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Prefare

This report summarizes the results of a study
performed by the Ad Hoc Committee on Appliance and Apparatus
Efficiency. The A4 Hoc Committée, which includes representat;ves
of State agencies, architects, builders, engineers, trade
associations and labor unions, was established by the Hon. Joseph
C. Swidler, Chairman of the New York State Interdepartmental Fuel
and Energy Committee. The objective of the Ad Hoc Committee was
to provide assistance in meeting the energy dilemma by proposing
plans and recomméndations for improving the efficiency of hcuse~
héld appliances and industrial apparatus.

The Ad Hoc Committee had its opening meeting on
September 13, 1972, and has met ten times at”two week intervals.
A wealth of information has been generatéd or assimilated by the
Committee, and the highlights of this information have been
included in this report. This report also contains conclusions
and recommendations. 1In some cases these recommendations have
been made’by the Staff of the New York State Public Service
Commission based on informgtion provided by the Committee.
Therefore, these recommendations .do not necessarily reflect the
position 6f every member of the Committee.

Members of the Ad Hoc Committee representing or
associated with trade associations served solely as sources of.
information and took np.part in the formulation of conclusions

and recommendations as contained in this report.

PARKER D. MATHUSA
Chairman, Ad Hoc Committee On
Appliance & Apparatus Efficiency
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Sumniery and Recommendations

This 'epurt represents the work ot the Ad Hoc Committee
on Appliancs and Apparatus Etficlency . The report deals with the
energy util.zation of appliances and agpaxatus.and steps that
can be taken to improve th*s.utillzarioﬁ- |

High and wasteful energy consumpqun practlces have
become a part of the American life style. _The-United‘States
with six percent of the world"s populéﬁieh is ;esponsible for
33 percent of the world‘s energy consumption; We areenoﬁ'faced
with shortages of primary fuels eepecially'gatqral‘gas end oil
and with stringency of electric pcwer capadigy;' | |

The efficient use of.energy in'New'York State will
only be achleved Af we pursue a v1qorous program in energy |
conservatxon‘ The people must be convxnced that -an energy crisis-
exists and that conserving energy is their respons.l.bllltyn lThe a
consumers of energy must then be educated as_Lo_what they can do
and how they can contribute tO'promoting.enet;;y'.conservatiOne

More efficient appliances in genéral cost more money.

- In many cases this higher initial_cost-is gveniﬁally recovered

in the form of lower annual operating costs. Many appliances
‘however .are purchased by.builders and 1a§dlords who are only
interested in the initial cost of an appliahce because the
operating cost of the appliance will-become the responsibility of

the homeowner or tenant. Consumers have always focused their
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attention on lo@est initial cost and a major reorientation of
" their purchasing habits Qould be required to promote the purchase
of appliances based on total initial and operating coits.

i; Labeling of appliances and apparatus with respect
to performance is desirakle from the standpoint of promoting
increased appliance efficiency since it would inspire manufacturers
to engineer a product with the maximum reasonable efficiency
within the limitations of maintaining safety, durability and a
competitiveness. The appliance industry should be encouraged
to define a performance factor for all major energy consumptive
appliancas and apparatus as has been done for air conditioners.

The problem with improving the efficiency of appliances
and apparatus is not that manufacturers lack the knowledgg or
capability to do so but the appliance manufacturers are governed
by the economics of competition in the market place. The
manufacturer responds to the purchasing practices of the consumer.

Particular emphasis should be placed on establishing
a performance factor for refrigerators, refrigerator-freezers
.and food freezers since this appliance group is responsible for
over 25 percent of residential energy consumption in New York
State.

It is also recommended that certification of
performaence factors be accomplished by independent testing
agencies and that comparative appliance data be published. Industry's

cooperation on a voluntary basis should be solicited.
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2. This -commirtee recommends that al! New York
governmental agencies at both the State and local tevels,
including authorities and other quasi-governmental units, take the
lead 1n plasring 1ncreased emphasis on eneryy etriciency 1n the
purchase of appliances and apparatus. 1In order to meet this end,
it 1s recommended that the Governor i1ssue a proclamation requesting
all public purchasing officials to review their specifications
and purchasing practices for appliances and apparatus which consume
a significant quantity of energy. Energy efficiency requirements
for this equipment should be added or, 1f existing, re-evaluated
taking into consideration the present 1importance of conserving
energy 1nh New York State.

3. A well planned i1ntense energy conservation program
is required 1in order to change the present inefficient and wasteful
enerqgy consumpflon practices 1n New York State.

.The committee suggests the establishment of a central
organization to perform the following duties:

Coordinate activities of State agencies and private
industry that are performing energy related functions-

Advise and make recommendations to State agencies,
corporations and authorities that have regulatory
powers affecting the consumption of energy.

Undertake activities to encourage business and
industry to maintain high standards and public
responsibility in all affairs involving the
consumption of energy- '

Conduct studies and analyze matters affecting
the consumption of energy.
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Recommend to the Governor new laws and amendments
to laws affecting the consumption of energy.

Collect and disseminate to local community
organizations and the general public data
regarding energy conservation and encourage
energy conservation activities by these
organizations.

Assist all local gévernments in the development
of energy conservation activities

Encourage the development of educational programs

for children and adults.

4. The Ad Hoc Committee on Appliances and Apparatus
recognizes that building insulation 1s usually the most
important factor contributing to the total energy consumption
of space conditioning appliances and apparatus. This ég_ggg
Committee recommends that the State Building Code Council or a
similar new council: |

a) Develop from existing information residential
and commercial insulafion requirements for mandatory statewide
minimum standards for new construction.

b) Impose immediately on new residential and
commercial buildings mandatory statewide interim standards,
which should not be lower than those prescribed by the
United States Department of Housing and Urban Development for
federally-assisted housing.

c) Conduct an investigation to determine the
feasibility of promoﬁing the upgradihg of insulation in refur-

bished homes.
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5. Sub-committees on electric, gas and oil appliances
and apparatus have investigated cpportunities for improving |
energy utilization of major energy consumptive appliances. Speciftc
reccmmendations with regard to Llectric. Gas and 0il Appliances

are presented below.
a) Electric Appliances

Residential air condivioning contributes approximately
40 percent of the summer peak demand in the downstate area. An
increase 1n the performan«e of roovm z1r conditioners could reduce
the impact on peak electri: power demand and conserve a
significant amount of energy. The Ad Hoe Committee recommends
that legislation be pronulgated with respect to the
proposed minimum performance standatds for room air conditicners

presented in the tahle beiow.

. Proposed Air Conditioner Performance Standards

Performance in Btuh/Watt (EER)*
Size Btuh 1975 1976 1977 78

Up to 5,999 6.0 6.5 7.0 7.5 8.0
6,000 tc 9,999 115V 7.0 7.5 8.0 8.5 9.0
10,000 and Higher | 7.0 7.5 8.5 9.0 9.5
Up to 17,999 6.5 70 8.0 9.0 9.5
18,000 to 23,999 230V 6.5 7.0 8.0 8.5 9.0
24,000 and Higher 6.5 7.0 7.5 8.0 8.5

*The test conditions are 80°F room air temperature at 50% relative
humidity and 95°F outside air temperature at 39% relative humidity
per ASHRAE Publication No. 1¢-69.
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'Selection of the proper size air conditicner should be
strongly emphasized by'all sales personnel and :n related
advertising. The selection of an air conditioner with a
cooling capacity larger than required will result in conling the
space too quickly, hence Lnadequate dehumidification.

Overshooting temperature settings, cycling too often and

uncomfortable and inefficient space conditioning will also result,

The following eight recommendations summarize ways to
better utilize energy for lighting:
o 1. Design lighting levels for tasks. ¥
2. Design with more effective luminaires.
3. Use efficient light sources.

4. Yse luminaires designed for heat removal.

5. Use high reflectance finishes on ceilings,
walls, floor, and furnishings. »

r
6. Provide switches for control of lights an
individual areas.

7. Optimize window design for daylighting and
air conditioning.

8. Maintain lamps and luminaires.

The recommendations suggested for lighting cperation
could easily result in a one-third reduction of energy used for
lightihg. Several of the recommendations apply primarily to
new construction and it is in initial design that the greatest
opportunity for energy savings exist. Most of the energy

savings can be realized by applying the Qrinciples involved to
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existing lighting instailat:ions. A sizabie portion of the
energy wasted is the result of unnecessary lighting levels.
This can be corrected at any time by reducing the pumber of
luminaires or fluorescent lamps in the lumina:ires crovided that
individual lamps connected to a common ballast are not removed.

.The'Commlttee suggests that the State initiate
lighting energy savings in State office buildings. The Committee
recommends that the State building ahd operating agencies review
the recommendations presented herein and take appropriate
action. | :

The superiority of high pressure sodium vapor
lamps has been demonstrated in highway llghtinq studies. The
Ad Hoc Committee recommends that a lighting study be performed
for each highway lighting application and include consideration
of high pressure sodium vapor lamps. The basis*of selection
should be total operating and initial coste rather than
only initial cost so that appropriate considefation be giveh
to the amount and cost of the energy used.

The Ad HEoc Committee also recommends the use of
photoelectric controls on all highway, roadway and papking lot
lighting. With the use of this device, lighting is provided
only when it is actually needed.

The use of heat pumps in lieu of electrical
resistance heating could reduce the average electric space

heating energy requirements by approximately 50 percent-

Sliq&tly higher initial cost will eventually be recovered by
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ieduced ope:ating costs, in view of the growth in electric
space hea@ing ﬁredicted for New ¥Ynrk State, the use of heat
pumps offers. a very significant opportunity throughout the
State fof the conservation of enerqgy.

In order to realize the energy saving potential of
heat pumps, it willsbe necessary to build consumer cohffﬂénce in
the reliability of this device. The first step is for manu-
facturers to demonstrate confidence in their own product by
offering guarantees and low cost service policies,

The increaséd use of heat pumps in New York State
would, to some extent, result in a greater summer air condition-
ing load, since presently less than 25 percent of electric space
heating customers install central air conditioning. |

Thé Committee recommends mandatory minimum standards
of performance for all electric water heaters. It is
recommended that all water heaters sold for use in ‘New York
State be required to meet a standby loss of 4 watt-hdurs per
hour per square foot of tank surface-érea. This action Qould
result in a 20 percent reduction in electric hot water losses
and a significant reduction in the State's energy consumption.
Over the long term such an act will be economically beneficial

to the homeowner,
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The 1nstant-oh device shouid be eliminated rfrom
television sets. In the absence of joint industry action, this
Committee recommends that legislation be enacted which prohibits
the sale in New York State of television sets zcntaining the
instant-on feature. It is further recommended that consumers
who now own such a set be encouraged to discontinue use of the
instant-on device where possible,

The major household appliances (refrigerators,
ranges, dishwashers, clothes washers and dryers; are responsible
for approximately 40 percent of residential electric energy
consumption. Performance standards defining the enerqy
utilization characteristics of these household appliances do
not exist in spite of ;he significance of the energy censumption
of these appliances. For this reason 1t is difficult to compare
the relative performance of units presently available og to
guantitatively determine the opportunity for péffoxmance improve-
ment of these appliances.

Improved insulation techniques for refrigerators and
freezers could significantly reduce the energy consumption of
this appliance.

In the case of clothes washers and dishwashers, a
reduction in the guantity of hot water required could conserve
a significant amount of energy. Detailed desién suggestions
for improving the energy utilization of household electric

appliances are vpresented in the appropriate appliance section.
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A s.gnificant ameount of enerqgy can als2 be saved
by appropriate utilization practices of househ.id eiectric
appliances. Energy conservaticn suggestions rLor the use of these

appliances are presented 1in detail in Appendix A
b) Gas Appliances

The thermal efficiencies of gas burning uappliances
and apparatus are generally high, and significanr improvements
above the minimum efficiency requirements deve!wped by the
American National Standazds Institute appear impiactical at this
time. Many factcors which tend to increase thermzl eificiencies
1n gas appliances also result in decreased equipment life, and
often result in potential safety hazards. The thermal
efficiencies measured i1n the certification testing of gas
burning equipment are presently not made available to the public.
Although the opportunity for lmprovement'of these efficiencies
1s quite small, publicity with respect to the actual efficiencies
is considered desirable since it would inspire the manufacturers
to engineer a product with the maximum efficiency within
the limitations of maintaining safety, durability and a
competitiveness.

The utilization efficiency of gas burning equipment,
may be as low as 40 percent as a 1result of incorrect
appliance selection or improper or careless operation and

maintenance. Promoting higher utilization efficiencies for
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gas burning equipment is most readily accomplished through
education of the people who purchase the equipment and are
responsible for its operation and maintenapce.

Energy consumption of most residential heating systems
could be reduced by appreoximately 12 percent by maintaining the
house temperatures at 68°F, rather than 72°F. An additional
‘three peréent fuel savings could a190'bé achieved by lowering
the thermostat at night by an additional 3°F.

The consumption of gas by pilot lights does not in all
- cases result in wasted energy. In some cases heat produced by
gas pilots is useful in that it provides heat to spaces requiring
heating, thus reducing the heating éystem reguirements. Tﬁe '
replacement of gas pilots with ;utdmatic ignition devices
would, however, result in an average saving of approximatély
five percent of the gas consumption of new residehtial gas
appliances. Conversion of existing appliances with gas pilots
to automatic ignition is considered impractical.

' The price of automatic ignition devices must be kept
relatively inexpensive so as to encourage the purchcse of
gas appliances versus eleétric appliances which might have a
lower efficiency in terms of primary energy consumption.
Gas appliance manufacturers have indicated that automatic ignition
devices are being developed for ranges and this foort should
be encouraged by the State in the purchase of such equipmént

for State application.
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improvements in the manufécturers' designs are virtually impossible
because of excess air requirements to insure complete combustion,
and the minimum exhaust gas temperature requirements to avoid
condensation and provide adequate draft.

01l fired appliancesland apparatus, such aé'fqrnaces
or boilers, should be required to carry an approval or listing
by one or more of the ﬁationally recognized agencies such as
Underwriters' Laboratories, American National Standards Institute
or The Hydronics Institute. Standards or procedures of these:
agencies should incorborate a minimum thermal efficiency for
listing that must be verified by an independent'testing
laboratory.

