the total energy savings for your
building by using the charts, graphs, and tables in
ECM- 1 {and ECM- 2 } which provide unit savings, complete

the Four-part profile which identifies each of the factors
ligted below which are particular to your building. Enter
the information on the appropriate- profile form as follows:

1. Location and climate zone profile — Filgure 3, page 35.
2. Building twpe construction, conditilon and use
profile Figure 10, page 71.
3. Mechanical and electrical systems profile - Figure 11,
page . -
4. Audit of present energy use - Figure 12, page 85.

Where the information is required for use with manual
ECM- 2 but not necessary for ECM~1, it is asterisked (%)
on each profile form.

STEP 1: PREPARE & BUILDING LOCATICN AND CLIMATIC ZONE PROFILE

Identify the climatic conditions to which your building
is exposed over sxtended pericds of time with the aiéd of
climatic maps, (Fieures & — 9) on papes 57~67, and entex



“55m

each value on the appropriate line, Column &, Figure 3.
The geographic locations should be plotted on each of the
maps and relevant conditions read from the contour lines.
Lf your building lies between contour lines, the values
should be interpolated; if in doubt consult your nearest
weather station or an enviornmental engineer thﬁgﬁgh the
ACEC Chapter in your State. =

LOCATION AND CLTMATIC ZONE PROFILE FORM

(Gﬂiumn A
Value From

Latitude Filgure 4
Heating Degree Davs Figure &4
Solar Raéiaiion in langleys Figure S
Degree Hours legs than 54°F W.B.

when D.B, ig less thar 68°F Fipure 6
Degree Hours greater than 78°F D.B, _ - Figure 7
Degree hours preater than 66°F W.B. Figure 8
Degree hours gfeater than 85%F D.B. | Fipuye 9

The climatic information shown on the maps Figures 4 - 9
was obtained either from the Climatic Atlas or developed
from AFM88/8 (See back of each figure for specific
reference)

These maps provide a broad generzl picture ¢f climatic
conditions in any particelar location; they cannot however
indicate the macro-climate or variation of conditions
experienced within local areas. Local knowledge of the
climate should be used to modify the generzl conditions
when more preclse answers are reqﬂireé* . Por example, one
area mey be known to be 10°F colder in winter than the
average of surrounding areas and the hesting degree days
ghould be modified accordingly.
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1. Estimare the Annual Heating Degree Days and identify
Building Location (Flgure 4)

Dry bulb degree days influence the annual energy consumption
for "building" heating loads. ~For additional information

on degree days in your city, see Reference 11. Degree

day information is required for use with Figure 13 (to
determine savings due to temperature set-back) and

Figure 16,

2. Estimate the Annual Mean Dally Solar Radiation (Figure 9)

Solar radiation, (measured in Langlevs or BTU's) influences
the annual energy consumption for the "bullding" cooling

load by increasing bheat galn by radiation through glazing,

and by conduction through opaque roofs and exterior wall
surfaces, Solar heat gain reduces the "building” heating

load in winter. For additlonal information on solar radiation
effects, refer to Reference 6. Radlation values are useful

to determine the benefits of controlling solar radiation

to reduce cooling loada, (see Fig. 22).

3. Estimate the Annual Number of Wet Bulb Degree Hours
Below 59°F W.B. when the Dry Bulb Degree Hours are
Below 68°F. (Figure 6)

This value influences the annual energy consumption for
"building' heating lead to maintain relative humidity

levels in the winter and is needed to determine the energy
savings by reducing relative humidity levels using Figure 17.

4, Estimate the Number of Annual Dry Bulb (D,B.) Degree
Hours when D.B. Temperatures are Above 78°F. (Figure 7)

This value influences the annual energy consumption for
"building" cocling load due to heat gain by conduction through
the building envelope, and for "building” caoling load required
to lower the dry bulb temperature of outdeor air (for
ventilation and infiltration) to room conditioms of 78°F.
(suggested stzndards, Figure 20). Use information from

Flgure 7 to datermine the savings dus to reduced D.B.

degres hours alone by reducing infiltration and ventilation
during the cooling season.

5. Estimate the Number of asnnual Wet Bulb (W.B.) Degree
Hours when the W.B. Temperature 1z Above 66°F, (Figure 8)

This value influences the annual energy consumption for
"building" cooling load to cocl and dehumidify outdoor
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Figure #4 Engineering Data

Source: Climatic Atlas of the Unlted States
U.S., Department of Commerce
June, 1968
Page 36
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?igure #5 Engineering Data

Source: Climatic Atlas of the Unired States
7.5. Department of Commerce
June, 1968
Page 70
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Figure #6 Engineering Data

Source: AFM 88-8 ‘
U.5. Government Printing Office
15 Juns 1967

107 Locations in United States

24 hrg/day October - April

DB less than &8°,
WB taken in 5° increments less than 54°F WA.
Base WB taken at 54°F.

¥B temperature difference taken from median of 5°

range to 54%, i.e.: for 45 to 49 range, WB temperature
difference = 54-47 or 7°F, Tsmperature difference
multiplied by number of hours in each W8 temperature
range, for October thru April and summed for total.
Locations with heating seasons significantly longer than
October-April should be analyzed individually for
maximum accuracy. ‘ ,
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Figure #7 Engineering Data

Source: AFM B88-8
T.5. Govermment Printing Office
15 June 1967

107 Locatioms in U.S.

12 Mos/yr 8 ﬂrafDay 0930-1730

DB taken in 5°F increments beginning with B0-B4°F,

DE remperature difference taken from median of 5°F
range to 78%F, i.e., for 85° to 89°F range, DB
Temperature Difference = 87°-78°F = 9°F, Temperature

Difference multiplied by Nv. of hours in each DB
Temperature Range and sumned for total. :
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Figure #8 Engineering Data
Source: AFM 88-3 S
U.S. Govermment Printing Office
15 Jume 1967 ' _ _ \
107 Locaticns inm U.S,
12 Mos/yr 8 hr/day 0930-1730
WB taken in 1°F increments beginning with ﬁ?’?

WB tempersture difference taken from 66°F

Temperature difference multiplied by No. of hours at
each WB temperature and summed for total.
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Figure #9 Engineering Data
Source: AFM 88-8
U.S. Govermment Printing O0ffice
15 June 18967
107 Locations in U.S.
12 Mos/yr 8 Hr/day 0930-1730
DB takem in 5°F increments beginning wirh 85-83°F
DB temperature difference taken from median of 5°F
range to 85°F, i.e., for 90 to 94°F range, DB
Temperature Difference = 92-83°F = 7°F

Temperature Difference multiplied by Ho. of hours inm
each DB Temperature Range and summed for total,
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air te room conditions of 78° D.B. and 535% R.H. (refer

to standards, Fig. 20). Use information from Figure 8
to determine total energy spvings by reducing sutdoor

air leskage and ventilation during the cooling season

(Figure 21).

6. Estimate the Number of Annual Dry Bulb Degree Hoursg
Above B5°F, (Figpure §) '

This value influences the annual energy consumption for
"puilding™" cooling load due to outdoor air when enthzlpy
conditions are low enough to permit full use of cutdoor air,
but existing cooling coll cannot maintain dry bulb
conditipns with 100% eutdoor air.

STEP 2: PREPARE 4 BUILDING TYPE, COWSTRUCTION, AND USE PROFILE

Prepare a profile using the form on page 71 (Figure 13} to

record the information. Use existing construction or as-built

drawings and plans, if available, for bullding configurationm,

- construction details, and dimenslons. Verify the information
en the site since changes may have been made to the bullding

after the plans were completed. If plans do not exist,

obtain a1l data by iogpectlion of the bullding. In particular,

note and record the physical condition of the bullding

elements, especlally apparent deficiencies, i.e. leaks,

missing insulation, lesky windowe, eté. Where there

are a typlcal conditione which are not sccounted for

in Flgure 10;1i.e., auditoriums, gymnasiuzms or cafeterias used

intermittently in office buildings, or store room areas in

supermarkets,it is important to list areas, lighting

system details, temperature levels, control systems, and

the number of occcupants and occupled perilods so that these

areas can be addressed separately and so that the amount

of energy currently used, {(and then conserved after

implementing the individual guidelines in Section . } can

bz determined.

In listing the mumber of occupants for office bulldings,
record the average number of employees plus the estimated
number of wvisitors; for retail stores, record the number
of employees plus the number of customers; and for
religious bulldings record the number of people present
at one time for verious pericds during the day and the
week., Energy can be saved by reducing ventilation rates
vhen occupancy is reduced even for portions of the day,
and temperature can be reset during unoccupied periods
for sections of the building.
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Configzuration and Construction:

Line No. . (Circle Appropriate items and £i1l in black)
1, Primary Bldg. Use:

2, Length, Feet and Orientation _____ Ft. K. W. E. &.

3. Width, Feet gnd Orientation Ft,. N, W. E. 8.

4,
LER
%E,

7.

8.

2.
10,
11,

12,
13.
14,
15.

16.

17.
18.

Humber of floors:

Helght from fleor to floor

Height from floor to celling

Floor area, gross g, ft. : Lines 2 x I x 4 = uq.ft.
Window Glazing: singlae, double, claear, rellactive

Window Type: Flzed maeh, double hung, cassment

Window Conditlon: Loosa fitting, medium, tight

Windowe: Number mres, -ga-1:1]

ecrientation! North = Ne. area?
" " " West ~ Wo. "
v " " Eagt - No. "
" " " South - Ho. "
Door types and numbers:
l-gingle;* 2-vestibule;* 3-revelving
North - No. Type
Door Typesn; Eagt - Ho. - Type
Door Types: West =~ Ho, '~ Type
Door Typem: South - HNo. Type

* Progeding page blank



Fig. 18 (Cent'd.)

#Information required for ECM-2 only. All other {tems required
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"'Walue:

for ECM-1 and EQM- 2,

{Circle apwropriate iﬁem and £1i1l in blank)

Line Ho,
*19, Groas wali arez and .

orientation: North: Lines 2NxINx4x5= sq.ft.
#20. Gross wall area and

grientation: West @ Lines 2Wx3Wxzdx5= sa.ft,
*#71. Gross wall area and

orientation: Eagt ; Lipes 2Ex3Exéx5= “sqg.fr.
=22, Gross wall area and

orientation: South: Lines Z8x38x4x5= sq.ft.
#23, Net wall area and A

orientation; Rorth: Lines 19-11(area) sq.ft.
%24, Net wall area and : :

orientation: West : Lines 20-12 " sq.ft.
*25. Net wall area and

orientation: Eagt : Lines 21-13 ™ sq.ft.
*26. Net wall area and

orientation; South: Lineg 22-14 " . ag.ft.
#27. Exterior opaque wall coustruction: Clrcle Type:

1-frame; 2-curtain wall; 3-solid masonry; 4-brick & WaSONIy;

S-masonry cavity

-~ %28, Exterfor opaque wall insulation: Material:

Thickness:
#29, Roof construction: Clrcle Types: lamasanrj; Z-wood; |

3wmetal; A4-flat; S5-sloped; é-pitched; 7-light; 8-dark
#30., Roof insularion: Type: Thicknesg:
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%31, Floor: Cirele Type:; l-slab on grade; 2-over hesated space;
3-vver unheated space; 4-wood; S-concrete; 6-other
32, 1) Number of werking hours/wk. 2} HNumber of Ocaupanﬁs
{a) For offices, employees & visitors; stores,
employees & customers; relipgious bulldings,
gecupants.
33, Humber of custodial hours per week H
Aftarwdark sSummer ; after dark winter 3

Saturdays ; Sundays H

34, Temperature and relarcive humidity inside conditions:

34a. Season Tenperature Relative Humidity
1f Heated-Winter  Occupied Houre °F ZRH
34b. . Unoccupied Hours °F ZRH
34c.1f Air Conditiopned
~ Summer Oceupied Hours °F ZRE
34d, Unoccupied Hours *F ZRH

35, Ventllation: Outside gir:

35a. During occupled hours on/off Amount in total CFM

35b. CPFM/person: Line 35a+ Line 32 (2) =

35c. During unoccupiled hours on/off, Amount in total CFM

STEP 3: PREPARE AN ELECTRICAL AND MECHANICAL SYSTEMS PROFILE

Prepare a profile of the lighting, power, heating, ventilating,
air conditioning, and domestic hot water systems using Fig. 11,
page 75 torecord the information. ’

Ihe original Bbuilding and engineering plans, and as-built
plans and specifications should he used with caution since
the mechanical and electrical systems in older buildings
bave frequently undergone changes énd/or the plans may

*Informztion required for ECHM- 2 only. All other items
required for ECM~1 and ECM=2 .
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have bean incomplete to begin with) During vour
on~site survey, note and record a typical conditions
such as lighting fixture patterns, or specizl require-
ments for portions of the bBuilding which are not
accounted for in Pigure 11. Small variations from

the norm will not materially affect the conservation
program.

Except for those buildings which employ full time
operating and maintenance personnel, Lt may be
difficult or impossible for the owners or operaters of
the bufldings to complete the bullding and electrical
and mechanical profiles without outside help to
determine the type and physical characteristics or
operating efficiencles of many of the mechanical and
elactrical systems. Seek assistance from your heating
service oil burner {and/or boiler) mailntenance company,
viiich may alse assist you in fdentifying other features
and conditions of the heating and ventilating syotems.

Companiles which specialize in balancing HVAC systems
are available for preliminary consulation to determine
existing conditions. The local utility company can
provide help in identifying electrical equipment and
“systems and Information on motor efficiencies.

Where additional information is needed, your State
Chapter of the American Consulting Engineers Council
can recommend qualified consulting engineers whose
services are available to make the preliminary assess-
ments of your esxdsting systems.

ELECTRICAL AND MECHANTCAL SYSTEMS PROFILE.

Line No. (Circle appropriate item and £1ill in‘blank}

1, Electric lighting system

Lighting fixtures 1n primary spaces Buch as office areas,
halls of worship, store sales areas.

(1) Incandescent; {2) Fluorescent: (3)'0ther note

(4) # of fluorescent fixtures _ :(5) # of lamps per
fixture :(6) Wattage per lamp 1 (7) Total wattage
of all flugrescent fixtures 1 {8) Total wattége of

all incandescent lamps (9) Total wattage of incandescent

and fluorescent lamps .

~ Preceding page blank
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Fiz. 11 {(Cont'd)

Line No. {Circle appropriate item and £41]1 in blank)

2. Lighting fixturgs in secondary spaces, such as corridors,
toilat rmams,.starage TOUMS.
(1) Incandescent; (2) Fluoresceni; {(3) Other nota
{(4) # of fluorescent fixtures ; (8) # of lamps per
fixture ; (B) Wattage per lamp ' . s
{73 Total wattage of all fluyorescent fixtures :
{8) Total wattage of all incaﬁﬂascant lamps : :

{9) Total wattage of incandescent and flucrescent

lamps - .

3. Total installed wattage: Lines 1 (9) + 2 (9}%

4. Average instailed watts/saq.ft. Lines 347 (Fig.l0)

*5, Type lighting fixtures; (1) Pendant mounted; (2} Surface
mounted; {(3) Recessad:; (4) Wall mounted; (5} Luminous
ceiling; (&) vae.;ounte&; (7} Exterior lighting on walls;
(8) Exterior lighting on standards.

6. Total Qattage of exterior lighting for: (1) Security
{2) Parking lots and drivs .

7. Area of parking lots length x width=  gq.ft.

8, Parking lot lighting in wattsféq,ft., Lines 6
(2) +7 sq. f£t. wisg.ft,

9. Hours/wk. parking lot lighting is in opevation

*Information required for ECM-Z only. All other items required for
ECH~-1 znd ECM-2,
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YERTICAL TRANSPORTATION

10, Escalators: Number 0§aratien hours/day

11, Elevators : Number *Type: Gear, Gearless,
- Bydraulic Operation Hours/day *#Totzl connected
H.P,

DOMESTIC HOT WATER SYSTEMS

12, Hethod of generation and storape; Separate water heater;

(1) 011; (2) Gee; (3) Electric; (4) Coal; {(5) Tankless

heater on space heating boiler; (6) Tank heater on

epace heating boiler; (7) Storage tank size 1if any zals.

(B)*Tank insulation thicknessa Type (9) Aquastat

setting °F.
13, Estimated annual usage:
(1) Office Bldge: Fig.1l0 Line 32(2)x750 ‘ gal/vyr.
(2) Restaurants: Meale served/yr.x3 gal/meals ___  gal/yr.
{3) Religious Bldgs: Line 32(2)=x50 gal/yr= gal/yr.
(Does not include special cooking facilities)
{4) Stores: Fig.l0 Line 32(2)x number of daye=  gal/yT.
(5) For reaidential buildings ~ 7200 gal/capita/yr.
{6) For Bchnols — 50 gal/capita/week

{(7) For Hospitals -~ varies with type

#Information required for ECM~2 only. All other items
required for E(¥~-1 and ECH-Z.
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HEATING AND ATR CONDITIONING SYSTEMS

14. Bedlers or furnace type for space heatiné (Circle items).

(1) Hot water; (2} Low pressure steam; {(3) Bigh pressure

steam; (4) Fire fuba; {5) Water tube; (4) Cast ifon;

C?i Steel; (8) Gravity hng air; (3) Porced warm air.
15, a) Beiler or furnace rating BTleQsjﬁr. ot

'Bailer H.P.

b) Present measured peak load combusticn eff;ciaﬁcy %,
16, Comprassors und chillers:

(1} Yumber

(2) Rating of each in tons of refrigeration

{3) Total tons of refrigeration (1) x (2) =
(4) 1If electric drive, total motor horsepower H.P.
*(5) If absorption units, total peak steasm
consumption H.P.

17, If central air caaﬁiticniﬁg systems, indicate; (1) Cooling
tower notor sizes total H.P.; (2) Aif cooled condenser
motor sizes total H.P. Condenser pumps No_

Total H.P.

18, If room air condiltioners or through-the-wall unlts:

Indicate (1) total mmber (2} Horsepower [funiv.

{3) Total connected Horsepower (1) x (2) = .

*information required for ECM~2 only. All other items
required for ECM-1 and BCM-2,
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Fig, 11 (Cont'd).

Line No. ( Circle appropriate item and £111 in blank}

19. If commerclal refrigeration, indicate: (1) Number of cold
cases or refrigerators 3 (2) Rumber of condensing
units . {3} Total connected hazsaﬁower of
condénsing units ﬁ.?!

HVAC SYSTEHS

Check the systems and f11l in appropriate informstion:

20. All air HVAC svstems: Check types-fill in blanks.

(1) Single zomne 2} Humber of gir handlineg units

b} Total Horsepower

¢) Total CFM/air hzndling unit

(2} Terminal reheat  a) Number of alr handling units

[ER—

b) Totsl Horpepower

. ¢) Static preasure

d) Number of reheat boxes
e) Type reheat Coil: 1. hot water
2. electric 3. steam
#f) CFM/air handling unit
{3} Variable ?olgmg_w@) Rumber of air handling units .

b) Total horsepower

¢) Dump type éyst:mn

d) Vaned inlet

e) CFM/air handling unit

®Information required for ECM-2 only. All other items
required for ECM-1 and ECM-2.
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(4) Induction é} Humber of alr handling units

b) Total horsepover

¢) Static pressure

d} Humbeyr of terminal units

#a) CFM/air handling unit

(5) Dual duct __a) Number of air handling units

b) Total Dorsepower

c) Static pressure

d) Bumber of terminal unilts

e} CFM/air handling unit

(6) Multi-zone units a) Number of ailr handling units

b) Total horsepower

c} Static pressure

d} Number of terminal units

@) CFM/air handling unit

{(7) Forced warm aiy furnaces No.
a) Total horse powar of blowers

o) CFM/furnace

21. Water-air systems

(1] 2 Pipe fan coll _a) Number of units

b) Tetal connected ‘horsepower

(2} 4 Pipe fan coil a) Number of units

b) Total connected horsepowsr

linita ¢
(3 Heat ggmps a) Number of units

b} Total connected horsepower

*Information required for RCM-1 cnly.' All other items
required for ECM-1 and ECM-2.
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22, Pumpe

23.

(1) Chilled water pumps

a} Number of units

) Totel connected horsepower

(2) Condenser water pumps

a) Humbar of ypits

b) Total connected horsepower

(3) Boiler feed pumps

a) Nupber of units

b) Total commected horsepower

(4) Bot water pumps for space hsating

a) Huomber of units

.b) Total connected horsepower

(5) Recirculating pumps for domestic hot water

a) Humber ofunits
bB) Total conmected horsepower

{1) dutside air fans

a) Humber of units

b} Total counmected hﬂrgeéower

e) CFM/fgn unit

{2) Supply air fans{Check the number and totsl H.P. for. all)

a) Humber of backward curved multivane faps - HP

b) Humber of forward curved multivane fans BP
¢) Number of axial fans HP
d} Number of propeller fans HP

e) C?M/éan unit
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23, {3) Exhoust air fans

a} Number of backward curved multivane fans Hp
b) Number of forward curved multivane fans He
¢} Mumber of axial fans ‘ HP

d) Mumber of propeller fans

e2) CFM/fan

24, Chack if installeds
{1) Fin tube radiators (5)Supply and return ducts
(2) Castr iron radiators (6)0utside air dampers

{3) Radiant héating coila (7)8team piping

(4) Hot water piping (8)Exhaust duct work

STEP 4; PREPARE AN ENERGY CONSUMPTION AUDIT

Prepare a profile of your existing consumption of energy and
record the data in the form Figure 12, page 83,

In some bulldipgs (usually only a nominal number of large
buildings) there are BIU or energy consumption meters which
record quantities of fuel and power used. However, in most
ceses, these do not exist and the yearly energy used

must be ascertained fTom the fuel and utility bills. To
start with, determine the gross number of BTU's which your
bullding uses per year per square foot of gross floor area.
This is relatively easy to do and will provide the first
bit of informatien te allow you to compare the energy vour
building waess with others as a starting peint te establish
a target, a gcal for reduction in energy use, The ultimate
gavings Iin energy can be expressed as a percentage of your
current consumptlon. You will be censideriﬁg energy
conservation measures by individual systems and subsystems.
It is important to break down the total amount of energy
used by the heating system as a whele, and by, or due te
each of its ~ub~components., Energy for cooling, lighting
and power must also be broken down inteo sub-system use.

1. Gather from vour monthly utiiity and fuel suppliers'

bilis the amnusl usage of energy inm gallons of oil, cubic
feet of gas, pounds of propene, tons of coal and kilowatt
hours of eleciricity. Record the gross yearly quantity of
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fuel and power in profile Figure 12, Column A, page 83.
Lonvert the units of fuel and electricity to equivalent
BTU's by multiplying the quantities of fuel and power by
the appropriate conversion factor in Column E. Record the
product in Column C.

Conversion factors are based on the number of BTU's in a

gallon of oil, cubic foot of gas, ton of coal and kileowatt hours
of electricity. Total the gross number of BTU's and enter

the result on line 7, of Figure 12. Determine the ETU's in
thousands used per year, per square foot of floor space by
dividing the gross guantity of BTU's in‘thsusandsf}ine 7,

Figure 12} by the gross area in sguare feet (line 7, Figure 4)
Many office bulldings use from 80,000 to 500,000 BTU's/

'EQ.-ft~f¥T-

Stores consume energy at a rate withis about the same
range and religious buildings at wpmewhat less than the
lover end of the range. Hospitals generally use more
energyv/sq.ft, and housing less. Schools use less energy/
5q.ft. than office bulldings. New cifice bulldings are
now being designed and constructed in an energy
conservation mode to consume as little as 55,000 (
BTU's/sq.ft./vr, or less. A realistic energy budget goal
for existing buildings mav be as low as 75,000 BTIU's/
sa.ft./vr. for office buildings and stores' 60,000 BTU's/
sq.ft./vr. for schools, and 35,000 BIU's/sq.ft./vr for
religious buildings., See how close to these figures

you cen approach of if you can better them. Your
exlasting consumption will give vou a starting point.

The difference between that figure and the target

energy budget, will provide an order of the magnitude of
savings to strive for. S

Rext break down the average annual BIU consumption by system
using Flg. 12, Sections 2,3,4 and 5 to record the data, The,
duration and severity of winter varies from vear to year

and affects the quantity of heat required. To obtain th;
most accurate results, five or more years of energy consumptlon
should be averaged to determine fuel consumption for a
typical year for heating. If records are only available for
the previous year's fuel conpumption, these can be corrected
to a typleal year by dividing the actual fuel consumption

by heating degree days actually experienced for that year,
then multiplying by the average yearly degree days for

the bgilding's geographic location, as shown in Figure 4.

The heating degree days for the year corresponding to actual
Rfuel consumption can be obtained from the weather bureau, or
a2 local fuel supplier,
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EXAMPLE

1973 fuel consumption x average yearly degree days=average yearly
1973 degree days fuel consumption

Fuel bills often do mot differentiate between the end use

for heating or other purposes, and an adjustment must be
made. If oil, gas, or coal is the primary fuel, and is

used for both heating and domestic hot water, the usage
should be broken down between the two, The space heating load
occurs in the winter, but the domestic hot water load is
continuous for the whole year at a rate that can be assumed
wonstant, To determine the amount of the monthly fuel

bills that can be attributed only to heating, select one
average winter month's consumption, subtract one average
summer month's consumption and multiply the answer by the
total number of heating months, The difference between total
fuel used and heating fuel use will be the domestic hot
water energy consumption. ' '

If the bullding is heated by electricity and the total
alectrical usage of the building is metered and billed in a
lump sum, the bill will include energy for heating, lighting,
and power. To arrive at the amount of electricity used for
heating only, it is necessary to assess the guantity used for
lighting and power and subtract this from the total billing.
In small bulldings, a2 quick assessment of the electricity
usage for lighting can be made by counting the number of
lighting fiztures and multiplying the wattage of each Jamp
and the average number of hours that these are switched

oz during the heating season. This will give the total number
of watt-hours consumption that can be attributed to lighiing.
Divide watt~hrs. by 1000 to get kilowatt-hrs. Similarly,

‘a survey can be made of all electrical motors that are in
uge during the heating season and their nominal horsepower
rating (multiplied by .800) to determine the approximate
amount of electricity in KWH used for each hour of rummning.
{This formulz asgumes agn efficiency of 93% for electric
motors). The KWH should then be multiplied by the number
of hours of operation during the heating season to determine
the total kilowatt hours that can be attributed to power. The
sum of the kilowatt hours assessed for lighting and power
should then be subtracted from the total power consumed by
the building for the heating sesson, to determine the amount
used for heating. In large, complex buildings where
simulrcanecus heating and cooling are likely to occur, you
should seek professional help to prepare a more azccurate
analysis of enevgy flow, if your mzintenance staff is unable
te do s0. To determine the energy used for lighting and for
power for the entire year, the same method of determining
energy use in the heating season, described above, can he used
for a lZ-month period.
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To determine the amount of energy used for air conditioning,
estimate the energy for fans and pumps as outlined above.

For eleetric driven refrigeration units the EWH can be
estimated by deducting the energy ueed for lighting and other

wotors from the June, July, Aupust, and September electric
utility bills. ,

ENERGY USE AUDIT

1. Gross Annual Fuel and Enerpy Consumption

Line No.
A B c

Conversion  Thousands of
Factor BTU a/vr.
x 138 (1) =
x 146 €2

1., 0il - gallons

: : = 1.0 (3) =

2. Gas - Cublc Feet x 0.8 (4) =

3. Coal - Short tons x 26000 =

&. Bteam-Peunds ¥ 1073 T % 900 =

5. Propane Gas - lbs. x 21.5 -

&, Electricity~KW.Ers. x 3,413 =

7. Total BTU's x lGBJyr.

LRE LI IR B ) LI BRI A RN N

8. BTU's = lDBIYrZPa? Square Foot of Floor Area

{(Line 7 ¢ Figure 4, Line 7)

Use for (1) Wo.2 0il; (2) Ho. & Qil; (3) Haturazl Gas;
{(4) Mfg. Gas
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2. Annual Fuel and Energy Consumption for Heating

“Line Ho.
A ) L
Conversion Thousands of
Factor BTU's/vr.
x 138 (1) =
2. 04l - gallons x 146 {2) =
x1.0 {3) =
10. Gas - Cubic Feet : x (3.8 (4) =
11. Coal -~ Short tons x 26000 =
12. Steam - Pounds x 900 -
x 107
13. Propans Gas - lbs. x 21.5 | -
14, Blectricicy-hw.Hrs. x3.413 =
15. Total BIU's x Vhes it sieraaaaases @

16, BTU's x 103/Yr Per Square Foot of Floor Area .

(Line 15 Line 7)
" 3. Annual and Energy Consumption for Domestic Hot
Water
ine No.
mne e A B c
Conversion  Theusands of
Factor BTU s/Yr,
17. 0il - Galloms x 138 (1) =
x 146 (2) =

18. Gas - Cubic Fest % 1.0 (3)=

% 0.8 (4)=
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3. Annual Puel and Energy Consumption for Domestic Hot Water (Cont'd)

Line No. A B ) c
: Converslon Thousands of
Factor BTUYs/Yr.
18, Coal - Short Wons x 263‘30 w
20, Stean~Pounds x 163 % 200 =
21. Propane Gas - lbs. x 215 =
22. Electficity-Kw.Hrs x 3413 =

23. Total BTU's/Yr. x 10-.

R R E R R A SRk Ry MmN

24, BTU's x },OBYI:‘;’P&I: Square Foot of Floor Area
(Iine 23 » Figure 4, Line 7)

4. Annual Fuel and/or Energy Congumption for Cooling
{Compressors and Chillers) ' ‘

Ling No. A i B [

Conversion Thousands of
a) if absorptien cooling Factor BTU's /YT,

% 138 (1) =

25, 011 - Gallons ] x 146 {2} =
x 1.0 (3} =

26, Gas -~ Cubic Feet x 0,8(4) =

27. Coal ~ Short Tons x 26000 =

28. Steam-Pounds x 103 « 800 =

29, Propane Gas = 1lbg . x 2.5 w

30, Total BTU's/yr x 107

430 4 440 248 EESDRESIE

31. BTU's = 103fYr Per Sguare Foot of Floor Ares
{(Line 30 % Fig. 4 Line 7)

b) If Electric GCooling

32, Elec tricity-KyH’ x 3,413 =

33. BTU's x 10%/yr Per Square Foot of Floor Area
(Line 32 ¢+ Fig. 4 Line 7)
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5, Estimated Annual Enerpy Conaumption for Interior Lighting:

Line ¥o. ‘ A B c
Conversion Thousands of
Pactor BT 's/Yx
34, XWH x 3,413 =

Fig. 10 Line 3 x Fig. 10 Line 33 (1)

33, BID's % lﬂafYr}Per Square Foot of Floor Area
(Fig. 10 iine 35 Col. C + Fig. & Line 7)

&, Estimated Annual Electrical Energy Consumption for -all Motors
and Machines If Building and Hot Walfer Are Not
Electrically Heated: (1)

36, Total ¥w. Hrs. Less Kw, Hrs. Lighting = Rw.Hrs,
(iine 22, Col. A}

37. ¥w. Hrs./Yr/Sq.ft. Floor area = . o)
(Line 37 Col, C = ¥ig.4 Line 7)

38, BTU's x 10°/¥r/Sq.ft. floor area = (Lime 37) x3.431 (2)

(1) and (2) If bullding heat and hot water are electrically
heated, deduct the Kw.Hrs./Yr/per sq. ft. and BTU's/Yr/Sq.ft,
for heating and hot water. (Lines 37 and 38)

D. PROCEDURES FOk IMPLEMENTING DETAILED CONSERVATION
UPPORTUNITIES

Each of the following steps, 3-11, are absatracts of nmore
complete options detailed in Sections 4A~G , and are
listed here to denote the general type of action to be
taken. The order of steps may be interchanged for many
items depending on the conditions inm your building and
your resources (labor, mostly) to pursue each 'suggestion,

STEF 5: REDUCE WEGLIGENT WASTE

Uaing the guidelines of Sections 4A~G for each svstem

as a checklist, identify those ltems in your bullding

that can be cleaned, repaired, or servided to improve their
performance and take the approprilate corrective acticn.

Record the action and date performed in a permanent conservation
record book which vou should set up for your energy

conservation program.


http:BTIl's/YrISq.ft
http:103/Yr/Sq.ft
http:lirs./Yr/Sq.ft
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STEP &: SET UP SYSTEM AND MAINTATN RECORDS

Uaing vour energy conservatilon record book, which should
include all identification profiles and initial energy audit,
maintain.a running disry of all actions which you take to
implement the ECO's appropriate to your building.

Provide space for recording future fuel and energy bills,
converted to BTU's, to aBcertain the effectiveness of

your energy conservation program. You will not be able to
measure your accomplishments by comparing the utllity Bills
only, dus to rising costs? the numbers in BTU's are needed,
(But remember, if you hadn't undertaken this program, the
bills would have been even higher.) In your record buaki
outline the additional measures you plan to take and don't
delay implementing them. As you azccomplish each chamge, record
the date and check off the item. Record the estimated

time and expense for in-house labor or contract labor for each
ECO vou propose to initdate; after completion of the

work, record the actual costs. CAUTION: Do not get bopped

down in paper work. If you will be delayed by Betting up

and nzaintaining a recard sysnem, initiate immediate action for
steps 5 and 7.

STE? 7: CHANGE THE ENVIRONMENTAL CONDITIORS

Review the way you operate your bullding, Clese off unused
spaces and cut off all services to them. Turn off unnecessary
lights. Reduce the indoor tewmperatures during the heating
season DY reseiting thermostats and adjust thermostats to
waintain higher temperatures in the suwmer (See Section 4

for special instructionsz for terminal reheat systems and core
areas of large buildings.} Turn off the air conditioning system
and all auxiliary fane and pumps and condenser or cooling
towers at night and on weeRands, %Reduee the quantity of
domestic hot water and reset ‘aguastats to malntain lower
temperatures, prepare memos to occupanbs telling them what
you are dolng. Tag light switches and other control

devices to make 1t eagy to identify them; they will get

more attention when highly visible., Operate drapes,

venetign blinds, windows ta maximize solar heat gaim In
winter, to make maximm uge of daylight 2ll year round, and

to miuinfze solar heat gain In summer. :

Select the guidelines form each portion of Section & that
list the optioms for changing the enviormmental conditions and
inaugurate them without .delay.

When you find that dampers or other controls are not installed
to permit you to take £ull advantage of any guideliﬁe,
consult EGM 2 for further imsrructions.

PPN E P VPR SR L
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STEP 8: REDUCE ENERGY CONSUMPTION FOR LIGHTING

Clean walls and pther fnterior surfaces to Increase the
effectiveness of the lighting system. Clean the lamps,

tubes, louvres and fixtures; next, replace lamps with omnes

of lower wattage, or with lamps or tubes ‘that provide more lumens
per watt. - Remove lamps from fixtures where the tasks

de not require the current f1lumination levels. Follow
guidelines from Section 4F, "Lighting" for the measures and
methods to follow. ¥Where extra switches would permit a savings
in energy without sacrificing visual performance consult ECM ?
for gspecific instructions for adding them. ‘

STEF 9: REDUCE HEAT LOSS AND HEAT GAIN.

Reduce the "huilding" heating and cooling loads by reducing

the air leakage fnto the building and heat transmission

through the windows, Caulking cracks, weatherstripping, znd
adding storm windows and doors for small buildings in climatic
zones of 5000 or more degree days will always result in a short
payback period in fuel savings for each dollar ilnvested.

(Refer to Section % "Heatfing” and “Cooling") ECM 2

provides more data on window treatment and dmsulation for walls
and roof to reduce heat loss and heat gain for each typical
climatic zone.

STEP 10: REDUCE THE DISTRIBUTION LOADS.

In addition to repalring leaks and finsulation, and cleaning
filters in air systems te reduce lgsses, the piping, pumping,
duct, and fan systems should be analyzed to determine the potential
for reducing energy consumption due to these systems. Bear in
mind, though, that the equipment may not have been operating
even In accordance with present loads, so there may be a
opportunity for conservation by adlusting primary equipment
for present loads as well as for new load reductlons. Before
maiking any adjustments to motor apeeds, dampers, and major
controls a survey of the systems which they serve, and the
actual conditions of operation and load should be made by
competent personnel who understand the equipment and systems.
Avold do-iteyourself ad]ustments to these syatems, since It

is possikle to serlously disrupt operation and jeopardize
equipment 1f Improper adjustments are made, For thelr
guldance, we suggest that you provide ECH~- land ECM-2 to your
operation and maintenance personnel and to outside service
organizations which yeou retain for maintenance and repalrs.