Although the opportunity for improvement of the
thermal efficiency of oil fired equipment is quite small, it is
believed that proper certification and listing of efficiencies
would inspire some imprcvement on the partvof manufacturers, and
facilitate a wiser choice of equipment by the consumer.

Selecting the most suitable grade of fuel oil, based
on equipment size, is important with respect to both efficiency
and air quality.

The size of new oil fired heating units should be
based on a realistic estimate of load. Modular boilers should
be used.

When two or more boilers are installed they should
be sized so that, at minimum load, the smallest boiler will

operate at a minimum of 40 percent of its rated capacity.
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The use of automatic damper control could reduce the
total consumption of gas used by heating appliances by reducing
the loss of conditioned air through the exhaust vent system.

It is estimated that automatic damper control can reduce gas
heating appliance energy consumption by arn average of about

ten percent. It is recommended that the gas utilities be
encouraged to gather field data on the performance of automatic
damper control and make known to their customers the potential
of this device for energy savings. This device should be
considered for new installafions where the cost and safety
implications are the most favorable.

In many commercial and industrial buildings,
conventional blower type unit heaters are used for heating.
Replacing these with infrared heating equipment can reduce
fuél consumption by 30 percent or more. Better comfort conditions
are also generally obtained.

A low utilization efficiency of gas burning equipment
is often the result of oversizing the equipment for the application.
Oversizing can be avoided by educating the people who are

responsible for the sizing and selection of gas heating equipment.
c) 0il Appliances

Boilers are the primary oil fired appliance for both
space heating and water heating in New York State. The thermal

efficiency of this appliance is generally high, and significant
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Proper operation and maintenance of new and existing
equipment can result in a fuel oil savin%p of up to 15 percent.

/

6. PFollow-Up Activities /

The Staff of the New York Department of Public
Service will continue to develop draft executive orders and -
legislation based upon the recommeﬁaations of this Ad Hoc Committee

for consideration by the Interdepartmental Fuel and Energy Committee.
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Ad Hoc Committée on Appliance and Apparatus Efficiency

I. Introduction

This report presents the work of the Ad Hoc Committee
on Appliance and Apparatus Efficiency. The report deals with
the energy utilization of appliancés and apparatus and steps
that can be taken to improve this utilization.,

The first questions that might be asked are, why was
this study performed, and is there a real need to improve energy
utiiization in New York State. A short summation of the energy

outlock is presented so as to establish the nesd for action.

The Energy outlook

For the last few years, there has been growing
concern throughout the United States for our ability to meet
this country's rapidly increasing energy needs. In short, the
use of energy is outstripping production, and as a result we
have gone from a period of abundant, cheap energy to a period of
growing shortages and rising costs.

Over the past 70 years, national energy use has grown
at an average rate of 3.2 percent, although over the 19: to
1970 period an upturn to approximately 4.8 percent has been
noted. This rise in the energy growth rate results from our

expanding ecénomy as evidenced by majoxr shifts in energy use




paﬁterﬁs and oﬁr increased standard of living in terms of
appliances and equipment for increased comfort and convenience.
Over the 20 years from 1950 to 1970, the electric utility
consumption of primary energy which includes coal, gas, and oil,
has risen from 16 to 24 éeccent of the total, indicating an
increasing trend towards an electric energy economy.

In 1970 the United States was responsible for one-
third of the world's annual energy consumption. The portion of

this energy obtained from the various primary fuels 1is as

follows:l
Source .. % of Total
011l 44.6
Gas 31.6
Coal . 19.7
Hydro : 3.8
Nuclear .3

Over the previous decade, the main shift in the
source of supply has been from coal to oil and gas becausé of
State and Federal environmental regulations. In terms of total
energy reserves, coél is our greatest energy resource in the
United States with approximately three trillion tons in the
ground; however, only about five percent of this c&ﬁ be
recovered economically utilizing today's technology. Although

coal resources are more than ample to meet our needs for quite

1. "Outlook for Energy in the United States in 1985," The
Chase Manhattan Bank, Energy Economics Division, June 1972.



some time, new technoiogy is necessary to enable us to produce
and utilize it within the governmental restrictions.

The demand for natural gas has increased at an
accelerated rate because it contains no sulfur and produces no
particulates when burned. Unfortunately, there hasz been a
decline in proven reserves which, for the most part, is due to
the high cost of diééovering new reserves combined with the
controlled price at which the gas can be sold. Because of the
long lead time in discovering and developing new reserves, it
is unlikely that the gas supply picture will improve during the
next decade.

In 1972, the annual consumption of oil in the
United States was approximately 5.8 billion barrels of which
28 percent was imported from abroad. By 1980, it is antici-
pated that the annual consumption will exceed 8.2 billion
barrels of which approximately ﬁalf will be imported. The large
increase in oil imports may have a major effect on the
United States' balance of payments and will increase our
dependence on foreign nations.

Many people believe that nuclear energy has the
greatest promise of meeting our energy needs for the long term.
However, unless new technology is developed to make feésiblo
the use of breeder reactors or nuclear fusion for the generation
of electricity, the nuclear fuel supply situation will become

as critical as is the case with other primafy fuels. With the




required technologicai breakthroughs, nuclear energy will 
provide a potential source of meeting our long term enexgy.
needs. |

Even for the near term, the rate of grdwth of nuclear
plant capacity is not living up to expectations. Considerable
difficulties have been experienced in siting these plants and
making them operational. There are the prdblems of safety
requirements, radiological hazards and thermal pollution. The
lead time for nuclear plants (Erom conception to operation) is
seven .and one-half to ten years.

In the long run, new technology will undcubtedly ease
the energy picture. Hope for the nuclear fuel supply problem
is'sought in the fast breeder reactor which produces a usable
fuel from natural uranium as it operates. In addition, the
high temperature gas cooled reactors are expected to result gn
greater conversion efficiency, and hence offer a reduced theéha}“
waste problem. These technologies are hopes for the near B
future, but can not provide for our immediate energy needs.

Both coal gasification and the fuel cell are new
technologies which offer the potential to make better use of
existing energy resources; however, it is unlikely that either

of these processes will be developed sufficiently to alleviate

the immediate energy shortage.

Improving Energy Utilizatioh

There are several long term solutions to the energy
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supply—demand'problem. Most solutions involve increasing the
energy supply since the social and economic implications of a
.long term reduction in the demand for energy might be
disasterous for the nation as a whole. Steps.to solve the
nation's energy supply probl=m are vitally important to our
nation's welfare, and they must certainly be pursued with all
the vigor deserving of one of our nation's highest priorities.
However, these steps will not significantly improve
the energy outlook until at least the beginning of the next
decade. In the meaptime, we are undergoing a period in which
the energy dwizand might easily overtake the supply capability.
An interim measure is required, therefore, to help stretch the
energy supply during this anticipated period of shortdge. This
can be done by impfoving energy.utilization. A program of
energy consefvation must be pursued promoting the avoidance of
waste and the morc efficient use of energy.
| Chairman Joseph C. Swidler of the New York State
Public Service Commission indicated at a Workshop on Total
Energy Conservation in Public Buildings that "Energy conservation
will do more than extend the life of the hydrocarbon resources.
It will dampen the environmental impact that follows unavoid-
ably from supplying and using energy - the air pollﬁtion thdt

comes from bu:ning fuels, the thermal pollution of surface

-~ waters that comes from generating electricity, the impairment =~ 7

to land that comes from mining coal or drilling for oil. Even




after new technologies are developed to lessen the environmental

impact of supplying and using energy, energy conservation will
still be a weapon in the fight against pollution.”
Our society has been indoctrinated inua a wasteful

consuniptive economy of affluence. This is the land of plenty

and many people just don't want to believe that energy shortages

exist. PFor years, and in many circumstances, the predominant
philosophy in our country has been one of indiscriminate con-
sumption and waste without concern for anything but our own
immediate needs and desires. Energv was an abundant and cheap
commodity and there was really ho incentive to conserve 1it.
Now the energy picture has changed drastically and the people
must be 1nduced to adapt to the new set of eircumstances. This
requires a change in their attitudes and habits. The public
must be convinced that there is a sho;tage of energy.and that
a sincere effort should be made to eliminate wasteful ensrgy
eehsumption wherever it appears. For the near term it is
particularly important that a wiser and more prudent use of our
energy resources be practiced. Achieving this end will not be
easy and a concentrated effort is required to promote energy
conservation in all facets of our society. '

On January 6, 1972, Governor Nelson A. Rockefeller

established an Interdepartmental Fuel and Energy Committee and

as Chairman of this Committee. The Committee was charged with

“named Chairman Joseph C. Swidler ¢f the Public Service Commission



surveying on a continuing basis New York's fuel and energy
resources and requirements.

The Governor, in his January 18, 1972 State of
New York Message to the Legislature, stated "Equally important
in providing an adequate power supply is the need to avoid the
waste of electric power and of the primary fuels, 'coal, oil,
and natural gas." The Governor continued by stating "Natural
fuel supplies are not limitless.. We are already running low
in natural gas supplies and becoming more and more dependent on
oil imports. Energy conservation will continue to grow in
importance. Our efforts to avoid waste may have an important
bearing on energy costs and the availability of power in the
yearé ahead." The Governor concluded by requesting Chairman
Joseph €. Swidler to continus his efforts in working with the
public and private sectors to encourage the design and building
of more energy efficient equipment and buildings.

The Interdepartmental Fuel and Energy Committee, under
the leadership of Chairman Swiéler, established Ad Hoc Committees
on:

Energy Efficiency in Large Buildings

Appliance and Apparatus Efficiency

Energy Efficiency in Transportation

The above Ad Hoc Committees were charged with
investigating energy conservation in their respective areas

and reporting back to the Interdepartmental Fuel and Energy




Committee recommendations for promoting energy conservation
in their respective areas.

This report presents the work of the Ad Hoc Committee
on Appliance and Apparatus Efficiency. At the opening meeting
of this Committee on September 13, 1972, Chairman Swidler, as
quoted below, asked the Committee to provide assistance in
meeting the energy crisis by proposing plans and recommendations
for improving the efficiency of household appliances and
industrial apparatus.

"For too many years, we have failed to deal with the
waste of energy, ignoring efficiency in appliances and apparatus.
We are now faced with shortages cf primary fuels, especizlly
natural gas and oil, and with stringency of electric power
capacity. It is essential that we move promptly to avoid waste
in the uses of energy."

Table I shows the breakdown by user category of the
. primary energy used in New York State in 1970. The primary
energy used by utilities can be also apportionid among the
categories of the end user to yield the energy use distribution

as i1s shown on Table II.




Table I

Primary Enerqgy Distribution for New York State in 1970

(Considering Utilities as Users)

Percent

User “Trillion-Btu 0f Total
Electrical Utilities 1,103.9 . 25.7
Residential/Commercial 1,474.9 34.4
Industrial 580.3 13.5
Transportation 1,135.4 26.4
Total 4,294.5 100.0

Table IX

(Apportioning Primary Energy Used by Utilities to End Users)

’ Percent

User Trillion-Btu Of Total
Residential/Commercial 2,067.6 48.2
Industrial 867.1 22.5
Transportation 1,168.3 27.2

Electric Utilities and

Transmission 91.5 2.1
Total : 4,294.5 100.0




Table I1 1ndlcaLes that approximately 70 percent of
the primary energy used in New York State is used 1n the
residential, commercial, and industrial sectors. 1} the energy
used in these sectors 1s escentially consumed by on appliance
or apparatus. A considerable portion of this 70 per-ent of the
total energy used in New York State is consumed ain large
buildings and hence the 1investigation of its efficiency of
utilization falls under the jurisdiction of the Ad Hoc Committee
for Energy Etficiency in Large Buildings. tHoweve:r, 1tems such
as motors, lighting and various other appliances whach are
common to large buildings will be covered by this report without
excessive duplication since the Ad Hoc Committee on Energy
Efficiency in Large Buildings 1s focusing primarily on efficiency
at the system level rather than at the component level of
building de81gh. The work of the Ad Hoc Committee on Appliance
and Apparatus Efficiency 1is offéred, theretore, a unique
opportun.ty to investigate the efficiency of utilization of a
major poriion of the energy used in New York State. The areas
where this utilization can be improved, as well as the methods
for accemplishing trhis end, are documented herein. It 1s
fally realized that a task of this magnitude can not be concluded
in a briéf study. This report, therefore, can certainly not

be considered the end, but more realistically, the beginning.



I1. A. Electric Sub-Committee Report on Appliances and Apparatus

l. General Data

The electraic utility industry is an important consumer
of the nation's primary energy resources: coal, petroleun,
natural gas, falling water and uranium. The electric utility
industry in turn, supplies energy to three major sectors of
electric energy consumers: industrial, commercial, and fesidential.
Electric energy consumption in the commercial and industrial
sectors is primarily under the jurisdictions of the Ad Hoc
Committee tor Energy Efficiency in Large Buildings and the Ad Hoc
Committee for Energy Efficiency in Transportation. This
Committee will focus on energy efficiency in appliances and
apparatus usediinukhe residential and ccmmercial sectors.

The distribution of energy supplied by the electric
utility industry was examined to obtain a background for the
relative importance and potential for energy conservation in the

residential and commercial sectors. The 1370 distribution of

electric energy consumption by sector is shown below:

1970 Electric Energy Consumption

(From Reports of the Seven Major Electric Utility Companies
of New York State)

XWh
Sector (Millions) Percent
Residential 24,666 34.1
Commercial and Industrial 47,596 65.9
72,262 100.0




The history of electric energy consumption by sector

1s shown i1n the following table:

History of Electric Energy Consumption by Sector

{From Reports of the Seven Major Electric Utility Companies
of New York State)

Commercial
and
Residential Industrial Total
"KWh 3 ot kWh %t of kwh
Year {Millions) Total {Millions) Total {Millions)
1967 18,958 31.5 41,165 68.5 60,123
1968 20,639 32.1 43,594 67.9 64,233
1969 22,491 32.7 46,317 67.3 68,808
1370 24,666 34.1 47,596 65.9 72,262
1971 25,777 34.0 50,064 66.0 75,841

The above table indicates that for the five year
perlod from 1967 to 1971, residential energy consumption increased
by 36 percent, while total New York State electric energy con-
sumption increased by only 26.1 percent. This trend would
indicate that conservation of energy in the residential sector
wi1ll kecome increasingly more important in the future.

The electric utility industry load in the residential
sector is due to many types of appliances and apparatus which
may be classified into several major categories. The estiméted
energy used by each of the major categories of appliances is
tabulated below to show its relative importance with respect
to energy consumption. The total estimated energy consumed by

appliances in 1970 1s within four percent of the residential
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load reported by the seven major electric utility companies
for that year, and is waithin the accuracy of the known

statistics.

1970 Electric Energy Consumption by Appliance Category

(New York State)

kWh
Appliance Categoiry (Millions) Percent
Food Preservation 7,120 27.8
Climate Control 4,926 19.3
Food Preparation 3,620 14.2
Home Entertainment 2,680 - 10.5
Water Heaters 2,071 8.1
Illumination 2,001 7.9
Laundry 2,005 7.8
Miscellaneous 1,140 4.4
Total 25,573 100.0

The percentage of the total energy used by each

category 1s shown in the following circle diagram.

Food

X Preservation
Miscellaneoyf

Climate
Control

The categories as shown in the circle diagram are
quite broad and were further subdivided to determine where any

appreciable energy savings could be achieved.
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2. Selectidh of Appliances and Apparatus for Study

The Sub~Committee agreed that a basic starting point
for evaluating the energy cbnservatxon potential -of an appliance
was to 1nitially obtain data for New York State on the number
ot appliances of that type used, their estimated energy consump-
tion, and the projections for future sales. This approach
recognizes that, slthough the potential energy savings for one
appliance might be small, the cumulative energy savings for the
aggregate might be of some magnitude.

The Committee's best estimates on appliance energy use
are summarized in Table 1I A-l. The parameters listed for each
appliance are: saturation level, average wattage per unit,
average annual unit consumption, and total energy consumption
in New York State. From this data it i1s possible to appraise
the potential for energy conservation represented by each of the
listed appliances.

The Electric Sub~Committee decided after preliminary
evaluation to concentrate its efforts on several electric
appliances and apparatus that appeared to offer the greatest
opportunities for energy conservation. The appliances and
apparatus selected were:

a. Room Air Conditioners

b. Unitary Air Conditioners

c. Electric Heat

d. Lighting

-14~




e. Refrigerators, Combination Refrigerator-Freezers
and Food Freezers

f. Clothes Washers

g. Clothes Dryers

h. Automatic Dishwashers
i. Water Heaters

j. Ranges

k. Television Sets

l. Fractional Horsepower Motors

The above appliances and apparatus were analyzed in
detail by members of the Ad Hoc Committee and the analysis is

presented in the following sections.

~15-




Table I1 A-1l

New York State

Estimated Annual Kilowatt-Hour Consumption

Selected Electric Appliances

1970°
Average Estimated kwh
Appliance Saturation Wattage Consumed Annually
Total
Per Unit (In Millions)
Food Preservation
Food Freezer (15 cu. ft.) 16.2 341 1,195 1,145
Refrigerator 49.9 250 750 2,213
Refrigerator-Freezer ’
(14 cu. ft.). 25.0 325 1,150 * 1,700
Fefrigerator-Freezer
(Frostless 14 cu. ft.) 24.5 ) 350 1,400 , 2,062
Climace Control '
Air Conditioner (Room) 28.6 1,400 535 1,365*
Dehumidifier (5) 257 377 111
Fan (Attic) (5 370 291 86
Fan (Circulating) (5) 88 43 13
Fan (Furnace) (24) 282 394 559
Fan (Roll-Abcut) (5) 171 138 41
Heat Lamp (Infrared) (5) 250 13 4
Heat Pump _ 11,848 16,003
Heater (Radiant) (5) 1,322 176 52
Humidifier . (5) 177 163 48
0il Burner or Stoker (15) 266 410 364
Resistance Heaters 1.8 15,000 17,000 1,810
Air Conditioner (Central) 3.2 5,000 2,500 473
Food Preparation
Broiler (10) 1,436 100 59
Carving Knife (5) 92 8 2
Coffee Maker 88.6 894 106 555
Deep-Fat Fryer (5) 1,448 83 25
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Table II A-1
(Continued)

New York State

Estimated Annual Kilowatt-Hour Consumption

Selected Electric Appliances

) 1970
) ' Average Estimated kWh
Appliance Saturation  Wattage Consumed Annually
. : ' Total
Per Unit (In Millions)
Food Preparation
(Continued)

Dishwasher - 18.1 800 242 59
Food Blender - 36.5 386 , 15 Lo .32)
Food Mixer 82.4 127 13 63
Food Waste Disposer 25.5 445 30 45
Frying Pan ‘ 56.2 1,196 186 618
Grill (Sandwich) (25) 1,161 33 49
Hot Plate 24,5 1,257 90 130
Range 21.0 1,17 1,459
Range Self-Cleaning Oven 1.7 30 3
Roaster . (5) ) 1,333 205 1
Toaster 92.6 i,146 39 : 214
Waffle Iron (25) 1,116 22 33
Can Opener 45,5 5 13
Home Ente;tainment
Radio-Phonograph 99.8 71 86 | 508
Television (Black & White) 86.7 : 237 262 1,343
Television (Colnr) 37.4 332 375 829
Laundrz
Clothes Dryer 19.9 4,856 %93 1,169
Iron (Hand) 99.7 1,008 98 578
Washing Machine (Automatic) 52.3 260 78 241
Washing Machine (Non-Automatic) 5.0 195 <59 17
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Table II A-1
(Continued)

New York State

Estimated Annual Kilowatt-Hour Consumption

Selected Electric Appliances

" 1970
Average Estimated kWh
Appliance Saturation Wattage Consumed Annually
Total
Per Unit {In Millions)
Water Heaters 8.3 4,219 2,071
11lumination (100) 340 2,011
Miscellaneous

Clock (99.8) 2 17 30F*
Floor Polisher (10) 305 15 9
Hair Dryer o (25) ' 381 14 21
Heating Pad (10) 65 10 6
Sewing Machine (25) ' 75 11 ' 16
Shaver (25) ’ 14 18 .27
Sun Lamp . (10) » 279 16 o 9
Toothbrush ) (10) 7 5 3
Vacuum Cleaner _ 92.0 630 46 250
Bed Covering 49.5 177 “147 430
Water Pump (5) 460 ' 231 68
Total , ' 25,573

i

{ ) Estimated Saturation
5,914,000 Occupied Housing Units in New York State from 1970 Census of
Population and Housing. . '

* 18,47 had one and 10.2% had two or more room air conditioners.

** Assumed that the average home contains three clocks,
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a. Room Arr Conditioners

Room air conditioners are factory assembled unit
packages for climétlc control of homes, offices, and other
similar applications. Basically, thé ?oom air conditioner
cools, dehumldifles, cleans, and 01rcula;es cépditioned air
in an ehélosed space, room, ox.zone. Some room air conditioners
~also have'thé.cépabillty to.venpllateuaqd heat a zone:as well.
Mounting and installation capablllﬁles include window moﬁnting
- or installaﬁiaﬁ through a special opening in the wall. |

Avéilable cooling capacitieé range from 4,000 to
36;000 Btuh. Popularity in cooling capacities seems to favor
the smal.er size room .air cohditloners. According to the
Association of Home Appliance Manufacturers (AQAM), the best

seiling models last year nationally were in the following size

cooling capacities:

Popularaicy Cooling Capacity
Rank ~ Btuh

1 8,000 to -9,000

2 6,000 to 7,000

3 less than 6,000

4 17,000 to 20,000

5 11,000 to 13,000

Enérgy Consumpticn

In 1971, 358,000 room air conditioners were purchased
in New York State - 100,000 more than either of such warm states

as Florida or Texas. The potential electric load of just these
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new units on the New York system amqunts to approximately

430 megawatts. On extremely hot days throughout the State, a
rather obvious assumption can be made that this will be an
almost 100 percent coincidental ioad. This burden is even
turthertmagnified when one recognizes that the power plants,
transmission lines, transformers, and the distribution system
are least capable of providing maximun output_performance due
to the higher ambient temperatures.

Exajgerated summer peak loads are most expensive to
electric utilities, due to the fact that this highest level of
load exists only for two to three hours for a few days during
the.summe:. Generating equipment must be standing idle all
year long just to accommodate a once a year peak, and the
transmission and dlstrlbution systems must be over designed in
order to handlé the extra capacity.

The Consolidated Edison ;ystem, which has the most
exaggerated summer peak lcad in the State, experienced on
July 28, 1970 a summer peak demand of 7,041,000 kilowatts, which
was 27 pefcent'higher than the January 22, 1970 winter peak
demand of 5,526,000 kilowatts.

The utility's system average load for the winter
peak day amounted_to 4,326,000 kilowatts which indicétes-that

" air conditioners and other temperature affected loads such as
refrigerators and freezers can cause system load to be as much

as 25 to 30 percent higher than their average lcad.
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The Association of Home Appliance Manufacturers
{AHAM) has estimated that the total annual electric consumption
ot the approximately 2,301,000 room air conditioners in

. New York State 1s i,365,000,000 kwh.
- Saturation

Accovdinig to the 1270 Census orf Population and
Housing, 18.4 percent of the households {1,091,000) in New York
State had one, and another 10.2 percent (605,000) had two or
more zoamlalr cenditioners. Household saturation of room air
conditioners has been giowing at an annuvai rate of 4 percent in
recent years, although the maintenance ot this rate will be
tempered to some éxtent by the concurrent growth in central air
conditioning household saturation, particularly in new construction.

New York State,.which represents nearly 9 percent of
the national population, accounted tor approximately 9.5 percent
of the 1971 national air conditioner sales. This indicates that
the New York State growth in rcom air conditioner energy load is
only slightly greater than the national average. An estimated
25 percent of the annual room air conditioner sales are replace-

ment sales and the approximate life of a unit is 12 years.

Enerqgy Efficiency

The room air conditioner is unique among household

appliances because a readily available and rational method for




quantifying the energy consumption characteristics of the
product in terms of the energy used and the function it performs
(an energy efficiency ratio) already exists. Since 1961 the
room air conditioner manufacturers have voluntarily submitted
their products to an independent testicg laboratory retained

by the industry trade associaticn for the purpose of testing

and certifying to the public the Btuh cooling capacity, wattage,

>

and amperage of each unit. This program, designed to provide -

accurate information to consumers on the primary product
selection consideration (cooling capacity), by happenstance also
provides an accurate method for rating energy consumption by
dividing the certified Btuh output by the certified watts.

This situation is unique for three reasons, as

follows:

l. The room air conditioner, unlike many other
appliances, performs essentially one task
for consumers; this task (cooling) is relatively
easily measured under laboratory controlled
conditions; and the system for accomplishing
the task is self-contained within the appliance.

2. The industry developed a standard establishing
a controlled operating condition that
reasonably represents acfual consunier use
conditions and thereby all aperating measure-
ments are based on the same conditions. The
AHAM Standard is RAC-1.

3. The industry submits their products to AHAM
for certificaticn of performance claims based
on independent laboratory testing.

Window air conditioners have a range cf energy

efficiency ratios of 6.0 to 7.4 Btuh/watt in the 8,000 Btuh
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cooling capacity models, and 5.7 to 8.5 Btuh/watt in the
10,000 Btuh models. Exhibit Il A-1l, "Range of Efficiencies

of Window Units by Cooling Capacity," indicates the tremendous
variation of energy efticiency over the e&ntire cooling fange.

The average window air conditioner has an efficiency
of about 6.50 Btuh per watt. This corresponds to an electrical
consumption ot about 1.85 kilowatts per every 12,000 Btuh of
cooling.

The range of energy efficlency ratios for the
through-wall air conditioners is 6.2 to 7.3 Btuh/watt in the
8,000 Btuh models and 5.6 to 6.6 Btuh/watt in the 10,000 Btuh
models as 1s shown on Exhibit II A-2, "Range of Efficiencies
of Through-Wall Units by Cooling Capacity."

Through-wall air conditioners have about a 6.00 Btuh
per watt energy efficiency ratio, corresponding to 2.00

kilowatts per every 12,000 Btuh of cooling.

Cost Benefit Analysis

Careful purchasing practices by a consumer when
selecting a room air conditioner can yield impressive energy
savings. Unfortunately, the only cost a consumer notices is
the initial cost. Most consumers never calculate the variations
which occur in the operating costs of alternative models in
the identical cooling range. Estimated operating costs should

be compared since one unit can cost almost twice as much as




another to operate due to mechanical design differences
resulting in higher electrical consumption.

Exhibxzts 11 A-3, "Room Air Conditioners: Present
Worth of Power Costs tor Downstate New York” and II1 A-4, "Room
Air Conditioners: Present Worth of Power Costs for Upstate
New York" enable the discraiminating purchaser to determine which
model air conditioner is the best buy, as shown in the following
example:

A prospective purchaser requires an 8,000 Btuh window
air conditioner: Model "X" uses 1,500 watts, Model "Y" uses
1,000 watts. Model "X" costs $150. How much can the purchaser
afford to pay for Model "Y" which consumes less power?