If you seek professional advice, make sure that architects and
enginesrs whom you consult are familiar with these manuals.
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STEP 11: IMPRQVE THE EFPIGIENCY OF THE PRIMARY ENERGY
CONVERSICON EQUIPMENT

Use quailfied service personnel to measure cowbustlion
efficiencies, and the performance of compressors, chillers,
cooling towers, condenser pumps and motors and to service
and adjust them %o operate in acdcordance with the new

loads (which will have been reduced By actioms taken in
previous. steps,)} Equipment should bBe adjusted for
"seasonal" efficlency, not simply peak efficiencies., Use
the appropriate instructlons and guidelines in Section 4 of
ECM-1 .,

ECM~ 2 phould be consulted for specific measures which entall
more that a nominal cost to Improve operating efficiencies.
It provides puldelines for major alteration or replacements.
If systems and equipment are obsvlete or beyond significant
improvement, replace them,
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HEATINRG AND VENTILATION

A, BACKGROURD

The yearly consumption of energy for heating and ventilating
can be reduced In three major categories:

(1) Reduce the "Bullding" heat load

{2} Reduce the dfstribution system lead

(3} Increase the efficlency of the primary
energy—conversion eguipment.

Categories 1 and 3 are addressed in this section, and
category 2 in Section 4p , “bistribution and HYAC Systems'.

B. "BUIILDING" EFATING LOADS

One of the factors which determine the “building™ hzat load
fs the average diffevence betwwen Indoor and outdosr
temperatures -~ the larger the tewperature difference,

the graster the load, Reduce the load By maintaining lower
indoor temperatures for as lomg a period sz posazible
during the heating season, Lowering the temperature to
68°¥. or less in the major arzas of the building when it ism
occupied, and maintsining even lower temperatures in lese
critical areas will conserve energy. The amount of heat
produced Internally by lipghts, people and business
pachines (internal heat gaing) and the smount of sunlight
{mpinging uvpon the structure and tranemitted through
window panes and doors also reduces YbBuillding' heating
load.

Reallze greater savings By reducing the Indoor temperature
at night and during weekends, Outdoor temperatures are
generally: colder at nipght, and nefther solar heat gain
nor internal heat gaing help at night to offset heat leoas.

The amount of outdoor air which £ Introduced Inte the
building for ventilation or which Infiltrates through

the building emvélope also contributes to the heating

load. This air must be heated and humidified to meet
indoor conditions. Itz ultimste effect on the load depends,
as with other heating loads, upon the difference in

indoor and outdoor temperatures and the quantity of

outdoor alr Ttself., In cold climates, shutting off
ventilation air at night — when no ventilation 12 required
for physiological reasons ~- may result In the single
largest savings of energy.

' Preceding page bank
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"Building" beating load also depends upon the amount of
meisture maintained in the building. The measure of the
moisture content of the afr s relative humidity (R.U.).
When cold outdoor air enters the Building -~ as ventilatien
or infiltration -« the relative humidity of the interior of
the bullding drops and additiomal moisture, in vaporized
form, must be added, Vaperization requires energzy in

the form of heat. THe greater the volume of ocutdoor alr, the
greater is the heat demand to supply Pumidification, Lowering
the level of humidification conserves energy.

A building fs more comfortable at lower temperatures 1if

the relative lumidity iz maintained at a level within

& range of from 20 to 40%., In a "tight" Huilding with
little air leskage and a small amount of ventllation, the
energy saved by lowering the temperature will exceed the
energy requirad te malotain fwafdity levels higher than

20%, Without using a computer for a seascnal analysis, the
calculation %o determine this trade-off is complicated.

ECYM 1Y descriBes a method for making such an analysis.

Since there is little medlcal knowledge available to support
the contentfon tRat relative humidities higher than

20% are more beneficlal to health, the recommendation here.
ig to maintain a waximum of 20% R.H. during the daytime

fn occupied areas of the building and to add no humidificaticn
at night, .

Finally, the building envelope -- the rooi, exterior

opaque walls, windows and doora, all of which are subjected
to the outdoor climate ~— influences the size of the
"puilding" heating load. The effect of infiltratioen
through the envelope is discussed above. In addition, heat
is tramsmitted through the building envelope by conductlon
in accordance with the temperature difference between
indoors and cutdoors and the resistance to heat transfer
cffered by each of the building compeonents.

The rate of heat tramsfer through the envelope

is expressed as a "UY" value -- BTU's /hour/sq. ft. of
surface per degree of temperature differehce between
indoors and outdoors. The thin layer of air surrounding
the extariocr surface of the envelope ¢dds to the
insulating value of the wall or roof materisl. A lower
U value means greater reslstance to the transmission of
heat and saves energy hy reducing heat loss from the
building.



Sipgle panes of glass im still ajir (less than 15 m.p.h.)
have a U value of 1.13. Double glazing reduces the U

value to ghout .55. The U values of walls and roofs vary
from .4 down te .06 depending upon the structural materials
and the thickness of any Insulation which has beern added.
Effectiyve measures to reduce the U value and heating load
include adding a storm sash to existing windows,

replacing the windows with double glazing (or triple glazing
in severe ¢limstes), and adding Insulation to the interior
or exterlor surfaces of roofsz and exterior walls.

Wind destroys the alr film aground exterier surfaces

and causes the U value of the surfaces to increase. Heat

" loss, especlelly through window panes and unissulated
walls, dincreases accordingly. Use shutters, scresns, trees,
or other shielding devices to reduce wind velocity on the
windows Lo limit beat losses.

C. DISTRIBUTION SYSTEM LOADS

A distribution system is neceesary to supply the

"bullding" beating load. It may carry hot water or

steam directly from a boller to radiators or to fan coll
units in the spaces to be heated, or to air handling units
which transfer the heat from the steam or hot water piping
by means of coils located in the unit. Air warmed By aicz
handling units is forced through ducts to regleters or
difflusers in the conditioned spaces. Return air, drawn
through ducts back to the sir handling units, is clsanged,
along with fresh eir aleso drawn into the unit, by aie
filters, The unit, when fitted with cooling colls,

employa the same blower and duct system for alr conditicning.
Gravity hot alr furnaces deliver hot air, without a Blowsr,
directly to the space through a short duct conngetiens
Forced warn air furnaces are eguipped with a blowsr which
delivers warnm air to the spaces and return air (through
ducts similar to those of the sir handling unite) to the
furnace. .

The distribution loads, often called “parasitic" loads
since they do not contribute directly to the comfort and
requirements of the bullding occupants, include heat lesses’
from piping and duct work, and electric power teo drive fans
or pumps against the resistance of the duct or piping-
system. Adr, water or steam leaks f£rom these gymtems, torn
and missing insulation, and broken or fll-fitting windows
are flagrant exzazmples of negligent waste — they Intresse
the load without performing useful work. DistriBution loads
are discussed extensively in Sectlon 4p , "Distribution

and HVAC Systems™,
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 D. PRIMARY ENERGY-CONVERSION EQUIPMENT

Ultimately, anergy, In the form of oll, coal, or gas

is consumed by primary eguipment and converted, by way
of combustion, into heat in a boller or furnace. The
potential energy in the fuel 1s not fully realized,
because It is difficult to achlieve and sustain the
correct mix, for combustion of air and fuel, Additiomal
losses, thru the breeching or smoke pipe up the

chimmey, and heat radiation frem the boiler surfaces or
furnace jacket further reduce the uszseful heat cutput

of the unit.

Although the efficiency of a burner-furnace unit at any
instant may fall just short of 90% for those fueled by oil
and gas (and somewhat lower for those fueled by coal), the
. seasonal efficiency is generally lower by 1& to 30%,

as 4 result of stack losses during and between on—0ff
firing periods. The amount of heat lost is a function of
the amount of excess air required for complete com=~
bustion, the amount of draft at maximum and part loads,
the amount of ailr leakage into the combustlon chamber, the
ability of the burner to modulate in. accordance with
varying "building” loads, the quality of the fuel,

and the amount of soot and scale accumulation (reducing
heat transfer) on the combustion surfaces.

Proper adjustment of burners, and maintenance of boilers’
and furnaces Improve efficiency —- and reduce fuel
consumption accordingly. Many units originally designed
for coal, however, have been filtted with gas or oil hurners
and cannot be made to operate ag efficientiy as better
quality units designed specifically for oil or gas.

After reducing the "building™ distribution lvad, -

further improve the efficiency of the burner-boiler or
furnace units by adjusting the firing rate to accomaodate
the new loads. Lower the temperatures of the water or air
delivered from the unit, Radiation and cowvection lusses from
the unit will be reduced with lowered temperature and steam
pressuraes. If, however, it becomes necaessary to cireulate z
greater guanfity of alr or water to meet room loads, '
distribution loads may actually incrsase. To anslyze this
trade~off thoroughly, seek professional advice. In gemeral,
operate the primary equipment at lower temperatures just
sufficient to meet room lcads.

ECM 7 describes methods of recovering waste heat from
boilers, furnaces, and exhaust air to conserve energy.



~101~-

E. ERERGY CONSERVATTON OPTTONS

ECO 1 SET BACK INDOOR TEMPERATDRES THRINE UNOCCUPTED
PERINDS N )

Energy expended to heat Buildings to comfort condftlons

when they are unccecupied (which, actually, Is most of the time).
is wasted. Save energy by setting back the temperature

level at these times. The savings which can result vary

with the length of time and the mumber of degrees that
temperatures are set back. The percentage savings will be
greater in warmer climates, but the gross energy saved

will be greater in cold climates.

In areas where 1t is nof neceseary to maintain high
temperatures during occupiled perieds, i.e. corridors and
lobbies, maintain even lower temperatures than for the

other spaces, BSee Figure 13, column B, for supgested

winter night setback temperatures. Implement setback by
resetting thermostats mapually (if automatic setback

control has not been installed), or adjusting controls to
suggested temperatures (if clock, day-nite, or other
automatic reset controls are gvailable)., Climate, type of
system, and building construction will determine the length
of the startup period required to attain daytime temperature
levels., Experiment to decide upon the optimal setback
tempergture and startup time for any particuiar building.
If, in extremely cold weather, experience indicates that the
heating system does not raise the temperature sufficiently
by the time the building opens for the day, set temperatures
back to a level higher than those recommended here for thase
periode of time only.
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SUGGESTED HEATIRG SEASON INDOOR TEMPERATIIRES

A B

Dry Bulb °F, Dry Bulb °F.

occupied hours unoccupied hours

T mexdimum {set-back)
L. OFFICE BUTLDINGS,

RESIDENCIES, SCBOOLS
Offices, school Tooms, 68° 55°
residential spaces :
Corridore 62° 52°
Dead Storage Cloa_etéi 50° 50°
Cafeterias ' 68° h $0°
Mechanical Equipment Rooms 55¢% 50°
Occupled Storage Areas, 55¢ 50°
Gymnasivms

Auditoriums 68° - 50°
Computer Rooms 65° As required
Lobbies " 65% _ - 50°
Doctor Offices 68° 58°
Toilet Roome 65° 55¢
Gerages Do not heat - Do not heat
2. BETATL ETORES
Depariment Stores 65° 55°
Supermarkets 60° o 50°
Drug Stores 65° 55°
Meat Markets 60° | 50°

Fracéding nage hiank 4
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FIGURE 13 CONTINUED

SUGGESTED\HE@TI?G:SEASO? IHD&QR TEM?ERA?ERES

A ' B
Dry Bulb °F, . Dry Bulk °F
cccupled hourg unoccupied bours
| maximum " {set-back)

2. RETAIL STORES (Cont’d)
Apparel {except dressing rooms} 65° o - 53°
Jewelry, ‘hardware, etc. 55% 85°
Warehouses 55° 30°
Docks and platforms Do not heat Do not heat

3, RELIGIOUS BUILDINGS®

248rs. Greater
ar less than 24

Hrs, *#® .
Meeting Rooms 68° 55° 50°
Halls of Worship 659 - 55° | 507
All other -spaces As noted for s0® 40°

office bulldings

Use Figure 14 to determine the actual savings in fuel

for an average winter for any particular bullding, From
Figure 3, the climate profile, select the degree days for
the location and Irem Figure 12, line 16, f£ind the

number of BTU's per square Ffoot per year now consumed for
heating.

Enter the graph at the appropriate present heating
eneTgy consumption and degree day axes, intersect with
the proper setback line, and follow the example line to
determine the savings In BTU's per square foot per year.
Multiply th:is value by the gross square f£oot fleor area
to give the total yearly savings in BTU's that can be
expectsd for the entire buillding.

*and other spaces used for only a few hours per week.
**yhen outdoor temperatures are above 40°F.
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FIGURE #14 Engineering Data

References: AFM 88-8
T.5. Govermment Printing Office
15 June 1967

Ciimaéic Atlas of the United States
U.5. Dept, of Commerce
June 1968

Five locatlons with heating degree day totals ranging

from 1400-8400 were analyzed regarding time temperature
distribution below 68°F DB. The percentage temperatura
distzribution for each of the 5°F ranges which includes

the sethack from 68°F shown In the lower half of the Figure
related to the total number of degree hours below EB°F

was determined for 24 hr/day, 363 days/yr. This percentage
was then plotted agalnst annual degree days and expanded

to cover the entire range of degree days and is shown as
the lower half of the Filgure.

The upper half of the Figure vepresents the range of
heating energy consumed/sq.ft. for various buildings over
the range of 1000 to 10,000 degree days. The sxtreme

right hand linme in the upper half represents 90% of the
present consumption when prejected vertlcally. Analysis

of energy usage for heating by various bulldings in

several locations showed that 1t can be safely assumed that
approximately 10% of the total heating energy consumption is
during occcupied hours. Therefore, savings by night setback
are applicable to only 90Z of the total heating energy
consumption. The remainder of the upper half of the Figura

simply proportions the energy saved based on the point of
entry from the lower section,


http:consumed/sq.ft
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Convert thie figure to a quantity of fuel by dividing

by an approprilate conversion factor, To convert to
gallons of #2 oil, divide by 138,000 (the mumber of

BTU's in a gallon); for #6 oll, by 146,000 (BTU's per
gallon); for naturgl ges, by 1,000 (BTU's per cubic foot};
for manufactured gas, by BOO (BIU's per cubic foot); amnd
for tons of coal, by 26X10° (BTU's per ton)., Multiply
this quantity by the unit cost for any type of energy
uged to calculate cost savings.

Exanple:

Find the yearly energy saved by lowering the temﬁerature
10°F, during unoccupied hours for the following building:

Type Ek 0ffice, 40 hrs. occupancy/wk.
Location Minneapolie, Minn.

Floor Ares 100,000 sg.ft.

Fuel Light 011 (138,000 BTU/gal.)

Present Heating Consumption 76,000 BIU/sq.ft.-yr.
Heatling Degree Days from
Climatic Zane Profile’ 8,400

Enter Figure 14 at 8,400 degree days and 76,000

BTU/ sa,fc,~year present consumption. Intersect with the
10° set-back line, agd follow the example line to determine
a savings of 21 x 10 8TU/zq.ft.-vear,

Savinge: Convert savings in BIU's to gallons at’ 57 seasonal

' : refffclency

21,000 x 100,000 sq.ft. = 23,411 gallon
138,000 = 0.65 '

Assuming an average fuel cost of §.36 per
gallon, then the sayings in dollars per vear is
0.368 x 23,411 or 58,428,

Resulte: Energy Saved 23,411 Gellons per year
Dollars Saved 58428,

ECO 2 REDUCE INDOOR TEMPERATURES DURING OCCUPTED PERIODS

See Figure 13, column A, for recommended heating season
indoor temperatures. Maintaining lower indoor temperatures
during occupied periods conserves energy, although savings
are not as great ae those for unoccupled hours. Reduce
even lower the temperatures in less critical greas, such
as zorridors and lobblee, toc realize glgniflcant savings.
The amount of energy comserved will be greatest in
~buildings which normslly have longer periods of occupancy
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(stores as opposed to achbsis), and in buyildings or
sections of bulldings with the least intermnal heat gain
and solar radiation to help with the heating load.

ECO 3 AVOID RADIATION EFFECTS TO COLD SURFACES

In cold climates the temperature of an interior surface
of am exterior wall or window is considerably lower

than room temperature, and people located near to the
surface radiate heat to it. Even if the room
temperature is 70° or 75°F., these occupants will feel
cold, particularly if they are located near windows where
the radiation effect is most gevere, Often, in order

to keep warm, they request that room thermostats be

set higher. Overheating of the Interlioer of these
particular rooms results and heat loss and energy
consumption Increase accordingly. A few simple remedies
will both save energy and eanhance the comfort of the
occupants.

ECO 4 REDUCE RELATIVE HUMIDITY LEVELS

Bumidification systems vaporize water dnto the dry
ventilating air to increase it's molsture content and achieve
the desired R.H. within the building., This humid-

ification process requires a heat input of approximately
1,000 BTU's to vaporize each pound of water. The amount

of moisture (water vapor) required to maintain any desired
level of relative humidity is proportiomal to the amount

of outdeor air which enters the building and 1t's dryness

and the natural moisture Input by the building

oooupants.

Humidification systems while not universally used are often
Instalied to maintain the comfort and health of

gccupants, and to preserve materials, and prevent dry-
ing and cracking of wood, furnlture and Building contents.
Maigtain humidification at the level required for
occupants where preservation of materials 48 oot a

factor. Do not humidify during unoccupiled periods.

Winter relative humidity in cold climates drops to 3

or 10% in buildings without humidiflers. In the absence
of sufficient evidence to support the contention that
higher levels are more comfortable or promote health,

it 1z suggested that 20% relative humidity be maintained
in all zpaces occupled more than 4 hours per day. BShut
off the humidifiers completely in all areas at night

and during other unoccupied periods., If complazints of
dryness and discomfort result, raise the humidity levels
in 5% increments until the appropriate level fpr each
arsa of the bullding 1s determined.
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FIGURE #15 Engineering Data

Data from Figure #6,

WB degree hours-based on 24 hours/day, October - April,

Base indoor condition for figure is DE®68°F, WB=54°F, RH=40%,

Energy used is a function of the WE degree hours below the
base conditions, the RY maintained and the number of hours
of controlled humidity. The figure expresses the energy
used per 1000 cfm of air conditioned or humidified.

An avalysis of the total heat content of air In the range
under consideraticn ilndlcates an average total heat variation
of 0,522 BTU/1lLb, for each degree WB change., Utilizing

the specific heat of air, this can be further broken

down te 0,24 BTU/1k. sensible heat and 0.282 BTU/1b.
latent heat. One thousand cfm is equal to 4286 1b./hr. and
gince we are concerned with latent heat only, each

degree F WB hour is equal to 4286 x (.282 or 1208 BTOH.
Further investigation of the relationship bhetween WB
temperature, DB temperature, and total heat shows

that latent heat varises directly with BH at comstant

DB temperzture. The lower section of the figure shows
this proportional relationship around the base of 40%

RH. The upper section proportions the hours of system
operation with 168 hr./wk, being 100%.
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If higher relative humidities are maintained to reduce
statlc glectricity and eliminate shocks, (307 RH will
usually achieve this) raise the humidity levels only

for those peripds when the shocks ave a serious problam.
Refer to Figure 15 gnd the following example to determine
the energy required for humidification and the potential
savings through reduced R,.H, levels,

Example:
AL it

Find the yearly energy saved by lowering winter relative
humidity from 50%Z to 30%.

Type Betail Department Store,

' 72 hrs. occupancyfweek
Location : Chicago, Illinoils
Fuel Lighr 041 (138,000 BTU/gal.)
Outdoor Alr Rate 5,000 cfm
Annual Wet Bulb Degree Hours
Below 54°F. WB and 68°F, 106,000

Enter Figure 15 at 106,000 degree hours, Follow the
example line intersecting with 50 R.H, and g2-hour
lines and read vearly enerpy used of 68 x 10" BTU-yr./
1000 CFH.,

Re-enter Filgure 15 intersecting with tge 307 R.H. lipe
and read yvearly energy used of 40 x 10
BTO~year /1000 CFM.

Savings: The energy saved equals 68 - 40 or 28 x 106

BTU-Year/1000 CFM and fag 5000 CFM, the
total is 5 times 28 x 10° or 140 x 10°
BTU/year.

Puel Savgd at a seasonal efffvfency of 60% =

%%%2%_ o6 1690 Gallons
] "

At $.35 per gallon, the savings is 0.36 x 1690
or per year.

Results: Energy Saved 1690 galloms per year
Dollars Sgved $608B per year

~ Hote: For any bullding, the CFM is a combination

of ventilation rate and infiltration converted to UFH.

A building with 100,000 sq.ft. of floor aree could have as
much zs 15,000 CFH or more of dnfiltration.
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To calculate the BTU's per square foot floor area that
are used for humidification at any desired level,
multiply the energy per 1,000 CFM times the total CFM of
outdoor air divided by 1,000 and divide the answer

by the gross wumber of square feet of bullding grea,
(Figure 10, line 7)

uﬁCG 5 SHUT DOWN VENTILATION SYSTEM DURING UEOCCUPIED
HOURS

Ventilation is responsible for a large percentage of the
"building" heating load. Cold outdoor alr, Introduced

for ventilation, must be heated to the point that it

meets the indoor temperature. The load which this imposes
on the heating system is directly proportional to the
‘indoor temperature and the quantity of alr intreduced

for ventilation; the yearly energy used to heat this air
is g function of heating degree days.

Many buildings are ventilated at a rate far in excess of

that necessary to maintain comfort, dilute odors, or meet
code requirements and/or they are operating ventilation
systems 24 hours per day even when the bBuilding is unoccupied
or lightliy occupied. These bulldings contribute to a gross
waste of heating eomergy.

Use Flgure 17 to calculate the amount of energy reguired
to heat outdoor air for any selected peried of time, and
alsp to determine the yearly savings in energy per 1000
CFM by shutting off the outdeor alr during unoccupied
perieds,

Ventilation may be provided through a fresh air intake

duct to zn air handling unit; through cutside air

intakes of fan coll, window, or through-the-wall units;
through intake ducts to rooftop or package heating and
cooling units; or, By a sgparate outdoor zir fan, Examine
the building systems carefully to determine how ventilation
is being supplied, and what control or dampaer devicss are
zvailable to reduce and shut off the supply of outdoor air.

A methed for reducing outdeor air quantities zppears in
the example for ECO 6. Use 1t with Figure 17 to determine
the savings for complete shut down of ventilatleonm air.
The savings which result from shutting off or reducing
ventilaticn air during the cooling sesson are described
in Secticn 4 , "Cooling."
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ECO & REDUCE VENTILATIOR RATES DURING OCCUPTED SERTIGDS

The building owner or operator can perform most of the
procedures for shutting off ventilation st night or on
weekends, but professfonal advice and help may be
necessary to reduce the ventilatfen rate In all or
portione of the bullding during cccupled perieds,

First establish the ventfletfon rate by measuring the
volume or alr at the outdoor air intakes of the ventilation
system. Then determine the leocal code reguiremente and
compare them with the measured ventilationm rate to find

the magnitude of possible mevingz. If the code requirements
exceed "Recommended Ventilation Standards", Figure 16,
apply for a code varlance. Although code flgures are often
used ag 3 design criterfs, with dampers and ducts installed
azceordingly, they do not neceessarfly veflect gotual building
requirements for the pumber of people occupying spaces for
gpecific periods of time; they often exceed real require-
mente.

If veatilation 1s supplfed to a buildfpg to provide makeup
air for toilet, kitchens and othier exBuast aiy gquantfities,
analyze the exhuast systems and operate them only as

neaded. Savings of fan horsepower for exhaust fans and supply
fane and heating energy to temper the supply air will result,
Cooling loads will be similarly reduced in the summer.

If supply fans also handle outdeor alr for ventilation,
Increased return air guantities may compensate for the
reduction in ventlilation air quantities and preclude fan
horsepower savings. Reductionms im the "bullding” heating
load, however, will result in significant savings.

When two or more spaces with different requirements are

served by one zystem, it is nmot alwsys possible to gontrel

the separate ventilation rates., Not all of the spaces,

however, need be supplied at the rate required for the most
critical ares. Refer to Figure 1& and calculate the maximum
amount of ocutdoor air by the sum of the indlvidual requivements.
This procedure, generally, willl provide satigfactory

conditions for all spaces. )

Where peparate ventilation systems are installed, group

occupants by type of activity, when possible, toe reduce
the total ventilation rate and conserve energy.
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Qutdoor alr for economiser cooling 1s discussed
separately under Section 4 , "Gooling", Air used for that
purpose is not strictly speaking "venrilation'.

Use the method outlined im the following example to

determine the savings due to reduced ventllation rates
during occupied periods,

Example:

Frow the Identification Profile:

Building Type Offices

Building Floor Area 104¢,000 8q. Fe,
Building Location Minneapolis, Minnesota
Heating Degrea Days 8400 S
Qeeupancy ' 667 people

Indocr Temperature : 68°F.

Occupied time 40 hwours/wesk

Present measured ventilation rate - 20,000 CFM

This represents 20,000 = 30 CFM/person
6867

Reduce the rate of ventilatlon to an average of

§ CFM/person to serve a mixed smoker/non-smoker
population. New ventilatlon rate = 667 x 8 = 3300 CrM
Yentilation reductfon = 240,000 - 3300 = 14,700 CFM

Determine frowm Figure 17 that in an area of 8400 degree
days, each 1000 CFM for 40 hours/wesk requires

50 x 10° BTU/vear energy for heating., Therefore,
heating enargyssaved by ragucing ventilation =

14,7 x 50 = 10" = 735 x 10° BTU/year.

Fuel saved 1f the oll-fired system has an gfficiency of
60%, and if using #2 oil at 138,000 BTU/gallen =

735 % 10°

= 8877 gallons/year
138,000 x 0.8

@ $,36/gallon 83135/ Y¥ear
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VENTILATION RECCMMENDATIONS

1. Offi;e Bufldinge

Work Space 5 CPM/person
Heavy Smoking Areas - 15 CPM/person
Lounges - 5 CFM/person
Cafeteria 5 CFM/person
Conference Rooms 15 CFM/persen
Doctor 0fflces 5 CPH/person
Tollet Rooms 10 air changes/hour
Lobbies o

Unoccupled Spaces g

2. Retall Steores

Trade Areas 6 CP/customer
Street level with heavy use

{less thanm 5,000 sg.ft. with

single or double outside

door) 0

Vnoccupied Spaces 0

3. Religious Bulldings

Halls of Worship 5 CFM/person
¥eeting Reoms 10 CFH/person

Unoccupied Spaces 0



-116~

ECO 7 REDUCE RATE OF INFILTRATION

Outdoor air infiltrates a bullding through cracks and

cpenings around windows and deoors, through construction
joints between individual panels In a panel wall conmstruction,
and through poerous bullding materials of the exterior

walls, roofs, and floors {over unheated spaces).

Infiltration increases with wind velocity and penetrates

the windward side of the building -~ usually the aorth or
western exposures in cold climates. However, in high

winds, a negative pressure is often created on the les side,
which 1f the north and western exposures are windowless and/or’
tight, may induce air into the buliding through openings

in orther exposures and through open doors and passageways.

In tall buildings stack action due to the difference
hetween indosor and outdoor temperatures induces air

leakage through cracks and openings. Stack effect is always
a2 potential problem for wvertical spaces =~ gervice shafts,
elevaror shafts, and staircases, The density difference
between warm air in the shaft and the cold outdocr air
induces alr to leak into the bottom of the shaft and ocut

of the top.

Infiltration is also induced into the building te

replace exhaust air unless mechanical inlet ventilation balances
the exhaust. Pollow the suggestions for reducing exhaust

alr guantities and periods of operation, described in

ECO 6 to reduce infiltration rates frem this cause.

Infiltrarion, which often accounts for a major pertion
of heating load, caanct, like ventilation systems, be
turned off at night or during weekends (although it may
be decraased if exhaust fans are shut down), 1t can,
however, be reduced ar all times. Particularly effective
measures Include caulking cracks around window and door
frames and weatherstripping windows and doors.
Weatherstripping doors costs about $50 per door or $75
per double door. To weatherstrip metal ftame doors with
aluminum and rubber costs about twice as much, »
Weatherstripping costs for windows depend upon type and
number, and range between $25 to %50 per window, To
rake out pld caulking and recaulk around window edgss
costs about 515 per window (or about 5235 per 30 sgquare
feet window). Figure 18 reveals infiltration rates for
various types of windows, In most climates the average
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FIGURE # 17 Engineering Data
Date from Figure 4

Energy used 1s a function of the number of degree Jays, indoor
temperature and the number of hours thar temperature is ‘
maintained and 1s expressed as the energy used per 1000 cfm

of alr conditoned.

The energy usad per year was determined as follows!:
BIU/vyr. = {1000 cfm) (Degree Days/vr.) (24 hr./day 1.08)#%
Since degree days are base 65°F, the other temperatures
in the lower section of the figure are directly proportional
to the 653°F line. The upper section proportions the hours
‘of system operation with 168 hr./week being 100%.

#1.08 is a factor.which incarporates specifia heat,
specific volume, and time.
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FIGURE #18 Engineering Data

Source of Data: ASHRAE HandBook of Fundamentals,; 1972, Pgs. 333,
337,338
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wind velocity in the winter is 10 to 15 milea per hour. In
gome locstions it is considerebly higher. Check your

local weather bureau for relevant information, or draw

on individual experience, Wind patterns and velocity

vary widely, even ou the same street in a city.

The installation of revolving doors and vestibules

ls an erfective measure agalnst ailr leakage through entrances.
Refer to ECM 2 for informztion on potential energy savings
with revolving doors and vestibules as well as additional
messures to reduce the effects of stack actionm.

For porous block wzlls having - leaky mortar joints,

point up from the exterior, or paint the wall with

epoxy to seal it against ailr leakape and molsture. A 4 mm
coat of epoxy resin costs about 35¢ per sguare fooc for
material and labor,*

Tlse Figure 17, to determine the energy reguired to heat
infiltrardon air,

To estimate the ameunt of imfiltratiom ocecurring in a
building because of window leakage, determine, first, the
total amount of crack area. Vse the following procedure:
Example:

From the Identification Profile:

Building Type Offices

Building Size 100" x 50' 4 floors

Bullding Location Topeka, Kansas

Heating Degree Days 5,000

Indoor Temperature 68°F.

Wind Speed 15 mph

Wind Direction | MW

North Windows Dimensicns: 5'x3'; total no. 28
West Windows Dimensiona: 5%x3%: total no. 56

HWindow typet loose fitting, double hung wood sash

Determine the crack length/window
Each window perimeter = 5+5+34343 (including the 3F
= 19 f¢, horizontal ¢rack
between the upper and
lower mash)

#The cost of ﬁpuxy Tesin may escalate at a rate higher than
that for wost costs In this manual,
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Total crack length for north and west windeowy =

19 x84 windows = 15946 ft, ,
Determine from Figure 18 the rate of infiltration per

foot of crack = 1.5 CFM

Total infiltration due to window cracks = 159x1.5 = 2394 CFM
Determine from Flgure 18 the rate of Inflltration per

foot of crack 1f windows are weatherstripped = 0.25 CPM/ft.
Therefore, total infiltration = 1596 x 0.25 = 399 CFd
Reduction in infiltration = 2396 - 399 - 1995 CFM

Determine seasonal savings in energy for heatin

From Figure 17, each 1000 CFM required 130 x ng BTU/year
Therafore, reducing Infiltration By 1995 CFM would

result in a savings 130 = 10% x 1.995 = 259,1 x 10® BTU/year.

Savings due to weatherstrip = 228,1 x 10% BTU/year
Tuel saved, if the heating system uses #2 oll {138,000
RIU's/gallon) and has a seasonal efficiency of 60% =

259 x 108 = 3128 gallons
138,000 x 0.6

@ $.36/gallon . $1126/year

The cost of weatherstrippilag 84 windows of 15 sq.ft.

each in New York City is $25/window,  Adjustment for

Topeka {use Denver from Appendix A) = 0.81 x §25 =
520.25 each window.

Therefore, total cost for 84 windéws = 84 x 20,25 = $1701
In summary,

$1701 spent on weatherstripping windows will realize a
savings in fuel cost of 81126 per year, Capital pay-back
will be about 1 1/2 years makling the investment
worthwhile, If fuel costs continue to escalate, the
pay-back period will be even shorter. Because weather~
stripping the windows results in additional savings

during the cooling season {even though wind velocities

and infiltration rztes are less), the total yearly savings
in enerpgy will be greater than that shown. '

ECO 8§ INCREASE THE SOLAR HEAT GAIN TNTO THE BUILDING

Although solar heat gain adds to the coolinmg load, 1t can
be very helpful in reducing the heating load. Solar radiarion
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impinging wpon an opague building envelope raises the
surface temperature and reduces conduction losses., In
an sxisting bullding 1t is difficult to increase this
effect, However, if the walls are not heavy construction
and are not well-Insulated, consider refinishing the
extericr south wall in particular, and the east

and west walls next, in that order to increase solar
radiation effects. See ECHM 2 for details.

Other measures to permit avallable sunshine to enter

the building through windows and glass doors can be
Implemented readily and the emergy conservation
benefits, especially in the northern latitudes, are
considerable. The amount of sunlight that penetrates
the windows depends upon the nimber of panes of glass, the
area of the windows, the orientation of the windows, the
type and cleanliness of the glags, the type of solar
control device, the latitude where the bullding is
located, and the percentage of sunshine at the locatlon.
Charts which address all the varigbles and permit
cazleuvlations for exact benefits of increasing the solar
heat gain 1o the winter are impossible within the

scope of this manual. A general rule 1s pomsible,

bovever. In Minneapolis, there is approximately 2Z5% more
sunshine on the south glass and 15% more on the east and
west gless than there fs on the north face; in Florida,
the smount of sunshine striking all facades is nearly
equal. Between these two locations, due to sun angles

at different latitudes, the percentagee of sunlight
chauge lipearly with latitude,

The heat contributed by solar radiation through windows can
save about 3/4 of a gallon of oil per mquare foot of

south facing glass in Minnesota, and about 1/4 of a gallon
of oil per year for east or west facing glass in Miami,

About 10X less sunlight penetrates double glazing than
single glezing. However, double glazing reduces the
heat load due to conduction, and the benefits from this
more than offset the loss of solar radiation.

ECO- G REDUCE: HEAT TRANSHISSION: TUB TO CONDUCIIVE LOSCES- THROUGH.
) \PHE BUILDING ENYELOPE T e PR

Heat loss through the envelope depends upén the temperature
difference between Indoors apd out; the mode of operation of

the heating system; and the mass, coleor, and Insulating wvalue
of the exterior wells, roof, windews and flvor (over unheated

spaces). Wind impingement on the exterior surfaces increases heat loss
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by transmission. Solar radiation compensates for it by
raising the temperature of the exterlor surfaces. A single
layer of glass transmits 1.1 BTU/square foot of surface per
degree of temperature difference (td); double glass

transmits about .55 BTU, an uninsulated frame wall ahout

.3 BIU, a 12" masonry and 4" brick wall about .25 BTU's and
insulated walls of various types and thicknesses down te .027
BTU's per square foot per degree td,

Insulation and double glazing are discussed 1n EQM 2., For
buildings in climates of 4500 degree days or more, adding

a storm sash to windows and adding 6" of fiberglass insulation
(.o the underside of the roof, or over the ceiling of )
uninsulated buildings} will have a pavback periocd less than

§ years with oil prices at 38¢ per gallon. Contact at least

2 local contractors for prices before awarding a contract.

ECM 2 contains data on the relative affectiveness of double
glazing and insulatien in various climatic zones in the United
States, as well as cost data for various measures to reduce
heat laoss.

The installation of storm windows reduces Infiltration rates
as well, Therefore, adding storm windows, may preclude
weatherstripping and caulking loose fitting windows, (Removing
a single pane of glass and replacing it with a pane of double
glazing reduces conduction losses but mot Infiltration),

For smzll buildings with few windows, a temporary storm

gash, non~operable, can be erectdd qulickly with clear heavy
duty plastie sheet nailed in place and caulked for tightness at
about §4 or 55 per window,

ECO 10 MFROVE THE BURﬁERMBOILERfFﬁﬁﬂACE SEASONAL EFFICTENCYT

Although there are many types and sizes of boilers, furnaces
and burners in use today, all have certaln common characteris=
ties, and similar techniques can be used to improve thelr effi-
clency and conserve enargy,

In thesry, comBustion of oil, gas, or coal requires a given fuel/
oxvgen ratio for complete burning and maximum efficiency.

In practice, air (mixture of oxygen and nitrogen) is used to
provide the necessary oxygen for burning and must be supplied
in excess of the theoretical requirements to insure complete
combustion. The quantity of air that just gives complete
combustion is the ovtimum amount, Any reduction in the
optimum air quantity prevents complete combustlion and wastes
energy ~- the maximum heat value of the fuel camnot be released,
Any increase over the optimum air quantity for combustion will
reduce not the efficiency of combustion itself, but rather

the rate of heat transfer to the boller or furnace; an increase
in the stack temperatures (heat lost out the chimney] will

also accur. It is important, therefore, that air Into the
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combustion chamber be controlled to achieve the most
favorable fuel/air ratio for any given burning rate.