A downstate purchaser should turn to Exhibit II A-3,
By entering the chart on the left-hand side at "1l500" watts and
followxng the curve horizontally to the diagonal guide on the
right, and then dropping down to the bottom scale, the purchaser
can read "$315" power costs for Model "X", Repeating this
rrocedure for Model "Y", enter the left-hand scale at "1000"
watts and determine the power costs of $210 for Model "¥". The
difference between the power costs, $105, is the extra amount
that could be applied to Model "Y". A purchaser could afford
to pay $150 plus $105 or $255 for Model "Y".-

An upstéte customer using the data on Exhibit II A-4
will find that it would be economical to pay up to $190 for

Model "Y", or $40 more than the $150 for Model "X".
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Exhibit II A-l

EFFICIENCY RANGE BY COOLING CAPACITY
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PRESENT WORTH OF POWER COSTS FOR DOWNSTATE NEW YORK
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BEST COPY AVAILABLE

Design Changes to Improve Efficiency

As previously discussed, the energy efficiency ratio
(EER ©of air conditioners is stated in Btuh per watt. The
vitimare EER 1s not a tixed value, but 1s a continually
increasirg go&l. However, the application of new ideas and
design mod;fxca:ions, tsuaily accompanied by added costs for
ranpcower and tccling, may not be economically sound when con-
sidering the overall competiticn of the air conditioner
manutaciuring industry. 1f the performance of air conditioners
1s to be appreciably i1mproved so that energy will be conserved,
1t 1S the cpinion of this Committee that pressure must be
placed on the industry by agencies which specify and buy equip-
ment or, it need be, by legislation. The agencies or legislation
can impose &a schedule of incréasing performance factors which
is based on reasonable appiication of state of the art technology.
However, the means to achieve these factors must ultimately be
the responsibility of each equipment manufacturer.

Roum air conditioners have been developed as a
plug-in appliance requiring only an electrical connection. The
major elements of an air conditioning unit are an evaporator
coill, a condenser céil, a circulating refrigerant, a sealed
hermetic compressor, two fans, and a single phase electric motor,
These components are positioned in the conditioner unit such
that the condenser air fan and condenser are located on the
outside of the buildiné wall when the room air conditioner is

installed.
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The compressor, the most impcrtant component'in an
air conditioner, is complex in design, production, application,
and performance. The refrigerant, lubrication system, and
electric motzr are the most important cocmponents in the
hermetically sealed compressor.

The electgic motor used to d;ive the compressor is
the largest component of the compressor. assembly and usually
determines 1ts size and configuration. In order to satisfy the
containuous demand to inake egquipment smaller and more compact,
the coumpressor size 15 reduced by using smaller motors for a.
given pumping capacity. This reduction in motor size is
accomplished by using less iron and copper and by improving
electrical insuiation. However, this modification results in
a several percent reduction in efficiency at the design load
and vo;tage.

The compressor can be redesigned so that the
etficiency will be increased about five to ten percent at the
design point, and possibly as much as 10 to 20 percent at
extreme temperatures and vo;tage conditions. The compression
ratio can be increased if provisions are made to prevent
undesirable material from entering the cyliner. The motors
can be redesigned tou improve the efficiency at the design point
and provide a flatter efficiency curve with changes in load
and voltage. It should be further pointed out that motor

inefficiency not only requires more energy input to the motor,
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but the resulting additional heat due to less efficient
operation must be absorbed by the refrigerant and removed by
the refrigeration system.

The motor thch drives the condenser and evaporator
fans uses about 15 to 25 percent of the enexgy delilivered to an
air conditioning system. The condenser fan is used to force
air over the condenser coil to remove the heat from the
refrigerant. |

Tﬁe condenser coil is a heat exchanger used to
remove heat from the refrigerant by forcing air across the tubes
of refrigerant so that the heat is-transferred to the air. The
condensing coil has gradually been reduced physically to satisfy
the demand for compactness and has resulted in a higher éondensing
pressure and temperature. The evaporator coil is a heat exchanger
used to transfer heat from the air to the refrigerant by forcing
the air across the evaporator coil. The evaporator coil has also
been reduced physically to meet the demand for coﬁpactness and
hés resulted in reduced compressor suction éressure and temp-
erature. Both of these coils can be increased in physical size
and would each increase the air conditioning energy efficiency
ratio by about five to seven percent;

The mechanical design and assembly of the enclosure
of the components is very important because the arrangement of
enclosure panels determines the flow of air through the equip-
ment. Any air that can bypass the coils or leave the system

through openings in panels or ductwork will reduce the performance.
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It is the;eche Leperative that the equipment be assemb Led
from rugyged material that has been.protectéd against orrosion
and vibration that cou'd resvit 1in unwanted paths throuwgh
which the it ficw would bypass the cnils.

Fira:'iy. rthe electric design of the equipment must
be broad enough to permit acceptable performance with the wide

voltage ranges that are commonly experienced.

Maintenance and Serviuce

To recain the designed efficiency of a room air
conditioner, the unit must be serviced at least once a year.
Annual maintenance of a rcom aiir conditioner by the owner consists
of cleaning or replacing the air filters as necessary, inspecting
the plug and cord for cracks and wear, vacumming the accessible
parts, lubricating according to the manufacturer's directions,
and resealing around the unit where vibration may have loosened
the weather stripping.

The refrigezaht system, drive belts and the thermostat
should be periodically checked by a qualified serviceman.

In areas of greater air pbllution, more frequent
attentién to maintenance is necessary because air pollution can

cause rapid deterioration ot exposed parts.

Conclusions

1. Governmental organizations should be encouraged

Q "'32"

RIC '

Aruitoxt provided by Eic:



to lead the way in modifying their purchasing procedures to
require the purchase of more efficient air conditioners.

2. An increase in the efficiency of air conditioners
will lessen their impact on peak power demand and conserve a
significant amount of energy. This increase in efficiency of
new air conditioners might be brought about by educational
programs to assist consumers in selecting efficient units or
through legislatibn imposihg minimum performance requirements on
air conditioners offered for sale in New York Stéte. This.
Ad Hoc Committee believes that mandatory minimum performance
standards are the most effective approach in improving air
conditioner efficiency within a short time span. A more
detailed discussion and recommendations regarding the use of
cducation and minimum standards for incréasing air‘conditioner

efficiency 1s contained in Section III of this report.
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b. Central Air Conditioning Equipment

Central air conditioning equipment is used to
condition the areas toc large to be econcmically and
conveniently air conditrioned by room air conditioners. Central
air conditioners are used to condition the space of industrial,
commercial, and residential buildings. Mahy different types
and designs of central air conditioning egquipment are in common
use including equipment tﬁat is used for seasonal or year-round
air conditioning. Centra. ailr conditioners can be purchased
as preassembled self-contained units, as unassembled matched
components, or as unassembled and unﬁatched components which
when conbined properly will operate as a system. When components
have been designed to be assembled into a system, or are pre-
assembled, they are classified as unitary equipment. Units of
these types are manufactured in ratings ranging from about
20,000 Btuh to about 2,000,000 Btuh of air conditioning.

The configuration of unitary equipment can vary
considerably. Most equipment utilizes air as the medium for
cooling the refrigerant; however, packaging characteristics
of equipment change, depending upon the application.

Unitary air conditioners with air cooled condensing
units are the most commonly used type in residential installations
and have therefore been studied in detail by this Comnmittee.
These units consist of an air cooled condensing unit comprised

of a refrigerant compressor, condensing coil and fan, and an
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evaporator unit‘(cooling coil). Refrigerant piping connects
the two assemblies. The condensing unit is usually located
outside of the residence, whereas the evaporator or cooling
coil will be in the duct system, usually immediately downstream
from the furnace, within the residence. This eguipment con-
figuration igs identified by the designation RCU-A-C, Remote
Condensihg Unit, Air Cooled (coil only) in the ARI Directory

of Certified Unitary Air Conditioners and Heat Pumps. Condi-
tioned air is usually circulated by the furnace blower in these
installations.

The coonling capacity of the equipment installed
depends upon the cocling requirements of the residential
structure. The number of residential installations using
equipment larger than 60,000 Btuh is quite small. ‘In commercial
and industrial installations. equipment ranges upward to
2,000,000 Btuh.

The ARI Directory of Certified Unitary Air
Conditioners lists the cooling capacity in Btuh and power
input in watts of the certified equipment. The power input
includes all power consumed by all electrical components of the
unitary equipment. For single2 package units and for units
which include a far or blower in the evaporator unit, the
listed input includes power for the fan or blower to
circulate the conditioned air. Wwhen the unitary equipment does

not include a fan or blower, as in the RCU-A-C type unit, the
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power input contains no power for the evapcrator or cooling
coil fan motor. The rated cooling capacity does contain an
allowance for the assumed heat released by a fan or blower

motor.

Energy Consumption

The energy consumed in New York by unitary air
conditioning equipment can be assumed to be a function of the
average capacity of the equipment, the number of units, the
average Energy Efficiency Ratio (EER) in Btuh per watt, and the
equivalent full load hours of operation where installed. This
large number of variables makes it difficult to estimate the
energy consumed by air conditioners in New York State.

In New York this problem is particularly compiex
because New York is not a single climate entity. The New York
State Office of Genergl Services estimates that air conditioners
installed in New York City operate about 600 equivalent full
load hours a year and those installed in other areas such as
Buffalo, Albany, and Syracuse, operate about 400 equivalent
full load hours per year. Furthermore, saturation in the upstate
area is likely to be less than downstate because of the milder
summer climate.

In 1970, the United States Census determined that
199,651 residential units in New York State contained central

air conditioning. Air Conditioner shipments to New York
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State have averaged about 4.5 percent of the national market,
of which about 70 percent are in areas reasonably represented
by the New York City climate, and the remainder in areas
represented by the Albany climate. The total number of central
air conditioner units estimated to be in New Yorx State at

the end of 1972 is 340,000 units.

The si1zes of residential central air conditioning
equipment range from about 22,000 Btuh to about 60,000 Btuh,
with an average size of abnut 36,000 Btuh. The average EER for
these units i1s 7.2 Btuh/watt and results in an average energy
use of 5000 watts per unit. The estimated energy use of the
units that were in service at the end of 1%72 is 918,000,000
kWwh per year, This estimate is based on units which do not
include evaporator fans or blower motors. The evaporator fan
or blower motor usually requires about 20 percent as much
energy as the rest of the air conditioner. If this energy is
added to the above, the total energy consumption of residential
air cohditicners in New York State is 1,100,900,000 kWwh and
represents more than 3.5 percent of the State's annual
residential energy use.

Air conditioners are normally sized to maintain
comfort at the design conditions in a given area, and if an
extended period of two or three days of unusually hot weather
occurs, there will be little, if any, diversity of air conditioner
load so that the electric demand of air conditioners will

approximate the total installed capacity. The electric demand
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of the 340,060 air conditioners with an average of 5000 watts
per unit is 1,700,000 kW, and i1f the evaporator fan or blower
motor is added, the total is 2,040,000 kW.

In addition, 1t 1s estimated that 24,000 central air
conditioning units of larger size for use in small commercial
and small andustrial applications will be shipped into
New York State in 1973. These units and existing small commercial
and small industrial units will operate at the same time as
the residential units and, since there are about 33 percent as
many, will increase the unitary air conditioning annual load
and peak demand in New York State to 133 percent of the values

stated above or 1,224,000,000 kwh and 2,300,000 kW, respectively.

Saturation and Projected Shipments

The 199,651 residential units in New York State which
were equipped with central air conditioners represent a satura-
tion level of 3.2 percent. Air conditioner shipments have
increased substantially during the last ten years, and this
trend is expected to continue. The growth of air conditioner
saturation is affected by the rate of residential construction
and by the national and regional economic conditions.

Industry estimates, which are normally rather
conservative, are collected annually by ARI and are tabulated
in the form of six-year projections of domestic shipments.

The projection issued early in 1972 was as follows, with
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New York State figures being calculated as a percent of

domestic shipments, of which about 75 percent are expected to

become residential units: "
'
Estimated Annual Estimated
Shipments Into Added ' Added
Domestic New York New York State New York
Shipmerts 4.57 of Total Energy Use State
Year (Millions) Domestic kWh Demand kW
1972 2.0 90,000 243,000,000 450,000
1973 2.2 99,000 267,000,000 495,000
1974 2.4 108,000 291,600,000 540,000
1975 2.6 117,000 315,900,000 ,585,000
1976 2.8 126,000 340,200,000 630,000
1977 3.1 140,000 378,000,000 700,000
Total 1,835,700,000 3,400,000
Performance

One measure of the operating characteristics of air
conditioning equipment is its "energy efficiency ratio,"
expressed in Btuh of cooling capacity per watt of electrical
input. The energy efficiency ratio is analogous to the thermo-
dynamic term "coefficient of performance," which has units of
Btu per watt-hour.

The energy efficiency ratio is not a fixed value
in that it changes as air conditioner operating conditions
change. This is particularly significant in the case of units
which utilize air-cooled condensers. As outdoor temperature
increases, condensing pressure and temperature increase and
the Btuh of cooling effect for each watt of power consumed
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decreases. Conversely, as outdoor temperature decreases, the
performance increases.

Further discussion of EER will be resu-.cted to that
calculated from the rated Btuh cooling capacity und the watts
input as published i1n the ARI Directory of Cert:irf:=d Onirary
Air Conditioners and Heat Pumps. These values were all
obtained at ARI Standard Rating Conditions which are, for air
cooled condensing, as follows:

Air Entering Indoor Coil 80F dry-bulb

67F wet-bulb

Air Entering Condenser Coil 95F dry-bulb

Cooling Coil Air Quantity not to exceed 37 £ cfm

per 1000 Btuh of cooling capacity

The performance for all models of twc types of
equipment certified by a very limited number of manufacturers
is shown in the graph of Exhibit II A-5. Both types of equip-
ment utilized remote zir-cooled condensing units. One type,
RCU-A-C, does nout include a fan or blower for circulating
conditioned air; this function wouldvnormally be performed by
the blower in the furnace. The second type, RCU-A-C3, included
a blower-coil unit with a fan or blower motor.

The "cumulative relative frequency” shows the percent
6f units studied whose EER was equal to or less than the value
on the ordinate of the graph. For example, 50 percent of the

RCU-A-CB units studied had an EER of 6.6 Btuh/watt »r less.
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The conling rapacities of the units examined ranged
from about 18,00¢ Btuh to 130,000 Btuh. There were noticeable
variations ot the energy =2fficiency rati1v 1n eacn manufacturer's
produ~t., but 3t did appear that, in a very general way, the
smaller units consumed energy less efficiently than did the
larger units.