Take meapures to prevent any other uncontrolled source of air
entry through leasks into the combustion chigmber.,

Clean and adjust burners each year and wonitor them
periodically during the yesr to assure optimal combustion
efficiency (adjust them at these times as necessary). In
large iamstallations make combustion ¢ontrol and monitoring

a daily procedure. Use crsat apparatus to check the C0;
content of the flue gae, and thermometers to check stack
temparatures., Taken together, the amount of €0, and the stack
temperature comstitute 2 megsure of the combustion efficlency.

After reducing the “building” and distribution hearfng load,
clean and correct dirty oil nozzles, oversized or undersized
nozzles, fouled gas parts, and :impraperly% sized combustion
chambers. Reduce nozzle sizes and modify Combustion chambers
for proper combustion.

The condition of the heat tranefer surface directly rffects
heat transfer from the combustion chamber and/or hot gases.
Keep the firewgide of the heat transfer surface clean and
free from soot or other deposits znd the afr and water-eide
clean and free of -scale depositm. Remove deposits By
peraping where they are accessible, by chemicsl treatment, or
by a combination. In the case of steam bollers, once the
water-gide of the boller is clean, inatitute correct water
treatment and blow down, tm maintain optimum heat trausfer
conditlions,

Boilers and furnaces may achleve relatively high iInstantanesus
full~-losd efficliencies (B0 = 87%), but because they are
vperated most of the time at part load, they have lower
speasonal efficiencles. Generally, mespures which increase
the full-load instantanecus will slso Incresse the sessonal
efficiency, However, when the peak loads are of very

short duration, it msy be advantsgeous to tume the boller

for maximum efficiency at part-load conditions in order

to galn greater seasonal efficlency.

Flue gas tempersztures from bollers range typlcally from

250°F, for gas~fired lov temperature boilers up to 800°F

or more for oil and coal~-fired high temperature boilers.
Furneces operate in the same range, Hot flue gas contains
useful heat which can be reclaimed for space or air heating, or
to preheat feed water, by the installation of heat transfer
coile or heat pipes in the breeching. (This measure requires
capital expenditure and is dealt with in ECH 2 ).
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CUIDELINES 10 REDUCE ENERGY USED IN HEATING

SETBACK TEMPERATURES DURING UNCCCUPTED PERIébS

-Shut off radiators or reglsters in vestibules and lobbiles,

=-Reduce the hours of occupancy to the g:eatéﬁt"extent pogaible
during pericds of severely cold weather.

~Adjust automstic timers or add time clocks to automatically
set~back temperature for night and weekend operation.

-When buildinge are used after hours for meetings, conferences,
c¢leaning or scattered activities, for instance, reduce the
number of spaces occupied and, to the extent possible, con=
goelidate them in the same sectiou ‘of the bullding. Reduce the
temperature and turn off humidifiers in 311 other parts of the
building.

-When there i1z mo danger of freezing, turn off radiators
or gupply registers in areas that do not have a separate
thermostat., Open them when bullding is occupled.

~Cheek relevant codes regulring protection for plumbing, fire
sprinkler systems, and standpipes Before Implementing
extreme temperature reduction. Public utilftfes may set
temperature requirements for their equipment roous,
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SET BACK TEMFERATURES DURING OCCUPIED HOURSR

~Stores are commonly overheated and uncomfortable for
transient patrons who zre wearing outdoor clothing. To
consarve energy, reduce store temperatures to a level
that 1s comfortable for heavily dressed patrons and
encourage staff to drese more warmly or provide local
heaters. )

~In all bulldings encourage occupants te wear heavier clothing
so that they are comfortable at lower indoor temperatures.

~Some buildinge contain large heated areas such as
storage spaces that are only occupled by one or two
people. In such arems, reduce the temperature to a low
level inst pufficilent to prevent damsge to other systems
(freezing sprinklers, etec.) and provide local radiant
heaters for one or two occupants.

~Corridors and stairwells are unoccupiled areas, used
only by people who are physically active in moving

from one heated epace to another. Providing that the
temperature does not fall below 353°F,, turn off heating
'tn these gress, Keep closed all doors between unheated
corridors and heated spaces.

~Some arses of the building require no heating - spaces
which are heated by sdjacent areas gr which receive solar
heat through windows. If thermostats are unavallahle in
these areas, ghut ofif radiators, registerz, fan coil units.
or any other terminal heating devices until the temperature
levels sugpested in Figure 13 can be maintained.

~Refer to spplicable codes. Mipimum temperature reguirements
are grecified in OSHA and other occupational regulatiouns
to assure emplovee working conditions,
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AVOID RADTATION EFFECTS OF COLD SURFACES

~When the winter sun is not shining on the windows, draw
drapes or close venetian blinds to reduce radllation of-
‘heat from occupants to cold surfaces. (The cost of
adding venetian bBlinds ranges from $1,00 to 51.60 per
sguare foot,) )

~fncourage these workipg near the exterfor wallz and
windows to wear heavier clathing In winter,

~Close windows tightly in the winter,

~Reduce drafts and increase comfort by caulking and
weatherstripping windowse to reduce heat loss and to
reduce the need to overheat the entire space In order
to achieve comfort mear the exterfor walls. (Bea EC0-7,
pagell6.) .

~Have occupants sit together In Interior spaces away from
cold walls In sparsely occupled spaces.,

-Rearrange desks and task surfaces away from cold
exterior surfaces,

-Other methods to reduce transmission to cold exterior
surfaces are described under ECO-8 page 127,
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" REDUCE WINTER HUMIDIFICATIOR

~Turn eff all humidifiers at night and during unoccupled
cycles.

~Reduce the amount of infiltration and outdoor azir
ventilation.

-Reduce or eliminate gny introduction of moisture for humidi-
figation inm corridors, store-rooms, eguipment rooms,
lounges, lobbies, laundries,supermarkets, stores with
high density occupancy, religious buildinge, cafeterias,
kitchens, etc.

-Jze waste steam condensate for winter hmidification,
Refer to ECH 2. for detalls.

-Whenever condensation is running freely on the inside of
windov surfaces, shut off humidifisr. Excess molstu e will
damage structure.

=When humidifier is maintained to eliminate 3t5tic electricity,
shut off humidifier when shocks are mot a problem.

-Tf humidifiers are lecated in the return air or outdoor
air mixing box in the air handling section of the syatem,
relocate them to the hot duct ssction.

~In pan cype humidifiers adjust float or control to eliminste
overflow onto hot furnace sectlons.

~Whenever molsture is condensing on duct work or hummidifier
casing section, insulate the casing or duct work and/or
reduce flow rate.
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SHUT OFF VENTILATION AIR DURING UNOCCUPIED PERIODS

-If there are one or more separate fresh air supely
fans, deenergize them; use an automatic timer if one

13 avallable; or switch off menually. Where an
automatic damper closes when the fan shuts down, check
ir to make sure it closes tightly., Repair it with falt
gdges 1f it by-passes alr.

-1f air handling units which supply warm (or cold) air
to spaces ars equipped with fresh gir dinlet duct and
damper, close damper zs described zbove.. If o &dmper
exista, install a felt-lined damper with remote or
local contrel device and timer control.

~1f windows are used to provide ventilarion, close them
at night,

-1f exhaust fan hoods serving kitchens, bakeries,
cafeterias, and snack bars are interlocked with
outside air fans or dampers, to sure to shnt down
exhaust svstem when not neaded,

~Cloge outdoor air dampers for first hours of occupancy
when outdoor sir has to be heated or cooled,

~Provide ventilation in accordance with occupancy and

not on 4 continuous basis. In many buildings heavy
gecupancy can be monitored or occurs at

regular intervals, so that ventilation can be shut off
for certain pericds during the day., In a2 department store
designed for pesk loads of 1,000 customers, ventilatfon
can usually be shut off for those slack sales perlods

when only 10¥ or 20% of the peak occupancy occurs.

~-If during the heating season outdoor air temperature In
the morning is above desired room conditions, use it -
for heating by openidng damper.

~Generally the amount of putdoor dir quantities for window
units, through~the-wall units, and fan cofl units is fixed.
Yhen these units are used to maintain nighttime or unoccu~
pled cycle room temperatures, the outdoor alr Intakes are
generally vpen. 1f dampers are avallable, cloze tHew

when outdeor air is not needed, Where fnfiltraticn is
gufficient for daytime ventilation requirements, block

off the outdoor sir damper completely for some or all of -
the units,
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REDUCE VENTILATION RATES DURING OCCUPIED.PERIODS

~Close cutdoor air damper, if provided, until desired
volume reduction is achieved.

~If damper is not provided, either filt one or blank off
part of the outdoor air intake.

«Take particular care in setting cutdoor air guantities
where window air conditiomers, through~the-wall units,
and fan coil units and unit ventilators with fresh
alr intakes are used., Generally, the amount of outdoor
air is fixed but can be reset.-

~Use an anemometer at the outdoor inlet or louver to
mezsure the amount of outdoor air introduced inte the
ventilation system. The cutdoor alr damper setting often
differs from the damper indicator setting. Also, a
hinged volume damper blade does not proportion eir
directly with it opening. A blade with 10% openin
permits much more than 10% flow,

=Cur off direct outdoor air supply to tollet rooms
and other "contaminated" or potentially odorous areas,
Permit alr from "clean" areas to migrate to the "dirry®
areas through door grilles or under-cut doors. This is
effective If tollet areas have a mechanfcal exhaust system,
or even if ventilated by open windows (especially those
on the lee side of the building).

~-Tge odor absorbing materials in specisl areas rather
than providing outdoor sir for dilution.

~Supply ventilation air to parking garages according to
levels indicated by a CO; monitoring system.

~Proyide baffles so that the wind does not blow directly
into an outdeoor air intake.

~0Operate exhaust systems intermittently throughoot the
day, Turn them off when possible at times when they are
not neaded. Operate them at other times puch as

noon, coffee breaks, heavy cooking times.

«~8hut off exhaust hoods in kitchens, snack bars and
cafeterias when cooking or baking oparations are
completed.
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REDUCE VENTILATION RATES DURING OCCUPIED PERIODS (Csnt'd}

-Many hoods exhuast much more air than necessary. Raduce
the guanticy of exhauvast alr from hoods iIn kitchens and
~pimilar operations by closing off a portion of the
hood, changing hood type from canopy to high velocity
and slowing down exhaust fans to tha point just netcasaary
to satisfy exhaust requirements.

~I1f cutdoor temperature is below 45°F., don't operate the
ventilation system any longer than needed.  HNoticeable odors
ara good indicators of the need to operate the fans or

open outdoor dampers., Flushing cut the Building untll

odors disappear will usually be satisfactory.

-{oncentrate smoking areas together so that one ventilation
gystem can serve them, Adjust outdoor air to serve
those areas and reduce z2ll ather outdoor air to systems,

-Use window ventilation where pessible, This will reduce
the power regquired for mechanical sxhaust systems and
also the air intake which normally balances the exfaust,
Shut off supply air system when window ventflation, alone,
iz adequate,

~In high ceilinged buildings (religious buildings,
auditoriums, etec.} used for short periods of intermittent
operation, outdoor alr is frequently unnecessary. For
longer periods of lizht occupancy, outdoor air is still
unnecessary, A warehouse for example, may have less

than one person per 1,000 cu.ft. for lessg than four hours
and no need for outside air veantilation. '

~Check codes, where applicable, for specification of
minimum exhaust CFM and for rules on recirculation or
filterding of air,
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IMPROVE BURNER-BOLILER EFFICIENCY

The followlng suggestions are recommended operating and
maintenance items to increase boiler, furnace, and heating
system efficiency for hot water systems, high pressure
steam systemsa (about 15 psl), low pressure steam systems
(less than 15 pei), forced warm alr systems, and gravity
hot air systems. Review the list and select those items
which are applicable to any perticular system.

None of these measures can be quantified, in this wmanual,
to show energy savings ~— any increase in efflciency
depends on the equipment status before and after the
maintenance icem has been carried out., However, each
item will result in greater efficiency and consequent
energy savings. Many building owners report fuel savings
of 20 to 30Z,

~Clean and scrape fire~sides to remove soot and scale.
~Clean water-sides, remove built-up scale,
~Scrape scale from steam drum

~Clean air~sides, remove moot, and scrape scale in forced
warm air and hot ailr furnaces,.

=Maintain water level or pressure to radiaters or
colls on the highest level of the buillding.

~Insulate vnits which are in unbeated spaces, on roofs, or

in air-conditioned spaces. BRepair insulation where it

is in need, (If the boiler or furnace casing is L0~15% warmer
than reoom temperature, radiation leoss could be 10Z% or

wore of the capacity of the unit.)

~Check for and seal air leaks between sections of cast
iron boilers to improve combustion efficiency.

-If the combuation efficlency is at & meximum but stack temp-
eratures are still too high (over 450°r.), install

baffles or turbulators to improve heat transfer. Consult
your boiler manufacturer.

=Seal all air leaks into combuscion chamber, especially .
around doors, frames, and ingpection ports,

-Maintain the lowest possible Btesgm pressure sultable for
supplying radiation or codils.

«Vary the steam pressure in accordance ﬁith.the space
heating or process demands. Steam pressures can be
reduced most of the year. Standby losses are reduced
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IMPROVE BURMER~BOILER EFFICIENCY (Cont'd)
as pressures are reduced.

~Mzintain the lowest possible hot water temperature
which will meet space or domestic hot water needs,

=In the absence of indoor-outdoor modulating controls,

ralse or lower operating temperature {for hot water

systems) to conform to indoor-putdoor conditions.

For example, operate a boller at 120°P, with cutdoor temper-
ature at 60°, and raise the level to 160° when it iz 20°
putdoors.

~Clean filters regularly in gravity and forced warm air
units to reduce the wsperating time of the furnace.

~Reduce firing rate and/or enlarge return air opening
if het air temperature of a gravity furnace is ovar
150°F, at full load, (Refer to ECM 2 for adding a
hlower).

~3hut down hot air furmaces completely when building is not
cccupied and there is no danger of freezing.,

~Set operating aquastats on steam and hot water boilers to
100°F%. during shut~down periods.

=Schedule boiler blowdown on an as-needed basis rather than
on a fixed timetable. Smaller and more frequent blowdown
quantities are preferable o larger quantities and less
frequent blowdown.

Note: Be sure that boiler blowdown procedures adhere

to specifications outlined by the manufacturer, the
National Board of Boiler and Pressurs Vessel Inspectors
{of Columbus, Ohio), and local codes, With few exceptions
it is illegal, and in all cases undesirable, to discharge
boiler blowdown directly to a sanitary sewer.

-Usewarm .exhaust air from -adjacent aress, or from
the ceiling cf tHie Bofler rooms, to prehsat combustion air,

-Use chemical fuel additives to reduce the flashpoint
temperature of fuel oll, especially #4 and #6 oils.
Proper chemical treatment will reduce soot deposit
aon #2 o1l svstems also,

~Interlock comburtion air intake with burner operations;
maintain prepurge and postpurge ag required for some
Burners. ‘
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IMPROVE BURNER-EOILER EFFICTENCY (Cont'd)

-Seal all zir leaks iato natural draft chimmeys,
especially where flue pipe enters the wall,

=Repalr or rebuild oil burner combustion chambers to

the correct size for providing optimum efficiency at

90% of the full load firing zate. Comstruect chambers with
bricks of the refactory type, not common bricks., Incorrect
matching of Turner and combustion chamber and broken
brickwork can result In losses of from 10 to 20%,

«~Turn off gas pilots for furnaces, bollers, and
space heaters during the non-heating months and
during long unoccupied periocds,

~Provide an autematic draft damper control to reduce the

heat loss through the Breeching (smoke pipe) when the gas

or oil Burner Is not in operation. Adjust draft-control with
combustion testing equipment to match the firing rece.

=Adjust 0il Burner efficiemcfes to achieve proper stack
temperature, C0, and excess alr settings. Adjust setting
to provide a2 meximam of 400° -~ 500° of stack temperaturs
and 2 minimum of 10Z C0, at full load conditfions. Excess
alr through a Boiler can waste 10 teo 30Z of the fuel.
Accurate testing s essential for the correct burner
adjustment to attalfn waximmm efficlency. Use appropriate
instruments and Institute combustion testing as part of
a planned general maintenance program. (A simple
combustion testing kit cen be purchased for approximately
5100) . ‘

=Adiusting the firing rate of gas or oil burners at
too high a2 rate will gause short cycling and excessive
fuel consumption. Too low za rate will require
constant operation and Inadegunate heat will be delivered
to the spaces. If the boiler is oversized, adjusz the firing
rate to the bullding load, wot the boiler,

=If there is more than ome boiler, operate one only up to
ity maxinum load before bringing other boilers on the
line, It #s imefficient to operate two or more boilers
at wery low capacity to carry part loads,

=Details or reclaim heat systems and other measures which
require capital investment but can show a quick payback
period are described in ECM 2.
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REDUCE INFILTRATION

-Operate the exhaust systems as outlined in the guidelinas
for ECO 5 and 6,

~Inspect the builldidg exterior and interior surfaces and
caulk all cracks that allow outdoor air to penetrata
the building skin,

~Caulk around all pi?as, louvers, or other openings which
penetrate the building skin.

~Repair broken or cracked windows. Reglaze with standard or
temperad glass of proper thickness, as per building

code requirements, or wilth wire glass 1f fire rating is
required,

~43 a temporary measure cover windows with & mil plagtic
sheets and extend the covering over tha firame. Hold
plastic sheet in place with continuous nailing strip.

~HYeatherstrip exterior doors and wiﬁdow& in climatas with
" more than 2000 degree days.

~Cover porous exterier wall and roof materials with
epoxy resin,

~Cover window air conditioners with plastic covers
in the winter (when nect used for heating).

-Install aufomatic closers on exterior doors, {(Cost
ranges from $60 to $50 per door depending on whether
closers are installed by maintenance staff or outside
labor)

To reduce infiltration due to stack effect:

~Reduce temperature in stairwells, (Protect piping from
freezing)

wSesl elevator shafts top and Bottom.and fnsure tHat
machine room penthcuse door is weatherstripped and closed.

-S3eal vertical service shafts at top and bottom and, in
tall buildings, at every sizth fleor.

~Weatherstrip and close doors in basement and roof
equipment rooms where these are connected by a3 vertical
shaft which serves the building,

~Check building code for venting requirements and check fire
resistance ratings of materials used. Skylights or smoke
relief vents may be required.
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INCREASE BEREFICIAL S0LAR HEAT GATR INTQ THE BULLDING

~Clean windows to permit maximum sunlight transmission,

~Operate drapes and blinds to permit sunlight (when
available) to enter windows during the winter; move
desks or work stations out of the direct path of
sunlight to aveid.occupant discomfort.

-4 percentage of direct solar radiation is stared in

the structure and furnishings where it will help to
offget the heat load at night. Permit the space
temperature to rise so that excess heat can be stored
in the structure and be available for heating at night
or cloudy pericds. Even on cloudy days diffuse
radiatien is considerable; allow it to be transmitted
into the occupied spaces.

Note;y treat gkylights and display windows in the same
manner as windows,

-If wincows are mot fitted with blinds, drapes, or
shutters, consider installing them to control the
rate of heat flow into and ocut of the building.

~During heavily clouded weather, and at night, reduce

the heat loss through the window by drawing shades
and drapes or closing shutters where fittpd.

-If direct sunlight or excessive window brightness
causes glare, add a light tranmsluscent drape which
.curs glare but permits gelar heat to enter.

-Readjust blinds during the day if, during particular
timeg of the year, overkeating ocecurs.

~Before installing shades or blinds, check fire code
for prahié%tiang against certain types of materials.

~Where possible, treat the site tp increase uvgeful
solar heat gain in the winter.

~Trim all foliage shading the southern, eastérn or
western face of the bullding in winter. Reduce any
evergreen foliage grossly blocking the winter sun.

~Where pogsaible, remove shading devices and any other
objects casting shadows on the building surfaces during

" winter.
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DOMESTIC HOT WATER

A. BACKGROUND

The zmount of energy consumed in heating hot water is about
4% of the annual epergy used in most large commercial
buildings. In smaller commercial buildings, the percentage
is smaller. However, in facilities which include restau-
rants, cafeterias and especizlly laudromsts, the percentage
of energy for hot water compared to other systews will be
greater.

If domestic hot water is heated by the same boiler which
heats the bullding, and if the load iz only 10 or 20% of
the total beiler load in those months when the building
is heated, the energy used in the fall and in summer
months for domestic hot water may be considerably bigher
than in the winter az the boller will be operating at low
part . load efficiency. To determine the amount of energy
used for domestic hot water follow the method described
in Section 3., Figurs 12,

The opportunities to conserve enerpgy for heating domestic
hot water can be summarized as follows:

Reduce the lead
~decrease the quantity of dcmestic hot water used
~lower the temperature of the domestic hot water

Reduce the system lopgpes

-repair leaks and ingulate plping and tanks
-reduce recirculating pump operating time

Increage the efficiency of the domestic hot water
 generator

B. EXISTING CONDITIONS

1. Average Usage

Preseﬂmg page hlank
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TABLE 1

Office Bulldings

{Without kitchen or
“cafeteria services) . . . 2 to 3 gallons per capita per
day for hand washing and minor
cleaning (based on an average
permanent occupancy which in-
cludes daily vigitors)

Devartment Stores

{Without kitchen and
cafeteria services) . . . 1 gallon per customer per day

Kitchen and Cafeterdias for hand washing

Dishwashing, rinsing :
and hand washing . . . . 3.0 gallons per meal plus 3
. ‘ gallons/employee/day

Schools
Bozrding . . . . . . « . » 25 gallons per capita pér day
Day . . v « « « ¢« v « « « 3 gallons per capita per day
. {Dosgs not include cafeteria or
athletic facilities)

Apartments

High rental . . . . + . . 30-gallons per capita per day

low rental . . « & 4w 20 gallons per capita per day
Hospitals
Medical . . + « + « « « « 30 gallons per capita per day

Surgleal . - + .+ +« « « « » 50 gallons per capita per day
Maternity . +« « 4 + + s + 50 gallong per capita per day
Memtal « « 4 ¢« ¢ « & » 25 gallous per capita per day
Hotels + .+ + « « + « » +» 30 gallons per capita per day
2. Average Temperatures

The usual temperature at which hot water is supplied - from
120°F. to 130°F, - 1s too hot to use directly and must be
mixed with cold water at the rap. For dishwashing and
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sterilization the delivery temperature is generally 180°F.

or higher, Often hot water gupplied te all faucets is at
temperature required for the kitchen. Trequently, the hot
water, penerated and stored in tanke at 130° to 160°F., loges.
heat By conduction and radiation from the tank and piping,
even before the delivery at wasteful temperatures.

When hot water 1z supplied by a tankless heater, i1t Is with~

in 3° or 6°F. of the boller water temperature maintained to
heat the bullding. A mixing valve is often used to control te
delivery temperature, but freguently the temperature at which
it is set ig excessive. If the tanklegs heater, or tapk
heater, is installed inaide the boiler, the losses from the
domestic heater may be considerable.

3'

4,

Methods of Generation and Storage

a)

b)

c)

d}

By a tankless heater from & hot waker boiler used. to heat
the building, or by 2 below-the-water line tazkless
heater on 2 eteam heating boiler.

By a tank heater and storsge tank combination which
is either a hot water or stesm-heating boiller. The
tank heater may be integral with the storage tank,
pr separstely mounted and comnected to the boiler
and tank by piping.

By a separate oil, gas, coal or electric domestic
hot water hester with Integral storage tank.

By smeparate electric beooster heaters without storage
tanks.

Distribution

Hot water ig distributed either by gravity circulation
or by a8 recirculating hot water pump through separate
piping to the fixtures. The recirculating hot water
punp delivers hot water instanptly at the faucets and re-

~duces the total quantity of water used by saving the
‘cold water which is usually drawn wpon first opening

the faucet. However, because the pump reguires elec-
trical power for operation, and because itg piping
gystem must always be filled with hot water and
experience heat logs, the upe of the recirculating pump
could be energy-wasteful in systems where all faucets
are close to the tank.



~144-

C. ENERGY CONSERVATION OPPORTUNITIES

ECO 11 'REDUCE THE TEMPERATURE OF DOMESTIC HOT WATER SUPPLIED
'T0 TAPS

Lowering the tamperature of the hot water reduces both the
"building" domestic hot water load, as well as the distri-

bution load. The bullding lead for hot water heating is
expressed By the following formula:

Yearly BTU's = 0 x Td_, where Q = Quantity of dames~
tic hot water used peg year in pounds, and Tdg
Magnitude of the difference, in °F., between the
temperature of cold water entering the heater, and
the temperature of the hot water at the faucets.

The parasitic load is determined similarly, axcept:
' Yearly BTU's = § x Td,_, whera td = Hagnitude of the
difference, in °F., bgtwe&n the generatiu;tempera— ,
ture and the temperature of the water at the taps.
Total load, then, is calculated as followsy

Yearly BTU's = (GxTdp) + (QxId.).
0r, bacause!

Td = Td_+ Td

B P

(that is, the difference between the temperature of the water
as it enters rhe heater and the generation temperature}, it
is caleculated motre simply ags follows:

Yearly BTU's = QuTd
Figure 19 indicates energy ugsed for domestlc hot water at
various generation temperatures and usage rates. An incoming

water temperature of 50°F, and 251 days of occnpancy per year
are assumed. "
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savings for reduction of
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Figure #19 Engineering Data

Method:  Strafght heat transfer calculations

Asgumption: TUsers open faucet for a set amount of time
regardleas of flow rate.
i.e. Washing hands I3 based on the time 1t
takes rather than the water quantity.
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The actual amount of energy required to supply the total load
depends upon the seasonal efficiency of the heater, "E", which
varies with the type of heater and the fuel used. On a

seasonal basis, the following are average efficienciest

a} 0ll-fired heating boilers used vear zound, but with
domestic hot water as the only summier load = .45.

b} 0Oil-fired heating boilers used vaear round with absorption
cooling in the summer = .7.

e} Gas~fired heating boilers used yeér rpund, but with
domestic hot water @& the only Bummer load = .30,

d} Gas-fired heating bolilers used year round with absorp-
tion cooling in the sumpmer = ,75,

e} Separate oil-fired hot water hezaters = .70,
£f) Separate gas-fired hot water heaters = .75.
g) Separate electric water heaters = .95,

h} Separate coal fired water heaters = ,4&5,

To determine actusal energy consumption, divide the value
- obtalned from Figure 19% by the appropriate efficiency or
uge the follewing formula:

Yearly BTU's = QxTd
- E

Exgmple: - \

an office building has 500 eccupants, each of whom uses

3 gallons of hot water per day for 250 deys each year.

The temperature of the water as It enters the bheater

is 60°F. {an average for the year) and it must be

heated to 150°F, in order to compensate for a 20°F.

drop during storage and distribution, and still be

deiivered, at the tap, at 130°F. Hot water is penerated

by an oil-fired hesting boliler, used year round with

domestic hot water as the only pummer load. The fuel is
. #2 e1l, which centains 138,000 BTU's to a2 gallon.

¥ If incoming temperature differs from 50°F., adjust wvalve
before dividing. If incoming temperature is 60°F,, for
inatance, at a generation temperature of 150°F., multiply
value by 130-60.
h 150-50
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Building load

0 = 500 occpt x 3 gal. }day}occpt x 250 day}yr, =
375,000 gal./yr.

1 gal = 8.3 1bs., therefore

Q = 390,0C0 gal./day x 8.3 1bs./gal - 3,112,500 1bs/yr.
Tdg = 130°F. - 60°F, = 70°F.’ ‘

Yearly BTU's - 3,112,500 lbs. x 70°F. - 217,875,000

Parasitic load

130&?. = 2DQF¢
3,112,500 1bs. x 20°F. - 62,250,000

Td, = 150°F.
Yearly BTU's

i

Total load

Yearly BTU's = 217,875,000 + 62,250,000 = 280,125,000

Tatal energy used

E = J45 '
280,125,000 622,500,000
total BT 'g= WA5 =

© Total fuel consumption

Yearly gallons = 622,500,000 BTU's = 4,511
138,000 gal,

To calculate the amount of fuel needed at a reduced delivery
temperature, 90°F., for example, perform the following
procedure: )

4,511 gal. = 2Q0°F. = 3,123 gal.
130°F. '

This is actually a conservative figure, as the total savings
in heating, storing,and distributing the water would include
raeduced storage and distribution losses as well.

Table 2 indicates the yearly energy loss in BIU's for
various sizes of tanks, located in a space with an ambient
temparature of 63°F., and with fiberglass insulation.
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TABLE 2
. BTU's in millions/year. Lost
Insulation Tank size at Hot Water Temperatures of:
Thickness in gallons 100°F 120°F 160°F

AL 50 1.5 3.0 5.2
100 3.0 4.7 8.2
2" 250 3,1 4.9 8.4
3" 500 3.1 4.9 8.4
1,200 5.2 8.2 14.1

Costs for imsulating hot (or cold) water tanks with 3# demsity
fiherglaas ~ foll serlsm craft facing, finished with pre-sized
glasa cloth jacket - are as follows:

Material ‘ Cost/eq. ft.
Thickneas _ pf Surface Ares
i 52.60
l-1/2" §2.70
" $2.95
3" 43.80

ECO 12 REDUCE THE QUANTITY OF DOMESTIC HOT WATER USED

A primsry benefit of reducing the quantity of hot water usells.that energy
consumption will be decreased to the pame extent s with an equal
percentage reduction in temperature.

A pecondary benefit is the reduction in raw source enmergy which cccurs
because less water needs to De treated in the water mupply treat-
ment and sewage treatment plants, whether on-gite or off-aite. For
munieipal facilities, the diminished energy requirements will result
in lower operating coats than otherwise possible, which in turp will
mean that less taxes will be needed to support the facility. In
areas where there ie a charge based on total water consumption
flewing intoe the eewer, the reduction im compumption of water will
result 4in dirvect savings, &s well, Water compumption can be

lowered to 1=1/4 or 1=1/2 pallons per person per day in office
buildings today without incenvenience to the pccupants. Additionsl
opportunities to reduce water consumption are sumarized in the
guidelines, .
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Example;
An office building has 500 occupants, each of whom uses
3.5 gallons of -hot water per day for 250 days each year,
The water, as It enters the heater, is at 40°F., and 1t
is heated to 150°F. The separate gas-fired heater has
an efficlency of 0.75.

Enter Figure 19 at 3.5 gal,/persom per day. Tollow the
example line Intersecting with. the 100Z flow rate and
150°F. temperature lines and read yearly energy usead

of 800 x 103 Btu per person par year.

Re-enter Figure 19 Intersecting with the 337 §nd 120°F.
lines and read yearly ensrgy used of 190 x 10° Btu/
persen/yr.

Szvings: The energy saved equals B00-190 or 610 x 103
Btu/persoen/year and for 500 geople, the total
1s 5 x 610 x 103 or 305 x 105 Btu/year.

305 x 108 -
138,000 x 0.75 = 2,947 gal,

Goavert to Cost: At $0.36/gal., the savings 1is 0.36 =
2,947 or $1,061 per year. .

Results: Energy Saved - 2,947 gallons/year
Dollars Saved - $1,061/year

ECO 13 TMPROVE THE EFFICIENCY OF THE STQRA&E AND DISTRIBUTION
STSTEMS ' . ’

Repalr and replace all torn inmsulation to reduce heat loss.
All measures to Improve the =fficiency of both szpace heating
and domeatlc hot water hzaters are noted fin Section 4 ,
"Heating", and the measures to reduce heat loss from piping
are detalled in Section 4 , "HVAC Systems and Distribution”,

ECO 14 GENERATE HOT WATER MORE EFFICIENTLY

All of the measuresfor 1lmproviag combustion units for space
heating apply equally well to hot water heaters. ZXeep in )
mind, however, that when more than one heater, ba it bodller
or hot water heater, 1s installed on a project, it ia mors
efficlenr to operate cne for the total load 4f ir can

carry 1it, rather than to eoperate all bollers at paryial
loads.
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The greater opportunities for conserving energy by improving
the efficiency of the hot water gemerzor, after normal service
. operations and minor modifications have improved the exilst-
* ing eguipment te the extent possible, «will require major mod-
1£ica:1bns or the replacement of sguipmsnt.

EQM~ 2 detsils these opportunities Hhiﬁ§ include the
cllawiag.

»Frovide a separate Dot water heater for summer or
vear round use,
-Heat hot sater by use of rejected heat from refrig-
ergtim pystem condenser water or hot gas heat exchangers.
~Heat hot water with recovered energy from incineraters,
heat pipes, hot water heat exchangere, or heat pumps.
~Replace resilscance electrie hot water heaters with
gas or oil heaters or heat pumps.
-Add mepsrate booster heater for kitchen or laundry
pervice,
=Hest hot water with coudansate returs to steam opersted
systems.
=Hernt hot water with solar water heaters.

GUIDELINES TO REDUCE ENERGY USED FOR DOMESTIC HOT WATER

REDUCE DOMESTIC HOT WATER TEMPERATURE:

~Yhere possible, use cold weter only for hand washing
in lavataries when cold water temperature is 75°F. or
above. This {5 most readily accepted in retail stores,
religious bulldings, cwner-occupied small office huild-
ings and in washrooms used primsriiy by the public on

. &n infreguent basis,.

~Where tesants insist wpon hnt water for hand washing,
heat tap water to $0°F,

«Bg pot maintain an entire hot water symter at the eame
temperature required for the most critical use.

Do not heat water for hand washing, rinsing or cleaning
to the zame temperature required for dishwashing sterilize-
tion,
=1f the spa:e heating boiler iz alao used to supply domestic
hot water, lower the aquastat setting in the summer time to
100°F. The same setting should he used for storage tank
temperature control, swmmer #nd winter.

~Where higher tewmperatures are reguirad, at a dighwasher,

for example, 2 small gas or elentric booster used culy as
needed Baves wore energy than 2 large storage tank, piping
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end distribution system which heats all domestic hot water
in the building to the most critical temperature.

-Use cold water detergents for laundries and laudromats and
pet vater temperature to 65°F. -70°F.

=Refer to Health or Food Handling Codes, iIf applicable, for
minicum temperature specifications.

REDUCE HOT WATER CONSUMPTION:

~Insert orifices in the hot water pipes to reduce flows,

~Install spray type faucets that use only 1/4 gallons per

minute (gpm) inatead of 2 or 3 gpm, at a cost of gbout $50

a unit.

=Install self=closing faucets on hot water taps.

~In buildingwith cooking facilitieg that are used only
perlodically, such zs meeting rcoms in religious buildings,
shut off the hot water heating system, including gas
pilots where installed, when the facilities are not in use.

=Re—-examine the need to heat entire tank of water when only
a small quantity or no hot water is needed.

=5implify menus to reduce the need for large pots and pans
that require large amounts of hot water for cleaning,

Where practical use short dishwashing cycles and £111
machine fully before use.

=Reduce the number of meals served and/or serve more cold
meals to reduce tie hot water requirements for dishwashing.

~-In areszs where water pressure is higher than a normal 40 to
50 lbs., reat:ict the amount of water that flows from the tap by
installing pressure reducing wvalves on the main service,

Do not reduce pressure below that required for fire protectiun
or for maintaining adequate pressure on the top floor for
flushing.

=Refer to Plumbing Codes, 1f applicable, for hot water supply
requirements,

"REDUCE SYSTEM LOSSES

~Repair insulation of hot water piping and tanks or install
it vhere missing (unless piping and tanks are located in
areas which require space heating or aire air-cooled).

~Where forced circulation of hot water is used, shut off the
pump when the bullding is unoccupied; when hot water usage
is light consider using gravity circulation without the
pump .

=Flush water heater during seasonal maintenance of heating
gystems. '

~Repalr leaky faucets.

-Repack pump packing glands of recirculation hot water
hesters to reduce leaxing of hot water.

«For boilers with immersion tankless domestic hot
water coils, make sure boller water covers colls.
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COOLING AND VERTILATIOR

A.  BACKGROUND

The annual consumpiion of energy for cooling and ventilation
can bsa redua&@ by applying the same three major categories

as for heating and ventilation:

1, Reduce the "building"* cooling load.

2. Reduce the distribution system load.

- 3. TIncrease the efficiency or performsnce of the primary
energy conversion equipment.

Categories 1 and 3 are addressed in this section and Category‘z
in Section 4, "HVAC Systems and Distributien”. ' :

B. 'THE"BUILDING"COOLING LOAD

Two components = sensible or dry heat, and latent heat, &
functdion of the heat content of the moisture in the air -
determine the "building" cooling load. To mzintain comfort,
the dry buld temperature which messures sengible heat, and
the wet bullb tewperstare (or the relative humidity), which
measures latent neat, must be controlled. Because, for
most. comfort cooling installations, ailr is dehimidified when
it is cooled, separate comntrol of the relative humidity is
not usually required,

Average tempersture difference between indoor and outdoor
conditions is one of the factors which defines the sensible
heat gain porticn of the annual "building" load; reduce this
load by maintazining higher indoor temperatures for as long

a period as possible during the cooling season, whenever
further eperation of the mechanical refrigerstion system
would be required to meintain a lowsr ome. When the sensible
hest gain is decreased, reduce the smount of cool supply air
accordingly to reslize additional ensrgy savings in fan horse-
power.,

The cooling load, is in part, due to conductive heat gain
from ontdoors to indoors, through the buillding envelope.

The average difference in temperature between indoors and
the exterior surfaces of the wells and roof depends upon
putdtor dry bulb temperatures smd the amount of solar radia-
tion impinging upon the outside walls mnd roof (and warming

*"Building” cooling load isusgd to identify the loads to main-
tain interior conditions and should not be confused with "room
load™ which is standard terminology for building loads not

inzluding the ventilation load. precedingraagg blﬂﬁk ‘
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them to a level - termed "sol-air" temperature - which is
most often above amblent temperatures). To conserve energy,
shut off, during unocececupied periods, the refripgeration system
and its auxlliaries (chilled water and condenser water

pumps, coeling towers and air cocled condensers) and maintailn,
during occupled periods, a dry bulb temperature of 78°F. or
higher. Msinteining even higher temperatures in less critical
spaces wlll conserve more energy. If the relative humidity
In the bullding 1s permitted to rise to 553% (the usuzl level
1s 45 te 50%), or teo fluctuate mormelly (within the llmits

set by the refrigeration system's ability to maintain wet
Tulbk temperatures), considersble energy will be conserved.

The system requirses power to remove molsture which originates
frowm internal loads -~ peeple and cooking -~ and from outdoor
air as 1t infiltrates and/or wventllates the building. See
Figure 20 for "Recommended Cooling Season Indoor Temperature
and Humidity'.

"Heat pain" - a term used to guantify the amount of heat which
is addad to a space and must be removed to malntaln desired
space conditions -~ is an addition to the cooling load: Solar
heat galn through windews freguently constitutes a majer

portion of the sensible heat "building" cooling lvad. The
benefits from using the sun to reduce the heating load in the
winter are considerabls, but remember to block it out in the
summer. Solar control devices which can Be adiusted either

to acecapt or block sunlight reduce energy consumption year'round.

Just as ventdlatien and dnfiltration add te the heating

load in the winter, they also increase the cooling lead in
the summer. Outside alr must be covled and dehumidified.
Maintaining higher indoor temperatures and relative humidity
reduce the cooling load contributéd by infilrration and
ventiiation as well as conductive heat galns. However,
whenever outdoor alr is cool encugh to lower .the indoor
tamperatures, it may be advantageous (and energy conserving)
to coel er precool the bullding at night,using an econo-
miser cycle, without mechanical refrigeration. When the wet
bulk (W.B.) temperaturs of the outdoor alr is lower than

the W.B. temperature of the return alr from the interior
spaces, an enthalpy gontroller will open the outslde air
dampers and close the return air dampers to take in 100Z
putdoor air; the controller saves power for the refrigsra-
tion system. Internal heat gains-ueat emitted from slectric
lighting fixtures, business machines, moters, cooking equip-
mant and people form a large part of tha total cooling load.

Radueing the "bullding” cooling load by a fiwed percentage
allows further savings of energy sinece dlstribution leoads can
he decreased sccordingly. A reduction in the flow of cool
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air or chilled water to meet the reduced load and an increase
in the suctlon temperatures at which the refrigeration chil-
lers or compressors operate (fmproving their Coefficient

of Performance ~ C.0.P.) will result in significant savings -
less horsepower per ton of refrigeratisn as well as less

tons to be produced.

C., DISTRIBUTICN SYSTEM LOADS

The distribution system may carry chflled water te units

in the spaces to be conditioned {fan coilX, induction, oz
small alr handling units) or to remote afr handling units
(which supply air, vie ducts to local registers and diffusers).
In some systems the compressors discharge z vaporized re-
frlgerent to a condenser, when it 1s condensed to a liquid;
then, it is zllowed to expand directly In a coolirg coil
which cools or dehumidifies éirculating sir, In all cases,
alr mey be circulated from the conditiomd space, from out-
doore, or from & mixture of both: the air is supplieu after
it is filtered, cooled and dehumidified io the alr hundling
umit or air-handling section of the air conditioning system.

Fiping =nd duct losses - heat gein and water or alr leakage -
increase the distribution loads, snd 88 & result, the load
ot the primary energy conversion equipmant. GSee Section 4 ,
"HVAC Systems and Distributiem” for emergy comservation

opportunities and guldelines to reduce distribution system
lospes.

D. PRIMARY ENERGY CONVERSION EQUIFHENT

Energy is used to supply the cocling "bullding" azad dis-
tribution loads. In the form of heat, energy operates ab-
sorption refrigeration units, and as electricity, it

operates reclprocating, centrifugal or screw type compres-
pors and/or chillers. The refrigeration equipment pro-

duces either chilled water or, in the case of direct ex-
paneion refrigeration units with air handling units,

cooled and dehumidifiled slr.. (Hote; DRefrigeration equlp-
ment is often referred to as the "high" side of the re-
frigeretion cycle.) The alr-cooled or water-cooled
condensers of the refrigeration equipmemt control the condens-
ing tempemature of the system =~ the. lover the condensing
temperature, the more efficlent the refrigeration system.

The manner and conditions under which air cooled condensers
or evaporative condensers with cooling towers are operated
exert a elgnificant Influence on the enmergy required to rum
the refrigeration units., The efficiency of the refrigera-
tion system is expressed as a ceafficient of performance (C.0.FP.).
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The capacity of the system 1s measured in tons of refrigera-
tion; one ton will produce a cooling effect squal to 12,000
Btu's/hr. Seasonal C.0.P. is the ratio of the tons of
refrigeration produced, expressed in Btu's, to the energy
required to operate the equipment, also in Btu's. If one
kilowatt hour of electricity (equivalent to 3,412 Btu's) is
required to produce one ton of refrigeration (12,000 Btu's)
the C.0.P. is 12,000 = 3.52. To improve the C.0.P. -

3,412
reduce energy usage — lower the condensing temperatures and/
gr raise the suction temperatures. The opportunities to do
elither depend upon load reduction and upen the operation
and maintenance of the equipment, outlined in ECO's 20 and
21l. The opportunities to improve €.0.P. by reducing dis=-
tribution loads are outlined in Section 4 , "HVAC Systems
and Distribution”.

E. ENERGY CONSERVATION OPPORTUNITIES

ECO~15 TURN OFF COOLING SYSTEM DURING UNOCCUPIED EOURS

Turning off the entire air-conditioning system, at night and
during days vhen the bullding Is unoccupied, generally
will save energy. Manually shut down cooling or condenser
fang, chilled water and cendenser pumps, and supply and
axhaust fans as well as chillers or compressors., If the
copling tower fans and pumps are interlocked with the com~
pressors, they will shut off automatically when the com-
pressors are shut off. GShut down Boilers which supply
steam or hot water to absorprtion units; do not maintadin
boller water temperature or steam pressure when absorp-
tion units are incperative. T£, after shut down, the air
conditioning system is not capable of achieving ahd main-
taining temperature and humidity conditions in hot spells,
install a control to activate the equipment a few hours
before ocoupancy instead of operating the system all night
or throughout the entire weekend.

in geopraphic areas such as parts of Arizona or California
with a large diurnal swing (large temperature difference
within 24 hours), night operation of the refrigeration system
for periods cf the sumper may be economical, If climatdic
conditions at night permit lower condensing temperatures,
perform zn znalvsls to Indicate whether energy can be saved
by operating the refrligeration system at night to precool the
building or to store chilled water in the piping system.

in engineering and economic amalysis, comparing refrigera~
tion operaticn and economiser cooling is necessary o
determine the mode of operation which will result in mini-
Tum energy consumption. ' :
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ECO~16 USE OUTDOOR AIR FOR COOLIRG

4. HNight and Unceceupied Pariods

When nighttime outdoor temperatures gre below indoor tempera-
tures by 5 or more, shutting off the refrigeration system
and using putdoor air for night cooling will eave energy in
moet zreas of the country. The opportumdtizs to use outdoor
alr for cooling during unoccupled pexiods depend upon the
length of time that the outdoor air temperature Iz below
73°F. In most zreas there will be ho mdvantsge to bringing
in outdoor air sbove that temperature; heat from the fan
motore will raise the alr temperature 2 to 3%; and the power
regquired to drive the fane will outwelgh any savings due

to precooling and reduced operation of the refriperation
gystem. The teaperature at which sutdoor air cooling is
edvantegeous may be even lower in large buildings which
have high velocity systems, &s the power requirements for
fan motors In these systems are higher.

In bulldings which have operable windows, however, night
cooling, even at higher outdeor ailr temperstures, is worth-
while, 2a fan motors need not be operated.

I1f the dry bulb temperature of the outdoor air is sbove
indoor temperature, the wet bulb temperature of the out-

door air cen be bigher than the room wet bulb temperature.
There may be periods when eir at higher wet bulb tempera-
tures, introduced directly into spaees that have been

cocled diring the day, will cause comdensztion on walls

or furnishings. Haintaining higher space temperature
conditions, 78°F., and above, will minimize the ameunt of

time that this could pecur end s11 but elimfante the con~
straint in most areas of the country. Even in humid climatic
zoned, wet bulb temperstures zbove 78°F. occur for relatively
few hours et night) the need to l1imit economicer operation
exlsts only during thoses Bours. ~ '

Where there are no sutomatic controle to operate an econo-
niser cycle, operate dampera and fans manually, or consider
inatalling controls.

To fully utilize outdoor air for cooling, it may be
neceagary to instell return air and outdoor air dampers,

and provide a2 means of religving air pressure, Some possible
options include partially opening some windows, operating

an exhaust system, or installing some propeller type ex—
haust fane in the wall. Refer-to ECHM=~2 for more details on
economiser or enthalpy control. ‘ '

[
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B. Deccupled Periods

During occupied perieds, the opportunities te use cutdoor
alr for cooling depend not only on cutdecr dry bulb temper-
ature, but alse upon the wet bulb temperature; if ocutdoor .
air is brought into the building above £6% F.W.B. {(the
equivalent to the wet bulb temperature when the spaces

are maintained at 78°D.B. and 55% R.H., it adds to ths
cooling load. The wet bulb temperature 1s a measure of

the total heat content of the air. If the wet bulb
temperature iIs lower than 66°F., cutdeor air can be intro-
duced through the cooling coil, with the refrigeration .
system in operation im any guantity. At less than 6&%F W.B.
outdoor air, in faect, will reduce the coeling lozd. Tor
many existing systems, however, (even when the temperature
of cutside air is less than 66°F. W.B.) the cooling colls
are not designed to be able to handle outdeoor alriat tegpera-
tures above B83°F. D.B. and still maintalo room conditions
at 78°F. D.B. - this, despite the fact that cutdoor air at
less than 66° W.B. actually has a lower total hest content
than room air. TFigure 9 indicates for areas all over the
country, the aumber of wet bulb degree hours below 66° W.B.
when the dry bulb temperature is less than 85°F. in the summer.
If & building is In & location where there are 3,000 or
more such degree hours, an enthalpy controller will be a
good investment. Denver, Colorads, on a seasonal basis,
has . low wet bulb temperatures, and it would appear that
it would be more ecomomical to utilize 100% outdocr air
through the air conditioning colls in the daytime, vather
than to recirculate air. Sumuwer outdoor dry bulb tempera-—
tures in Denver, however, often rige abeve 90°F. TIf the
existing coils have not been selected to reduce the
temperature of outdosr zir at thoss times, they will be
incapable of handling the conduction, solar and internal
heat gains which oceur. To conserve energy io this type
of a climate, open the outdoor alr dampar fully except
when indoor drybuld temperatures cannot be maintained. Oper-
ating systems manually to reflect temporary conditions and
conserve energy is sometimes difficult but the effort
yields significant savings. Automatic controls are avail-
able to optimize the operation of most systems and to meet
varying and selective conditiong, Refer to EQM- 2 for
details.

ECC ~ 17 INCRFASE TNDOOR TEMPERATURE AND RELATTVE HUMIDITY
LZVELS DURING QCCURIED HOURS®

The air conditioning systems In many buildiﬁgs ware desigred
to maintain 72° to 75°F. D.B. and 50% R.H. during peak loads
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in the cooling season. They are operated to maintain those
levels at vpeak conditions, and to achieve even lower levels
during the part load conditions which occur .most of the
time,

Faintain dry bulb remperature and relative humidity for
various spaces at the levels suggested in Figure 20,
"Recomnended Cooling Season Indoor Temperature and Humidity
to reduce the cooling load and energy and operating costs,
Realize even greater mawings, without serious discomfort,
by maintaining hipgher levels in areas which are only oco-
cupied for short periods of time.

¥

If unoceupied periods in these areas exceed 60% of the day,
shut off the cooling umit or close regifters, grilles and
diffusers; allow temperature and humidity to rise when:the
areas are unoccupled. (Auvdiroriums, corridors, cafeteriss
and conference rooms are sll spaces frequently unoccupied
for mosr of the day.)

Increasing the indoor remperzture and humidity levela from
74°D.B, and 30% R.H. to 7B° D.B. and 55 R.HE. will save
approximarely 13% of the energy required for ceoling. The
exact amount depends upon the amount of veatillationm alr
and infiltration which enters the bullding; the conduection
losses, solar heat gain, and internel loads of the bulld=-
ing; and the type of air conditloning system It has.

Use the multipliers im the following table to determine the
amount of energy saved {in Btu's per hour) per.1,000 CFM
of outdoor air (ventilation plus infiltration) by ralsing
the dry bulb temperatures at constant relative humiditles.
{411 other factors are considered coostant, and since the
effect of ralsing the dry bulb temperature on conductive
heat gain is actually negligible, it has been disregarded
here.) ‘

Hith terminal reheat systems in operatiom, the indoor
gpace conditions should be maintalned st lower levels to
reduce the amount of reheat and save energy. If caooling
-energy 1s not required to reduce the temperatures,
maintein 74°F, D.B. instead of 78°F. See Section 4 ,
"HYAC Systems and Distribution” for discussion of terminal
reheat systems and guidelines for opexatien,
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TABLE 1

Relative Humidity ° ~  “'50% - €0%° _ 70%

Dry Bulb Tempera?ure |
72°F. 0 0 9
73°F, 2,700 2,433 3,000
74°F, 2,657 2,400 3,257
75°F. 3,000 2,572 3,000
76°T. 3,000 2,572 3,000
77°F. ' 3,000 2,572 3,429

78°F. Co 30000 T 02,5720 0 0 3,429

Example:

Froject the savings achieved, in cooling outdoor alr,
by raising the indoor dry bulb temperature frem 72° F.

to- 78°F.
Type - Cffilce, 40 hours ecccupancy
Annual WB degree hours = 8,000
above 66°F. WB ‘
Total outdoor air - 10,000 CFM
including Infiltration
Relative Humidity - 50%

From Table 1, in the 50% B4 column, determine that

raising the DB temperature from .72° to 73° saves 2,70C
Btu's/hour/1,000 CFM, frem 73° to 74°,.2,657; and from 74% to 75°
75° to 76° to 76 to 77°, and 77° to 78", 3,000 Btu's/hour/

1,000 CFM. To calculate savings over total temperature

ciange, add theé 6. .figures together: ’

2,700 4+ 2,657 + 3,000 + 3,000 + 3,000 + 3,000 =
17,357 Btu's/hour/1,000 CFM

For an outdoor air rate of 10,000 C¥M, savings will bhe:
10 x 17,357 = 173,570 Btu's/hour

For 40 hours of cooling per week, and a cooling season
of 20 weeks, yearly savings will ba:

173,570 x 40 x 20 = 128 % 10% Btu's/hour
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-SUGGESTED INDOOR. . TEMPERATURE
END HIPODITY LEVELS IH THE COOLING "SEASON

1. (ommercial Bulldings ‘Pecupied Periods
Minimum
Dey Bulb Ralative
‘Temperature * Hmtdity
DEfices | 78° | G5%
Corriders . Uncontrolled fmcontrolled
Cafeterias 75° ~ 55%
Auditorivms , - 78° 50%
Computer Rooms - 75% . ‘A needed
Lobbies 82° §0%
Doctar Offices - 78° 55%
Toilet Rooms - BO®

Storage, Equipment Rooms Uncontrelled

Garages . Do Not Cool or Deliumidify.
TI. Retall Stores geecupted Pardcds

~ Dry Bulb Relative

‘Tepperatura “Humidity
faepaxtmant‘Stores i 55%
Supermarkets ' 78° 559
Drug Stores BO° : 552
Heat Markets ogge 552
Apperel 80° S5%
Jewelry 80° 55%

- - Garages - Do ot Conl,

% Ewcept where terminal rehest systems asre usad.
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Savings: Energy saved for s mechanical refrigeration
system with a C.0.P. of 2.5 will be:

13%.% 108 = 56 x 108

2.5
56 x 105 Bru's/vear = 16,408 RKiH/year
3,413 Btu'a/KWE

Energy saved for an absorption rafrigeration

system with a C.0.P. of 0.88 will ba:

139 x 20°
C.68

= 204 x 105 Btu/vear

If this energy would have been supplied by a

steam boller with a seasonal efficiency of

60%, 204 x 106 Btu's " = 2,463 gallons
0.6 x 138,000 Btu's/galion

Assuming a cost for eleectricity of $0.4/KWH,
gavings for the mechanical system will equal:
.04 x 16,408 = $656/year
At an .01l cost of 50.36 per gallon, savings
for the ahsorption system will equal:
W36 = 2.463 = $887

if the reiativa‘humiéity in the huilding is allowed to rise
from 50%Z to 70Z, the savings ere calculated as follows:

+

Enter Figure 21 at 8,000 WB.degree hours, Follow the
example line with the 30% BH line and thg
40 hour line and read yearly energy used at 22.5 x 10
Btu/year/1,000 CFM.

Re-enter Flgure Z1 intersecting with the 70Z RHH line

g;izxead yearly enerpy used at 15 x 10" Btus/yeazr/1,000

Savings: The energy saved equals 22.5 - 16 or 6.5 x 10€
Btu's/year/1,000 CFM. For 10,000 CFM, the
total reductions in energy Input are 7,518
¥WH/year and $305 for a mechanical refrigera-
tion system and 1,160 gallons of oll/year
and $415 for am absorption refrigeration
gystem.

Results: Energy Saved - 7,618 KWH/year or 1,160 gallon/yr.
Dollars Saved - 3305 or $415
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Figure #21 Engineering Data
Weather data from Fipure #8
 WB degree hours baged on 12 Mos/yr, B ﬁrjhay

Energy used is a function of the WB degree hours sbove the base
of 66°F, the FH maintained the No. of hours of controlled humidity.
The base. RH 1s 50% which is approximetely 78°F DB, 66° WB. The
figure expresses the enerpy used per 1000 CFM of air conditioned
or defumidifiad. An analysis of the Lotal heat content of

alr in the range under conslderation Indfcates an gverage total
heat variation of 0.93 Btu/lb for each degree WB change at
conatant DB temperature and that the total heat varies nearly
directly with RH. One thousand CFM 1z equal to 4286 1b/hx so
aach degree F WB hour is equal te 4286 x 0.%3 or 3986 Btu.

The lower section of the figure shows the dirsct relationship
from the base of 507 RH and the upper section proportions the
hours of system operation with 56 Er/Wk being 100%.
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ECO=-1B "REDUCE VENTITATION “BATES DURIHG OCCUPIED PREIODS®

Except where outdoor air cen be used productively for
economiser cooling (and the temperature and enthalpy are
sultable as described in ECO-15 gbove), cooling and de-
humidifying outdoor air consumes large quantities of energy.
Any measure thst reduces the quantity of wventilation to a
minimum snd is compatible with physiological needs, will
result in substentizl energy and doller mavings., Refer

to Figure 16, “Suggested Ventilation Standards" for both
sumper and winter pericds. The suggestions for ventila-
tion discussed in Section , "Haating znd Ventilating"
apply, penerally to the cooling season, as well. Soms

codes permit further reductiones in ventilation rates 1f

the alr is cooled. During the cocling season, the enthalpy
difference between the outdoor andé indoor air determines the
quantity of enerpgy raquired to cool and dshumidify the ventil-
ating air to Indoor conditions. As enthalpy, or total heat,
is very ciosely approximated by wet bulb temperature, the
differenee iIn wet bulb fempersture between outdeor aAlr and
room conditions can be used to determine the emergy re-
quired for cooling and dehumidification.

To determine the approximate 3early energy savings resulting
from & feduction of outdoor air, first detemmine how wmuch

air is being Introduced into the building, -and second,
determine the minimum guantity that legslly, must be intro-
duced into the building. The difference determines the
potential reduction of ventilation air snd energy savings.
For the cooling season, use Figure 21 to determine the energy
required to cool and debumidify a given amount of ventila-
tion elir, The following exemple indicates the method

to be used to determine the savings.

Example:
Suilding Type - Office
Location - Miami, Florida
Occupied Hours/Week - ' 40
Number of Occupants - ; ‘667
Indvor Relative Hypmiditye- ) 50%
Annual et Bulb Dagree '~ 18,500

Hours Above 66°F

®*Also read "Heating and Venfilating”, ECO-6, guidelines.
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Determine energy saved by reducing outdoor alr from 30 CFM/
person to 8 CFM/person (mixzed population of smokers and none-
amokers).

Determine total CFM reduction:

30 - 8 = 22 CFM/person % 667 people » 14,674 CFM, Enter
Figure 21 at 18,500 degree hours, intersecting with the
50% RH and 40 hour lines, follow the example line :and
read yearly energy used of 52.4 x 10% Btu/year/1,000 CFM.

Ssvings: The total energy saved is 14.5 times 5.5 x 106
Btu/year. If cooling is by a mechanical refrigeration
aystem with a C.0.P. of 2.3, the reduction im energy
input is 771 x 10° = . 308 x 109 Btu/year

2.5
308 x 10% = 90,243 XWH/year
3, 513
If an absorption mschine s used, the geduction'in
energy input is 771 x 106 ='1,134 = 10Y Btu/year
0.68
and 1f this energy is supplled by a2 steanm beller with a
geasonal eﬁficiancy of 63£, the gallcns of oil saved 1is
C1;134 % 106
0.65 =x 138,000 = 12,642 gallons/year

Convert to Cost: At 30.04/KWH, the savings for the umechanical
refrigeration system are 0.04 x 90, 243 = $3,609/yr. At
50,36/gal. the savings for the gbaorption system are
0.36 x 12,642 = $4,551/year.

Results: Emergy Saved ~ 90,243 KWH/year or 12,642 gal/yr.
Dollars Saved -~ $3,609/year or $4,551/year

If, in the previous example the fefrigeration system had bheen
operating nights and weekends with the 30 CFM/person ventila-
tion rate, the savings due only to shutting cff the outdoor
alr during unoccupied periods and reducing it from 30 CFM/
person to 8 CFM/person for 40 hours per week would be about
54,460 per year with electriec refrigeration and $7,000 per
year with absorption refrigeration. These figures do not
inelude the additional savings (in power) which would acerue
from not operating the refrigeration system and 1ts auxilisries
during unoceupied periocds. If a refrigeration system is
operated at night for preccoling, or to handle late evening
events, shut off the outdoor air intaka.

ECO-1% RETDUCE INFILTRATION RATES

Leakage or infiltration of air imto the building, es desecribed
in Sgetion 4., "Heating and ?eatLlating“, adds, to the same
extent as an equal amount of ventllation air, a load on the
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"building” cooling system. Gemerslly, becanuse wind velocities
are lower in the suvmmer, the ipfiltration rates are somewhat
lower as well. They way still, however, be a significanc
factor in the mapnitude of the cooling load. Infiltration
imposes an added load on the dletribution system. Unlike
ventilation, which is not a "space" or "roomw” lead, infil-
traztion is an additional room load, and the senzible heat cop~
ponent of Infiitration increases the amount of alr which must
be clrculated (as the amount of air elrculated in a cooling
system depends only on the magnitude of the room sensible

hest load). BRecause Infiltrstion oceurg for 24 hours per day,
it creates a load during the nfght . which must be removed

the next day by the refrigeration equipment. In retail stores,
the greatest amount of infiltration occcurs through dcor openings.
Bafer te EMC-2 for information on Infiltratiom rates through
door openings end the installation of revelving doors as a
measure to reduce it.

Determine infiltration rates through windows by using Figure
18, and caleculate the cooling load for any given amount of
infiltration converted to CFM by using Figure 21.

From 811 causes, the Infiltratfon rate for mest bulldings is
betwsen 1/2 and 1 1/2 air changes per hour, depending upon the
condition of the doors and windows, length of cracks, height

of the building, and the nuwber of door openings. (Bee Section
4 , "Heating and Ventilation™, ECO-5). To convert air changes
per hour to CFM, multiply the buflding volume (area per floor,
times the number of floors, times the celling height of one
floor) by the number of zir changes per hour, and divide by

60. For exemple a building of 10 stories with 10,000 square
feet of floor area per story, & floor to ceiling height of 10
and 1 1/2 ajr changes per hour would have:

10 x 10°% 10,000 x°L,5:= 25,000 CFM
60

Use Figure 21 to determine the cooling load dus to the air
quentity in CFM for sny location.

Weather stripping and caulking (usually done te raduce infiltra=-
tion rates in the winter) will reduce the summer cooling load.

To determine the savings in energy and dellars during the cooling
season for reduced infiltration due to window lezkage, use the
method indicated in the following example.

Example: Determine the crack area first. Use the identificsation
profiles to gather pertinent data.

- Building Type - Offices

Building Size - 100" % 50', 4 floors


http:Determf.ne
http:determ:�.ne
http:caol:�.ng
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8ullding Location - Topeka, Kansas
Wet Bulk Dégrea Hours = . 3,000

Greater than 66°F, '

Wind Speed - 8w

Wind Direction - W

South Windows - 5' x 3'; 28 total
Weszt Windows - : 5" x 3%; 56 total

Window Type: double humg, loose fitting.

Determine the crack length/vindow -
Each Window perimetar = 5*5+3+3+3€henter joint}=id feet
Total crack length = 19 x 84 windows = 1,596 feat

Determine from Figure 18, the rate of infiltration:
Per foot of erack = .9 CPM/ft.
Total Infiltration = 1,596 % .9 = 1,436 CFM

Determine from Flgure 18, the new rate of infiltration per

foot of erack If windows are wesather stripped = Q.1 CFM/ft.
Therefore total Infiitrarion = 1,596 x 0.1 = 159.6 CFM
Infiltration Reduction = 1,436 = 160 = 1,276 CFM

Determine additional.ooling energy required:
Enter kigure 21 at 3,000 degree hours and intersecting
witih the 60% RH and 40 hour lines, follow the example
line and read yearly energy used of 7.5 % 105 Bru/year/
1,000 C¥H.

Savings: The tota]l energy saved 1s 1,276/1000.x 7.5 x. 106
9.6 x 10° Btu/year. TFor muchaniaal refrigeration
system, the reduction in energy ioput 1s 9.6 x 106 = 1,125 XWHE/yT.
2.5 = 3,413
For absorption system, the reduction in energy laput
is 9.6 = 109 = 14.1 x 100 Btu/year and, ‘

0.658
For steam Bodiler. supgiying the gteam and gallons of oil
gaved is 14. 1% 106 w161 gallonsfyear

0.65 x 138,000

Convert to cost: At 50,04 ¥WH, the savings for the mechanical
refrigeration system are $0.04 x 1,125 = §45/vears
At 30. 36/gallon, the savings for absorption system
are 0.36 x 161 < $58}vear, :


http:absorpti.on
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ECO-20 .REDUCE SOLAR HEAT GAINS

3olar heat gzin is a major cuntributor to the coeling load in
gll parts of the country where the ratic of window to wall

area (on the east, west, and south facades) is 20Z or more with
elear unshaded glass, and 507 or more with any type of glass
exposed to direct sunlight. Solar radistion on the roof (which
regeiver the wost in the summer) znd on the east, west, and south
walls Increases the outside surface temperature and heats the
surfaces. The increase in heat tramsmission through the sur-
faces which then cccurs is In‘excess of condustion which would
nave resulted from temperatsre differemce between indoors and
outdoors alone.

Solar radiation on skylights and windows is transmitted through
the glass almost instantaneounsly. Annually, almost 80 percent
of all the solar radiation striking a vertical single sheet

of clear glass surface is transmitted.through it., It consti-
tutes gn addition to the cooling load, but a reduction of the
heating and electric loads (if liphts are turned off when day-
lipht {s available). Conservatlon messures that r.duce solar
heat gain include shading the interiocr or exterior of the glass
and treating it to increase {ts reflective properties. Eval-
uate devices that prevent solar radistion frum entering the
"bullding in hot weather, against the need for selar heat in
cold seasons. '

Solar shading devices on the exterior of the bullding are

nmore effective than finside blinds, drapes, or reflective
coatings or heat absorbing or reflective tinted plass. Refer
to Figure 22 for the relative effectiveness of wvarious shading
devices., Achleve external solar eontrol through the use of
trees that shade the building surfaces, horizontal exterior
louvers, or eyebrows.on the southern exposure and vertical and
horizontal fins or extensions to shade the east and west

facing glass surfaces. Install thin sun screens on the exterior
fazce of the window to reduce selar heat gain by 50 to 757,

Sun screens cause the logs of some natural lighting and the
blocking of some of the useful sun rays in the winter; however,
sun screens on windows that sre subjected to winter winds
{(usually from the west) reduce heat logs considerably in the
winter a2s well as heat gain In the summer. Sun screens are
commercially available for sbout $3.50/per square foot of glass
surfsce. d

Use Internal shades, venetian blindsm, .curtains or sun screens
{eimilar to the exterior type which can be Temoved in the winter)
to reduce solar heat gain in the summer and still permit direct
radiation to enter in winter. To dnstall venetian blinds

costs about -§1.60/sg.£ft. in small quantities down to about
$1.00/8q.ft. for 400 windows, or more.


http:l.OO/sq.ft
http:1.60/sq.ft
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Painting the extericr surface of the exterior walls with white
coatinge to increase reflectivity is not so effective as in-
creasing the emmisglvity of the exterlor roof surface. Using
light colored coatings or cooling the roof with & roof spray
are two optione. . However, measures to Increase emissivity and
reduce cooling loads for exterior durfaces which have a mass
of 50 to 100 1lbs/sq.ft., and/or which are Iiasulated to a U
factor of .1 or lower are ineffective., It is also difficult
to maintaln the 1ight color on roofs In urban arsas.

ECO-Z1l REDUCE INTEENAL HEAT GAIN

Internal heat gain (from lights, buainess machines, compu~
ters, motors, ocoupants, and In some bulldings, ovens,
ranges and refriperation wmits) make up 4 major portion of
the cooling load in meny bulldings. Except in small res-
taurants which can have major heat galne from cooking equip-
ment, heat gain from lighting is the most significant.

Guidelines to reduce 1llumination levels, In theé many buildw
ings which are overlighted, to more reasonable levels are
describied in Section ‘4, "Lighting". The reduction of light-
ing Is a simple and effective way to reduce the cooling load.
The fellowing example iIndicates the potential aavings fox
many bulldings, from decreasing cooling load by reducing
lighting., '

Bxample:

Flrst determine the approximate length of the cooling
season bhased on past experience, ’

From the Identification Profila:

Building Type - Qffice

Building Lacation - Hew Yotk
Byildiag Size - 50,000 sq. ft.
LIghting Intensity - 4.5 watts/sq. ft,

The Building has a2 total of 1,400 fixtures with 4~40

watt lamps in each. If 2 lsmps are removed from 75%

of the. fixtures, then the reduction in watrs = 1,400
. % w753 x 2 % 40 = B4 000 watts or B84KW. The present

total wattage = 223,000 and the new total = 225,000 -

84,000 = 141,000 watts or 141,000 = 2,8 wat:z/sq.ft.

36,000

The hezt galn from lighrs iz reducad by 84KW for each

hour of operation during the cooling season, or

B4 = 3,413 = 286,692 Btu/hr,


http:watt/9~.ft
http:watts/sq.ft
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SHADING COEFFICIENTS

GLASS
1/8" Clear Dopuble Stremgth

1/4" Clear Plate

1/4™ Heat Absorbing Plate

1/4" Reflective Flate

1/4" Laminated Reflective

1" Clear Insulating Plste

1" Heat Absorbing Insulating Plate

1" Reflective Insulating Plate

SHADING DEVICE

Venetlan Blinds - Light Colored,
Fully Closed

Boller Shade - Light Colored,
Translucent, Fully Drawn

Drapes - Semi-QOpen Weave, Averapge
Fabric Transmittance and
Reflectance, Fully Closed
Reflective Folyester Film

" Louvered Sun Screens
- 23 Louvers/In.

- 17 Louverz/In.

1.00
0.93 - 0.95
0.65 - 0.70
0.23 - 0.56

- 0.28 - 0.42
. 0.80 - 0.83
0.43 - 0,45
0.13 = 0.31
WITH

1/4" CLEAR PLATE GLA3S
0.55
0.39
0.55
0.24

0.15 - 0,35
0.18 - 0,51

WITH 1'" CLEAR

THSULATTHG GLASS

0.51

0.37

0.48

0.20

0.10 - 0,29

0.12 ~ 0.45
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If the cooling seasson is 100 days long, and occupancy

is 8 hours per day, the year%y reduction in heat gain =

286,692 = 100 2 8§ = 229 x 10° Btu/vear, With z mechanical

refrigeration system, the reductlen in energy input =

229 x 105 = 91.6 x 10 Btu/yr or 1.6 x 106 = 26,838 KW/yr
2.5 (Average C.0.P.)' 3413

At 5 cents/EW, a savings of $0.05 x 26,838 = $1,342 for

refrigeration (plus approximately $600/yr additional

savings ir fan and motor horsepower for the auxiliaries).

If an absorption refrigeration.systen were used, the

reduction in energy inmput = 229 % 10% = 382 x 106 Btu/yr.
.60

Asauming that nheat is supplied 2o the gbsorption unit

by steam boiler with sessonal efficiancy'ar 637, then

the gallons of #2 oil saved = 382 % 108 = 4 #4539 gallans.
' 85 = £3§ 000

At $0.36 per gallon, the savings would be ,36 x 4,259 =
$1,333/yr

It is very Important to keep in mind that a reduction in light-
ing intensity not only reduces the cooling load, but also re-
duces the bullding electrical consumption throughout the year.,®
In thls case, the reduction amounts to 84 XKW = 2,100 hrs/yr
{occupied time) = 176,400 XWH at $0.05 KWH = $8, 829.

Whenever motor operated equipment which is located in airx
conditioned spaces is operated for fewer hours, the cooling
lead is reduced by about .8 KW, or about 2,300 Btu's per
horsepower hour. In office Bulildings, equipment consumes an
average of 0.75 watts /sq. ft. of floor area. For a bullding
of 50,000 sq. ft. caleoulate savings from a reduction in
operating time from 8 to 7 hours per day as follows:

50,000 = 3/4 x 1 hr., = 37,000 watt hours/day. Multiply by a
conversion fastor to get equivalent Beu's: 37,500 x 3.4 =
127,500 Btu's per day. This 1ig equivalent to about 10 ton
hours, or 30 tons hours par week. If the alr conditioning
system uses 1 1/4 KW/tom, the savings for a 30 week cocling
season would be 38 x 50 x 1.25 = 1,875 KW hours. In New York
electricity is now about 5 cents/RKW, so the savings there would
be $94/yr, This may seem small compared to the savinga which
can be accomnlished by reducing the lighting intemsity, but

the results of many small measures add up to significant totals.
Calculate the savings in cooling energy for any duliding in

the same manner.

Ry re—arranging tasks and removing fluorescent tubes from

non eritical areas, i1t 1g usually poasible to maintain the

same footecsndlas on critical tasks. See Section 4 , "Lighting",
ECO's 31 and 34.
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ECO=-22 REDUCE CONDUCTIVE HEAT CGAIN TRANSMISSION THROUGH THE
BUTLDING ERVELOPE

The conduction of heat from outdoors to indoors 1s only z
gignificant portion of the cooling load Wwhen the bullding is
one or two story with black unminsuleted roof and has low
internal heat gains. The difference between outdoor and
indeor dry bulb temperatures is smeller during the cooling
season (especially if indoor conditions are maintained at
78° or higher).

Insulation, added to reduce heat loss in the winter, will
have & small added Benefit in the smimer. ECM- 2 includes

z pgction on insulation and storm sash, roof sprazys, znd re-
flective roof and wall surfaces showing the relative benefite
of each for both heating and cooling. Roof insulatiom will
cost from $2.00 to $3.00 per sq. ft. depending upon type and
congtruction details.