It 1s probably reasonable to assume that the ‘energy
efficiency rati1n of the combination of an 4ir conditioning
vnit (type RCU-A-C) and furnace fan would be very nearly the
same as that of an air conditioner which included a cooling
coil fan itype RCU-A-CB;.

Exhibit Il A-6 shows an analysis ot the pertformance
factors for 783 models i1n the cooling capacity range of 18,000
Btuh tc 60,000 Btuh. These are the products ¢f 12 manufacturers.
All models are ot type RCU-A-C, and input tO the cooling-coil
fan is not congxdered in determining the eneryy efficiency
ratio.

One provision ot the ARI Certification Program for
Unitary Air Conditioners 1S that one-third of each participant's
basic models must be tested 1n an lndependent laboratory each
year. These units are selected by the ARI Engineering Staff,
usually after examining svbmitted test data to determine which
units seem most nearly susceptible to failure. Results from
independentlybcon&ucted tests on units thus selected were

reviewed by the ARI Staff to get an indication 1f energy
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aennsumption characteristics were changing significantly from
year to year. The data, as summarized by ARI and presented

below, suggests major changes have not occurred:

Performance Factor 1965 1967 1971
Low 5.8 6.0 6.4
Median 7.3 7.1 7.1
High 9.0 8.5 8.8

It should be remembered that the units tested were
selected on the basis that they might not achieve the performance
claimed for them. This, in general, however, was found not to

be the case

Improved Energy Efficiency Ratio vs. Equipment Cost

The average energy efficiency ratio (EER) of air
conditioning equipment is about seven Btuh/watt and can possibly
be 1ncreased to about 12 Btuh/watt. The improvement in EER is
generally accompanied by an increase in cost to the manufacturer,
which must eventually be paid by the end user. The actual
2dded cost 1is difficult to determine. The manufacturers, who
have built high efficiency equipment, state that they have not
found sufficient purchasers who are willing to pay the added
price to justify continued production. The manufacturers
feel that research to improve efficiency is not justified
because of the lack of sales appeal of the higher cost but

more efficient equipment. The total owning and operating cost

O
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analysis 1s relatively easy to calculate for self-contained
eguipment. such as window air conditioners,; but is extrer~ly
difficult to apply to unitary split system equipment. The
cnst of split system equipment may represent only 40 percent
of the system cost, and the applicafion and installation may
have more effect on system efficiency than component test
efficiency. Since total owning and operating costs are very
difficult to apply to split system equipment, standards for
minimum component EER should be established and some form of
field 1nstallation 1nspecticn should be developed to help
guarantee acceptable systém installation.

If stangdards are established for minimum EER,
equipment having higher EER will g:adually become the most
commonly produced equipment. Where high speed or semi-high
speed production 1S involved, the standard product can be sold
for lower cost than a non-standard product, even though the
non-standard product contains less expensive parts. The
difference 1s more than offset by production techniques. If
this occurs or 1s approached in central air conditioning
equipment, the equipment with high EER need not be accompanied
with an excessively high price.

One of the major problems associated with central air

conditioners, even with eguipment that has been manufactured
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as parts of unitary equipment, is that the air conditioners can

"~ only condition,épace aft@r they have been incérporatad into an
overall system designed and instalied by specialists other

than the equipment manufacturer. Central air conditioners,

unlike windew air conditioners, refrigerators, or other

appliances can not be simply . unpacked, set in place, plugged

in. and operated. Central air conditioners must be incorporated
into an air conditioning system which is specifically designed

to suit the needs of the structure of which it is part. Connecting
duct work must be properly ccnfigured and sized to convey the
required volume of conditioned air. Proper and adequate electrical
supply must be provided. Refrigerant piping must be installed
without permitting air or moisture in the refrigerant cixquit,

and 1n most installations a closely specified quantity of
reftigeranf must be placed in the. refrigerant circuit.

The contractor determines the gize and type of
interconnecting equipment and is responsible for proper .
installation. The contractor's action can affect the air.
conditioning system performance. as well as-fhe maintenance
requirements. Skill.and care in installation and service are-
essential to efficient and reliable operation.

Essential steps in selection, installation, and operation

of a central air conditioner should .include the following:

Load Calculation

The design load on the system should be carefully

calculated by a professional engineer for a large installation, or
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by a contractor for residential applications, using industry
standards or guides published by the American Society of Heating,
Refrigerating and Air-Conditioning Engineers (ASHRAE), or by
Air-Conditioning or Refrigerator Institute (ARI) 230, or Manual J
published by the National Environmental Systems Contractors
Association (NESCA). Even though the calculations require time
and therefore cost money, they are essential if the systems

are to provide satisfactory performance.

Equipment Selection

Equipment must be selac¢ted that will have the
characteristics and capacity to fulfill the réquirements of the
application. The equipment must ha&e the capacity to maintain
tolerable conditions at extreme temperature and humidity conditions.
However, the system should not be larger than necessary because.
it will then, on average warm days, cool the space too quickly,
overshoot temperature settings, cycle too often and, in general,
provide uncomfortable space conditioning.

Excessive cycling will result in inefficient performance

as well as causing excessive wear on the unit.

System Design

The design changes recommended to improve the
operating efficiency of room air conditioners also apply to
central air conditioning systems. . In addition, however, there are
other factors unique to a central air conditioning system that |

‘must be considered in a study of the efficiency of this device.
Q
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The duct system must be carefully designed using
industry procedures such as Manual K published by NESCA or
ASHRAE Guide and Data Book. The duct system should be located
within the conditioned space, rather than in attics or other
unconditioned spaces or be adequately insulated to prevent heat
gain. System design and equipment selection are mutually
dependent and may be done concurrently. Careful design is
important, even though it requires time and adds .initial cost,
and must be done to avoid air turbulences and high pressure

drops in ducts that result in inefficient performance.

Dual Voltage Rated Equipment

The electric design of dual voltage rated air conditioners
must be broad enough to perform with acceptable efficiency when
installed on any electric system for which it is designed. For
instance, if a given unit 1s recommended for use on both 208 and
230 volt systems, the efficiency ghould not be drastically reduced
at either voltage. This however is often not the case. An ARI
certified unit of the RCU-A-C type produces 24,000 Btuh with
3,500 watts when applied on a 230 volt system. This same unit
is footnoted in the ARI Directoryl to require 700 more watts to

produce 1000 Btuh less or 23,000 Btuh with 4,200 watts when

l.Directory of Certified Unatary Air Conditioners, Air-Conditioning
and Refrigeration Institute.
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applied on a 208 volt system. The unit energy efficiency ratio
Eeduces from 6.9 to 5.5 Btuh/watt or 20.3 percent when the supply
voltage 1s reduced from 230 volts to 208 volts. This large
reduction in energy efficiency ratio (EER) demonstrates that
dual voltage rated units may result in a significantly lower
EER at one of the rated voltages.

It is recommended that dual voitage rated equipment
be listed directly by ARI at each of the rated voltages instead
of employing the use of footnotes. Efforts should be made by
manufacturers of such equipment to provide high energy efficiency
ratios at both rated voltages or if necessary to obtain a reasonable
level of efficiency, provide individual equipment for each

voltagé.

Installation

| Installation must be carefully and skillfully done by
mechanics following the instructions and recommendations of the
equipment manufacturers, desig:ers and contractors. Relatively
minor deviations from the instructions and recommendations or
unworkmanlike construction can undo the efforts of engineers
and designers and will result in unacceptable performance and
inefficient operation of the system.

The mechanical assembly of the ductwork and enclosures

of coils and other components through which air flows must be
properly sealed and free of obstructions which can reduce

performance. The ductwork should be corrosion resistant and
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sufficiently ruéged so that the effect of vibration will not
"result 1n future system air leakage.

The mechanical assembly of the refrigerant tubing
must be such that the refrigerant liquid or gas will not be
restri~ted i1n flow or trapped in the system. Coils and inter-
connecting tubing must be arranged so that there are no sharp
bends or abrupt changes in cross-sectiocn present in which a
vapor lock or liquid block can occur causing restriction
of the refrigerant flow. Restricted flow will reduce capacity’

or cause equipment malfunction.

Check, Test and Start

System checking, testing and starting requires highly
specialized skills and may include charging the refrigerant
circuit, measuring s?étem operating pressures, temperatures,
air quantities and electric voltage, and current. These
characteristics must be checked or adjusted to their proper
operating values to optimize the performance so that satisfactory
comfort conditicns will result and so that the energy efficiency

ratio will be as high as possible.

System Operation

The homeowner and resident must be instructed to use
his air conditioning system properly and effectively and should

be tcld what maintenance procedures he can reasonably perform and’

=50~




be encouraged to perform them regularly. He should be instructed
that the most econcmical operation of the system will result
from setting the'thermostat to the highest point in summer,
and the lowest point in winter, that will provide acceptable
comfort. He should be sufficiently aware of system operating
characteristics so that he will recognize a need for service.

The above steps are essential to obtain an air
conditionlng'system that will provide comfortable conditions

~at the highest efficiency for the life of the eqdipment.

Reqular Maintenance and Service

Routine maintenance and prompt service are essential to
effective and efficient system operation. The refrigeration
circuit should be tested at least once a year to assure correct
refrigerant charge, proper operating temperatures and pressﬁres,
and correct lubrication. Air filters should be changed at least

four times a year and the air flow checked at least once a year.

Water Cooled Condensing Units

Several years'ago the Eastern Section of the
United States experienced a very serious drought for a period
of several years. The drought occurred at about the time when
many air conditioning units were installed with water cooled
condensing units which used purified drinking water for cooling.
In an effort to conserve water, many local governments passed

ordinances or laws to prohibit the use of water cooled con-
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densing units which used the water once and discharged it into
the sewerage system. These ordinances resulted in a change to
almost~un1versal use of air cooled condensing units for

small installations.

At this time when energy availability 1s dwindling,
the use of water cooled condensing units should be studied, New
techniques in the use of water towers have been developed
which reduce the reguired quantity of water. The overall effect
' on the environment may indicate that additional use of water
to reduce the energy required for air conditioning is justified.
The estimated savings in energy of water cooled condensing
units compared to air cooled condensing units 1installed in
New York City is between 15 and 25 percent. This savings will
occur at the time of peak load on the New York electric systems

when electric generation capacity 18 at a premium.

Recommendations

1. State and local government agencieg that purchase
central air conditioning equipment should be encouraged to lead
the way 1n modifying their purchase procedures so as to regquire
the purchase of more efficient equipment.

2. Air Conditioning and Refrigeration Institute (ARI)
should be encouraged to tabulate the energy efficiency ratio
(EER) of all models listed in its Directory of Certified
Unitary Air Conditioners. This should be done by each voltage

to which the manufacturer specifies that the unit may be connected.
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3. Manufacturers of unitary air conditioners should
be encouraged to improve the EER of dual voltage rated units.

4. Manufacturers of unitary air conditioners should
also be encouraged to develop inexpensive monitoring systems
that indicate when air conditioning equipment components such
as filters, ducts, fans and other components need attention.

5. As stated for room air conditioners, this Ad Hoc
Committee believes that mandatory minimum performance standards
are the most effective approach in improving air conditioner
efficiency within a short time span. A more detailed discussion
and recommendations regarding the use of education and minimum
standards for increasing air conditioner efficiency is ccatained

in Section III of this report.
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c. Electric Heat

The use of electricity for space heating 1i1s increasing
in the United States. This trend has far reaching implications
in terms of conservation of primary fuels, current fuel shortages,
the ability of the electric utilities to meet current and pro-
jected loads, air polliution considerations and off-peak loading
as related to utility electric rates.

Although the greatest consumer saturation of electric
space heating is found- in the South, significant growth iu
saturation is predicted throughout the nation in the next decade.

The Federal Power Commission (FPC) in the 1970 National Power

Survey, indicated that 40 percent of all new dwelling units
built in the United States between 1971 and 1980 will be all
electric.

Data taken from the 1970 Census indicates that there
were 5,913,861 total occupied housing units in New York State.
Of these,

a) 3,357,171 unitr or 56.8% have oil heating,

b) 2,237,007 units or 37.8% have gas heating,

c) 104,091 units or 1.8% have electric heating.

New York State has the lowest percentage saturation
of electric heat of any state in the nation with the national

saturation being 7.7 percent.
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The Electrically Heated Residential Dwelling Units
Added in 1971 and 1972 tor each utility company are shown in
Table I1 A-2, The total number of units added in New York State
in 1971 and 1972 are 16,057 and 18,371 respectively. The added
units represent approximately a 15 perceat increase ia 1971 and
1972.

The average annu;l energy consumption of residential
electric heating units in New York State is estimated to be
approxlmately 17,000 kWwh. The total energy consumption for
electric heating units in New York State in 1970 was approxi-
mately 1,770 million kWh. This constituted 6.7 percent of the
total residential electrical energy usage or about two percent
of the total electrical energy usage in New York State in 1970.
These percentages are expected to increase signific;ntly by the
end of the decade. -

Most of the electric heating installations in
New York State use baseboard resistance heaters. An analysis
of the types of heating units found in the approximately 10,000
residential electrically heated dwelling units in the Long

Island Lighting Company Franchise Area is presented below:

Type of Electric Percent

Heating Unit 0f Total
Baseboard 84
Hydronic 5
Warm Air 4
Glass Panel 4
Ceiling Cable 1
Other, Including Heat Pump 2
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The total number of residential and commercis! heat
pump i1astalliartions 1n the Long lsland Lighting Company
Franchilse Airea 15 ¢82. The total number ot heat pump installa-
tions 1n New York State 1s estimated to.be about 500. The
heat pump, althoughvgore energy conserving than electric
resistance heatiny, has obtained only limited applicaxion because
ot 1nitial cost and waintenance considerations. The heat pump
1s discussed in greater detail later in this section.

The relative merits of electric heatiny das compared
to tossil fuel spuce heatiny 1s a subject about which there 1s
considerable controversy. New York State Public Service
Commission Case 26292, "Conservation of Enerygy in the Consolidated
Edison Franchise Airea" 1s presently bringing to light much data
and ditferences ot cpinion on this subject., The Public Service
Cummission has also lssued a report "A Study of Electric Space
Conditioning i1n New York State" which treats the many aspects
of the use of electric heat i1n great detail. Although a
comprehensive treatment of the relative merits of electric heat
is not considered within the scope of this report, it is
believed that a brier summary of the conclusions ot the Public
Service Commission teport 1S worthwhile since 1t gives some
perspective on the overall problem.'

"Electric resistance heating 1S highly etficient, but
the production and transm1581on_of electricity 1s not. Thus,

less energy 1s needed at the point of use of electric heat
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compared with fossil fuel heating, but in the former case more.
total energy must be delivered to the State."” As a consequence,
under current construction practices even though more thermal
insulation i3 used in homes heated electrically than in homes
heated by fossil fuels, "an increase in electric resistance
heating would increase the total amount of energy needs for
heating. Energy needs could be reduced if better insulation
practices were required in all new bulldings. The use of heat
pumps and heat recovery systems cculd substantially reduce
energy requirements when heating by eiectric. These possibilities
should be vigorously pursued."

Our computations indicated that increased electric
space conditioning saturation would be beneficial from a power
system viewpoint. High saturations would reduce the spread
between the summer and winter peak, improve annual load factors
with a consequent beneficial impact on unit costs, and increase
utility revenues. As a consequence such high electric use
could be beneficial to the consumer from a rate viewpoint.

Also, in high population density ‘areas, the use of
electric space heating may be more environmentally advantageous
than local boiler installations on the assumption that the
electric generating plants are located in remote areas and that
the local boiler installations cannot adequately dispgrse the
stack emissions. Where the local boiler installations are

equipped with air pollution control equipment this advantage
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1S minlmai. On the other bhand, local boiler installations
are more advantageous from an energy conservation viewpolnt.
Thus, 1n considering the rwlative merits of electric space
heating and local boiler installations, one must balance
environmental needs ayalnst the need to conserve enérgy.

On balance, and considering the current electric
power supply situation, nothing should be done to stimulate
electric load, particularly in the downstate area. Over the
longer term, however, electric space conditioning, particularly
in highly urbanized areas, might be desirable. Such long term
use of electric power 1s particularly advantageous 1in view of
possible shortages ot other fuels and could be quite competitive
from an energy conservation standpoint, especially if the
potential energy savings tfrom heat pumps and heat recovery
systems are realized. In all cases, rates should allow recovery
for the cost of service; promotionai allowances should not be
permitted.

The many unresolved questions with respect to an
overall comparison of eiectric heat as opposed to primary fuel
usage cannot be answered by this report. Further study is
necessary to resolve the issues. With respect to one and two

family homes, electric resistance heating consumes significantly

more praimary energy than direct heating with fossil fuels,
especially 1f thermal insulataing practices are standardized for

all homes regardless of the fuel used.
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The following suggestions are provided as a guide to

using electric resistance heat most efficiently:

Energy Crnservation Suggestions with Electric Resistance
Space Heating Systems

l. Thermal insulation is the 1.ust effective way of reducing
consumption with electric heating. Since the 1950°'s the
electric industry has used the "All Weather Comfort
Standard" for electric heated and air conditioned homes.
This is a guide to good thermal performance values and
vapor barrier and ventilation practices. 1In April 1971,

. the Federal Housing Administration (FHA) in its Minimum
Property Standards No. 300, Interim Revision 51A; has
specified maximum heat losses for One and Two Living Units
to reduce heat losses in homes using any type fuel to the
same level.

2. Weather stripping and caulking around all windows and doorxrs
and checking for infiltrating air in these places could
reduce electric energy requirements by as much as 15 to 30
percent. _

3. 1Install storm windows or insulating glass. Insulating
glass will cut the amount of heat loss through the window
areas by one-half.

4. Close the fireplace damper tightly when the fireplace is
not in use. A chimney can draw off as much as 20 percent
of the heated air in a house during each hour the damper
18 left open.

5. Close the doors to the attic, basement, or other unheated
parts of the home. With an individual room thermostat
system, turn down the thermostats in the room not in use
to 65°F. ,

6. Night Setback - Setting the thermostat back at night will
reflect a savings in energy use. As an example, Honeywell,
Inc., has run a computer simulation test of a heating install-
ation in the New York City area. The data indicates that
an eight hcur night sethack (10 p.m. to 6 a.m.} will result
in the following energy savings:
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Night Setback Energy Savings

5°F 8% o
7 1/2°F 10%
10°F 12%

Notes:

l. The savings are based on typical New York City
temperatures.

2. Fcr a well insulated home, multiply savings by
0.75%; for a poorly lnsulated home multiply
savings by 1.5.

3. Further delay to 8 a.m. on reset has an
additimnal influence on savings because the
solar load will aid in returning the house to
the desired daytime temperature.

Constant changing of thermostat setting increases the use
of energy. With convection or radiant heating systems
(electric baseboard or ceiling cable), a setting of 70°F

is usually comfortable; forced air systems may require a
slightly higher setting. Energy costs increase about three
percent for every degree that thermostat is raised above
the normal setting of 70°F. Higher settings will not make
a room warmer any faster.

When a house is to be unoccupied for several days, the

thermostat should be set lower for this period, say to
55°F.
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Heat Pumps

Although the use ot electric beat 18 increasing in
New York State, 1i1ts use 18 almost entirely in the form of
electrical resistance heating. Heat pumps are capable of
delivering more usetul heag'thaﬁ the Btuh equivalent of their
electrical input. Their use has been essentially limited in
New York State because of initial cost and maintenance factors.

A discussion of heat pumps is appropriate since the
use of heat pumps, in lieu of electrical resistance heating,
would result in an annual average energy savings of approximately
50 percent. In view of the growth in electric space heating
predictad 1. v New York State, the statewide energy savings that
could be realized through the use of heat pumps 1s extremely
important.

The heat pump 18 a mechanical apparatus that can
either heat or cool a dwelling unit. The heat pump operates on
the basic mechanical refrigeration cycle, by transferring heat
from one place or source at a relatively low temperature to
another at a higher temperature. When used for cooling, the
heat pump is operating as anAair conditioner. ‘The coil inside -
the space to be conditioned is used as an evaporator and the
outside c;;},is used as the condenser. When the heat pump is
used for Keating, the functions of the inside and outside coils
are reversed by altering their positions in the refrigerant

circuit, usually by means of a four-way valve.
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The performance of @ heat pump is evaluated in terms
ot the ratio of the heating effect over the net energy supplied,
which is defined as the coerficient of performance {CP).

Heating Effect

ce Net Energy Supplied

When evaluated over a heating season the coefficient
of performance 1is called the Performance Factor (PF).

In heating, the heat pump supplies the heat equivalent
of the electrical input plus th. heat taken from the outsidg air,
water or earth.  The air-to=-air heat pump is the most commc:
type because of its universally available heat source and its
simple application to'small structures.

Since the minimum heat delivered with a heat pﬁmp is
the heat equivalent of the electrical input, its minimum possible
performance would be equivalent to the use of electrical
resistance heating.

The maximum attainable coefficient of performance of
a heat pump would be that of a reversed Carnot cycle which is:

P ‘T—Erl:"r
1 2
Where T; and T, may be taken as the inside and outside coil
temperatures respectively. |
An actual heat pump in general can be only about half

"as efficient as an ideal Carnot machine. Coefficients of
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performance oi heat pumps vary with the design and capacity of
the units and the temperature conditions under which they are
used. Heat pumps with cooling and heating capacities suitable
tor use in dwellinyg units typically have coeftficients of

performance which range from slightly over one with an outside

- air temperature of 0'F to approximately three at 70°F. The

coefficients of performance of larger heat pumps for commercial
applications are slightly higher with the coefficient of
performance for these units being 3.5 or more.

As shown 1n the heat pump pertformance curves of
Exhibit 1I A-7, and Exhibit I, A~8 respectively, .he coefficient
of performance and the capacity of a heat pump decrease with
decreasing oﬁtside air temperature which unfortunately is an
inverse relationshlp to .the actual demand fér heat. To compensate
for this loss of capacity at low temperatures; heat pump systems
also use electrical resistance heaters to supplement the heat
output of the heat pump cyéle. The heat obtained from the
electrical resistance heaters 1s delivered at an equivalent
heat pump coefficient af pertformance of one; hence, for maximum
system efficiency, electrical resistance heating should be
minimized. ‘

Heat pump units are generally sized on the basis of
required cooling capacity. The associated heating capaci*y of
the heat pump selected is usually within 10 percent of the cooling

capacity. The Air Conditioning and Refrigeration Institute (ARI)
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Standard heating ratings are specitied at an outdoor temperature
of 45 F. Some varlation 1n the cooling,heating Capatrity ratio
does exi1sr', thus setecting & wvnit 1involves choosing the unit
which most nearly satisfies the heating requirement as well as the
cooling requilrement.

In all New York State climatic divisions the space
heating reguirements ot residential structures exceed the
heatinyg capacity avallable when the heat pump system 1s selected
on the basis of required cooling capacity.

Wwhen a heat pump operates 1n a heatiny cycle and its
outdoor coil surface temperature 18 below 32-F, frost accumulates
on the evaporator coils. The amount ot frost and i1ts rate of
accumulation depend on the moisture content ot the ambient air
as well as the difterence between the ambient alr temperature
and the evaporator temperature. The frost must be zemo&ed or
the heat cutput ot the heat pump wili dec:egse as the frost
accumulates. Eventually, the frost woulid block the airflow
over the evaporator coil. Heat pumps have a defrosting cycle
to eliminate frost build-up. The actual mechanism of defrosting
the outdoor coil 1s accomplished by reversing the heat pump
and heating the outdoof coi1l with heat from the building.

Duraing the detrost period, supplemental heaters are used to
oftset the building heat losses.

A variety of systems have been devised to 1nitiat§
defrosting. The most cémmon are listed beléw:

ERIC

IToxt Provided by ERI

-67~



a) A timer to ainitiate defrosting at
predetermined intervals dependlng on outdoox
alr temperatuxes. /

b) A pressure switch whlch will react to
increase.. pressuxre drop across the evaporator
coil caused by frost build-up.

c) A temperature difference control (thermostat)
which will initiate the defrost cycle at a
predetermined temperature difference between
the refrigerant in the evaporator and the
outside air.

The amount of energy consumed in the defrost cycles
is a small percentage of the total annual heat pump energy
requirements. This percentage does vary with climatic condi-
tions and is estimated to be 0.5 percent on a national basis
and an average of about two percent for the New York State area.

During the course of a heating season, a heat pump
will be required to operate over a range of outside air temp-
eratures at which it will exhibit different coefficients of
performance. The Performance Factor (PF), the térm used to
describe the perrtormance of the he&t pump over a heating season,
will have a value dependent upon the heating season temperature
profile and the performance characteristics of the individual
heat pump.

Calculations were performed by the Committee to
determine the variation in performance factor resulting from
the difference in climatic conditions experienced in New York

City and Syracuse. A ranch type home with a 1,700 square foot

livable area having a-heat loss rate of 690 Btu/Hr/°F was
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assumed in making the calculation. The heat pump was assumed
to have the capacity and perrformance charalteristics shown in
Exhaibat 11 A-8 and Exhabat 11 A—7,.zespect1vely. The heat
loss of the residence has been suéérlmposed on Exhibit 1I A-8,
s0 as to graphically demonstrate the outdoor tempera.ure at
which the maximum heat pump capacity is equal to the heating
load (balance point:, and the outdoor temperatures at which
each of the supplemental heaters are being used at full capacity.
The results ot the study shown in Table 11 A-3,
indicate that performance factors of 2.3 and 1.8 will be obtained
with operation of the specified heat pump under the climatic
conditions encountered 1n New York City and Syracuse, respect-
ively. It is believed that these calculated performance fadtors
are somewhat high. Many existing heat pumps have a low
temperature cut-oéf which prohibits heat pump operation under
freezang conditions. At temperatures below cut-off point,
heat is supplied entirely by the supplemental heaters, thus
lowering the performance factor. Recent improvements in the
detrost cycle of heat pumps have resulted in reliable low
temperature operation, thus elaminating the need for a low
.temperaturé'cut-off. This improvement has increased both the
reliability and the pertormance factor of héat pumps .
The use of the heat pump in'lleu of electracal
resistance heating will result in an energy savings‘of 57 percent

in New York City, and 45 percent in Syracuse. This energy
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savings 1s seen to be very significant in both the downstate

and upstate areas. Therefore, from an energy conservation stand-
point, the heat pump is superior to the electrical resistance
heater since a significant relative energy savings will be
experienced.

The two factors which have itended to digctourage
increased sales of heat pumps are high initial cost and past
maintenance problems. The slightly higher initial cost of
heat pumps as compared to electrical resistance heating and air
conditioning 1s eventually recovered by reduced operating costs.

Several years ago, the heat pump was considered an
appliance of low reliability and gave prospective purchasers
concern with respect to cost of service, as well as inconvenience.
These factors, in addition to the higher initial cost of heat
pumps than electrical resistance heating, lied 1n many cases
to the selection of the latter.