ECO-23 " "IMPROVE THE CHILLER AND COMPRESSOR PERFOR{ANCE

4 building may have one or more types of chillers and/or
compreseors installed that may operate at the same time or
sequentially. .All have some common features, but there zare
differences, expecislly between electric compression refrigera-
tion systems and sbsorption chillers, which mske each type
unigue. Tdentify the systemz in the bullding and enter the
information in the proper spzces, Figure 11. The character-
istics and services of each type are listed below to assist
in the identification process. Since most of the measures
to improve chiller and compregsor performence-should be done
by competent smervice or engineering persomnel, seek their
help At this time if your own msintenance department is not
gble to =znalyze and wodify the equipment operation and
meintenance,

The performance, or seasonal effliciency, of an existing
refrigeration syetem zan Be Increased by 1) changing the
mode of operation and the operating conditionz to conform
more closely to the part load conditionme which are the rule,
rather than the exception, in virtually all buildings 2)
Iwproving meintenance and service procedures.

1. Types of Mechanical Compressiod Refripdretion Syateuws

Mechanical compression refrigeration systems all have com-
pressors bto rgise the pas refrigerant pressure and temperature,
condensers to ngject the heat of compreasion and chenge the
.BEtate of the refrigerant from 2 gas to a liguid, and evap-~
oraters te absorb heat from the refrigerant to chill water

or air. : :
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#. Compressors may be:

Reciprocating

Centrifugal

Pogitive displacement screvw

Fully or partially sealed hermetic compressors.

b. Compreasors may—ﬁa'dtivan by:

BElectriec motore
IHesel or gas engines
Stesan Turbines

¢. Condensers may be:

Water-cooled shell and tube
Water-cooled evaporator type
Air=cooled

d. Evaporators may be:

Shell and tube water chillers
Direct expansion coils in HVAC duct aystems or air
handéling units.

I1f the present refrigeration system Includes steam turbine-
driven or gas or diesel engine-driven machanical chillers, con-
gider reclalming waste heat from the ezhaust steam or the hot
exhaust gases and using this a2 the source of energy for an
abgorption machine or to heat dogestic hot weter. Because

this suggestion involves capitsl expenditure, it will Be dealt
wiith more fully in ECH=- 2.

Unitary zir comditioning systems (such as window air conditloners,
through~the-wall units, packaged heat pumps, and 3 to 130 ton
self-contained packaged aiz conditicnexs) have electric-~driven
compreesors; the smaller sizes are equipped with reciprocating

or hermetlically sealed compregsora, and the larger =lzes with
centrifugal or positive screw displacement type, The incorp-
oratlon of compressor, condenser, evaporater {(cooling coills),
filters and supply fzns in oune imesulated casing, ¢haracterizes
8ll of these units.

The same typas of components are often used In "bufli-up"
syastems. E-~h component or group of componenta may be instslled
either in one package or in lecations which are remote from
gach other but inter-piped to form an operating wmic.

Larger "central-station" systems include reciprbeating com-
pressors (of up to 130 tons capacity) and/or eentrifugal



compressors {(from 100 to 8,000 rtons in size), screw type
compressors, and, &5 later described, absorption chillers.
Each has separate ajir or water-cooled condensers, and sep-
arate air or water-coocled condensers, and separate alr handling
unit or fan coll units with filters and cooling coile., They
serve one area directly, or multiple areas through a duct
system, Any of the three types of drives (listed in b above)
may be used with all cowpressors snd chillers except the ab-
sorption tvpe,

Large chlllers with double bundle condensers and/or eveporators
zre large heat-pump type Installations, The C.0.P. of the
refrigerating machine can be messured zs:

Heat absorbed in evapordtor
{Beat rejected in condemser-Heat abgorbed in evaporator)

Typical values for C.0,P. raunge from 2 to 5 at full load.
Alr-cooled condensers sre in the lowsr range. When refrip-
eration units are opersted as heet pumps, the C.0 P, increases,
since the heat rejected from the condenser is put to useful
work for heating.

The C.0.P. is related directly to evaporating and condensing
temperatures which, for a water chiller with coolinpg tower,

are typically 40°F. and 100°F. respectively. If the evap-
orating temperature can-be raised (by using chilled water at

a higher temperature of, for instsnce, 50°F., ingtead of 40°F)
and/or 1f condensing tsmperatures cam be reduced, then the
C.0,P. will increase and = greater cooling effect will result
from the same power imput. Copsider asch dndividual refripera-
tion machine geparately to determine the extant to which ite
C.0.P. can be increased} in general, however, raising the chilled
water temperature 10° and reducing the condensing water tempera-
ture 10° will result in an inecrease in efficiency of approxd-
mately 20 or 25Z. At part load conditione, .Ehis increasg in
eificiency 14 more wmarked; on & seasonal basis it will have =
greater effect fn conserving energy than would be indicated by
conslideration of full lecad operating conditions only.

2. [(Characteristics of Absorption Chillers:

Abgorption chillers achieve a cooling effect without the use

of mechanical compression: instead, they use heat directly

as the driving force. They normally ipclude 2 heat activated
generator-zbsorber, shell and tube condenser, and shell and
‘tube evaporateor. Water is used as & refrigerant with an ab-
sorbant such as lithium bromide. The C.0.P. of an absorp-

tion machine is not as favorable as that of a mechanlczl chiller
and will normelly be in the order of .67. Absorption machines
are particularly senmsitive to condensing temperature and will
show a good ilmprovement ip C.0.FP. at lower condensing tempera-
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tures, but take care - if condensing tempsratures are too low

the abgorbant for most existiung absorption units will crystal- =
lize, 1f the absorption machine Is operated Irom waste heat,
run it (to bz more economical) as close as poagible to its
maximm putput and modulate other mechaniéal refrigeration
maghines, 1f installed, according to load. Refer to manufac~
terers Zor informastion on specific machines before implement-
ing = program to lower condensing temperatures.,

¢

3. 'iﬁﬁraving:the Efficiandy By Ralsing Ev&yaratcr‘Témuératures ' -

The evaporator temperature 1s a function of operating mode and
maintenance. All measures to reduce the loads, as discussed
garlier in this section, provide opportunities to raise the:
temperature for the peak lrads, and present even greater op—
portunities for part load conditlions. Adjustments for load
often permit an incresse in the supply alr temperatures even
with a reduction in the total smount of air circulated. This
will increase the evaporating temperature snd suction tempera-
ture of a direct expansion system, and copserve power for the
compressor. Ralgiug supply alr temperatures with chilled water
gystems permits higher chilled water temperatures, higher
evaporator temperatures, hlgher suction temperatures, and a
reduction in power used by the chiller.

#

Systems with an inadequate charge of refrigerant and fouled
gvaporator surfaces have & greatly reduced refrigerating capaclty
end waste energy. ’

b, ‘Increasing Efficlency Uy Lowering Condeénser Temperatures

The condenser temperature is a funetion of the cutdoer or ambient
D.B. conditions {for operation of the air cooled condensers) and
¥.B. conditions {(for operation of the cooling towers or avap-
orative condensers) and of the condition and operating mode of
the air cooled c¢ondsnsers, cooling towers aznd shell and tube
water cooled condensers. . .

‘Conling towers, air coeled condensers, and evaporative conden-
sers ware usually selected initlslly, to provide s given con-
densing temperature for maximum expected outdoor conditions;
consequently, they will provide lowsr condensing tempsratures
when ocutdoor conditions are below the maximum expected level.
Mawximum cooling load, however, usually occurs at the same time
as maxizum outdeor condikions. Rather than zllew chiller opera-
tion o follow the load, it is often more effective to operate
chillers at full load inm the morning - when cutdoor wet bulb
tegpparatures are low, and low condensing water temperaturesg can
be obtained from the conling tower.
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S5+ Deascriptlon of Cooling Tower Operation

Cooling towers lower the temperatures of condenser water by
direet evaporation of the weter to outdoor zlr. The condenser
water is sprayed over a series of baffles or fill, and then
dreins by gravity Inte a sump., Outdoor ailr Is drawm through the
tower and passes over the fill and is then discharged to the
atmosphere. The intimate miwxing (though coumter flow of air
and water) promotes evaporation of the condenser wster, increas-
ing the moisture content of the air. Each pound of water
evaporated removes 1,000 Btu's of heat from the condenser water
system. The rate of evaporation im directly affected by the
wet bulb temperature of the incoming sir and the condenser
water temperature. The difference hetween these temperatures
is known as the "approach" temperature; cooling towers are
commonly sized for 10°F. approach (i.e. if the design outdoor
wet bulb is 75°F., the lowest temperaturé condenser water that
can be obtained from the cooling tower gt ite full rating will
be 85°F.). Any reduction in condenser water flow rate or air
flow rate through the tower, or any fouling or blocking iIn

the £111 will reduce the tower's effectiveness and increasa

the epproach temperature, thug increasing the condenser water
temperature, which in turn lowers the chiller efficlency.

Because water is comstantly being evaporated in the tower,
total dissolved melids im the condenser water system increase
and promote scaling at the spray nozzlee and on the baffles
and/or £111. Beale formation on the spary nozzles will not
only reduce the quantity of water flow, but will also inhibit
the fine atomized spray necesgary for evaporation. Clean spray
nozzles carefully to remove zll scale and dirt. Remove scale
formation on the £ill either manually (by chipping away) or
chemically, Correct rates of blow down will hold total dis-
solved solids in the condenser water system t¢ a tolerable level
and correct water treatment will prevent scaling both in the
tower gnd in the refrigeration machine.

If the cooling tower is located in an area that experlences
strong sunshine, there is a danger that rapild algae growth
will clog spray nozzles and coat the fill, reducing the tower’s
efficiency. If the cooling tower is contaminated with algae

or bacterial slime, have it thoroughly cleaned with chlorine
‘and flushed through to remove all deposits; then institute
pericdic treatments with algicides. To inhibit the growth

of algae, it is helpful to shade the cooling tower from direct
sunlight. :
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In addition to increasing the efficiency of the compressor
or chiller system by improving the perfdrmance of the cool-
ing towers and air cooled condensers, it i{s also possible
to reduce the energy consumption of the tower fteelf. The
opportunities are listed in the summary of guldelines later
in this section.

If the existing cooling towers are at or near the end of
their useful life, consider replacing them with larger or
more efficient cooling towers that will give lower approach
temperaturas. As this involves capital expenditurs, it will
be dealt with fully in ECHM=- 2.

6. Deseription of Adr-Coeled Condensers

Alr-cooled condensers discharge heat to a flow of air through
a finned coil containing the hot refrigerant gas. the rate
of heat rejectien is directly affected By the dry buldb tem
perature of the air strésm and By the efficiency of the heat
tranafer purface. In geographic locations that experience
long periods of high dry Buld temperatures, the efficlency

of an air-cooled condenser can Be Increased By using the cool
exhaust alr from the Hufilding as a source of cooling air for
the condenses.

Because it forms part of the refrigerant system, the air-cooled
condenser (with its commecting pipework) imposes a resistance to
refrigerant flow and, therefore, Increases the pressure at which

the compressor must operate,. Condensers ate frequently installed

in . locations remote from the refrigeration compressor, but cften they
can be easily relocated to reduce the length of connecting

plpework. Any reduction in pipewerk length will decrease the

less, and increase the éfficlency of the rafrigeration machines.

Alr-cooled condensers, serving procesa refrigeration equip-
ment, such as food display cases (See Section 4 "Commercial
Rafrigeracian') are frequently located with the refrigeration
compressors in a4 store room where heat bullds up and reduces the
efficlency of condensing units.

]

7. ¥Mzintdnancs Procedures:

Each individusl piece of equipment that comprises s chiller
gyatem has buillt dpeffictsnctes. LE they are minimized,

the total eff.clency of the unit will incresse. Lesks from

the refrigerant high pressure side of the syatem will reduce

the refrigerant charge and, hence, the refrigeration effact

that can be obtained for a glven power input. Leaks on the

low pressure refrigerant side (Lf the pressure Is sub-atmospheric)
will allow the entry of eir into the refrigerant system. Alr

is comprised of non-condensable gases and will reduce both the
rate of heat transfer of the condenser and avaporatdr and, again,
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the refrigeration effect available for a given power input.
Check the refrigerant system first, therefore, to emsure that
it containg & full charge of refrigerant and that all non-
condensable gases are removed. Then check the system for
leaks, uging a Helide lamp or other similar eguipment. Com~
mou gources of leaks include shaft seals, inlet puide vane
seals, valves and pipe fittings. )

Compressor prime wovers and drive trains, 1f poorly maintained,
can absorbk as much as 15% of the total energy dnput into the
compressor. Examine speed reducing pear boxes for quality and
guantity of lubricating oll, gear backlaah and waar, thrust
bearing condition and main bearing condition. - Check "V belt
drives for correct tension.  Replace frayed belts or belts
with a frayed driving surface. Where multiple belts are used,
all belta should be replaced at the sams time, or different
tensiong will result, causinpg loss of transmission efficiency.

Maintain water-cooled shell and -tube condensers to give the
greatest 7ate of heat transfer. Hest transfer iz inhibited 1f
the tubes become fouled with scale or bacterial sllme. BRe-
ducing the condenser fouling factor from .002 to Q005 will
result in approximately a 10% increase in efficiency. Where it
ils accessible, remove scale from the tube surface by chipping it,
by chemiecal means, or by a combination of both. Once the tubes
are glean and free of scale, enforece a policy of correct water
treastment. The appropriate type of water treatment depends
largely on the guality of water, which varies in different
geopraphic locations. Remove bacterial slime from the con-
dengers by flushing and chemlcal trestment and prevent its re-
appearance by periodic shock trestmente with bactericides and
algicides such as chlorine. Select the freguency and type

of treatment to suit local conditions. By meintaining the heat
transfer surfaces in shell and tube condenmsers, & supermerket
in Atlanta, Georgia, of 50,000 mq.ft., equipped with a 200 ton
centrifugal electitical chiller ceuld reduce the annual power
requirements from 600,000 to 540,000 KWH. The maintenance
program would entall eleaning the surface twice yearly to re-
duce the average fouling factor to .0005. At 4 cents/KW,

a pavings of 10Z in annual energy usage saves $2400 per year.

Water—-cooled shell and tube evaporators zre not as prone to
scale or bacterisl fouling as condensers, but they should be
inspected and, 1f necessary, cleaned. If the fouling factor
of & water-cooled evaporator decreasses from .002 to .0005
the efficiency of the machine will incresse by approximately
14z, ; :
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Direct expansion evaporator colls, installed in duct asystems,
quickly becomea fouled with dust, particularly if the filtra-
tion aystems-are ineffecfive. TInepact these coils on a per-
iodic Basis and clean them with steam or compressed air jets.

GUIDELINES TQ REDUCE ENERGY USED TFOR CQOLING"

USE CUTDOOR AIR TOR COOLING

~Use outdoor air for economiser cooling whenever the enthalpy
i3 lower than room conditicns during occupied periods, and
whenever the dry bulb temperature Is 5°F lowsr than indoor
degign conditlong during unoccupled periceds. (If the dry
bullb temperature fs only 2 to 3% lower than room temperature,
heat from absorbed fan horsepower will eliminste the value of
outdoor gir cooling.) '

~Use operable windows, without fan operation, for outdoer air
coeling., Outdoor temperature during umoccupied pericds,
should be Below room D.B., and during occupled pericds below
rroom LB, and W.B. conditions. {Unfavorable zcoustics and air
quality way preclude implementation of this optiom.)

~If cool outdear air is available, conglder coeling and bullding
well below normal during the night -and early morming hours
preceding any day that is expected to be extremsly hot.

~Whenever the volume of outdoor. alr iz incressed for esconomiser
cooling, and if there is.no exhaust system which can handle
an equal gquantity of air, provide preessure relief.

BEDULE VENTILATION HATE DURING THE COOLING SEASQH

~Refer to guidelines to reduce wventilation rates during the
heating season,

~When the enthalpy of the outdoor air, en & seasonal basls, is
lower than room conditions, outdcor alr dampers should he fully
opened. Close them only at times when the enthalpy of the
cutdoor alr is higher, or dry bulb temperature of outdoor

air is above 85°F. ' .
~Check local zand state codes to determine if wentilation rates
can be legally lowered when spaces are alr conditioned.

-Do not redure ventilation rate when outdoor air can be used
for aconemilser or enthalpy cooling.

-Refar to ECM= 25 for energy recovervy "heat" exchangers for
latent and sensible heat exchange between exhaust ailr and
outdoor alr for ventilation. ‘
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REDUCE INFILTRATION RATES DURING THE COOLING SEASOR

-Before iovesting any money to raduce infiltratiom rates,
perform an analysis for both heating and eooling.

~Whenever infiltration rates are reduced for winter conditions,
additional benefits sccrue from reducing the cooling load in
the gumer,

=In areas of the country which experience fewer than 10,000
wet bulb degree hours, energy conserved by weatherstripping
windown and dosrs and/or ceulkidng window frames does not
generally justify the coet. In climatic zones which ex—
perience a greeter nuwmber of wet bulb degree hours, make an
engineering analysie »f weatherstripping and caulking to
reduce cooling loada.

~The rate of infiltration in stores through door openings may
be considerably higher than leakage through windows or cracks.
Refer to ECM- 2 for infiltration ratee through docrs and an
analysls for vestibules and revelving doors in al’. climates.

~Refer in Section 4, “Heating" to "A Sumary of Guidelines for
Redueing Infiltration Rates" for additionsl guidelines.

CONTROL SOLAR HEAT GATN

~In hot weather, adjust existing blinds, drapes, shutters or
vther shading devices on windows to prevent penetration of
solar radiaticn into the building. {(In the case of certain
types of sheding devices, this modifiecation may conflict with
requirements to utilize patural illumination; an gngineering
analysis of relative energy consumption due to selar radlation
loads versus artificial illuminstion loads may be required).

~Ingtall blinds, drapes, shutters, or other shading devices
on the inelde of all south, east and west faclng windows
which are subject to direect sumlight in hot weather and/or
exposed to a large expange of sky. (Fire codes mey limit the
use of some meterisls, Where dependent onm natural light, do
not reduce availible light below atatutory Iimfts.)

~Use lightweight drapes, with reflective properties for effect~
ive soler radiation control. (Again, check fire ceodes before
selecting appropriate material.)

~-Use vertical or horizontal reflective blinde. ({Vertical blinds
or louvvers generally are most effective on the west and &asc
eldes of a bullding; and horizontal blinds are most effective

~ . on the south side.) PVC vertical louvere cost betwmen $2.90 and

52,30 per square Eoot.
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~4dd a8 reflective film coating to the inside surface of glazed
aresa on the south, west and east windows. (Where dependent on
natural light, refer to occupational regulations or health and
safety codes before drastically reducing it.)

Note: BReflective mylar sheets (or rolls) and plexiglass sheets
are availadble from a number of manufacturers at relatively low
cogt, HNot only do they help contrel solar radiation, but they
may also increase the strength and resistance of glazed areas.
The thicker masterials are good wind insulators - a 1/4 inch
sheet of plexiglass is as good as a single pane of glass.
Available in different colors, the filme, depanding on qualiry
and make, allow a meaxiomum trangmission of from 55 to 90 Beu's/
hr/sq.ft. The maximum heat transmitted in Btu/sq.ft. for a
clear single pane of glass is 215 Btu/hr/eg.ft. .The films
transmit-9. to*33 percént-of the visible”light spectrum and
reflact 5 to 7% percent of thée.solar.radlatien which strikes
them. :

For example, refleactive coating on the gouth, east or wast
expogure glass that reduced solar radiation by 50 percent would
save from 30,000 to 50,000 Btu's.sg.ft. window per season, in
hot weather, for energy required for space cooling. (The value
is higher in northern latitudes and lower In scuthern latltudes
because of the angle of the sun striking vertical surfaces.) The
cooling lcad can be reduced by abeut 3 ton hours/sq.ft. of

giasgs per year by proper use of shading devices.  In southern
cllimates, the north facing glass can recelve g surpriszsing amount
of diffuse solar radiation. If heat zain from ncrth windows is
excessive, treat them similarly te the other exposures,

~It is not cost effective to add storm sash solely to reduce
solar heat gain.

~Skylights on a roof transmit between two zad four times as
mch sglar heat in the summper time= as az equal area of east

or west facing glass. Exterdior solar control over skylights

is most effective, and permits seolar radiation and daylight

to enter when desirable. Interior shades with mylar reflectiye
coatings cost sbout 33 per sq. ft. to install and reduce solar
heat gain'in the summer By up to 80Z. TWhite paint on the ex~
terior of skylights, venetian blinds or sun screens:can. also
be emplipyed to rsduce solar heat gain,

~Do not prune trees which shade the building In the swmer,
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REDUCE INTERNAL HEAT GAIN

-Turn off unneaassary(lights snd heat preducing equipment.

~Reduce lighting levels by removing lamps. See Sectiom & ,
"Lighting", ECO's 31 and 35.

=Exhaust th& heat from ovens, ranges, and motors directly
outdoors when the enthalpy of the ocutdopr make-up elr is lower
than the enthalpy of the space.’

-Refer to Section &, "Commércilal Refrigeration™ for guidelines
for supermarkets ané other areas with commzrefal refrigeration.

~See "A Summary of Guidelines to Reduce Usage end Operzting Time®,
in Section 4, "Powar".

—Insulate hot surfeces of tanks, piping and ducts which are in
air conditioned ppaces.

-Disconnect dry type transformers which are in conditioned
spaceswWhen there are no’opersting loads.

"REDUCE CONDUCTIVE HEAT GAIW THROUGH THE BUILDING ENVELOPE

~In climates without & significant he&ting season adding a

stem gash or double glazing fs not usually economically
feasible,

~Do not confuse solar radiation heat gaina through windows
with conductive gains . BSolar radiation contrel cannot
be neglected.

~Make an engineering and economic anzlysis before insulating
walls or roof, installing a roof spray, or treating exterlor
surfaces to dncrease emissivity.

~Ingulate roofs, or cellings below roofs, which have & U factor
of greater than .15 to improve U factor to .06.

CONSERVE ENERGY 'BY OPERATION AND MAINTENAWCE

1. Increase Evaporsator Temperature =

=-Ralse supply alr temperature
~faise chilled water temparature

- -Operate one of multiple compressors and chillers at. full
. load, rather than two or more at part loads.
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-Maintatin full charge of refrigerant.
~Haintain gvaporator heat exchange surfaces it clean condition

-Maintaln higher relative Rumidity levels in air conditioned
sﬁaﬁa = ' *

-3ee Section 4 , "HVAC Systems and Distribdution” for specifiﬁ‘ '
meagures which will result In lower evaporator temperatures
and for measures to re-~schedule chilled weter temperatures.

=-Clesn all cooling coils, air and liquid sildes.

2, 'Reduce Condensing Tempegatures -

~Clean all condenmer ahells and tubes

-Clean all air cooled condenser coilas and fios on a regular
basis with compressed air or steam jets.

-Remove ubatructions to free alr f£low into cooling towar and
fana.

-Direct cool exhaust air from the building into the air intake
of alr cooled condensers or cooling towers. ZRefer to E(M~ 2
for detaills.

=Under light load conditlons, when the refrigeration load is
small and the ambient wet bulb temperature Is likely to be low,
the cooling perfornance of the tower will axceed the needs

of the refrigeration machines. Under these conditions the
cooling towsr fan or fang can be cycled on and off to main-
tain a desired condenser water temperature, thus saving the
horsepower required to drive the fans.

-AdJust air flow and water rates to air cocoled condensers

and cooling towers to produce the lowest posaible condensing
temperature. Generally, the savings in refrigeration power
will exceed any increase In added power for condenser fang

or pumps.

~Use well water, 1f apvailable, for condenser cooling.

-Shade cooling towers and air cooled condenmers from direct
suniight.

~Remove bacterial slime and algase from coollng towmrs.

-institute and maintain a gontinuous water treatment progranm
for cooling towers. ‘
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-At partial refrigeration loads, operate cooling towers as
natural draft towers with cooling tower fans turned off.

~Clean and descele epray nozzles, and descale fill in cooling
tovers.,

-It is often more effective to operate chillers at full load
in the morning when outdoor wet bulb temperatures are low,
and low condensing water tewperatures can be obtained from
the cooling tower. Then, use the machine to sub-cool the
building, turn the chiller off when wet bulb temperatures
rige and allow the bullding temperature to drift up. In
large bulldings, the extensive chilled water piping systen
provides a degree of thermal storage.

3. Improve the Efficfency by Improved Mzintenance Practices -

~Bepair refrigerant leaks

-lubricate spead reducing gear boxes
—ﬁeplac& WOTT bearings :

wMainta:n proper tension on "V balt drives

~Adjust water flow control valves to maintaln lower condensing
temperatures.

=1f well water is used for condeneer cooling, provide proper
traatment to prevent scale build-up.

-Glean and replace, as necessary, all strainers to reduce
resistance to refrigerant or water flow.

~Select a water trestment system for cooling towers that
allows high cycles of concentration (suggested target greater
than 10.7) and reduces blow-down quantity.

~Maintain boiler and burner efficlencles where gteam or hot
water is generated for absorption cooling units. Refer to
Section 4 , "Heatding and Ventilation”

~Many or most of the options can be implemented by the build-
ing maintenance staff. An alternative, however, would be to
let & service contract. With an Inspection #nd Labor type
service contract for servicing simple air conditioning and
£an coll units on an annuval fee basis to cover costs of labor
(for inspection, maintenance, breskdown repair) and material
(such as filters, oil, grease, etc.), typical costs might be:
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AJC Units A o -
System Thnoags 2,5 '3 ° 7,3 10 ‘115 ::20. 23 “30 - 40
Price i . B4 _ g

Fen Coil Tnitse
System Tonnage ~‘1/2 '3/4 -1 "-1 1/2'° 2
Price $25 3 45,70 93

=Confizm aéjuﬁtmngé with mechanidal and occupationsl codes.
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DISTRIBUTTION AND HVAC SYSTEMS

A. BACKGROUND

The "paraesitic” distribution loads for individual or
various combinations of heating, cooling and ventilation
systems depend upon (1) the performance, for air systems,
-of the terminal room devices, air handling units and

duct work gystems, which, with the fan and motor per-
formance influence the amount of energy reguired for alr;
(2} the terminal devices and piping for hot water systems,
which, with pump and motor performance, influence the
amount of energy reguired for hot water circulation and
(3} the piping and appurtenances for stesm esystems, which
impose a heating load om the burner-boller system.

The same system mway handle the heating, cooling, and vent-
1lation loads at separate times or concurrently, Lo serve
comsnn or separate aress of a bullding.

Comsider the opportunities for HVAC systems and distribu-
tion in the followlng distinct but releted areas:

a) TImprove the performance of the terminal devices
to reduce their resistance to fluld flow and
inecrease their heat tranefer characteristics.

b) Lower the reasistance to flow in duct aod piping
systems to reduce the required horsepower for
fans and pumps.

c) Hodify the control systems and modes of operation of
air hendling and plping systems to reduce gimul-
taneous heating and cooling.

d) Decrease fluid leaks and thermal losses from piping,
air handling equipment, and other vessels holding
hot or cold water, zlr, or stsam.

@) Improve the performance of fans, pumps and wotors
by maintenance and operating procedures.

£} Reduce the hours of fzn end pump operation.

freneéifzg page blank
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If beilers are used to generate hot water or steam for any
HVAC systems in your building, refer to "Heating", ECO 10
for guidelines on the primary energy-conversion equipment
and ECOs 26 and 27 below for guldelines on piping, pumps
and appurtenances. .

Refer to Sectiom 4 , "Coolimg', ECO 23 for suggestions for
" compressors, chillers, condensers and cooling towers and
for cooling equipment not included in this section, and
rafer to ECO 25 below for guidelines on duct work and fans.

Even though an individual building does not have all of the
systems discussed, read all of the ECOs and guidelines.
Many energy conservatlon opportunlties are common to a
mumber of systems, but for simplicity, have been noted

only once. For instance, thermal losses through the
casings of air handling units, mentlioned under "Single

Zone Duct Systems", are valid for each type of system in
ECO 24, :

Before making changes to equipment, control cyeles, or air
or water flow gquantities, and 1f the bullding personnel are
not experienced or qualified to implement them, consult an
alr conditioning and haesting service maintepance company,
or an HYAC engineer to analyze proposed changes and perform
the work,

ECO 24 REDUCE ENERGY CONSUMPTION THROUGH OPERATION AND/OR
MATNTENANCE OF SPECIFIC HVAC SYSTEMS.

a) Direct Hot Water or Steam Svstems employ direct
radiation, fin tube convectors, fam coll units,
cabinet heaters, or fan driven horizontal or
vertical unit heaters with hot water, steam or
alectric coils,

Fan ¢oil units, and inductlion units equipped
with heating ccils, are used for both heating
and cooling.

B) Single Zome Duct Systems deliver warm alr from
a furnace {see Section & ., "Heating', ECO 10)
or from an alr handling unit or section of a
packaze alr conditioner. The same system,
when equipped with cooling colls, 1s used to
dellver cool and dehumidified air as well as
warm alr through common duct work.
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Control cyeles may provide fluids (hot water,
steam, refrigerent or chilled water) to the coils
continuously, may modulate the flew, or may cvcle
it on and off. At the same time, the fan may be
on contiymuwously, modulating, or cycling on end
off in accordance with room temperature demands and
fluid flow. The charscteristics-and performance
of each sytem vary widely and preclude a general
rule for the optimel contrel cycle, but any
measure which prevents simultanecus heating and
cooling, and delivers warm or cool sir to spaces
in accordance with thermal needs, rather than in
bursts of pver-heated and over-cooled air, 14
more efficient and provides more comfort to
oceupants.

Far and motor performsnce are discussed in ECO 25 below
and Section 4, "Power™, ELO 41, respectively.

c} “Terminal Reheat Sgstems are commonly used and
very wasteful, Basically, supply alr 1s cooled
to a fixed point (usually 55°F.) The cool air
1e supplied. through ducts to all outlets, indie
viduslly or in groups, where it ig then reheated
to & temperature compatible with the demanda of
that space. Under partial or light loads, most
or 211 of the re~heat colls will atill be operat-
ing Because the pupply air is too cold for
direct use in certain perts of the bullding.
Only under pesk cooling loads do the majoricy
of reheat colls tusn off.

To conserve energy, reduce the supply alr
quantity and reset the temperature to & higher
level. Ralse the temperazture in Iincrementa of
3%F. to determine the higheet supply temperature
which will maintain satisfactory room conditions.

-Terminal reheat systems were usually installed to control
dehunidificarion. Wherever dehumidiflcation can be elim~
inate and zone control can be satisfactorily mzintained
(or ie not needed), operate the terminal reheat system
on a temperature demand cycle only; considerable energy
will be daved.
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Refer to ECM 2 for further comservatlion options by
major modifications to, or replacement of, terminal
reheat gystems.

d) Dual-Duct ‘Systems, as the name implies, have two
dyucts, one trumk te supply warm air and the gther
to supply cool air to mixing hoxes which than
deliver air In one duct to the conditiomed space.
Warm and cool supply alr is proportioned in the
mixing boxes at the point of use, to provide sup-
ply air to the room at the temperature which meets
the thermal demasnd. This type of syatem, while
not usually described as a terminal zreheat zystem,
does, in fact, operate essentislly on the same
principles. Aldr is cooled down to a fixed level
and then rveheated to the polat of use by being
mixed with warm air, It is, inherently, a waste-
ful aystem, ~ :

e] AMulti Zone Unit, with the exception of new ones
which incorporate recent changes, normally con-
slst of a fan which discharges air efther through
a cooling coil to 2 cold deck or through a heat—
ing coll to a hot deck. BRoth hot and cold dacks
are equipped with modulating dampers that auto—
matically control the guantities of hot and cold
ailr te one supply duct serving the gpace. This
system is also a form of reheat; the overheating
and overcooling of the supply air carries the
penalty of inherent waste of energy.

In many units the dampers, which control the
quantity of hot or cool air, leak. As the system
compensates for the additional cool or hot air

it wastes anergy.

£} Induction Svstems, normally found In larpe office
buildings, include an alr handling uvnit which
supplies cooled or heated primsry air at high
pressure to individueal induction units normally
loczzed on ths outside wall in each room or zomne.
The flow of high~pressure air through a nozzle
systam In the unit induces a flow of room alr
through a tooling or heating coll unit. The
room zir then mixes with the primary alr to pro-
vide supply alr at a temperature to meet the
heating or covling load within the space. Ty
pically, the ratio between primary gty and
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induced air felié.

The major cuuses of Bigh energy use with induction
syetems gret

1) The horsepower to maintain the high pressure to
deliver primary air and induce room afr flow through
the unit.

2) Simultaneous hesting and cooling in a "terminal
reheat" type of cyele.

3) BRestriction in air paspages impeding the flow of
room alr through the colls.

4) Ddrty coils which reduce heat trznsfer to room sir,
and alse dmpose an extra load on the primary alr
gystem to compensate for the reduced induction effect.

g) Variable Air Volume Systems (VAV) include an air

: handling unit which typically suppliezs elther heated
or ¢ooled sir at comstant temperstures to veriable
air volume hoxes for each zone or for each individual
outlet. Variasble zir volume boxes regulate the
quantity rather than the temperature of the warm
or cool alr supplied to the space in the heating
or cooling season, respectively. Varying air
quantity with the appropriate supply temperature
iz ona of the most efficient modes of operation
in terme of energy usage. Rum the fan at full
volume only when gll VAV dempers are fully opened.

Fan volume is not controlled in some systems. When
full volume is not needed in the conditioned spaces
supply air is dumped into a ceiling plenum the alr
is returned to the supply unit by iniet openings

in the return air glde of the air handling unit.
This "dump" pystem is necessary because virtually
100% of the supply gir passes over direct expansion
coils. This VAV system iz not as-efficient as a
fan controlled type but it does save energy by
effectively reducing the static pressure of the
syatem. e n
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Fan Coil Svstems are comprised of ome or more fan
coll units get up to be two, three or four pipe
systemg; each unit contains a2 fan which blows air
through heating and/or ccoling coils into a single
outlet to supply & zone or room. Typlcally, the
heating and cooling coils are controlled to main-
tain & supply air tempersture to meet zome heating
or cooling loads. However, In many systems the fan
spead ¢an be manually controlled - high -~ medium -
low = to control heating or cooliasg output. Oftea
fang are operated at low speeds to reduce noise.

Por those fan coll systems which have separate coils
for heating and for coeling, 1t is important to pre-
vent simultanecus heating and cooling, znd a "terminal
reheat" type of operatiom.

Window and Through-the-Wail -Alr Conditioners have

gimflar self-contained compressor alr-cooled con-
derising units. They may be eguipped with electric
¢olls for hesting, or, in the case of through—-the-
wall unita, coils gupplied with hot water or steam
from a central ssurce.

Because both systems are relatively inefficient
during the cocliag cycle (due to small - usually
undersizad-condensers), walntenance of coll sur—
faceg, previously discussed for other types of
equipment with evaporator and condenser coils,

and reduction of operating hours are very important,

Moat of the older unitary conditioning units have
a low cooling EER (Equivalent Efficiency Rating) =-
sometimes as low as 5 or 6 Btu's/Watt, If these
units are at or near the end of thelr useful
gperating life, replace them with new units having
an EER rating of 9 or more., New units now in the
development gtage, will produce an EER of 15 or
more, Units with electric resistance heating coils
for winter use, consume a large amount of energy
for tempering or heatiog., If the existing unmits
to be replaced are equipped with electric resist-
ance heating ceils for winter use, exchange then
with air-to-aiy heat pumps, which provide for 1.75
to 3 times a3 much hear per KW input as resist-
gnce heaters. Outdoor air blowing Into the roeom
directly through the c¢oils of the unit or through
cracks around the frame of windew air conditionars
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and through-the—wall units, can he a major source
of infiitration and heat load in the winter, If
not uged for heating, remove window units and store
them in the winter,; or caulk cracks and cover units
with fitted enclosures made for that purposs.

1) Inftary Heat Pumns are either of the air-to-air,
or water~to-gir type. The older ajr-to-alr models
have the .ame built-in condenser and evaporator
inefficiencies as room air condifieners {refer to
1) shove). 'The water-to—air heat pump operatss at
lower condenser temperstures which are more efficient.
A11 puidelines for condensers, compressors, evap-
orators, and fans apply to both types.

During the cooling season, improve the operating
efficiency oflair-to~alr heat pumps by shielding
the condenser gir Intakeg from direct sunlight and
directing cool exhgust aiy from the bullding to the
condenser air Inlet.

Uhere posgible, follow the options for pumps, pilping,
fans and duct systems outlired in ECO's 25, 26 and
27 below for heat pump Iinstallations.

EC0-25" 'REDUCE ENERGY CONSUMPTION FOR FANS

To the extent possible, reduce resistence to alr movement
throughout the HVAC system, veduce gquantity of air supplied
te or returned from conditioned mpaces, and limit the periode
" during which fane operate. Ordinarily, the three steps pro-
vide for maximum savings when taken sequentislly.

Implementing energy conservation methods which reduce the heat-
ing and/or cooling losds first will them permit reducing the
volume of air handled by the HVAC systems. Whenever the
volume of air is reduced, the resistance to sir flow in that
gection of the system is alsc reduced, since the resistance

of pny system depends upon the quantity of air circulated in
the system a€ well as the chavacterisitics of the various
vortione of the myetem including:

a) Intake louvers and air outlet duct caps or elbows
B) Heating and cooling coils

c) TFllters
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d) Ductwork system, Balancing dampers, and exhgust hoods
e) Registera, grilles, and diffusers
£} The fan scroll and housing

If, as is often the case, the original HVAC system has been
oversized for the contemplated loads (die to a conservative
"safety" factor in the design, or a built-in reserve for the
future), or if the orfginzal loads have been reduced, the
opportunities to reduce the air volume will exceed that
which would result from a further reduction in "bullding"
loads only.

Reducing the resistance to alr flow in an existing syutenm
resilts In an increase of alr delivery which, in turn,
permits a reduction in fan speed to brinmg alr volume down to
the original level. Becauss for multi-vane centrifugal fans,
(the type mcat commonly used in HVAC systems), the power
input (BHP) varies directly with the cube of the speed, any
reduction in speed, whichk 1s proportiomal to air voluums,
results In.a very sizable decrease 1n power input.

The basic fan laws for cent¥ifugal fane follow:
1} the volume varies directly with the speed
2) the pressure varies directly with the square of the speed

3} the power iluput (BHP} varies directly with the cube of
the speed

4) the volume varies directly with the square of the pressure

If 1t is possible to reduce the volume of alr in a system by
10%, the savings in power will be zbout 27%1.

To conserve energy for fan horsepowér, first reducs heating
and cooling loads, gecond, reduce the resistance to ailr flow
in each of six areas (a-f} listed shove, third, measure the
inereszsed volume which results and determine the new air
volume required to meet new leads, fourth, reduce fan speed
acecTdingly, and fifth, change the motor if necessary.

Vse Figures 23 and 24 (for forward-curved and backward-
curved multi-vane blowers, respectively) to determine
potential davings.
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FIGURE #23 Engloeering Data

Souzce: Manufacturers fan capacity tables for forward
curve centrifugal fans.
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FIGURE #24 Engineering Data

Source? Hanufattn:ars fan papaeity tables for backward
curve centrifugal fans,
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Exanple:

A building has g heating load of 620,000 Btu/hr.

and a fan volume of 15,000 cfm, . Energy conservation
messures neve been implemented to reduce the hesting
load to 510,000 Btu/hr. If the temperature drop
remeine the same, the volime of alr required to meet
the reduced load is 12,340 CFM. In addition, Byster
resigtance hgs been reduced by modification to filters
and heating coils.
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Initisl aystem characteristics were measured at 15,000
CFM and 4" w,g., point A in the diagram above. The
measurements taken after lowering system resistance

were 16,620 CFM and 3.8 "w.g., point B on the new system
curve, -

Now the fan speed 1s to be reduced te give the new re-
guired volume of 12,340 CFM. The new pressure at this
volume ls measured at 3.27", point C.

Assuming a backward curve fan operating 4,380 hours per
year, use Figure 24 to determine energy savings.

Enter Figure 24 with the initdal conditions of 15,000

CFM at 4" w.g. and read that yearly energy consumed is

170 % 108 Btu. Re-enter Figure 264 with the final con-
ditions of 12,340 CF% at 3.27" w.g., and read vearly energy
consumed at 110 x 10V Btu.

Savings: The energy saved equals 170=110 or 60 x 136 Btu/yr
or -

60 x 16° = 17,580 KiH/year
3,413
At $0.03/KWH, the savings is 0.03 x 17, 580 or $527
per year.
Results: Enargy Saved 17,580 KWH/year
Dollard Saved 5527 /year

ECO~26 REDUCE ENERGY CONSUMPTION FOR PUMPS

Pumps used to circulate hot water, chilled water and condenser
water are generally of the centrifugal type and are governed
by the zame basic laws of operatlon as fans., Any reduction

to system reslstance willl result in energy savings, providing
the pump flow rate 1s held at the same level. With wvariable
speed pumps, adjust for any increase in pump flow rate due

to reduction in syatem resigtance by reducing the speed of

the pump (as described for fans). With direct drive pumps
{(for which it is not so easy to rTeduce the speed), reduce the
flow rate by replacing the impeller or reducing its' size.

Balanecing v~lves are normally installed and adjusted toward
the closed position to achieve the desired flow in any given
clrcuit. The precise position &f the balancing valves 1s

a function of the resistance of the longest or iadex circuit.
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If resistance in this circult is decreaved, all balancing
valves cesn be opened proportionately, reducing the overall
resistance to water flov and the pumping energy requirements
accordingly. To realize these savinge subztitute sections
of larger size pipes for portioms of the index circult,
Boilers, chillers, heating and cooling coils, valves, and
strainers all affect repistance to flow, as well. Refer

to sectlons of* the menual dealing with these types of
equipment for specific suggestions.

In the case of strainers, the quantity of dirt they contain
and the condition of the filtration medfa, often rusty,
correded, epd deformed, determine resistance. Imapect these
items, and clean or replace them on the basls of a regular
maintecance schedule. ’

ECO-2Y REDUCE DISTRIBUTION THERMAY, AND PIPING LOSSES

In addition to frictlomal resistance, ensrgy losses from
plping systems occur im the form of heat galn to chilled
water and heat loss from hot water or steanm systems. Pipe
insulation, which normally keeps these losses to a minimum,
frequently becomes damsged. Inspect each piping eystem;
where no insulation exists, add it, and where it is damaged,
make all necessary repairs. The heat energy lces from bare
pipe and ingulated pipe can be calculated from Teble 1.
Determine the annual lesg for any system by comparing the
losses (per foot of pipe) for bare pipe to those for imsulated
pipe. Multiply the unit loss, first, by the total number
of feet in the system; then, by the difference, in °F.,
betwzen hot water temperature and amblent air temperature;
and finally, by annual hours of operation.



TABLE 1

HEAT LOSS THROUGH PIPES

{Based on an ambient temperatuve of B8°TF and a K for insulatica = 0.3)

Plpe Size (In.} 5 ’ Insulation Thickness
Are
Pipe 1/2 3/4 1 11/4 1 1/2 1 3/4 2
1/2 0.63 0.163 0.135 0.116 0.105 0.098 0.091 0.086
3/4 0.76 0.191 0.155 0.135 0.120 0.110 0.103 0.056
1 0.93 0.211 0.179 0.153 0.136 0.125  0.115 0.108
1 1/4 | 1.14 0.263 0.210 0.178 0.158 0.143 0.132 . 0.122
11/2 1.27 0.287 0.232 0.194 0.172 0.154 0.142 ©  0.132
2 1.53 0.345 0.271 0.229 0.198 0.178 0.163 0.151
2 1/4 1.87 0.425 0.325 0.270 0.237 0.210 0,190 0.175
3 . 2.15  0.487 0.368 0.309 0.251 0.214 0.211 0/195
p 2.65 - 0.600 0.447  0.375 0.305 0.279 0.252 - 0,231
5. 3.2 0.663 0.500 0.407 0.346 0.305 0.271 0.245
6 3.9 0.852 0.628 0.536 0.432 0.379 0.341 0.305
8 4.75 1.090 0.828 0650 0.549 0.486 0.433 0.388
10 5.75. 1.341 10,990 0.778 0.678 0.580 0.511 0.457
12 6.75 1.550 1,152 0.920 0.802 0.664 0.604 0.541

-802-
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Estimated costg for imsuleting hot end cold weter pipes with
pre—sized fibergless material ’with & standard jacket zre
listed in Table 2.

Price per L.F. Installed

Pipe Sizes ~Insulation Thickness;:

»};n- . }’ 11’1;*2‘“'

3 5
1/2" 1.35 2.03
3/4¢ 1.40 2.10
in - 1.45 2,15
1174 1.50 2.20
1172 1.55 2,25
o2 1.60 2.35
2 1/2" 1.65 2.45
3" 1.70 2.50
4% 2.00 3.058
5" 2.25 3.15
6" ‘ 2,58 3.30
8" . 3.15 4.20
lo" ] 3.85 5.00
12" 4,50 5.60
14" 5.20 6.45
len ' £.00 7.20
ig" - . 6.70 7.60
20" - - B.25 B.50
24" 5.00 9.70

Teble 2

For costing purposes, add to tatéitlineal feet of piping
three (3) lineazl feet for each fitting or pair of flanges
te be insulated.

Example:

Bare pipe 4", 300 in léngth :
: Ambient air temperature: 60°F., hot water temperature:
- 200°F, - )
Operating time: 200 days, 24 hours a day
Heat loss from bare pipe: 2.65 Btu/ft/degree temperature
difference
&nnual heat loss for bare pipe = 300 x 2.65 x (200 - 68)
x (200 % 24) = 504 x 105 Btu's
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Example con't,

If hot water Is generated by an oil-fired boiler
with 65% szagonal efficiency, the energy used would
Be 504 x° 108 . ° = 5,619 gallons

.65 % 138,000 ‘
Cost/yr. @ 36¢/gal. = 5,619 x .36 = $2,023/yr.
If 1-1/2" fiberglass inmsulation were used, the yearly
heat loss would be 300 x .305 x (200-68) x (200 x 24)=
37T x 102 Btu/yr. The energy usaed would be Gal. of 0il=
57 x 10 .
.65 x 138,000 = 647 gallons
Cost/yr = 647 gal, x 0.36 = $233
Yearly savings in fuel $2,023 - $233 - 31,790
Initial cost to imatall 1-1/2" insulation = 300 x $3.05/ft.=
$915 ' '
Pay back period .31 years

Table 3 indicates the costs of steam leaks in a 125 psl
gystem at $4/1,000 1bs.

Lb. Steam Wasted (Per Month) {7 Months)

Size of Office Per Month Total Cost Total Cost
1/2 inch 708,750 $2,040 $14,280
3/4 inch - 400,000 1,600 11,200
1/4 inch 178,000 712 5,000
1/8 inch 44,200 v 176 1,232
1/16 inch 11,200 45 . 315
1/32 inch 3,000 12 84

Por steam at 50 lbs. pressure, the waste is about 75% of
the figures given; at 20 lbs. 1t is about 50%, and at 5 lba,
the loss 1s sbhout 25%, )

Steam traps are installed to remove condensate, air and carbon
dioxide from the steam utlizing unit as quickly as they ac-
cupulate, With time, internal parts begin to wear and the

trap fails to opan and c¢lose properly. Among other undesir-
ahle effects on system performance and malntenance, malfunc~
tioning steam traps reduce fuel economy and equipment capacity.
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FIGURE #25 Engineering Data

 Bource: HManufactuars data
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The followlnp example illustrates the use of Figure 25 to
determine the smount of steam lost through leaking steam
traps. '

Example:

Assuming a 30 psig system with 0.125 dnch orifice

traps, the loss from Figure 25 1815 lbs. of steesm

per hour per trap.

At 1,000 Btu/lb., and 1f the steam is being produced

by a boller burnipg light oil with an efficlency of

70%, the energy input is equal to 15 x 1,000 = 6,987
0.7 gal/yr

At §0.36/gal. this amounts to 0.36 x 6,987 = $2,515/yr

potential savings if 211 traps are replaced.

Results: Energy Saved 6,987 gal/yr
Dollars Saved $2,515/yx
GUIDELINES T0 REDUCE ENERGY UBED FOR DISTRIBUTION AND
"BVAC SYSTEMS

HEATING SYSTEMS

~Clean the eir slde of all direct radiators, fin tube
convectors and colle to enhange heat trangfer,

~Keep radlators free from blockage. A onme foot clear-

ance in front of convectors, radiators, or registers

is desirable. Heating systems, particularly hot water

or electric baseboard radiators and low level warm ailr
supply registers, work more efficiently if they are not

blocked by furniture. ZReep all books or other impedi-
ments from blocking heat or air delivery from the top
of horizontal shelves or cabinets which enclose radie-
tors, fan coils, unit ventilators or induction units.

If vadiator is set directly in front of a window where
the plass extends below the top of the radiator, or in

front of an uninsulated wall, insert a ome Inch thick

fiberglass board pasnel, with reflective coating on the
room side, directly between the radister and the exterior
wall to reduce radigrion losses to the outdoors.

~VYant 211 hot water rtadigtors end convectors to assure
that water will completely £ill the intevrior passages.

~Check radlator steam traps to assure that they are pass-—
ing only condenzate, not steam.

«Mpke sure that g1l fpng, frequently inoperative in unit
heaters, fan coil units, snd unit ventilators are run-—
ning normally to increace the heat tranafer rate from
heating colls. )

~Uge alectric or infrared unite as spot heaters for re-
mote areas, a reception desk in a large lobby, for ex-
ample, rather than opersting an inefficlent central
gyster for a small arez in the building.

=In the public spaces of all builldings such as lobbies,
corridors, stairwells, vestibules and lounges ~ conserve

i
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energy a2 follows:

Where heat is provided by a unitary terminal equip-
ment valve, turn off such equipment and remove the
handles from control valves. If balancing cocks are
included, turn them to the "off" position. In each
statrwell of multi-level bulldings, shut off all but
the unit located at the bottom. Turn off heat in
vegtibules and foyers.

~Qverhead unit heaters should direct heat to floors.
Add directional louvers to focus heat to floor or area
requiring heat: where poesible draw return alr from
floor.

SINGLE ZONE DUCT SYSTEMS

~Maintain filters to reduce resiatance to ailr flow,
permitting a reduction In the time that the blower

and the primary hezat or cold-producing equipment run

to satisfy room loadz, Where possible changs filters to
low resistmnce type. A 7V type arrangement, 1f space
permfte, will vrovide wore filter surface and lega
resistance, and thus requires less freguent cleaning than
g stralght single panel fllter. _

=Clean colls of lint and dirt to increass heat transfer
efficlency in air handling uvnits.

~Io reduce haat logs and heat gain, Tepailr losulation
where torn, or inaulate the exterior gurfaces of casings
where imsulation is not on the imterior surface, Units
located outdoors om—grade or on the roof, or in non-
conditionsd spaces should be insulated with the equiva~
lent of 3" of fiberglass.

-The relationships betwszen the supply air temperature

and quantity, and the chilled or hot water temperature
and quantity, and apace loads cannot be oversimplified
in an energy use analysis,

The further relationship between f£fluld temperatures and flow
and the primary energy-conversion equipment can be under-
stood only after a thorvugh seasonal analysis of all

factors considared together. However, consider the
frllowing:

1} Lowering supply air temperatures in the winter
conserves energy, raduces “parasitic” loads by
reducing thermal logses from the duct and plping
gyatems, and improves the sfficiency of the boller
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or furnace. It also reduces or eliminates wide
gwings In the space temperature because of over-
heating. However, the aguipment may operate

for a2 longer period of time and/or require a

larger wolume of air and more horsepower, thereby
cancelling some or all of the savings in energy gain-
ed by reduced thermszl losgses.

2) Raising supply air temperstures in the summer
congerves energy by reducing heat gain in ducts
and piping, and by Ilmproving the afficlency of
the chillers or compressors whenever they are in
operation. Over cooling is minimlized and wide
temperature gwings are eliminated but, again, a
greater amount of supply alr may be required to
handle the load, necessitating more fan horsepower
and/or longer periods of operation for fans,
blowers, chillers, and condensers or cooling
towers. In generzl, however, operation at the
higher air temperature wili prove to he moue
efficlent,
~Where electrle colls sre uged, operate the colls in stages,
wrather than all off - all on., Take care that colls are mot
‘on when alr is not circulating, or they will burn out.
~Where humidity control is pot essential, consider using
the eooling colil for both heating and cooling by modifying
the piping coomnections and removing the heating coll.
The bepefits are (1) the elimination of the heating coil
reduces total system resistance to alr flow and allows a
lower fan speed.to schieve the same volume through-put of
supply air with less fan horsepower; and (2) when used for
heating, cooling coils, which typically have a much greater
sufface area for heat transfer than heating colls, allow
considerably lower water temperatures for & given hesat
~ output. The reduction in water temperature, in turn,
minimizes heat losges from the system and allows more
efficient operation of the bollers.
~Maintain the hot water and the chilled water at comstant
flow, but reset for part load c¢onditions of more that 2 hours
duration.
Adjust the temperature to provide the desired supply zir
temperature (which cen vary with small load changes) and
reduce the heat gaing and heat lossen of the piping systems.
-Avold simultzneocus heating snd cooling except when required
for humidity control in critical areas.
Do not operate a3 large system to meet the naeds of a small
area for hunldity control.
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TERMINAL REHEAT SYSTEMS

-5hut down system completely at night, weekends, and
other occupilied periods.

-Raise the supply alr temperature to allow the use of
higher chilled water temperatures whick in turn will
increase the efficiency of the chiller.

~Reduce Bupply zlr quantity.

-(Operate on demandachedule, without reheat, whenever
reheat iias been used for humidity comtrol in comfort
applications.

-0perate on demand schedule without reheat when zone
control can be sazcrified.

~Relax humidity requirements and allow the relativp
humidity to drift naturally up teo 65%.

Higher relative humidity levels will reduce the

need for low supply alr temperatures allowing

the suction temperature of the refrigeration unit

to rlse, decreasing energy required for refrigerationm.
~Schedule supply alr temperature according to the
numbher of reheat coills in operation. If 90Z of the
reheat colls are working, the supply zir temperature
1s too low and should be reset to a higher level until
the number of reheat coils in operatiom falls to about-
103

-Ensure that simultanecus heating and cooling cannot
occur by providing interlocks between the heating and
cooling control gystems,

DUAL-DUCT SYSTEMS:

-Refer to "Terminal Reheat Systems" for general
recommendaticns applicable to dual-duct systems.

~Raise the temperature of the cold duct and lower
the temperature of the warm duct.

-Under conditions where there is ne cooling load,
close off the cold air duct, turn off the cooling
gystems, and then operate as a single duct system
by rescheduling the warm duct temperature accord-
ing to heating loads only.

-Under conditions where there 1s no heating load,
close off the warm alr duct, shut down the heat—
ing system and, by rescheduling the supply air
temperature according to cooling loads, operate
the system with the cool alr duct as a single
duct system.

Hote: Dual duct systems are usuallyp dgsigned a0
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that either of the ducts can handle B0Z of the total
air circulated. Reducing the system to single duct
operation, therefore, is likely to reduce the totsl
quantity of alr circulsted and save a corresponding
amount of energy. While the reduction mey not aifect
gpace conditions adversely, it could possiblv introduce
noise problems requiring adjustment of dampers and/or
fan speeds and amcousticel treatment of the terminzl boxes.
~«Repalr leasking dampers in mixinpg boxes.
-Do not hleed sir into mixing box in the cooling mode
in order to control dehumidification,

WULTI-ZONE UNITS :

~3at controls to reduce the hot deck temparsture and
increase the cold deck tempersture.

=-1f not o equipped, provide the heating colls with
an automatic controlvelve that will modulate to
reduce the hot duct temperature according to rdemand.
The valve is arranged eo that whenm 211 hot dact
damperz are partlally cloged, 1t will progresaively
‘reduce the hot duct tempersture until one or more
zone dampers is fully open.

" =Provide the cooling coils with an sutomatic control
valve that will modulate the celd duct tempersture
according to demsnd. When all of the cold deck
dempers are partially closed, the valve will raise
the cold duct temperature until one or more of the
zone dawpers is fully opened.

«Repalr lezky valves and dampers.

~Shut off the fan ead 8ll control valves durinp ue-
oveccupled periods in the coollng sezson.

~Shut off the cooling valve during unoccupled perlods
in the hegting season. .

INDUCTION SYSTEMS

-Refer to "Terminel Reheet Systems" for general measures,
also applicable to induction gystems.

-Regchedule the temperature of the heating water and the
cooling water sccording to the load. If the building
has ‘a light cooling load, the chilled water temperature
should he raised, if the bullding has a light heating load
the hot water temperature sghould be lowered. Avold
glmulraneous heating and cooliug in any one zone.

~Typically, the primary supply ailr temperature is main-
tained at constant levels for coolimg and heating which
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necessitates reheating or recooling by the individual anits
to meet fluctuating load conditions. The system operstes
esgsentially as a reheat or recool system with the
inevitahle conseguence of wasted energy. To reduce this
waste, schedule the temperature of the primery supply air
at the alr handling unit according to laoad; i1.e. under
light heating load conditions, the primary sir heating codl
ghould be modulated to reduce the supply air temperature
and under light ccoling load conditiona, the supply ailr
cooling coil should be similarly modulated to increase the
supply air temperature. Achleve the modulation preferably
by adiusting water temperatures {rather than wster volumes)
to the central coils. Chillers and boilers will operate
ecloser to theilr peak efficiency.
~Remove lint screens in dnductilon units and clean colls
ragularly.
-During unoccupled hours in ths heating sessgon, reallze a
major cpportunity for saving fan horsepower by shutting
off the primary air supply system and operating the
heating colls in the induction units ae convectors,

VARTARLE VOLUME SYSTEMS

-When dampers begin to close (indicating that the require~
ment for supply air has decrsased) reduce the fan volume
{and the corresponding fan power imput} to the point
where one or more VAV dampers are fully open again,
Adjust fan volume with elther Inlet vortex dampers or a
variable speed driver such as a multi-speed motor or S5CR
contrel. If controls of this type do not exist in the
bullding, refer to EdM~2 for installation details,

~Rescedule the supply alr temperature to the point where
the dawper of the variable alr volume hox serving the
zone or room with the most extreme-load is fully open,

Mainteining conatant supply air tewperature, even when all
VAV dampers are partially closed is wasteful, as it
increases the duct heat logses or heat gaing and pre-
cludesg the advantages which accrue from hot or chilled
wvater temperature modifications. (Before reducing fan
volume and/or rescheduling supply alr temperature, carry
out an analysis to dererwmine the optimal levels of ad-

justment For the 1Addwidual bullding.)

-lLower the hot water temperature and raise the chilled
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" water temperature according to thermsl demands.

~Reduce total wolume of air hendled by system.

-Insure all VAV boxes operate in mccordance with room
requirsments to prevent overheating or overcooling.

-Be sure, when resetting alr volumes and where outdoor
air is supplied by the same pystem, that code requirements
for outdoor =ir are still met.

FAN COIT. SYSTEMS

~Refer to "Heating Systems" and "Single Zone Tuct Systems”
for genmeral recommendations applicable to fan coill
sy5tems

=Where a large number of fan colls are used in a2 building,
the colle are provided with heating and cooling medis of
constant temperaturs, and control is achieved by wvarving
flow rates through the coils. Congider adjusting the
heating and cooling systems according to load. For
example, when the heating load is light, and most of the
heating comtrol wvalves which vary the flow rate are
partially clozed, reduce the hot water temwperature untll
one or more valves is fully open,

¢ «In mild winter weather, and at night, shut off fang and
permit the coll to operate a5 a convector. In gevere
winter weather, when the building is wmoccupied but must
be heated, or when excesgive noise is not a problem, operate
fans at high speed.

~Clean filters and coils.

=Cloze putslde 2ir dampers anytime infiltration equals
ventilation requirements, or block pff permmmently.

-Block off inlets where no dampers are instslled if
infiltration ‘meets ventilation requirements.

-Keep air ocutlets and inlets free of obstrucions.

-Where fan coil units are mot located in conditioned
areas, insulate casings to reduce heat loss/gain.

WINDOW _AND THROUGH-THE-WALL UNITS

~Clean condenser and evaporator colls and intake louvers.
—Caulk openings between unit and window or wall frames.
-Remove units or cover them with plastic hood during the
winter, )
~Frovide thermostatic contrel or timers to shut them off
automatically.
«Turn off cooling unit and fan when leaving the space.
~Outdoor air inlets to unites with resistance hesters
are usually fized, bringing in outdoor alr whenever
the units are operating. Cloge these inlets when dnit.



-218-

is not in operation or block off entirely if infile-
ratlon meeta ogutdoor alr requirements.

~8ee discussion aBove snd ECM=- 2 far replacement of
inefficient unita.

REDUCE FAN POWER BY REDUCING SYSTEM RESISTANCE

-Mogt duct systems are provided with balanclng dampers which
enaure the correct flow of zlr to each register or diffuser.
The method of balancing which probably was used originally
wag to firast determine the longest run, which normally had
the highest resistance to alr flow, and then to lsave the
balancing dawpers in that run in a wide open position and
close all other balancing dampers to achileve the required
alr flows. Thus, the shorter the run to sny particular
cutlet, the more clogsed its balancing damper and the
greater loss of power actoss 1t. Reduce resigtance in
the longest or index circulf so that all balancing
dampers can be open, and total system resistance reduced.
Further reduce reslstance within a1l other branches or
portions of the system.

«~Remove unnecessary dampers or other obstructicons from
both supply and return air ductwork.

~Eliminate high resistance turns and elbows., One bad
fitting may lncrease the entire system resistance by
more than 1/2" 5.7,

~If the majority of dampers im zn alr syatem are cloged or
parzially closed to "bazlance" the system, congider re-
ducing the total alr volume and opening some of the
dampers to save fan horsepower.

~Clean filters, blower fam wheels and fan scroll blades
frequently to reduce fricriom.

~Replace filters which have low efficiency and high resist~
ance with £ilters offering less air resistance and greater
efficiency.

-Clean the air side of all colls im air handling unlts.
Cleaning coils alsc increases thelr efficlency so that
less energy for operztion of the heating or cooling primary
equipment 1s required,

-5eal and caullk leaking joints in ductank, alr handling
units, and flexible duct connsctors.

«41though air leakage from the ventllating system does not
incresse the resistance to air flow e=s such, it does weste
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energy in two other wayst

1)} It increases the total guantity of air handled by the
fen over and a&ave that required to meet the room temp-
erature.

2) It increases the quantity of air that must be cooled or
heated resulting im an expenditure of energy over and
above that which otherwise would be required to meet
desired room conditions.

Alr leakage in the longest or most resistant duct run imposes
a particularly large resistance load on the entire system
since all other runs must be dampered down.

~Where direct drive fans are used and it is difficult or
costly to change fan speed or motor, blank off unused
portions of exhaust hoods in kitchens and cafeterias to
reduce alr volume and horsepower.

-~Ingulate ductwork where heat losses occur. Insulate duct-
work used for mir conditioning where it passes thxﬁugh non-—
conditiconed spaces and picks up heat,

REDUCE FAN POWER BY REDUCING AIR VOLUME

~Reduce alr volume by reducingkthe speed of rTotation -~

1) Where motor sheave is adjustsbls, open the "v" tao
reduce its effective diameter and adjust motor position
or change belts to maintain proper tensiom.

2} Change motor sheave if no further adjustment is possible.

3) If motors are varlable speed, set controller for reduced
gpeed.

-After implementing changes to the system to decrease the
regqulired fan horsepower, the existing motor m=y be too large.
1f the full logd on the motor is less than 60% of the name-
plate rating, conslder changing the motor to a smaller one.
{Further guldelines for motors are iucludeé in Section y ,
"power' ECO=-41).

-If the fan 1s direct drive, changling the speed of rotatlon
is expeunsive. However, electric motors zlso tend to be
oversized and 1f the system resistance 15 reduced signifi-
cantly, the next size smaller motor, running at a slower
gpeed, may well be suitable. In this case, caleculate the
savings that will accrue dus to reduced power require—
ments to determine whether changing motors to achieve the
speed reduction 1s economical,

=Logzes in the drive rrain and bearinge can, if maintenance
is poor, amount to as much as 20Z of total power input.
Exzmine all bearings for wear and resistance to movement.
Excessive belt tension will also impose an added load on
the motor. Adjust or replace slipping fan belt drives.
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-Operate exhaust systems intermittently to reduce total oper~
ating time. In many buildings the toilets and other areas
require full exhaust for limited perlods only. With proper
programming and wiring to integrate the operation of exhaunst
fans and dampers with light switches, an office bullding
with a gystem which exhausts 100 CFM through each of 20
toilet rooms, could reduce its exhaust to an average of
only 400 CEM throughout the day. :

REDUCE POWER FOR PUMPS

~Regularly adjust all pumps to control legkage at the pump
sacking glands. €Curtall excessive wagte of water by repack-
ing, not only to conserve water and reduce losses, but alsgo
to avold erosion neceasitating costly repaira of the shaft.
~Reduce water flow where the terminal heating device can
deliver heating or cooling adequately with the lower rate.
For a chilled water system, take care to avold reducing
flew to the point that a lower suction temperature must
be used. In general, the energy consumed at that lower
guctlon temperature to reduce chilled water temperature
(to maintaln temperature or humidlty control) would ocut-
welgh the energy saved by reducing the power for pumpling.
~Glebe valves can be used to restrict flow and save some
energy, but since most hydronlc systems are equipped with
direct drive pumps, 1t 18 not posslble to reduce the pump
spead when the system friction 1s reduced by openlng valies
or removing resistances; use globe valves to restrict flow
and saye sowe anergy. It is often possible to replace the
pump impeller to save motor horsepower. Refer to pump mau-
facturérs information for instructions.
-Refer to E(M-2 for changes to variable speed pumps, modular
pumping and impellers.
~Check the power input to the pump motor against the name-
plate rating. If the wotor is drawing less than &0Z of
the rated input, analyze the potential energy and cost savings
with a2 smaller motor and pump against the initial cost of
replacement. See ECM~Z for detaills.

PIPTHG SYSTEMS

-Repalr torn or missing insulation on water and stesm piping
which pass through unconditioued spaces.

~Ingulate piping, valves, fittings and heat exchangers where
heat 1is lost to unconditloned spaces or where heat lost from
the pipsa adds to the swmmer cooling lead.
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-Insulate cold piping used for air conditioning where it
passes through uncooled spaces and picks up heat.

-Protect pipe insulation from water and moisture to pre-
serve its thermzl registance qualities.

—Check for high temperature differences in heating and cool-
ing heat exchangers, which may be an indication of air
binding, clogged strainers, or excessive scale.

-Repalr leaks in and/or replace steam traps. Confirm the
location of a lesking trap by testing the temperature of
return linmes with a& surface pyrometer and measuring
temperature drop across the suspected trap. Lack of drop
indicates steam blow-through. Excessive drop indicates
the trap i1 holding back condensate.

—Chilled water and hot water systems require near complete
elimination of air: check vents before reducing water tem-
perature to improve cooling performance or increasing water
temperature to meet room heating loads.
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COMMERCIAT, REFRIGERATION SYSTEMS

A. BACKGROUND

Commerclal refrigeration aystems account for as much as
50% of the toral annual energy consumption inm some super-
markets, and a significant amount of the energy consumed
in cafeterlss and” restaurants., The actual energy usage
is analogous to usage by alr conditioning systems; totsl
quantity depends upon the "produce" load, (the equivalent
to the cooling systen's "bullding' load), the distribution
or "parasitic' 'load, and the seasonal efficiency of the
primary conversion equipwent, which in this case consists
of the compressors,

To "produce” load is a2 function of the mass of the materials
to be cooled, the temperature difference between tho refrig-
erated materials and the anbient conditions and tbe petied
of time that the conditlons are maintained.

The "distribution” load is s function of the performance of
the refrigeration distribution system (refrigeration,
piping, wvalves, contreols, cold air ducts and diffusers)

znd the performance {seasonal efficiency} of the refrig~
erators, cold displey cases, and other cold storage boxes.

The performance of the compressors, as noted In Seectlon 4 ,
"Cooling", ECO~22 is contingent upon the condition and
operating mode of the evaporator, condenserg, motors and drives
and the performance of the air-cooled condensers. Review

that section of the manual, as many of the energy conmerva-
tion opportunities and options detalled there are applica-

ble tv commerclal refrigeration aystems as well.

Since commercial refrigeration unite must coperate at suction
{evaporator) temperatures lower than those of evaporators

of air conditioners they use more energy per tim of refrig-
eration produced - the C.0.P.%* is lower. Because the
commercial refrigeration system operates for the entire
year - and conditions must be maintained for 24 hours per
day - any measures to increase the C.0.P. will be even more
productive per ton of refrigeration than equivalent measures

#Section 4 , "Cooling" has an extensive discuseion of C.0.P.

' Preceing page blank
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for improving the C.0.P. of ailr conditioning syastenms.

4 supermarket, with a 150 ton air conditiening system
driven By a 1530 H.P. motor, could have 200 H.P, of
installed commercilal refrigeration comsuming from 2

to & times as much energy as the alr conditioning system,

B. ENERGY CONSERVATIONM OPPORTUNITIES

ECO-28 REDUCE ENERGY CONSUMPTION FOR COMMERCIAL REFRIG-
"ERATION GUIDELINES TO REDUCE ENERGY CONSUMPTION
FOR REFRLGERATION:# :

~Use night covers over cold products, but be careful to
avold compressor damage or frost bulld-up on product.
~-Do not permit refrigerated products to stand in the
aigleg, on docks, or anyplace where they will warm

up, and create an additional refrigeration load

when the products are placed In fixtures. Reduce

the volums of items requiring cold storage.
~Avold setting controls (pressure and temperature) any
lower than necessaty. Too often, a freezer may he
operating at -30°F, alr temperature when most often

a ~10°F. or higher is all that 1is necesasry.
~Keep products below clearly marked load lines, An
overloaded digplay case decreases product qualicy

and increages energy use as much as 10 to 20% for
gach fixture by:

a. Increasing the amount of store air mizing with

fixture alr, thereby lacreasing load on compressor. '

b. Increasing rumning time of compressora.
¢. Incressing flxture temperature.
d. Increamsing loss of refrigerated air out of fixture.

e. Increasing defrost requirements consuming extra
energy to clear frost from coila.

* Many of the items suggested are from recommended guldelines
in '"Retail Food Stores Energy Conservation", Irom the
Commercial Refrigerator Manufacturers Association.
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~Turn off refrigeration for cutting rooms, prep rooms, and
scme display fixtures, such as meat cases, when not in use.
Put all food products in coolers where possible,

~Where possible, construct a tight partition or hang a
neavy drape from roof to floor between szles end storage
areas and meintain storage areas at H0°F or lower in
winter, to prevent interchange of air.

~Keep return grilles of fixtures clear of atacked products,
otherwlse refrigerated air will flow into sailsles.

-As customers shop from fixtures throughout the day,; repack
product displays and keep them belew load linas,

~With multi-ghelf fixtures, follow the recommendations of
manufacturers in regard to shelf position and size to
prevent increesed refrigeration loads.

~=Coneider reducing -~ or turning off entirely - the internal
ghelf lights to reduce both refrigeration requirements and
the lighting load.

~putomaticslly shut off all prep rooms at night and week-
ends. Set up for sutdmatic startup when required.

~Conglder unloading meat and produce dipplay and shut off
refrigeration at night and weekends. Set up on time clock
to sutomatically turn off at closing and on in the morning,
early enough to allow fixture temperatures to drop to the
required level. : ,

IMPROVE PERFORMANCE OF EQUIPMENT THROUGE OPERATION AND
MAINTENANCE

Although some of the options listed below invclvg'capital
costs, they are included in ECH~1 because the payback
perioda should not exceed three years for any omne optien.

-if refrigeration load is decreased by any means, light
reduction or cage cleaning, for example, recheck tew-
perature and pressure control setting to avoid freezw
ing of products or short eycling of compressors.
Enforce closed door rules when case 15 not in use; -even
for short perieds of time.

~In multi=shelf low tempersture egquipment, check all
fixtures for inoperative fan wmotors, often wnnoticed,
which affect efficlency.

~¥inlmize head pressure, to lncrease compressor cap—
acities and reduce energy use, by increasing air
supply over condenser. Clean condenser coils regu-
larly. Haintain lowest head pressure at which the
commercial refrigeration system can operate without
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short=-cyeling or impairing expansion valve and coil
efficiency. . In cool months, set head pressurs with
controls: .

a., Adjust hold back valves tc control condenser surface,
to lowest poasible head pressure.

b. Set fan cycling with emall differential and low
cut—in point., Where more than one fan is used,
conslder ' éycling one or more fans.