The Edison Electric lInstitute initiated a Heat Pump
Improvement Research Project in 1963, Field data on an
ihproyed Westinghouse Electric Corporation residential heat
pump design was collected for a three-year period on approximately
150 installations in various parts of the country. The data
indicated that an average of 1.13 calls per unit per year were
required, with the average time for repair being about three

hours. o ,
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Detrost 1s the most serious heat pump design problem.
Failure to derrost and unpredictable i1ce bulid—ué are problems
tor which 1mpiovement 1s vital to the use of heat pumps. Temp~
erature ranging trom the mid-thirties to the low-torties which
constitute approximately 25 pexcént of the heatinyg season in
New Yourk State, are probably the most severe for defrosting
requicrements.,

In the selection of space conditioning appliances,
the total owning and operating cost must be taken into éon81dera-
tion. The 1initial cost of a residential heat pump system would
be approximately $100 to $300 more than central air conditionang

combined with alternate electric heating systems such as

h\

25 28te L€ fuznaces, electric duct heaters, or electric baseboard

2

heatiny. Based on the climatic conditions and the rate structure
in tne Lony lsland Lighting Company tranchise aiea, a typical

one family residence of 1,890 square fteet with electric resistance
heating would consume approximately 17,600 kWwh at a cost ot about
$260. The use of a heat pump system with a performance tactor of
2.6 would save $130 per year in energy costs. Additional factors
to be considered are the 1ncreased maintenance costs and shorter_
system life ot the heat pump. These factors are difticult to
estimate tor the New York area because ot the limited number of
installations in New York StateAand the lack ot service experience
in this area. All Jata available, however, does indicate that at

existing utility electric rates, the cost ot energy saved by use



of a heat pump 1n lieu of electrical resistance heating will
more than compensate over the lite of the system tor the some-
what higher initial and maeintenance costs. The paybaék period
tor recovering the i1ncieased initial cefpltal expenditure is
estimated to be leés than five years throughout the Star~ and
will depend primarily on the performance characteraistics of the
unit selected, climatic concitions in the specific area, and

utility electric rates.

Summary and Recommendaticns

The use ot heat pumps 1n lieu of electrical resistance
heating could reduce the average electric space heating energy
requirements by approximately 50 percent. Slightly hlgher
initial cost will eventually be recovered by reduced.opexating
costs. In view of the growth in electric space heating predicted
for New York State, the use of heat pumps ofters a very signi-
ficant opportunity throughout the State for the conservation of
energy.

In order to realize the energy saving potentlgl of
heat pumps, it will be necessary to build consuher confidence
in the reliability of thas device. The first step is for
manufaqtu;ers to demonstrate confidence in their own product
bnggf;rlng guarantees and low cost service policies.-

The increased use of heat pumps in New York State

would, to some extent, result in a greater summer air conditioning
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load, since presently lecs than 25 percent of electric space
heating customers 1nstall central air conditioning. However,
the use of resident:al central air conditioning 1is increasing
and the energy consumed during the ccoling seasoh would only
be less than 15 percent ot the energy saved throﬁgh vse of the
heat.éump.

The use of heat pumps for ccmmercial space
conditioning in New York State 1s extremely desirable since
virtually all commercial buxi@lngs now being built are centrally
air conditioned. 1n addition, for commercial building, the
heating and cooling loads are more nearly balanced and, hence,
conform to the heating capability 6f the heat pump. This mini=-
m1zes the use of supplemental resistance heaters and increases
the Performance Factor of the heat pump.2 The use of heat

pumps for commercial buildings has been covered in the report

of the Ad Hoc Committee for Energy Efficiency in Large Buildings.

2.For large residential and commercial applications, heat pumps
using a reservoir. of water are often used. These heat pumps
have higher coefficients ot performance and performance factors
since these parameters are dependent upon the temperature of
the heat source. )
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d. Lighting

En@#@? used'}cr ililumioatiaon 8 ¢f great anrterest in
an encigy Ctliization analysis sinee apprositaié.y 25 percent of
‘all eleétrlt energy_sold 1s consumed for lighting. The amount
of energy used for lighting and the efficiency at which the
éne:gy 18 utlliéed has been the subject of recent ¢oncern and
controversy. In the past two decades, Lightllafels recommended
by iiiumination enygineers have risen substantially. Many people
are now questioning the justification for these changes.

Little effort has been mede tc encourage turning
lights off when they are not needed, and in some buildings it is
the practice tu intentionally lea#e thé lights on at.night to
create a more ravorable bulidlng appéarance. In the World Trade
Center, accessible switch.s to rndividually contrel room iighting
have not begn provided since essentially all lighkting may be
under computer controi in the distant future. ‘Licnting is
presently controlled manually at panelbcsrds on each floor. The
relative merits of this system from the standpoint of convenience
and energy conservéation will be found by experlencé 1t the
éomputer controllied iighting system goes int: cperation.

1

‘The enecgy provided tfor ilighting ends up mestly in the

fort 18 mads LD recover

&4

form cf waste heat, and usually nc e
" this waste heat and utilize it xn rhe overal! space conditioning

regulrements or the building.

O
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The lighting investigation made by this Ad Hoc
Committee and the recommendatlons provided heiein are of a
 general nature and as such, cover all types of lighting. The
lighting devices discussed are used in;dwelling units, stores,
iarge buildings, and for parking'lot,'Streetvand nigﬁway,

lighting;: This Committee has duplicated in‘éome Smeiifpart”the

,work of the. -Ad Hoc Committee .on Large Buildings., However, thisbb L

~ duplication is con51dered tc be minimal and is. so pIOVlded to
.otfer a oomplete report. _.'

Presented below aie eight recommendations for the‘l};i"<”
. better utilization of energy used for lighting.‘ They cover'gf;

design, peration, and maintenance:

1. Design Lighting for‘ExpectedJTaeké::'

. In establishing lighting requirements it is
necessary to determine what types of aCthltleS are expected,

their duration, and where they are expected to occur.

- The concept of filling the space with high level7light‘ogfﬁ

is an inefficient lighting approach. It is much more productive_"ft*

to graduate 1illumination as required by the task at hand, and to -

keep the surroundings in appropriate belance. Lighting should

' be provided for the seeing tasks with less light on surrounding~m3*?¥:

'noanOrking.areas such as corridors, Storage and pédestrian or
Vehicular areas. An example of the use of task lighting systems

is the light in an aircrait cockpit used to illuminate the




pilots dashboard containing the engine and flight control
systems., There should be the capability to relccate or alter
lighting equipment where changes in the use cof the space are
anticipated.

The Illumihating Engineering Society'(IES) recommends

values of illumination for visual tasks or a group of tasks in

an area. Thé IES Lighting Handbook3 sometimes lists locations
rather than tasks, however, the recommended footcandle values
hgve beén arrived at for specific visual tasks. Aalso, supple-
mentary luminaires may be used in combination with general
lighting to achieve the recommended ievels. The general lighting
should be not less than 20 footcandles and should contribute at
least one~-tenth the total iliumination level.

Where task_pos&tions are rixed and known, the lighting
should be designed aécordinglyv However, task lcscations are not
aiways known in advance »i design so that it often becomes
~nécessary to install task lighting levels at all prcbable task
iocations using a general overall lighting system. When this
is done, the luminaires should have the caéability of operatiné
with controlled operation:of the lamps. |

| Where taskllighting is provided, recoﬁmendations
concerning Luminance (brightnessi ratios should .be . considered

in determining levels for non-task area lighting.

3. 1IES Lighting Handbook, 5th Edition, 1972, Figure 9-80,
Levels of Illuminaticn Currently Recommended, Page 9-8l.
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2. Design with More Effective!Luminaires

|
/

Select lighraag equlpment_capablé wf previding
proper visibaltaty for performing tasks. This 1inciudes selecting
lighting equipment designed to avoid veiling reflections and
glarg.

Luminaire LJghtJng eftectiveness depends on how well

the llght provlded enhances the yisibility of visual tasks.

-nght,ll; not controlled, can reduce visibility by.produc;ng

velllng refle~tlons (:eflectlons which will partlally hide the
details of a tnsk and Jower the tdSk contrast) and dlsablllty
glare !llght SCattexed in the eyes producing a haze to look
through - such as experienced with oncoming headlights atkhighflf
Well shielded {(low brightness! lumlﬁalxes canleliminate

disability glare. Bright qnshlelded.WJndows near thé line Af-
sight can produce significant disability glare. : R

' Luminaires that cohsume equal wattage and provide
equal 1llum1hétion levels may not provide equal‘visibility of
seeing tasks. Two IES répértsbhave been published covering the
evaluation of the visual effectiveness of lighting systems.4

A computer program 1s available to simplify the evaluation

process. Other programs are under development.

"4, Committee on Recommendations tor Quantity and Quality of \

Lighting of the IES Report No. 4, "A Method of. Evaluating
- the Visual Effectiveness of Lighting Systems," Illumlnatl_g
Englnesr{_g, Vol. 65, August 1970, P. 504.

Commlttee-on Recommendations for Quantity and Quality of T
Lighting of the IES Report No. 5, "The Predetermination of Con-

' Illumination," Journal of the IES, Vol. 2, January 1973, P. 149.

tract Rendition Factors for the Calculation of Equivalent Sphere .



It has been found, for example, that polarized light
and lighting from the side by luminaireé of specific désigﬁ
can ehhénce task visibility by reducing veiling reflections.
| B& illuminating the working area at an ahgle beyond £he zone
causing veiling reflections, the effectiveness of the illumina-
" tion can be increased to close to 100 percent. Conversely, a
~heavy con?entration of light from overhead aqd forward of the
task can produce a high degree of veiling refiectionsfand may be
és little ;s 25 percent effective, -
More efficient luminaires prosuce a greater amount
of light on the task with less energy. For egamplé, as sﬁown
in Exhibit II A-9, in a given room, incandescent indirect
luminaires may require a load of 7 watts per sﬁuapn f@oﬁlof
floor area to produce a 30 footcandle‘illumination leyél;-but
direct fluorescent t?éfferévmay only require a load of ébbut
- 3 watts per square foot to achieve double this level._' |
The illustration in Exhibit II A-10 shows how the
redlregtlon of light through a system removing it from the
glare zone can raise its effectiveness from 25 percent to almost” -
100 percent so as to achieve optimum visibility-o£ detaii,

3. Use Efficient Light Sources

¢

The various lamps available today have different
4'chara¢teristics._ Efficiency of lamps, which is stated as lumens
J  oufput per watt input, ranges from less than 10 lumens per watt

7“fto over 100 lumens per watt as shown in Table II A-4.
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Exhibit II A-9
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Table II A-4

Lighting Efficiency of Various Light Sources

Ratio As
- Lumens/Watt Compared To
. Initial Lamp Lamp And 100 watt
Light Source - Lumens Only Ballast Incandescent
25 Watt Incandescent 235 9.4 NA '.54 
100 Watt Incandescent ) 1,750 -17.5 NA | 1.00
1000 Watt Incandesbent 23,740’ 23.7 NA ©1.35
20 Watt Fluorescent¥ 1,236 " 61.0 49 2.8
40 Watt Fluorescent** . 3,200 78.0 70 4.0 »; 3
112 Watt Fluorescentsxk 9,150 81.0 73 4.17
400 Watt Mercury Vapor 23,000 57.0 Si 2.9
1000 Watt Mercury Vapor 63,000 63.0 58 3.3
400 Watt Metal Halide 32,000 80.0 68 - 3.9
1000 Watt Metal Halide ‘ 100,000 100.0 93 5.3
400 Watt High Pressure Sodiué Vapor 47,000 117.0 | 104 5.9
1000 Watt High Pressure Sodium Vapor 130,000 "~ 130.0 122 7.0

% 247 Cool White - 2 Lamps Per Ballast (Pre-Feat Start)
*% 48" Cool White - 2 Lamps Per Ballast (Rapid Start)
*%% 96' (800 ma) Cool White - 2 Lamps Per Ballast (Rapid Start)
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Higher wattage General Service (GS) lamps are more
efficient than the lower.wattaée lamps. Therefore, using fewef
higher wattage lamps may save power. For example, one l00-watt
GS lamp produces more light than two 60-watt lamps (1756 lumens
vs. 2 x 860 lumens = 1720 lumens;.

For the same wattage, GS lamps (750 to 1000 hours
life) are more efficient than Extended Service (ES) lamps (2,500
hours life). For example, a 100-watt GS lamp produces 17.5
iumens per watt input while a 100-watt ES lamp produces 14.8
lumens per watt input. For equal lighting resulté in this case,
17.5 percent more lamps and power are required when using the
ES lamps. | |

ES lamps are used where maintenance labor costs are
high or where lamps are located in nearly inaccessibie locations.

The choice of light sources is limited by the
application and not all light sources are appropriéte for a
specific lighting task; Charécteristics that are normally coﬁ;
- sidered in lighting selection include esthetics, size, light
source color, initial cost, and the cost of operatibn and
maintenance. The reiative importance assigned to each of these
characteristics usually dependé'upon the applicaﬁion.

Residential lighting 1s accomplished entirely by
incandescent and fluorescent lighting. although fluorescent
~'1ighting has approximately three to five times the efficiency

of incagdescent lamps, as shown in Table II A-4, the use of

’
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fluorescent lamps has been limited in residential use because
of initial cost, color rendition, and the physical size and
appearance of fluorescent tixtures.

On the other hand, the i1llumination of office buildings.
is accomplished aimost entirely by fluorescent lighting. Some
incandescent lighting 1s used in“this application, but it is
the exception, rather than the rule, especially in new buildings.
High intensity discharge' (HID) lamps could be applied in office
~buildings, but they have been used primarily for exterior
iighting'applicatlons such as for parking lots, street and high-
way lighting. A more extensive discussion of street and highway

lighting is presented later in this section of the report.

4. Use Luminaires Designed for Heat Removal

Recognize and control heat irom lights, Heating
and cooling systems'should be designed ta use lighting heat
emitted from lights to reduce heating energy and to control
lighting,heat for minimal effect on cooling loads.

By using luminaires having air or water heat transfer
-capabilities, some heat from luminaires can be removed ﬁrom the
lighting fixtures and rejected externally to the building
instead of allowing it to enter the occupied space in warm
weather. Conversely the heat can be utilized in the occupied
space in cold weather. By integrating the ‘lighting and air
conditioning systems, the cooling and heating system requirements

can be reduced.




5, UselLight {High Reflectance) Finishes on
Ceilings, Walls, Floors and Furnishings

Dark finishes absorb laight that could otherwise
be utllized. ‘Excessively light finishes can cause glare.

Follow the IES reflectance recommendations presented below.>

Recommended
Surface -Reflectance
Ceiling Finishes : 80-90%
Walls 40-60% .
Furniture 25-45%
office Machines and Equipment 25-45%

Floors o 20-40&

The upper limits of reflectance have been.selected
to avoid excessively brightfsurfacésawhich can ¢ uncomfortable '
or reduce visibility by producing disabilzty glare.