=To prevent pressure drop and loas of compressor capacity
avoid the use of sucgtion line controls.
~Ingulate suction and liquid line together, except wherse
not recommended (hot gas defrost), to incresse system
efficiency. -
Foyr cystems where product 1a required at 32°F. or above,
use time defrost rather than an added hest source. With
existing equipment, diseconnect: the heater and reset the
controls. Energy will be saved because the compressor
does not operate and no electricity 1s used for defrost
heaters. :
~on forced defrost system, {(electric or hot gas) use
defrost terminating thermostat on each fizture to avold
over-defrosting individusl Fflxtures and bring compressor
back on ss soon as all fixtures are satilsfied.
~Congider demand defrost for all types of defrost systems.
The number of defrosts 1s normally set up for the most
adverse store conditons that msy occur In a year.
These conditons usually exist for only short perlods
of the year. Demand defrost compensates for these perilods
by causing fixtures to defrost only when it is required.
Congult the fixture manufacturer before specifying
demand defrost.
-Conslder separate wiring circuit for anti-condensate
heaters. Energy use by these heaters, which operate
24 hours a day, 365 days a year, is high, particularly
on glassg door freezers. Heaters are only required
when homldity is high, Be aware, however, that most
existing dnstallations have fan and anti-condensate
heaters on szme circuit. Do not turn off the fan.
Consider eliminating incandescent lighting over top
digplay meat cases. In particular minimize spotlighting,
~Clean digplayr fixture and cooler coil regularly. Be




-229~

gure to sfut off refrigeration before uﬁ:ﬁng water for
cleaning.

z. Use pressure spray to clean fluoes.
b. Remove discharge grilles to thoroughly clean inlet
gide {(umgeen from outgide), A reduction of zir
flow can result in ze much as a 10°F rise in product
temperature snd csuse more frequent defrost. .
c. Drain should be pressure flushed regularly to prevent
build up In Itxture bottoms.
d. Clean Back side or Inlet gide of cooler units.
2. Check cooler door gesls for loss of refrigerated
.alr. Install spring~loaded door closers, reminder
gign Iin plain view, buzzers, lights, etc., to be
‘sure store personnel keep doors closad. _
—Check all electrical circuits for power leak to ground.
4 leek to the ground may Be small ensugh to go undetected
for yesrs with substantial scecomulated lose of energy.
~Check &ll syptems for correct refrigerant charge to avoid
excegalve compressor operation. Shortage will nsually
show up when low awbient sir conditions exist.
~Where poasible, provide staged cooling controls. Con~-
plder replecing one large compressor and coll with two
pr more circults. Where pogsible, consilder removal of
hot gas bypass capacity control.
~Redirect putlets which are distharging into refrig-
gratpd fixtures, '
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LIGHTING

A. BACKGROUND

Except in buldldings that are elsctrically heated, electric
lighting is one of the major uses of electriesl energy and
accounts for the moet significant portion of total energy
usage in offices and retail stores. When lights are left
.on In aress which are uvnoccupled or unused for lengthy
periods of the week - in reliplous bulldings and outdoor
parking lots, for example, the inadvertent waste of energy
often approaches or exceeds the amount of energy used by
other bullding Bystems much of the week; the cost of this
waste for one year mzy equal the initiazl copt of installing
automatic comtrole to eliminmte it.

Electric lighting ig also the major contributor <o internal
heat gain in stores and core areas of office buvildings. Be-
caupe it Increases the cooling load, electric lighting
induces additional expenditure of energy to operate the
refrigeration system, including air handling unite, chilled
water, and cooling tower or condenser fans,

To conmserve energy for lighting and air conditioning:

1, TUtilize available éayiight more effeativaiy for tllum-
ination,

2. Improve lighting system efficiency by increasing the
lght delivered to the task through more ﬁxaquent
fixture maintenance,

3. Bwitch off lights at night snd in unoccupied areas
during the daytime.

4, TReduce the levels of illumination st gelected task
locations, and lower them further between or beyond
the tasks,

5. Relamp with more efficient light sources.

6, Modify the existing lighting fixtures and their location

in the room to provide s grester smount and better quality

nf lighting.

7. Reduce the losses in the power distribution system which
serves the lighting system. (When ballasts require re—
placing use high power factor type}.

PI’BﬁEﬂIﬂE page hlank____ _.
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0ffice bulldings and store sales areas are frequently
illuminated at levels from 73 to 300 footcandles or more,
requiring an sverage of 3 to 8 or more watts per square
foot. In studies, and design work for z pumber of pro-
lectz (including the General Services Administration
{GSA) enerpgy conservation office bullding in New Hampshire,
two Argoune Natiomel Laboratories offices, the Atomic
Energy Commigslon office in Illinois and the Hew York
Botandcal Gardens offlice and lzboratory in Milibrook, Hew
York) Dubin-Mindell-Bloome Assoclates has foumd that a

2 watt per square foot average of good quality lighting
is adeguate for 1illumination in these office buildinge
and shiould be adequate for all new offlce bulldings.
Studies by Ross and Baruzzinil, Cousulting Engineers,

for GSA and FEA confirm that adequate lighting can be
provided in offilce bulldings, utilizing only 2 watts per
gquare foot lighting energy usage. Satisfactory illum—
ingtion level for stores can slso be possibls within the
2 watt per square foot budget; in religicua buildingsa,
the budget can be even lower,

Without major modificationg to both the pattern of lighting
fixtures and the fixtures themeselves,it may be posalble to
attain the 2 watts per sguare foot goal in axisting offices
and stores while maintaining proper lighting. If, however,
the guide to 1llumiration levelis, Flgure 26, is £ollowed,
average energy usage for lighting will approach the target.

Lighting levels on tasks, have traditionzally been measuzred
by footcandles. A room with a high lewvel of fvotcandles,
however, does not necessarily heve a high level of effective
1llumination. Impediments to visuval gevity, velling reflec-
tion and disability glare, sre not sccounted for in foot-
candle measurements. The higher footcandle levels and added
wattage may contribute ineffective 1llumipation ouly.

The Illuminating Engineering Soclety (IES), which in the

past fas set lighring standards based on footcandles, in

1972 adopted the measure of effective light called BEguivalent
Sphere Illuminatios (ESI). EST i3 2 measure of lighting

on tasks that accounts for both quality and quantity in the ldghting
syatem. Due to the complexity and tlms invelved in E.S.I,
calculationa, consider wsing computer simuietion programs

now available, thru some fixture menufacturers, to approx-

imate ESI footcapndles. This method should be employed for

areas with eritical tasks, When high E.S.I. lighting valves are

provided, they will ydeld very effective lighring. at low energy
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input, _ Refer to ECM~. 2 for further details.

Meszeures suggested here can provide for a lighting systenm
with higher ESYI footcendles. When there are opportunitiles
to pwitch off or remove some lamps from fimtures, plan the
eventuzl pattern of lighting fiwtures to be that layout
which locates the most remaining lamps just beyond the
sldes of thé working edge of desks end task gurfaces.

The simplest and most obvipusg optien to save energy is

te turn off lights when they are not needed and during
unocenpied periods. Examine the building, first, to
locate the areas where this can be done with availasble
switches. ECM~ 2 suggests the installation of additiomal
switching where necessary to provide for switching of
areas, utilization task lighting and more effective use
of daylight. -

Palnting or covering walls, cellings, and floors with

light colored;. more reflective finishes, and cl:aning
interior surfaces improves the effectiveness of any

lighting system ~ daylight, electrical, or combination.

Rooms with dark or dirty surfzces and furnishings, which
gbsorb 1light, require either wore lamps or lamps of

higher wattage to maintain the desired level of illumination.

As a general rule, for all 1light sources except low
pregsure gsodiom, as the remsining ugeful life of the
lamp decreases, lts output of light, measured in lumens,
decreases. This decresse 1s called the lamp lumen
depreciation (L.L.D.}

Dirt accumulation on lamps, fixtures and lenses decreases

the guantity of light falling onm the task. This reduction

of available light is called the Limsinnire Dirt Depreciation
(LDD) and combined together with the lamp lumen depreciation
(LLD) comprises the malntensnce faetor (MF). The maintenance
factor is used in lighting calculations to determlns how

many fixtures and lamps must be Installed initially to

give the desligned 1llumination when lawp and dirt depreclation
has gepurred.

The installation will obviously provide more lumers on the
task initially than reguired and if light fall-off can be
reduced by improved maintenance, some of the fittings and
lamps can be removed without reducing 1llumination below
that required,
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The discussions and guidelines of ECO's 29-36 reveal oppor=
tunities and options for lighting emergy conservation which
are in accord with the following principles and practices.

-Illuminate specific task areas to that level, for
each area, which provides adequate visus] acplity,
to perform the required task satisfactorily and re-
duce illumination levels in adjacent aress.
~Provide artificial (electric) lighting only where and
when it is required (to perform the task or for safety),

=~Consider all available light gources, including day-
light, and select the most efflcient that sults the
application(highest lumen ocutput per input watt.).

-Institute a thorough malntenance program to sustain
the highest value of light loss factor (L.L.F.}

~Minimize power lesses in ballasts and the distribution
system. -

ECO 79 REDUCE ILLUMINATION LEVELS

Congerve emergy for lighting by reducing illumination levels

where they need not be high and eliminating illumination

where it Is not needed at all, Consult Figure 26, "Recom

mended Lighting Levels" for suggested levels in specific

areag of the bullding. 1If several tasks requiring different

levels of illumination occur within the same space, first consider
their visual severity and then modlfy maintenance procedures,
redecorate the area, and Iimplement chasnges -to the lighting system
while reducingz illumination levels to the appropriate level for
each task. A unifprm modular lighting pattern of general {llumination,
throwing light equally on 2ll areas regardless of task may waste up
to 504 of the energy uwsed for lighting in the building.

Orient lighting to sult the tashks to be performed.

If one task with a2 critical lighting requirement is confined
to a gpecific work area - i.e. drafting table, typawriter,
desk top - In the midst of z larger work area with lesa
eritical reguirements, provide a lower general 1llumina-
tion level for the overall ares and a portable light at

each critical task to raise the level of illuminatcion
locally (less than $25/lamp). Use Ffluorescent portable
lzmpe in preference to incandescent.
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in many cases it is less costly to move tagks to sult an
existing lighting pattern than to add or resrrange fixttures.
If task areas are widely diapermed., more light spills into
adioining areas where it wmay not be needed. Group tashks
requiring similar lighting levels to limit the gpill of
nigher level illumination and to allow lower lighting levels
at less critical work areas.

Light levele in standard footcandles can be determiped with
portable 1llumination meters such as & photowltize cell
- comnected to a meter calibrated in footcandles. The light
meter should be accurate to about F 15 percent over & range
of 30 to 500 footcandles and + 20 percent from 15 to 30
footcandles, The meter should be color corrected (accord-
ing to the CIE Spectral Luminous Efficiency curve) and
cogine corrected. Generally, measurements refer to average
maintained horizontal footcandles at the task or in 8
horizontal plane 30 inches above the floor.

Measurements should be made at many repesentative polats
between and under fixtures, an average of severazl readings
nay be necessary. Daylight should be excluded during '
illumination~level readings for a tyue determination

of level without light contributien from daylight.

The suggested illumination levels for office buildings,
listed in Pigure 26, agree closely with new stendards
recommended by €.5.A. for public office buildings. Keep
in mind, however, that even lighting =zt lower intensities
is very wasteful if lswpe are burning vwhen not needed,

SUGGESTED LiGHTING LEVELS*

%
With proper attention to quzality the following levels ghoul
generally be adequate for tasks of good contrast:

" Circulation Areas between Work Statiems: 20 feootcandles.

Backpround bevond Tasks at Circulation Area: 10 footcandles.

Maiting Rooms and Lounge Areas: 10-15 footcandles.

% DUnless otherwlse noted, all levels are average.
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Conference Tables:” 30 ESI footcandlies with background
lighting i0 footcandles.

Secretarial Desks: 50 ESI footcandles with auxiliary
localized (lamp)} task iightding directed at paper holder
{for typing) as needed. In secretarial pools, 60 ESI
footcandles.

Over Oven Drawers aof Flling Cabinets: 39-§eotcandles.

Courtrooms and ﬁuditdriums: 30 footcandles.

Kitchens: non-uniform lighting with an-average of 50
footeandles..

Cafetarias: 20 footcandlesn.
Snack Bar: 20 footcandles.

Testing Labs: A4s raqnired by the task, but background not
to exceed 3 to 1 ratio.footcandles.

Computer Rooms: As requiied by the task, {(consider 2

levels, 1/2 and full}. In computer areas, raduce general
overall lighting levels to 30 footcandles and increase

task lighting for critical areas for input. Too high a

level of general lighting makes it difficult to read the self-
11luminated indicators.

Drafting: Full time 80 ESI footcandles at work statlon, part
time 60 footcandles zt work stations.

Accounting Offices: 80 ESI footcandles at work statilons.

Note: Where applicable, refer to health and safety codes
and federal standards (0SHA) for minimum lighting
specifications.

The goal of the above standards Is to reduce store and
office lighting energy usage to less than 2 watts/sq. ft,
gross fleor area, or 2.5 watts/sgq. ft. net area and 1.5
watts/sg, ft. for religious buildings. To¢ determine

net area subtract from the gross building floor area, the
corridors, storage rooms, lobbles, mechanical equipment
roons, stalrwells, toilet rooms, and other unoccupled, or
seldom occupled areas,
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BCO 30 CONGERVE EWERGY BY TURNIRG OFF LIGHTS

Urilize Existing Switching

Contrary to common belief, latting & light burn rather than
turning 1t off never savez electricil energy. When slectric
lighting is not required, switch 1t off,

Figure 27 fpdicates . = for an office lighting system of
1,000 fluorescent luminaires each with +100 4" 430 MA lamps -~
energy usege when lights burn only when needed.

ECO 31 IMPROVE THE EFFECTIVENESS OF THE EXISTING LIGHTING
INSTALLATTON '

Increase the effectiveness of the present lighting system,
then reduce the number of wattage of lamps reguired to
meet the puggeeted standards. In order to reduce the
number aod/or wattage of lempe, consider the following
measures to increase the maintaimed footcandles provided
by existing lamps and fixtures.

Improve the meintenance factor by regulerly cleaning filw-
tures and lamps and Instituting s relemping program. Clean
g fizture, st the least, every time it 1s relamped. (When
relamping #nd cleaning are combined, the additional labor
is very small.) In extremely dirty atmospheres, clean
fiwtures between lamp replacements, @& well. Clean rhe
lenses and interior houwsings. Use an anti-gtatic compound
to reduce electrosgtatic dirt collection.

The approximate coet of cleaning ceiling - mounted 48"
4f-tube fluorescent fixtures - or incandescent fixtures of
eimilar size - varies ae followe: (for rough estimate only)

‘Wumber of Fiztures: 10 50 100 200
Pricd 514,00 §58,00 $115.00 §$224.00

A& group relemping program will give & higher level of main-
tained footcandles, because lamp lumens will not depreciate
to the low levels spparent at the epd of their lives.

Refer to Figures 28 and 29 for the effects of lamp and
fixture cleaning and improving the maintensnce factor.

When there ere no eritical reading or writing tasks, and
where some glare from exposed lamps 1s acceptable {(check
with codes, where applicable), remove louvers or lenses
from fixtures. Consider this: suggeation, for inmstance, in
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regard to corridors, storage areas, atores with high
ceilings, equipment rooma, and snack bars,.

Increase the reflectance of ceilings, walls, and floors

by cleaning or by painting with colors of higher re-
flectances: more 1llumination on tasks, with the same

lumen output, will result. Increasing the reflectivity of
the interior surfaces may open the possihility of reducing
the mumber of lamps and luminaires while maintaining
recommended lighting levels. Greater reflectances enhance
the performance of natural daylight as well as artificial
lighting. Tor exzmple, a 25 % 25-ft, room with a 9-ft.
ceiling and a ceiling reflectance of B0Z, wall reflecrance
of 70% and floor reflectance of 30% will provide 357 more
footcandles (with no increase in power consumption) than

the same room with a celling reflectance of 50%, wall reflec-—
tances of 30% and floor reflectance of 10%. Caution: high
gloss finishes may reduce visuval comfort by increasing glare.
Discretion should be used when tedecorating.

The approximate coat of applying one cgoat of flat paint on
smooth finish ranges between 15 and 20¢ per square foor,
depending om total square footage., (for rough estimate
only). )

ECO- 32 USE DAYLIGHT FOR ILLUMINATION

Use windows effectively as a primary scurce of illuminatiom
in perimeter spaces. The amount of available daylight in

a bullding 48 a functlon of operating hours, latitude,
wearher, time of year, alr quality, window size and location,
shading and glazing derails, reflectivity of interior
gurfaces and furnishings., Control of natural light, for
effective use and Integration with artificial light, 1is
important, because the amount of natural 1light avallable
varies, Control may be manual or automatic. Often blinds
or drapes, which should be closed only for short periods

of excessive sunshine or glare, remain closed all day with
the electric lights turned on, when daylight could be used.
Emphasis should be placed on proper control of daylight;
otherwise the heat gain imposad on the cooling system may
outweigh savings in erergy for lighting. Indirect day-
lighting, however, generares less heat per lumen of light
than electrical lighting. When equivelent lumens from
daylight replace electrical lighting, savings in cooling
load will ocecur.
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Figure # 27 Engineering Data

Graph daveloped from tﬁaoretical caleculations based
on typlcal office buillding practices.

f
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Figure #28 ‘Engingering Data

Reference: I.E.S. Lighting Handbook, 4th edition 1968,
- page 9-17, figure 9~7 IlIuminating Engineering
Soclety 345 East 47th Strest, New York, N.Y.

The data 1s computed from actual measurements of lumen
output from lamps and fixtures exposed to various envir-
omments for different lenghts of time.
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Figure #29 '%ggineer§ng Data

Example Only = C.U. = Coefficient of ﬁcilizatinn
. ‘M.F. = Maintenance Factor

footeandles = No. iamps (lamp lumens) No. fixtures (C.U.) M.P.
area

r—

} No., Lawps (lamp lumens) No. fixturea (C.U.)
! Ared '

footrandles = M, 7T,

footcandles = M.¥. [constant ~-. {for any specific ares)]
i

Therefore, footeandles vary directly with ﬁainéansnce factor
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The luminous efficpcy (lumsng per watt) of various light
gources as compared to daylight are showm belew (no sllow-
gnce for bellsst of luminairzes):

Low Preesure Sodium 185 Iumens/watt

Haturzl light 120 lumens/wate (varies)
Bigh pressure (HID) 105-120 lumens/watt
Hetzl halide 853100 lumens/watrt
Fluorescent £7-51 lumenz/watt
Hercury vapor 56~63 lumens/watt
Inzandescent ' 17-22 lumens/watt

ECO 33: ADD SWITCHING AND TIMERS TO SHUT OFF LIGHTS

If there asre insufficient switches installed for unwanted
lights to be turned off, consult an engineer, tomntractor,

or utility company to determine the cost and procedures

for instzlling sdditionsl switches. ECM- 2 includes further
details.

There are many typer of surface mounted flat ribbon
conductors evallable for installation in existing spacess
they can be installed with the minimnme dislocztion of
existing wiring or damage to interior decorations.
Locates new switches near doors or where they are most
convenient for occupant use: Switches in inconvenient
locations will not be. used. If pwitches are group-
mounted lable each one to indicate the area it controls.

Provide time switches for aveas which are commonly usad
for short times, and in which lighting is dinadvertently
but frequently left on. (i.e. reference rooms and stock
rooms.) At a pre-determined time after the switech has
been turned on, it will automaticelly shut off; 1if the
ares is to used for g long period of time, the awltch
can be menually overridden.

To ensure the success of any switching program, inatruct
all occupants in the use of zvailsble awitching, Ensure
that any changes to switching are im compliance with
electrical codes.

ECO 34; REMOVE UNNECESSARY 'LAMPS

Remove unnecessary lamps when those remaining can provide the
desired lavel of 1lluminstion. When removing f£luorescent oy

high intensity discharge lampe, also remove the ballast

{or 4disconnect it in place). If it is left connected to

the power source it will continue to consume energy even
though it serves no useful purpcse, When two lamp fluo-
rescent fixtures are mounted in a row, remove lamps in
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alternate fixtures of the rows (rather than removing one
entire Tow) to derlve higher quality lighting. 7In order
to maeintain the recommended lighting level it may be
neceseary, after remeving gome lamps, to use Iincreased
output lamps iu place of some of the remaining lamps.
Even so, the measure should result in net savings of
energy. In many cases Lt will be pomgible to Telamp

the remaining fixtures with more efficient lamps to
provide more lumens/watt -- increased illuminatior levels
without increased wattage. Refer to Figure 30 to deter-
mine zppropriate footcandle output with some common lamp
replacements.

Lamp efficienclies vary between lamps consuming the sauws
number of watts, and lamps of the same type. Different
colors, shzpes, gaseous fills, cathods construction and .
internal ceatings cause those variztions. For example, a
fluorescent 40~watt, T-12 lamp, rated 430 millamperes,
can have a rating from around 53 lumens to arcund 92
lumens per watt. Or, for example, a natural white color
fluorescent leme at 2100 lumens (53 lumens/watt) provides
1/3 lesa foot candles than cool white fluorescent lamps
at 3200 lumens (B0 lumens/watt,} In scme cases, it may
be desirable to relamp with lower wattage lamps a3 an
alternative to removal of lamps.

An' exzmple of energy and woney saved by removing two lamps
from every other fixture (and disconmecting ballastas) is
given helow.

Example: BUTLDING TYPE ~ RETATL STORE
Number and type of fixtures (4=40W)} 27 x 4' 375
Floor area 24,000 sq. ft.
Illumination level before change 100 FC
Hours of operation/yr. 3720 hours
Watts saved by the change = 100W x 373 = 18,750 watts
Energy saved/yr. = 18,750W 2

1000 x 3720 hrs. = 69,750 kwh'

At an slectricity cost of 4¢/KWH, dollar savings = 69,750 x .04
= 52790
Additonal savings in energy for cooling, due to reduced heat

gain from lighting, will more than compensate for any loss
of heat from lighting which occurz in the winter.
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Figure #30 Engineering Data

This graph is derived from caleculations based on manuw
facturers data snd should be used only to obtain order-
of magnitude sgvings that may be availsble.

C.U. = Coefficlent of Utilization
¥, ¥. = Maintenancs factor

footeandles = No. lamms {lampy lumens) No. fixtures (C.U.) M,P.
area

footcandles = No. lamps (C.U.}{}lamp'lumana) No. fixtures (M.F.)
L area

footeandles = No, lamps (C.U.} [constant - for amy specific area]

Therefore, footcandles vary directly with Fo. lamps & C.U.
Coefficlent of utilization varies by only about
19%, hepce, has been neglected for the approxina-
tion presented In this figurs.

Since wattage consumption depends‘cn the number of lamps and
ballasts used; wattage congsumption varies directly with
number of lamps used..
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ECO 35: REDUCE LIGHTING LOAD BY RELAMPING

Efficiency of lamps is measured in lumens or useable light
produced per watt imput. Selecting lamps with higher lumens

per watt could permit the removal of some lamps, providing

the lumens produce the required footecandles. More efficient
lamps also impose smaller heat loads on the air conditioning
system. In supermarkets and produce markets, reduced lighting
reduces loads on commercial refrigeration systems= as well.

In winter, any heat lost by the reduction in wattage can gen-
erally be supplied more efficiently hv the heating system itself.

When relamping, use more efficient light sources. Refer
to Figure 31 for sugpested changes to increase

lighting efficiency without modifications to luminaires
or ballasts.

The variation in efficiency of lamps {(measured in lumens :
per watt) between incandescent lamps and high pressure
sodium vapor lamps, is about 1 to 7 -- an extreme example.
Proper application of lamps,  however, precludes the higher
effisziency lamps in all applications. TFor example, using

a very bright concentrated light source, i.e. a high
pressure sodium vapor lamp, in an office with a low ceiling
would not provide comfortable lighting. Instead fluorescent
lamps with outputs up to about 93 lumens per watt will be
both effective and energy conserving. Or, for example,

a 20-watt incandescent lamp in a fixture directly attached
to a paper holder at a typist's desk could provide 60
footcandles on a manuscript with low ambient background
lighting. It would require 100-watts of fluorescent
lighting from a ceiling fixture, even though the fluorescent
lamp produces more lumens per watt., Esthetics, size, efficiency,
coler, initial cost and operation and maintenance cost all
help to determine choice of lamps. Energy conservation in
fighting is not synonymous with sacrificing quality.

Quality ig not a measure of quantity only; it is obtained
by intelligent application of the many interrelated factors.
Correctly-applied, energy conservation can increaese the
quality of lighting while reducing operating costs.

Generally, the lamp type recommended for each application
in Table 1 is the most favorsble for energy conservatiom.



Lamp Type

Incandescent

Fluoresrcent

High Intenaity
Discharge
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TABLE 1

- ENERGY CONSERVING LAMP APPLICATIONS

Applications

Short time uses such as decoratlve
display lighting or out-of-doors
{Christmas tress).

Religious worship halls.

In projecticn. lamps for illumigating
work closets or other very confined
spaces.

Stage spntlighting.‘

Where small light source are required
to light the task,

Gffices and other relatively Isw

-celling applications.

Flashing advezti&ing signs.

Service islands at service statlons
Display cases in storés.

Desk lamps. |

Clagsrooms or training centers.
Cafeterias (with color correction).

Stores and other relatively high
ceiling applications,.

Auditeriums

OQutdoor aren lighting

Outdoor flood lighting

Outdoor building security lighting

Marking of obstructions-
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It ia almo desirable to adopt 2 group relamplng program so
that when & majority of the fluorescent tubes reach the
pelnt of only 708 of thelr rated output they will be re-
placed. Labor costs are generslly lese for group relamp—
ing thao for individusl relamping throughout the year.

ECO 36: REDUCE POWER FOR LIGHTING BY REPLACING BALLASTS

When the standard bellasts in existiog systems fail or must
be replaced, substitute high efficlency types.

For instance, in an installation of 1,000 2-lamp 40-watt
fluorescent luminaires each ordinary ballacst consumes 12
to lé~watts amounting to sn annual energy consumpblon of
24,000 to 32,000 kilowatt hours in buildings operating
2,000 hours/year. On the other hand, an efficient ballast
having only 10 watts loss will only use 20,000 kilowatt
hours annuelly, for a savings of 4,000 to 12,000 kilowatt
hours a year.
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GUIDELINES . TO REDUCE ENERGY USED FOR LIGHTING
TURE OFF LIGHTS

~Mark all ganged switches with identification of the lights
controlled., Color cede switches apd ingtitute a program of
use, (i.e. BRlue 7 a.m.,~6 p.m., Red 9 a.m.-12/1 p,m.=4:30
p.m. ete.)

-Instruct occupatts and maintenance personnel to switch off
all lights wnich are not regulred, even for portions of

the day, including lights for:

Storage rooms

Vending machines (Use vending machine illumination).
Mechanical equipment rooms

Auditorioms,  conference rooms and cafeterias {when not used)
Meeting roems (when not used)

Bylletin Boards

Office directories

Unasgsigned office areas

Any areas where natural light is avallable

Loading docks.

-Turn off all lights other than those neaded for security
when the building is unoccupied.

~Substitute small table or floor-mounted lamps ir lounge
aress ar walting rooms and turn off modular cedliang fixtures,

-For cleaning which must be done at night, turn on lights only
in that portion of the building which is being cleaned
immediately.,

-8witch off lights in esach area when moving to the mext.

-Turn off display case Iaternal lighting (in food cases

of a supermarket, for example} When premises are unoccupied,

=Turn off Incandescent lighting over top display of mest
cagseg in a supermatket,

~Turn off fleood lighting which is strictly decorative.

-In kitchens, aveld keeping infrared food warming lamps on
wien no food iz being kept warm.

~Turn ofi lights 4in areas of reiigious bﬁildinga whiﬁh are
not us&d during the week.

~Maintain hazard and egress lighting at all times as required
br building and fire codes.

INCREASE 7o EFFECTIVENESS OF THE EXISTING LIGHTING SYSTEM

~Clean and wash walls, cedlings and floors,

~¥hen repainting, use light colered palnt on cellings,
walls and floors but avold obiectionable specular re-
flections from gloss finishes. (Consult applicable fire
codes far flame spread ratings of interior finishes.)
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~When recarpeting or retiling, put in lighter colored
carpets or tiles. (Congdlt local fire codes for ratings
of materisls,)

~When refurnishing, select lighter color furnishings.

-Remove partitions whare no longer required. (Identify fire
partitions zmd leave intact, as specified by building ecode.
Aleo partitions may contain or retard nolse deemed hazard—
ous by federal standards(DSHA). If wall outlets with
partitionz szre eliminatéd, electrical codes may require
alternate outlets in flccr )

-Decrease partition heighte where possible. (Agsin, ahack
for compliance with bullding and fire codes, as well as
occupational standards for noise, etc.)

~Lower luminsire closer to the lighting task especially in
high bey areas such zs storage and equipment rooms. (If
alteration of celling asgembly ie involved check for cour
pliznce with fire ratings.

~Where possible change the relationships betweea the light
gource and task by moving the luminaire or relocating the
task so that the light source is to one side ol the task
rather than direetly in front of directly over it.

~Direct security lighting where it is most required, such
ag at windows and entrancee, and reduce 1t where the
gecurity problems are winimal,

~For display or merchandiaing lighting, establiah grouped,
highlighted display islands where many products can be lit
with the same lighting sources and reduce the total
mumber of display islands.

MAKE BETTER USE OF DAYLIGHT

~Clean windows and skylighta.

-Where prectical, schedule perloeds of occupancy,

cleaning and meetings to make maximum use of daylight.

-locate tasks that need the best illumlination closest to
the windows, with the taak»viewing angle parzllel te the
windows.

~Switch off electric lights in ereas when natural light is
avallatle,

~4dd additional swltches to turn off electric lights where
lumingire arrangement and circulting permits. Refer to ECH-
1I for details on modifications to the switching system.

-Increase the interreflectances of interior surfaces.

«To reduce galre, rearrange work stations go that side wall
dayvlight crosses perpendicular to the lines of vision.
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-In the winter, open blinda and drapes even 1f space mildly
overhaats.

~In Buildings without sir conditioning ayatems, open blind
and drapes in pummer. even if space mildly overheats.

~Block out or paint out surfaces of skylights which receive
excess amounts of direct sunlight in the summer; lesve
other surfaces clear,

REMOVE EXCIES LAMPS

Removing both Lampa of a Two-Lamp Fluorescent Fixture

When removing both lamps, discomnect the black and white
ballast power leads from the power supply. In additiom to
the wattage saved from the lamp removal, there will be
gavings in ballast wattage as follows:

LAMP TYPE . BALLAST WATTS SAVED
F40 -7
5limiine . 1113
High Output (800 mA.) 12

High Output {1,500 mA.) 13.5

Removing Two Lamps in a Fpur Lamp Fluorescent Fixture or
(ne Lamp in Three Lamp Fixturas

For repid start 430 milldiawpere lamps in a four-lamp
fixture, remove both inside lsmpas and disconnect power
wiring to their asgociated ballast., (Savings will be
lamp wattage plus ballast wattage)., In a 3~lamp fixture
remove the middle lamp,

Two lamps in a 2'wide fluorsscent fixture is actually
more efficient than four lamps in the same fixture, The
resultant lighting levels uaing only two lamps will be
greater than half the level if four lamps were uged.

‘Removing One Lamp in a Two Lamp High Intensity Discharge
Fizxturs

Removing & lump from a two lamp mercury or metal halilde
ballast will penerally cause no adverse sffect. However, there
will still be a curreant flow consuming as much

as 20 watts in a 400-watt lamp ballast or 50 warts in a

1,000 watt lamp ballast, digcomnect the ballast to save
energy. .
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Removing a lemp from a two lamp high pressure sodium
ballast for more than a short perind of time will damage

the starting circuit in the ballast becavse the circuit will
operate continuosly with the lswp removed. A failed lamp
can cause the same type of damage. Remove both lamp and
ballast. :

TSE MORE EFFICIENT LAWMPS

~Use a8 gingle, larger incandescent lamp where possible,
rather then two or more smaller lamps. Higher wattage
general service Incandescent lamps are mere efficient
than lower wattage lamps., For example, one 100-watt
{at 1,750 lumens outout} produces wore light them two
60~watt lamps ( at 2 x 860 lumens gutput per lamp =
1,720 lumens).
Avoid multi~level lamps, where light levels are not often
changed. The efflcacy of a single lamp is higher per watt
than a multi~level lagmp. FPor example, a 50~100~150 watt
multi~level lemwp coperating at 100 watts has an efficacy
of 17.]1 lumens per watt.
~Avold replacing Incandescent lamps by self-bzllasted
mercury vapor lamps, a5 they give less light than the
sanme wattage incandemcent.
~-Avold using extended service lamps except in special
casges, such as recesged directionzl lights, where short
lamp life iz 2 problem., In those cgses use one size
gmaller extended service lzmp. For the same wattage,
general service lgmps at 730 to 1,000-hour life are
more efficient than extended mervice lamps at 2,500 hours.
An extended service lamp (100 watt) producing 14.8
lumens per watt will reguire 17,5 more
power to provide the ssme lighting as a general
service lamp (100 watt) producing 17.5)lumens per watt.
Host cost studies ghow extrended service lamps are not
econoxical ,
«~Yhen relamping, replace 40-watt fluorescent lamps with
35-watt lamps to achieve a reduction in lighting level
of approximately 18%, while saving 20Z in fixture electri-
cal energy.

TUSE MORE EFFICTERT BALLAETS

~When Ballasts burn out, replace with the following:

For fluorescent lights, 430 milliampere, replace
low power factor high-watt ballasts with high
power factor (90% or wore), low-watt ballasts.
(Circuits with 50% power factor ballasts have 240%
more energy losses in wiring thsn these with 90%
power factor ballagts).






RELAMPING CHANGES TO INCREASE LIGHYING EFFICLENCY WITHOUT MODIFICATIONS TO LUMINATIRES
OR BALLASTS
(A1l lsmps operating at 120 volts)

Incandegcent Lamps

Pregent Light Source Replacement Light Source
Lumens Watts Hrs, Life )
Lamnp Lamp @ Socket @ Socket @ Socket 7 Hours Reduction
_Watts  Description Volts Volts Volte VYolitae Watts Description Lumens Life in Watts
40 40 A/99 130 323 35 7,000 -~ 25 25 A 235 2,500 10 L
L
60 60 A/99 130 597 53 7,000 40 40 A 455 1,500 13 ki
40 40 A/99 420 2,500 13
75 75 AJ99 130 770 66 7,000 54 54 A 775 3,500 12
55 554 670 2,500 11
B0 60 A B70 1,000 6
60 60 A/99 775 2,500 6
100 100 A/99 130 1,147 88 7,000 75 754799 1,190 50 13
100 100 A21/99 130 1,109 88 7,000 75 75 A/93 1,000 2,500 13
150 150 A23/99 130 1,779 132 7,000 90 904 1,290 3,500 42
- 150 150/99 30 1,771 132 7,000 92 92 A 1,490 2,500 40
100 100 A 1,750 750 32
i00 100 A/99 2,500 1,490 42
150 150 R/FL 120 1,870 150 2,000 75  75PAR/FL 765 2,000 75
150 150PAR/FL 120 1,740 ea 150 ea 2,000 250 @ 250 Par38 3,220 3,000 50
200 200 A/99 130 2,626 176 7,000 150 150 A 2,880 750 26
200 200/99 IF 130 2,510 176 7,000 - 150 150 A23/99 2,310 2,500 @ 26
135 135 1354 2,100 3,500 41
51 138 138 A 2,300 2,500 38

. Preceding page Hank 160 HSB160/SS/M 2,700 20,000 16




Figure 31, continued

Incandescent Lamps

Present Light Source © Replacement Light Scurce.

Hrs,Life

— g

Gelf Ballasted
Mercury

Lumen @ Wakets @
Lawp Socket  Socket @ Socket Hrs, Reduction
Watts Description Volts  Volts Volts Volts Wakbts ﬂescrippion Lumens Life 1in Watts
60 60/99TF Exten- 120 740 60 2,500 54 54/99TF Exten~ 645 2,500 6
del Service ded Service
60 60A19/35 Indus- 120 670 60 3,500 S4 54419/35 Indus~ 590 3,500 6
trial Service trial Service -
100 100/991IF Exten= 12( 1,480 100 2,500 90 90/991F Exten= 1230 2,500 10
Ded Service ded Service o
i
100 100421/35 Exten=- 120 1,280 100 31,500 90 .90421/35 Exten~ 1090 3,500 10
ided Service ded Service
. 150 1504/991F Ex- 120 2,350 150 2,500 135  135A/991F Ex- 1990 2,500 15
tended Service tended Service
150 150425/35 To- 120 2,150 150 3,500 135 135A25/35 In~ 1790 3,500 15
dustrial Service ‘ dustrial Service
300 300 120 4,900 300 3,000 250 250P5-35 Self- 4800 11,000 50
Ballasted Mercury
1000 1000 120 15,300 1000 3,000 750 7150R~57 Self- 17650 15,000 250
Ballasted Mercury ‘
1500 1500 120 28,400 1500 3,000 1,250 1250 Be-56 38000 15,000,250



Figure 31, continued

i{ncandescent Lamps

Pregent Light Source Replacement Light Source

Lumens Wattg @ Hrs., Life

Lamp Lamp @ Socket Socket @ Socket . Hours Reduction.
Wattsa Degeription Volts Volts Volis Yolts Hatts Degseription Lumens Life in Watte
300 300 M/99 IF 130 3,996 264 7,000 200 2004 4,010 750 64
300 300/99 IF 130 3,996 264 7,000 200 2004799 3,410 2,500 64
' 300 HSB 300/55/M 7,800 20,000 0
300 300 120 5,820 300 1,000 300 HSB 300/85 7,800 20,000 0
1
500 500/99 IF 130 6,984 440 7,000 300 HSB 300/SS 7,800 20,000 140 5
500 500/99 IF 120 9,070 500 Z,500 450  HSB 450/8S 9,500 16,000 50 i
750 750/99 130 10,934 660 © 7,000 500 500 10,850 1,000 160
500 500/99 9,070 2,500 160
T . 450  HSB 450/58 9,500 16,000 210
750 750 R 52 120 13,000 750 2,000 750 HSB 750R/120 14,000 16,000 0
1,000 1,000/99 130 15,246 880 7,000 750 750 17,040 000 130

L,
730 750/99 ‘14,200 2,500 130



Figure 31, continued

100

150

150
150
200
300

500

Incandegcent Lamps
Present Lipht Source Replacement Light Source
Bean Beam
Candle~ Hrs. Candle Hrs. Reduction
Watts Deseription power Life Watts Descripticn power Life 1n Watte

Reflector BOO 5,000 75 PAR-38 Projector 1,430 5,000 25
Floodlight R-40 ‘ Floodlight
Reflector 1,200 5,000 100PAR-38 Projector 2,230 5,000 50
Floodlight R~40 i . Floodlight
Reflector 1,200 5,000 75 PAR~38 Projector 1,430 5,000 75
Floodlight R-40 . Floedlight : B
Reflector 1,200 5,000 - 100 BR~40 Floodlight 1,200 5,000 50
Floodlight R-~40 .
Reflector 1,600 5,000 150PAR-38 Projector 3,450 5,000 50
Floodlight R~40 ‘ Floodlight '
Reflector 2,450 5,000 200PAR~38 Projector 4,560 5,000 160
Floodlight R-40 _ Floodlight &
Reflector 3,600 5,000 250PAR-38 Projector . 5,850 5,000 . 250
Floodlight R-40 Floodlight ‘

-9~



Pregent Tight Source

Incandescent Lraps

Flgure 31, continued

Replacement Light Source

line

. Reduction

Waits Description Color Lumens Hattg Description €olor Lumens in Watts

40 F40T12-48" CH 3150 34 F40/RS/EW cH 2800 6
¥

40 F40T12~48" WW 00 35 FA0/RS/EH W 29400 6 g
i

75 FO6TI2S11m CH 6300 60 FO6TI12/FW cw 5220 is

I1ine '
75 FO6T1261im  WH 6400 60 FO6T12/EW  WW 5340 15



Hiigh Intensity Bigcharge lLamps

Present Lipht Source

Figure 31, continued

Replacement Light Source

Hours
Watrs Description Coloy Lumens Life Watts Deseriptlon
Mercury Vapor Hercury Vapor
400 H33CD-400 Clear 21,000 24,000 300  H3ICDB-300
H1361-400/DX  Deluxe 23,000 24,000 300 H33G6L-300/DX
White
400 Mercuyy Vapor 23,000 24,000 360 High pressure’
apdium
175 8,500 24,000 1530 High pressure

Mercury Vapor

godium

Hours Reduction
Color Lumens Life In Watts
Claar 14,000 16,000 100
Deluxe 15,700 16,000 100
Hhite
34,200 12,000 40
12,008 12,000 .. 25

“%5T-
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POWER

4. BACEGROUND

The zmount of electric power used within z building -
measured in kilowatt hours {(kwh) -~ depends upon {1) the
demands of, the systems which use power to supply the
"puilding” load (lighting, heating, ventilating, cooling,
domestic hot water, commercial refrigeration, elevators,
ascalators, business machimery, communications systems,
cooking, snow melting and other processes), (2) the power
losses of the conversion and distribution systems which
supply those loads, znd {3) the characterisitics of the
glectric service and distribtuion systems. The oppor-
tunities to reduce "building" and "parssiticY distribu-
tion lpads have been detailed in other sections. As an
example, when the quantity of water or air circulated in
a HVAL system Is reduced, less power is needed te drive
fans and pumps and, accordingly, it is possible to reduce
anpual enerpy consumption even further., Improper distri-
bution veltage, low power factor, transformers at imefficlent
loading pointe, losses from standby transformers, excessive
operation of motors and equipment, improper control and low
load factors of motors, and excessive voltage drop in under-
sized conductors of wiring are the major causes of the waste
of elactric energy. Reducing the kWh of electricity used
by the building reduces the consumption of raw source energy
{the amount of energy required to generate electricity at
the power plant) by a factor of more than three. The
boiler and generator losses at the power plant and transmission
and distribution losses from the plant to the bullding
actount for about 70% of the energy usad in generating
electricity. Hatlonally, comserving electrical energy helps
to conserve oil, gas, and coal supplies which are consumed
in the generation of electricity at fossil=-fueled power
plants and in the mining and processing of uranium for
nuclegr plants,

Before changing or adjusting equipment or operating proced-
utes, and 1f building personmel are inexperienced or not
qualified to implement any optiomns which are chosen, consult
an electrician or electrical engineer to asnalyze the proposed
changes and perform the work.

Preceding page blank
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B. ENERGY CONSERVATION OPPORTUNITIES

ECO 37 REDUCE OPERATING TIME OF ELEVATORS AND ESCALATORS

The amount of power required annually te operate an elevator
is a functlon of the height of the bullding, the number of
stops, passenger capacity and load factors, and the efficlancy
of the holsting mechanism. TFor exsmple, 5 2,500 1B, capag-
ity "local' elevator making 150 stops per car-mile consumes
about 5 kwh per car-mile, while an "express" elevator making
75 etops per car-mile consumes about 4 kwh. A 4,500 Ib.
capacity elevator in a l2-story department store stopping

at every floor will use 13 kwh per car-mile. Consumption
will vary befween elevators of the same capacity depending
on the type of hoisting motor and control, whether the
¢levator is hydraulic, geared or gearless and the kind of
service zrd the amount of load offset by the counterweight,
Select speeds that are as slow as possible, while keeping
mazximum walting time to no more than 2 minutes. Sesek the
agsistance of the elevator manufacturer or a consulting
engineer to study the traffic patterns and to reschedule

as neceggary. Vhere multiple elevators sre inscalled

reduce the number in service dJuring light traffic periods.

Asguming 35% equivalent full load operation, escalstor
energy consumption may vary from 1.3 kv per hour for a
32-inch wide model operatiug at 90 feet per minute with
a lié-foot vertical rise, to . 3.0 kw per hour for a 48~
inch wide model operating at 90 feet per minute with a
25~foor vertical rise. Escalators consume energy
whether they are carrying paesengsrs or not.

ECO 38 REDUCE ENERGY CONSUMPTION FOR RBQUIPMENT AND MACHINES

Mogt builldings contain many electrically drivem machines
which are left ewitched on and idling but which are used
only for short periods of time or when the bullding is
occupled. Make an inventory of zll office and buminess
machines, convenience machines etc.: add determine their
true periods of use., Instell time clocks to contrel
machines such as automatic vendors. Eacourage typlets
and clerks to turn off electric typewriters, desk
caleulators etce. when not actually in use.

EGO 3% REDUCE PEAK LOADS

Utility race structures are based not only on the building's
tatal uszapge of electfieclty, but alsc on its peak demand ~
which may occur for only a2 few hours onte or twlce each year,
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but which establishes demand charges for the rest of the
months.  Institute & thorough loszé shedding progrem to
asslgn levels of priorvity to the squipment in the bullding.
Manually shut off soms of the eguipment with large motors
during periods of high electrical usage to reduce peak
demsnd, save on operating costs, znd conserve energy.
Practiced on a large scale, load leveling reduces the peak
demand of the gemerating plant amd lesspens the chance of
brownoute, bleckouis, and low voltage problems.

Consult with the utilivy which serves the bullding to
anelyze the rate structure =spd to determine when the

peaks occur and how they cen be reduced., The loeds

shed most readily include electric water heaters, domestic
hot water clrculators, air conditioning refrigerstion
units, large pumps, noncritical lighting, and elevators,

ECO 40 REDUCE TRANSFORMER LOSSES

Trangformers reduce transmission end distribution voltage
to equipment operating voltage. Beat peneraztion znd
digsipation, due to electrical resistance in the trane-
former, results io electrical energy losses. Even when
egquipment served by the transformer is inoperative,

some energy 18 lost unless primary power to the trane-
former is switched off. When the transformer serves loade
which are mot reguired for relatively extensive periocds

of time, complete disconnection from the primary power

may be feagibhle. Take care, however, to avoid digconnect=-
ing transformers that feed c¢locks, heating control ecircuilts,
fire alarms, or criiicel process equipment. Potential
savings are 3 to &4 watts per kilowolt =mp (FVA).

Examples

Switch off a 150 EVA transformer for 12 hours/week-day
at night, and 48 hours over the weekend (or a total of
108 hours/week and 5616 hours/year). Assuming savings
of 4 watts per EVA, energy gaved in one yesr will be:

4 watts/KVA x 150 KVA x 5616 hours = 3,369,600 watt hours
or approzimately 3370 lwh. .

At an electricity price of 4¢ kwh, savinge will ge:
3370 kwh % 4¢/kwh = $135,80 '
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ECO 41 IMPROVE THE EFFICIENCY OF MOTORS

Because original load calculation estimates are vaually
conservative, and when loads have been reduced through -
conservation measures, mosk motors are oversized for the
equipment lozd they are serving. If the ratlo of the
motor loading to the motor's horsepower rating is small,
the power factor will be low and the motor will operate
inefficlently,

Undertake a comprehemsive study of all the motors in the
building to determine their load factora.

Gathay and zecord the followlng information:
1. The equipment served by the motor.

2, The motor nameplate information for each motor, inclu~
ding: brand, type, frame, horsepower, speed or speeds,
voltage phases and frequency, mounting, full load
rating. ’

3. Messure with an ammeter snd record the full lead running
current of each phase leg.

4. Measure wilith voltmeter and record the voltage at the
motor when measuring running current.

5. Record pully size and type, il.e. ¥ belt, chain, etec.

¥ind motor lozding by multiplying the current draw, as re-
corded in item 3, above, by the voltage, item 4, and then
dividing by 1000 to convert to kilowatt input., Convert
nameplate H.P. rating (item 2) to kw by multiplying H.P.
by §.746. Then take the ratlo of actual input to nameplate
rating to determine the load factoer on the motor.

Motors that are not loaded to at least 60% of thelr potential
sre relatively inefficilent and reduce the power factor of the entire
glectrical system. Exchange underloaded motors with others
on the nremises to achieve aa close to full loading on each
motor as possible. If a motor needs repliacement, consider
interchanging motors then, too. For equipment which cycles
on and oif at short intervals heat bulld-up 15 a less
critical probiem than in other cases. The motor service
factor establishes the maximum overload posaible without
exceeding the motor's temperature rating. Utilize this
information {available through the manufacturer) when in

the process of exchanging and interchanging the motors
currently in use, and, for cycling equipment, selsct

smaller motors, rated slightly below maximum load require-
ments and allow some overleading te accur.
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Small pplit—phase or shaded-pole motors, often used in
perimeter fan coil units, have low power factors and are
inefficient. Turn off these motors during mild winter
nights to permit the fan coil to operate by natural
convection,

When evaluefing the potentizl for larger savings, compere
the cost of replacing inefficient motors with the savings
in electrical operating cost which would be achieved with
new motors, Refer to ECY 2 for procedure.

GUIDELINES T(C REDUCE ENERGY USED FOR PCWER

REDUCE ELEVATORS AND ESCALATOR OPERATION

=Reduce the number of elevatora in service during hours
when majority of persons are not lsaving or entaring

the Building.

~Turn off the motor-generator set located in the zlevetor
machine room when not in use = nights, week-ends, holidays
and glack periods during the day.

«~Turn off escalatore to unoccupled floorm of offices

or rekall stere floors during renovations.

~Operate demsnd escalaters only during peak periods

~Reduce spesd of escrlators and elevators.

~Where mecurity arrangements permit, encourage employvees
to walk up and down one flipht of atairs rather than to
use vertical transportstion systems.

~Congider turning off all dewn escalators during periods
tf light traffic.

~Congider turning off up escelators on zlternate flocrs
during perieds of light traffic.

REDUCE ELECTRICAL APPLTANCE AND MACHTNERY OFERATING TIME

Turn off:

~Coffee pote gnd food warmers when not in use.

~Refrigerated drinking fountsins at the end of normal
buginess hours.

~Refrigeraticn unite {and comsider discannacting units
2t a2ll times}.

~Vending machines at the end of the week where food
spollage is not a problem. TUse time clock to turn on
the vending machine in tiwe for the poft drinks to
reach 45°F. hy Monday morning at smployee arrival time,

~Portable electric heaters, porteble fans, typewriters,



C w272

calculators, and reproduction machines when not in use.

~Automatic window displays and revolving signe at the
end of normal business hours (aud conaider furthar
reductions in operating time),

~Electrice heat tracing when there 1s no fluld flow in
pipes and when the outdoor temperature ia sbove freezing.

wBlevator fans where smoking iz not yermitted and where
appliceble codes allow. :

Discourage Excesgsive Use of Equipment:

~Encourage employees to go to the cafeteris or canteen
for coffee breaks rather than operating coffee percolators
in offices,

~Encourage chefs to preheat ovens ne earlier than nec-
cessary and to forego preheating completely except for
baked poods.’

~Consider reducing the number of electrically powered
buginess machines in use.

~Insulate cooking equipment in kitchens, when possible.

=Prohibit use of portable electric heaters and encourage
employees to move to a different location om the floor.
if drafts or cold radiation from windows are causing
them disceomfort.

-Where practical, substitute manual labor for electfical
power, such gs using manusl labor to remove snow and lce
rather than electric resistance snow melting systems.

REDUCE TRANSFORMER LOSSES

~De~energize transformers supplying unused offices wor
other areas.

~De-energize refrigeration chiller transformers during the
heating azeason.

~-De~energlze heating equipment transformers during the
cooling season.

-Where thersis a baok or two or more transformers, operate
transformers at the most efficient loading point.

~Reduce copper logses In the wiring -~ which increase with
ambient temperature - by ventilating transformer vaults to
reduce the agblent temperature.

~Chade cgutdoor transformer basks from sclar radiatiem.
~De-ensrglze dry type transformers serving convenience
outlets wi.en there is no load -~ at nipght and during
weekends and holidays.
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INCREASE MOTOR EFFICIERCY

Tighten belts and pulleys at regular intervals to re—
duce losses due to slip.

Lubricate motor and drives regularly to reduce frictioem.
Replace worn bearings,

Check alignwent betwemn motor and driven egquipment to
reduce wear and excessive rorgues.

Keep motors clean to facilitate cooling.

When replacing worn or defective motors, replace with
motor sized as close to load as posaible, and use the
highaest efficiency motor avallable.

Wiere it is impracticable to veplzce motors which have
low load and power factors, use capacltors at motor
terminals to correct the power factor to 30Z.
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APPENDIX A
COST IMDICES

For the purpose of this study, nine cities have been considered
as follows: New York, Chicago, Houston, Fhoenix, Miami, Seattle,
los Aageles, Denver and Atlanta.

Labor rates, including fringes, as of January 1975 were
tabulated for certain selected trades, which were likely to
be used for the type of work envisaged in the study and using
New York City as base 100, the relative labor index for the
regpective cities was calculated.

A list of basic materials was compiled and current prices

for the items securad from suppliers in the respective

clities, and again, using New York Clty as base 100, the relative
material index was calculated

On the assumption that labor/msterial content of construction
i1s approximately 60/40 respectively, a relative combined

cost index for the citles was calculated resulting In the
following:

NEW YORK 100
CHICAGO 93
LOS ANGELES 93
MIAMI 89
PHOENTX 88
SEATTLE 82
DENVER 82
ATLANTA 80
HOUSTON 79

ESCALATION

Prices given for examples of work items in this volume

are generally New York City area prevailing costs as -of
January 1975 (that is they have been czlculated using
materials and wages costs for the metropolitan area as of that
date).

Precesj‘mg page bﬂank
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ESCALATION {Cont'd)

Continually increasing costs of both labor and material will
rapidly outdate this information, The user is therefore advised
to obtain updated local costs tailored to his specific work
project by calling upon the services of z local professional
consultant (Architect, Consulting Engineer, Cost Consuitant}

or gemeral contractor,

Prior to taking this action however the usér may wish inltdially
to investigate the cost Impact of any increase himself,

This may be done by censulting one of the profeasionally
prepared conmstruction cost indices such as those prepared
by Boeckhs; F.W. Dodge Company; Marshall & Swift; Turner
Construction Company or by consulting artlcles on cost
escalation in trade journals such as Buildings; other
bullding management journals and Engineering Hews Record.

The latter magazine, a McGraw-Hill publicatlion (issued .
approximately every 8 to 10 days) would be avallable in the
local technlcal ldibrary. Each lssue contains a feature
entitled "Construction Scoreboard”" which dekails cost

index data. '

Using the Bullding cost index column the user cam readily
calculate the average percentage increase since Jandary 1978
gnd multdply the adjusted exsmple costs accordingly to establish
an updated prige.
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APPENDTY B
ENERGY CONSERVATION ERAMPLE

A, ASBUMFTIONS:

OFFICE BUILDING CHICAGD TLLINQIS. Gross area per floor =
100" x 100Y = 10,000 sq.ft., 10 stories (rotal gross floor
ares = 100,000 sqg.ft.}). Floor-to~floor haight = 10 ft.,
33% window/wall aree ratio.

CONDITTIONS BEFORE OPERATIONAI CHANGES:

Clear single glazming, U=1.1 ¥Hegligible interlor shading
agsuned during heeting season. Shading by curtains
during cooling season, 5C=.67, #Wall T=0.3 (excluding
glazed areas), roof U=0,2. Occupied 40 hours per week.
Outdoor ventilation air = 19,800 cfm @ 30 cfm/person

x 660 occupants. Average infiltration = 1/2 air change/
hour, Interfor heat gains; Light 4.0 w/sq.fr., Office
equipment = 0.5 w/sq.ft., Fans = 1.0 w/sq.£t. Total = 5.5
w/sg.ft.

He cooling during unocccupied periods.

Indoor temperature = 75° heating season
75% cooling season = 30% RH

bomestic hot water flow rate = 2 gallons/day/person @ 140°F

B, SUMMARY OF ENEREY USED 1IN CHICASO OFFEICE BUILDIVE
WITHOUT ENERGY-CORSERVING -OFTIONS

1. SITE ENERGY BETUsq.2E. fyT.
HEATING (OIL) 106,400
COOLING (ELEC) 8,200
LICHTING 31,400
POWER 10,600
DOM, HOT WATER 4,000
TOTAL 1‘5’?, 500

2. RAW SOURCE ENERGT BT/ sq.£t. fyr.
HEATING 106,400
COOLING® L 274340
LIGHTING# 104,660
POWER* 35,330
DOM. HOT WATER ' 4,000
TOTAL ’2,‘;?.‘7";,'33’6‘ ‘

*The Figures for raw source energy reflect thz anergy
" conversion for electricity,



"o ANALYSYS OF FRERGY SAVINGS POR CHICAGO OFFICE BUILDING

HEAT NG
12 deg. night setback
7 deg. day setback
Increase boller efficlency by 10%
Reduce outside alr during occupied periods to
8 C¥M/PSN
Caulk windows
* Add storm windows
* Add night barrier {U=,1)
Selected combinations:
Increase boller eff, 10% Plus 12° night Setback
Increase boiler eff. 10% Plus 7° day setback
Increase boiler eff. 1074 Plus ceulk windows

COQLTNG
Feconomlzer Cycle
Reduce lighting to 2.0 watts/sq. ft,

LIGHTTHNG
Reduce lighting to 3.0 wattafeq. ft,
Reduce lighting to 2.0 watts/sq. ft.

HOT WATER
Lower water temperature to 100°F
Reduce flow rate to 1 gal/PSN/DAY

GCombined 100°F temperature Plus reduced flow rate

% REDUCTION

* Change requires some capltal Investment » See EGHM 2

Hote: For wultiple changes the savings are not directly additive.

24.0%

0.9%
6%
1.5%

10.0%
23.0%
25,0%

27.0%
8.0%
15.5%

- 1%
0,7%

~QLE=

% REDUCTION
ARNUAL STTE BTU SAVINGS TN THIS SEG-
ENERGY SAVINGS PER 50Q,FT. /YR MENT OF ENERGY TOTAL EHERGY
27,000 gal.#2 oil 38,000 35%
1,000 gal.#2? oil 1,400 1%
6,600 gal,#2 oil 9,200 9%
1,800 gal.#2 oil 2,500 2%
12,000 gal.#2 oil 16,700 16%
26,000 gal.#2 oil 36,400 347
29,150 gal,#2 oil 40,000 sz
31,000 gal.#2 oil 43,000 O 40%
‘9,000 gal.#2 oil 12,600 12%
17,800 gal.i#2 oil 25,000 23%
47,700 KWH 1,600 - 20%
31,500 KWH - 1,100 . 13%
226,000 KWH 7,700 _ 25%
450,000 KN 15,300 497
1,070 gal.#2 oil 1,500 37%
920 gal.#2 oil 1,250 32%
1,990 gal.#2 oil 2,800 0%



10.

11.

12,

13,

14,
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z,ﬁtﬁi .

Building Envelope
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GLOSSARY

A refrigerastion machine using heat
as the power input to generate
chilled water.

The fraction of the total radiant
engzgy Incldent on a purface that is
sbeorbed by the surface.

The physicsl charzeteristle of a
substance describing its ability
to sbsorb radistion.

Surrovnding (i.e. smbient temperaturas
is the temperature in the surrounding
space).

& form of carbon capable of absorbing
odorscand vapors.

Expression of ventllation rate in
terms of room or building volume,
Usually air chanpes/hour.

A device usad in starting clreuit
for fluorescent and other types of

lampe.

The discharge of water from a2 boiler
or cooling tower sump.that contains
a high proportion of total dissolvaed
golids.

A heat unit egqual to the amount of
heat regquired to raise one podnd of
of water ooe degree Farenheit.

All externmal surfasces which are subw
jeet to climatic jmpact; for example,
walle, windows, roof, floor, etc.

* Preceting page blank
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Byilding Load

Cavity Ratio

Centrifugal Chiller

Centrifugal Fan

Coefficient of Utllization

Cald Deck

Condenasate

Heating lead 18 the rate of heat loss
from the building at steady state
conditions when the dndogr and out-
deor temperatures are at their selescted
design levels (design criteria). The
heating Ioad always includes infiltra-
tion and way Include ventilation

logs and heat galn credits for lights
and people,

fooling load is the rate of heat
galn to the bullding at a steady
state condition when indoor and out-
door temperatures are at thelr
selected design levels, sular gain
is at irs maximum for the bullding
configuration and orientation, and
heat gains due to infiltratiom,
ventllation, lights, and psople are
present, .

Humber indicating room cavity propor-
tions, which 18 calculated using
length, width, amd height.

A tefrigeratlion machine using mechan-
ical energy input to drive a cen~
trifugal compressor to genarate
chilled water.

Device for propelliing ailr by cen-
trifugal action. Forward curved fang
have blades which are sleoped for-
ward relative to direction of ro-
tation. Baclawrard curved fans have

blades which are sloped bachkward

relative to direction of rotation.
Backward curved fans are generally
more efficient at high pressures
than forward curved fans,

Ratio of lumens on a work plane to
lumens emltted by the lamps.

A ecold alr chamber forming part of
a ventilating unit.

Watar obtalned by changing the state
of water vapor.{i.e¢. steam or
moisture in air) from a gas te a
liguid usually by cooling.



Candengay

Conduectance, Thermal

¥

Cooling Tower

Dwer

Degree Day

Begra&‘ﬁgur

Demand Factor

Degiscant

Direct Expansion

Diggbility Glare
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A heat exchanger which removes latent
heat frow a vaper changing it to

its liguid state. (In refripgeration

chillers the compenent which rejects

heat.)

A measure of the -thermal conducting

properties Of 2 single materizl
expresged in wilte of Btu inch
thickness per {(sgq. ft.) (hour)
{degree F temperzture difference)

Device that cools water directly
by evaporation.

A device uged to vary the volume
of air passing through an air outw
let, inlet, or duct.

The difference between the medlian
temperature of any day and 63°F when
the median tempersture is less

than 65°F.

The diiference between the median
temperature for any hour and selectied
datum.

The ratio of the maxlmum demand of
a system, or part of a system, to
the total comnected load of & sys-
tem or part of the system under
congideration.

4 substance possesaing the ability
to ebsorb molsturs.

Generic term used to describe
refrigeration systems where the
cooling effect is obtained directly
from the refrigerant {e.g. re-
frigersnt ip evaporated directly

in a cooling coil in the air stream}.

Spuricus llght from any source, which
impairs z viewer's ability to discern
a given object.



Double Bundle Condenser

Dry Bulb Temperature

Economizer Cycle

Efficacy of Fixtures

Energy Requirement

Enthalpy

Equivalent Snhere
Iliumination
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Condenser (usually in refrigeration
machine) that contains two separate
tube bundles allowing the option of
elther rejecting heat to the cool~
ing tower or to another bullding
system requiring heat input,

The measure of the sensible tempera-
ture of air.

A method of operating a ventilation
system to reduce refrigeration

lcad. VWhenever the outdoor air
conditions are more favorable (lower
heat content) than return air condi-
tionz, outdoor alr guantity is in-
creased,

. Rarile of usable light to energy input

for a lighting fixture or system
{lumeng/watt).

The total yearly energy used by

a2 bullding to maintain the selected
inside design conditions under the
dynamic impact of a typical year's
elimate. It includes raw fossil
fusl consumed in the bullding

and all electricityrused for light-
ing and power. Efficiencies of
utilization are applied, and ail
energy is expressed in the common
unit of Btu's.

For the purpose of air conditiloning
enthalpy 1is the total heat content:
of air above a datum usually in
units of Btu/lb. It is the sum of
sensible and latent heat and ig-
nores internal energy changes due
to pressure change.

That illumination which would fall
upon & task covered by an imaginary
tranaparent hemisphere which passes
light of the same intensity through
each unit area.
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Evaporator 4 heat exchanger which adds latent
heat to a liquid changiog it to
a gaseoug state (In a refrigeration
system it 1 the component which
ghsorts heat).

Foot=cendle Energy of light at =z distance of
* one foit from a standard (esperm oil)
candle,
Heat Galin As applied to HVAC cmleculations, it

ig that amount of heat gained by

a mspace from all sources, including
people, lights, machines, sunshine,
ete. The total heat gain repre-
gentg the zmount of heat that

be removed from & space to main
indeor comfort conditions.

Heat Loss The sum cooling effect of the build-
ing structure when the cutdoor
temperature 1e lower than the de~
gired indocor tewmperature. It repre-
sents the smount of heat that must
be provided to a gpsce to maintain
indoor comfort comditiems.

Heat, lLatent The quantity of heat required to
effect a change in state,

Heat, Sengible Hest that results in a temperature
change but no change in state.

Heat, Specific Ratio of the amount of hezt required
to ralse a unlt mass of waterlal 1
degree to that required to raise
a unit mees of water 1 degree.

Heat Pump A refrigeration machine possessing
the capability of reversing the flow
go that iltg ocutput can be either heat-
ing or cooling, When used for heat-
ing, it extracts heat from & low
temperature source $o the point whare
it can be used.

Heat Trensmission Any one of & number of goefficlents
Coefficient uged in the ¢alculation of heat

transmiselon by conduction, con-
vection, and radiation, through
various materials and structures.
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Hot Deck

Humidity; Relative

Infiltration

Iﬁzolatian

Langley

Life Cycle Cost

Load Leveling

Load Profile

Lumen

Luminalre

Makewup

Manchester, New Hampshire

Prodect

Modular

A hot air chanber forming part of

.a ventilagting unit.

A measurement indicating molsture
gontent or air. ’

The process by which outdoor air

leaks into & bullding by natural

forces through ecracks around doors

and windows, etc, (Usually undesirable)

The amount of solar radiation on a
glven plane. Expressed in Langleys
or Btu/ft.2

Measurement of radiatlon intensity.
One Langley = 3.68 Btu/ft.2

The cost of the equipment over its
entire 1ife including operating
=snd maintenance costs.

Deferrment of certain loads to
"limit electrical power demand to
a predetermined level,

. Time distribution of building heating,

cooling, and electrical load.
Unit of luminous flux.

Light fixture designed to produce
a apecific effect.

Water supplied to a system to replace
that lost by blow down, leakage,
evaporation, ete.

4 demonstration bullding commissioned
by GSA (Isaak and Iaaak, Architects)
and developed by Dubin-Mindell~Bloome
Asgoclates to incorporate energy
congerving architectural features

and mechanical and electrical systenms.

Syastem arrangement whereby the demand
for energy (heating, cooling) i1s met
by 2 series of units sized to meet

a portion of the load.



Orifice Plate

Orsat Anpzratus

Plepvback Operation

Power Factor

R~Value

Raw Bource Energy

‘Roof Spray

Seagonsl Efficiency

Software

Sol-alr Temperature

-291w-

Device inserted in & plipe or duct
which causes a pressure drop across
1t, Depending on orifice size it can
be used to restrict flow or form

part of a meaguring device.

A device for measuring the combus-
tion copponents of boller or
Turnace flue pas=s.

Arrangement of chilled water genera-
tion equipment whereby exzhaust

stegm from & stesm turbine driven
centrifoegal chiller <ie uesed as the
heat source for an sbsorptlion chiller.

Relationship between KVA and K¥W. When
the puwar factor is unity, KV4 equals
¥KW.

The resistance to heat {low expressed
in unite of $q. Ft. hour Degree F/Btu.

The guantity of energy input et a
generating station required to pro-
duce electrlesl energy lncluding =11
thermal and powsr converslon losses.

4 system that reduces heat gailn
through a reof by cooling the
outgide surface with & water gpray.

Retio of useful output to energy

1nput for & plece of equipment over

an entire heating and cooling season
It can be derived by integrating part
load efficlencles agsinat time.

Term used in relation to computers

- normally describing computer pro—

grams and other intangibles.

The theoretical alr temperature
that would give a heat flow rate
through & bullding surface equal
in megnitude to that obtained by
the addition of conduction and
rediation effects.



Ton of Refrigeration

'g' Value

Veiling Reflection

Vapér 8arrief

Wet Bulb Temgerature
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4 means of expressing cooling
capacity - 1 ton = 12,000 Btu/
hour e¢ooling.

A coefficlent expresaing the
thermal conductsnce of a composite
structure in Btu per square foot
hour degree ¥ temperature dife -
farence:

Reflection of light from a task,
or work surface, into the viswer's
eyes.

A moisture imperviocus layer designed
to prevent moiature migrationm.

The lowest temperature attainable
by evaporating water in the air
without the additien or subtrac~
tion of ensrgy.
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ABBREVIATIONS

ASHRAE : | American Soclaty of Heating, Refri-
geration and Alr-Conditioning Engineers

BTU British Thermal Unit

Bru's % 108 . ¥illions of Btu's

Ezgiﬁwg;égf Thousande of Btu's

cm Cubilc ft. per minute

CoF _ _ Coefficient of performance

cu ' , Coefficient of utllization

bE , Dry buldb tempersture

DX Dizect Expansion

j::14 : Equivalent Sphere Illumination

IES Iliuminating Engineers Sceciety

Bip | High inteneity discharge (lamps)

HZ Haptz

HVAC ) Heating, ?entilatiﬁg'anﬁ Alr Conditioning

VA Eilovoltampere

RWE Killowatt hour

0.4, ’ ' futside alr

PR, - Power Facter

PST - ) Pounds per square dnch

5¢. FI. Square foot
Temperature difference
. Total Energy (system)

Vet bulb temperature

5 12 18
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INDEX

Alr-cooled condensers, 180, 186
Alr flow, rate of, 197-204
reslstance to, 197-204
Appliances, de-energizing of, 268, 271-272
Ballasts, replacement of, 253, 257
Blinds, 171, 183 £t
Boilers, blowdown of, 125
fuel/air ratio of, 124
generation of domestic hot water, 150
improving seasonal efficiency of, 31, 125
Building loads, cooling, 155 '
heating, 97
Building Profile, 69-73
Burners, 124-125
Chillers, 40, 175-178B
Climatic profile, 54-69
Coefficlent of performence, improvement of, 158, 178, 187
Cold cabinets, lighting of, 228
night covers for, 226
Combustion efficiency, flue gas analysis of, 125
Commercial refrigeration equipment, 225-=229
Condensers, cleaning of 39, 181
Condensing temperature, 41, 178 186
Cooling loads, 52, 155
reduction of
by maintaining higher temperature and R.H., 36, 160-166
by using air economizer cycle, 35, 159-160, 182
by reducing heat gain from outdeore, 37, 171, 175, 183, 185
by reducing internal heat gain, 44, 172, 1BS
by reducing operating hours, 33, 158
by reducing ventilation end infiltration 34, 167-170, 182, 183
Cooling towers, performance of, 179, 186-187
Cost estimating, 275-276
Dampers, VAV System, 216
Daylighting, 43, 240, 255
Distribution loads 53, 54
reduction of, 90
for electrical systems, 267, 269
for BVAC systems, 191, 205, 211-221
Distribution systems (HVAC), 191-221°
dual duct, 194, 214
fan coil, 196, 217
heat pumps, 197
incremental air conditioning unit 196, 217
induction, 194, 215
loads, 53-54
multi~zone, 194, 215
eingle duct, single zone, 192, 212-213
terminal reheat, 193, 214 .
variable air wvolume, 195, 216 -

Precedmg page hlank
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Domestic hot water aystems, 48, 141-152
Draperies, use of, 171, 173, 183
Dual duct aystems, 194, 214
" Econemizer cycle, 159-160, 182
Electrical power, -267-273
. Electrical systems, survey of, ?3*82
Elevators, 2668, 271 .
Energy audit, 82*88
Energy budgets, 6, 83
Energy Conservatian program, principles of llwlé
case historles, 20-25 -
example, 277, 278 .
major opportunities, 25-48 '
Evaporator temperature, 40, 178, 185
Fan codls, 156, 217
Fans, energy requited for, 30, 197~204 216~-224
Fixtures, lighting .
maintenancé factor of, 239, 245
medificatinns to, 251, 256, 259-264
Flue gas analysis, 125 :
Freezers, night covers for, 226 .
General Services Adminiatration Demomstrationm Building, 20
Heat galn, 155, 156, 173, 185 =
internal” 1?2 174, 185
solar, 122, 123, 137, 171-173, 183
Heat logs, 97, 98, 123, 124 .
Heat pumps, use of, 197
Heating loads, 97-9%-
reduction of,
due to heat loss, 123~124
dua to infileration, 116~122, 136
due to vemtilation, 112-113, 130-132
Humidification, 108~112, 129
Indoor temperature, reductionm of, 26, 101-107, 126-127
Induction eystems, 194, 215
Infiltration, effect on cooling load, 2%, 156, Lﬁﬁul?é, 183
effect of on heating loads, 116~122, 136
Insulation, boiler/furnace jacke: 133
pipe, 205-208, 220, 221
Interlor surfzces, reflectances of, 240, 254, 255
Lamps, selection of, 251, 252, 257, 259-26&
Lighting, cold cabinet, 228
energy level goala for, 234
load, reduction of, guidelines, 44, 45, 46, 233236
systems, lmproving efficiency of, 239
ballasts, 253, 257
daylighting, 43, 240, 255
fixtures, 239, 245, 251, 256, 259-264
lamps, 251, 252, 257, 259-264
Mechanical Lsystems, survey of, 73-82
Metering, 82
Motors, guldelines for, 27&-2?1 273
lgad factor of, 270
Multi-zome systems, 194, 215 ‘
Offlce bulldings, energy budget for, 6, 83
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Outdoor alr, use of, 35, 159, 160, 182
Outdoor lighting, 252
Piping,. insuvlation of, 205-208, 220, 221
Piping systems, balancing of, 204,205
" Reflective glase and coatings, 171, 173, 184
Roofe, changing coleor of, 172
ingulation of, 99, 124, 172, 185
mass of, 172
Screens, wind, 99
Seasonal efficlency, 125, 147, 175
Shading devices, 171, 173 183
Single duct, single zone systems, 192, 212-213
Skylights, 171, 184
Solar control devices, 171, 173, 183
Solar radiation, effect on roofs, 171
effect on walls, 171
effect on windows, 171, 183
Stack actiom, 116, 136
Steam distribution Bystems, 205, 208-210, 221
Task lighting, 236
Terminal reheat systems, 193, 214 !
Thermostats, 101
Tinted glass and coatings, 184
Transformers, energy loss in, 269, 272
Variable air volume systems, 195, 216
Venetian blinds, 171, 173, 183
Ventilation, ccoling lecad due teo, 167-170, 182
heating load due to, 27, 28, 112=-115, 130-132
Vertical louvers, 171, 183
Vertical shafts, 116, 136
Walls, changing color of, 172
Warm air systems, 211
Water flow, balancing of, 204, 205
Weatherstripping, 116, 119, 136
Wind, effect on buildings, 99, 116, 119
screens for, 99
Windows
solar contrel for, 171, 183
use of for daylighting, 240, 255
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