As 1llustrated in Exhibit II A-11, high reflectance
finishes can increase the utilization of light. 1In the example
shown, by repainting ceiling, walls and floor andlrefinishihg
furnitdre, the average illuminétlon leveiywas-increésed from-less

than 10 foot candles to over 40 footcandlés.

6. Light Areastnly When Reqpirea

Flexibility in the control of lighting should be

7 provided by the lighting design. 'Separaté and cohvenient

:i‘f”sl IES Lighting Handbook, 5th Edition, 1972, Page 11-5.
6. . IES Lighting Handbook, 5th Edition, 1972, Page 5-17.
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Exhibit 11 A~
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{ilumination level in a small room in an industrial area. (A) Test -~
room before changes 1n color scheme. (B) Step by step changes. (C) Test-.
room with li1ght walls, ceiling, floor, and furniture. (D) Variation of

rllumination and utilization coefficient with color scheme. - .
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switching or dimming devices should be installed for areas that
have dlfferent use patterns.

Wnere the lighting has been designed to provide a
higher light level than deemed necessary for current tasks, the
llght level can be coxrected by redu01ng the number of 1um1na1res
in use. This can be ideally accomplished if swltches have been
provided for this purpose, or their installation is still
economically feasible.' Hewever, if switching is net available,
a reductlon in tne light level can still be accomplished_by
removing the fluorescent lamps from luminaires} providedvthat‘
1nd1v1dual lamps connected to a common ballast are not removed

When a working or living space is empty, secure and
not used for display or observation, there is no need for ”
lighting. In this case it 1s always more economical_to'tufn.
off incandescent lighting and, where offftime is mere than a
- few minutes,.fluorescent and highfintensity discharge lighting
‘;should be turned off. | -

In areas where adequate dayllghtlng is poss1b1e,
photoelectric control systems can be utilized to turn off the
electrac lightlng and operate draperies and venetian blinds.

Educational proérams, aeidescribed in-Section IITI of
thls_report, shoul& be instituted that will remina:occupants to
turn off lights as they leave an empty room or.when daylighting

is adequate.
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_uptjmlze both quﬁfl.u amd heating efﬁecr_s.l Daylighting Shoﬁld

be utlezed as . practlcabxe to DLOdULL the reguired 1lJum1natlon

: © BEST COFY AVAILABLE

T, Optimsae Window Design £0r Dayiighting
and R TondlnLoning

B

Wilniews shouid ba designed and utilized so as to

"
N

elther alone or thn an L1ch'al lightlng system.

The Iavels o1 Ltlamlnatlun tﬂtommend d by the

are not based on eledtric Lighting extlasxxely. Th; IES oubllshes

a Recommendea Practice of

deSLQn data-ln

because ot the w1de d[LatJOW n ddVnghl [ £1 con eveLal thousand

'

‘utilization of ddYLl ht "t 1s polnfed out, howeve;, that

: Loottandleq down to zersr arn adequate axr1f1c1a1 llghtlnq

system =huuld be pruvlue

achieved by skiliitul appiication of

The requ1rements for qood~11th1no deQ1gn can be

These technicgues include:

a) Redirecting avallable iight for better
interior distribution and utilization,
such as with venetian blinds.

b} Limitaing the leghtPeSS uf fenestration
to within comiortable limits (the same
criterra as used for electric sources) by
using devices such as: shades, screens,
blinds, and low transmission giazing.

nrecommended Practice of Daylighting", Illuminating

Engineering, August 1962, ,

1ES ngﬁtlngfﬁandbook 5th Edition, 1972.
"Recommended Practice of Dayllghtlng Illuminating
Englnner;_g, Auqust 1962.
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c) Controlling solar radiation entering

' a space, by utilizing such means as
reflective glass coatlngs and sun’
screening, to reduce air condltlonlnq
requlrements. :

8. Maintain Lamps and Luminaires

- Select luminaires with good,e;eaning capability,
ﬁand lamps with good lumen maintenance.' Select a lighting"
sserv101ng plan to minimize light loss during eperation and thus.
-reduce the number of luminaires requlred

Studies have shown that good lighting maintenance
procedures provide better utilization of the lighting system.

" For example, a study of a fluorescent lighting System, where

“different maintenance procedures were used, showed: that (see _

"Exhibit II A-12):

a) When lumlnalres were cleaned and relamped
once every three years, the illumination
had dropped to 60% of the initial level
after three years.

bi':When luminaires were cleaned eVery“one and
a half years and relamped every three years,
the illumination had dropped to 68% of the
initial Jevel after three years. :

c) When lumvnalres were cleaned once‘aHYear
and one third of the lamps replaced ‘once a
Jyear, the illumination had dropped to 78% .

_'of the initial level after three years and
to 75% even after 12 years. :

’v Therefore, adoptlon of a better maintenance program

,allows the 111um1natlon englneer to recoﬁmend a smaller number

'f lumlnalres to be 1nsta11ed to. achleve the same 11ght1ng

level 1n the space.
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PER CENT OF DESIGNED INITIAL LIGHT QuUTPUT

O
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Aruitoxt provided by Eic:

Exhipcit L1 A-:2
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Six causes of light loss. r
white rapii start lamps in enclosed surface mounted units, operated

"10 hours per

ray,

TIME IN YEARS

> days per week,

2600 hours

Example above uses 40-watt T-12 cool

per year. All four

maintenance systems are shown on the same graph for convenience.
Tor a reiative comparison of the four systems, each should begin
at the same time and cover the same period of time.
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In designing new lighting systems more attention
should be given to maintenance procedures. The tenant or owner
should be aware of the maintenance procesures considered in the
design.

Instructions covering operation and maintenance should
be posted. These initially should be based on the design
criteria, but may be modified later as more efficient, newer
replacement equipment 1is installed. As activity locations
cﬁange, modify the lighting system and instructions accordingly.

Lighting information for building owners and tenants
should be provided. All illuminated spaces should have a set
of instructions covering the operation and maintenance of the
lighting (electric of daylight), both for maximum utilization of

power and for economic considerations.

Summary and Recommendations

The following eight recommendations summarize ways to
better utilize energy for lighting:

l. Design 1ightin§ levels for tasks.

2. Design with more effective luminaires.

3. Use efficient light.sources.

4. Use luminaires designed for heat removal.

5. Use high reflectance finishes on ceilings,
walls, floor, and furnishings.

6. Light areas only when required.

L4
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7. Optimize window design for daylighting and
air conditioning.

8. Maintain lamps and luminaires.

The eight recommendations offer opportunity for savings
in energy‘expended,for lighting and air conditioning without
sacrificing visual‘performance or comfort.. It is'important to
not. that for air conditioned buildings, for each watt reduction
in llghtlng there is an additional one-half watt reduction in air
conditioning power requirements because of the reduced lighting
heat load.

Not all of the above recommendations will necessarily
result in a savings in dollaré expended for materials and
services. An overall cost to benefit analysis over the expected
life of the installation is required to determine the relative
savings.

The recommendations provided herein, if carried out,
couid easily result in a one-third reduction of energy used for
lighting. Several of the recommendations'appiy primarily to
new construction and it is in initial design that the greatest
oﬁportunlcy for energy savings exist. Most of the energy savings
can be realized by applying the principles involved to existing
lighting installations. A sizable portion of the energy wasted
is‘the result of unnecessary laghting levels.

Where the lighting has been designed to provide a

higher light level than deemed necessary for current tasks, the
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light level can be corrected by reducing the number of luminaires
in use. This can be ideally accomplished if switches have been
provided for this purpose, or their installation is still
economically fteasible. However, if switching 1s not available,
a reduction in the light level éan still be accomplished by
removing the fluorescent lamps from luminaires, provided that
individual lamps connected to a common ballast are not removed.
The Committee suggests that the State initiate.
iighting energy savings in State office buildings. The Committee
recommends, therefore, that the State building and operating
agencies review the recommendations presented herein and take
appropriate action. The benefits of any action taken by the
State agencies can then be used as an example to the private

sector and the general public.

Highway Lighting

Differences of oplniﬁn on the relative value of
highway lighting has hampered the acceptance of firm national
standards. The guidelines most widely used by the various
state highway departments are published by the American Associa-
tion of State Highway Officials (AASHO) in their booklet,

An Information Guide for Highway Lighting. | '

The Aﬁerican National Standard Practice for Roadway

Lighting bhas also been approved as a Proprietary Standafd by

the American National Standards Institute (ANSI Standard D12.1-1972)
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o " BEST COPY AVAILABLE

under the sponscrship ¢! the [lluminating Engineeraing Scoigty.
oresents a new rormart Vor classificaticon of oadways: & new
tabie of 1ilumdnation levels: a new mathod for defilning cliassi-
ficationg of luminaire ltight diszributions wath respect to the
roadway area coverage and classifications for the control of
glare. Information is provided on lighting fundaﬁentals, compu-
tation metheds and application design data for special situations.
This standard aiso prn«;des means for measutr:ing and evaluating
illummitnaticon, brighctness, glare and visual tasks. A condensed
cresentation of the American -National Standard Yractice for

i
Roadway Lighting 1s included as part of the IES Lighting Handbook.

Industry develupment and yeneral experience on
li1ghting ot streets and highways has resulted in 4 reasonably
well develuped technigue for the design c¢f lighting systems.
For a gaven condition to be tighted and a known levei of light
to be provided, the accepted methuds permit ieady analysis of
different alternates in Lamps, luminzires, mounting height of
lvminaires, iongirtudinal lumlnaire spacing, cowers consumption,
and cost comparison data to determine 3 preferred design,

The "design" &f{ a hichway lighting anstallation is a
process of utilizing known photometric characteristics of a

selected lamp and iluminaire in a somewhnat trial-and-adjust

106. 1ES Lighting Handbook, 5th Edation, 1972, Section 20,
Roadway Lighting
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process of assumed luminaire locations on the roadway for

which 1s made a calculatisdi of the average amount, or levei,

of illumination and distribution of light over the roédway‘

area. For each lamp-luminaire combination there are manufacturer's
photometric data which include isofootcandle charts showiné the
"contours" of various horizontal féotcandle values over the
area iliuminated by that unit. Cbmbinations of these, with
certaiﬁ horizontal 6verlap, can be used thedretically to
aetermine luminaire positions to produce the desired average
amount of light over a given pavement area and distribution
there§£.

The actual amount of light when measured on the
roadway may véry.from calculated figures from the manufacturexr's
charts, depending upon variable installation factors such as
voltage, individual laﬁp output, alignment of luminaires, etc.
Neverﬁheless, the values for average amoﬁnt of light and
variation of light level are usuaily chosen on the basis. of
what appears satisfactory on actual highways in- relation to
these values computed from the manufacturer's charts. The
present design.values outlined i1n the AASHO Guide and the ANSI
Standards have been stated in terms of calculations from |
manufacturer's chart values. Thus the lighting "design" is as
shown on the charts for laboratory conditions with due considera-
tion to empirical factors for lamp depreciation and luminaire

dirt accumulation. While the pattern and amount of light on

’
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the pasvemwent may be suihnabie for the gondxf;on“, Lt may be
different from thar namaed 8 the aesron leval 2 1iluminataion
er unlTormity ranio when soesurad by field iastyawants sich as

footcandle meters.

‘LeveL and Unif: *m;gi of lllemination

~ The leve} and unitormity ot 1lluminat10n’alonq—a

' highway depends on several items ;né;udlng; rhe-tyne and 1umeng e

outphr ci'llght-sogfges;'1um1n§;re equ$p&enr,hma ntlnq helght';
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ll‘hthg poles. The s*re dverage level ’ #n he ubt:xned by
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'»féctor ot condern 1in cumpa:dému;&ﬁ sﬁcﬁ7é;terhmcéisjﬁféms §5; 5$f
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and élzes. leghtlng systéms Qsihg h;gh—effitiency?;;d large
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and'uh;fcrm1ty ot 11lum1nat1¢n.'vhigher-1Qﬁ1naire'mountina
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Light Sources

- The subject of light sourCes“is simplified when -
limited to the street and highway lighting field because of
the relatively few types that are applicable. There are
roughly 10,000 different types and wattages of lamps manufactured
while only three types with a few standard'wattages of each
type are generally used for highway illumination. These three
‘types, mercury vapor, metal halide, and high pressure sodium

vapor, are grouped as high intensity discharge (HID) lamps.

Mercury Vapor: The 400 watt mercury vapor lamp has

béen the most widely used source for highway lighting. With

the trend to higher mountings there pas now developed an
increasing usagelof thé 1,000 watt mefcury vapor lamp. Progress
on lamp desiéns.has résulted in longer lamp lifé (estimated

life of 24,000 hours), better_lumen maintenance throughout lamp

life, and better color rendition characteristics.

Metal Halide: Metal Halide lamps are basically

mercury laﬁps to which metallic halides have been added. This
results in a 50-percent increase in lamp efficiency, a color
rendition characteristic comparable to Improved Color mercury '
vapor lamp, and good optical 'control capabilities. At present,
the life and maintenance characteristics cf-this“lamp are not

as favorable as mercury vapor lamps.
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High Pressure Sodlqm Vapor: The high pressure sodium

lapp, :s the lirst source of white light having a lamp effi¢1ency

ot approximately Lid tumens per watt for the 1,000-watt lamp

ttwice the efficiency of the mercury lamps).  The high efticiency

of this lamp 1s combined with a good color rendition chgracter-
istic, high lumen output maintenance throughout lamp life, and

good optical control capabalities,

incandescent: The filament (incandescent) lamp is

usea tur tratfic signals, but has almost been discontinued for

street and highway service,

Fiiorescent: The fluorescent lamp 1s s¢1ll used for
tunnel, underdeck, ard low rai1l lighting and some street and-
highway 'iyghting. Some fluorescent lamps are used for sign

lighting.

Lamps: Lamps represent only a part of the overall
cost of a lighting system. However, the choice of the lighting

source has a significant eftect on the economics of the system.

Luminaires: Many ditferent types of open and
enclosed luminaires are available tor rocadway lighting. The
luminalre contains an cptical assembly consisting of a reflector
and refractor to gather the light emanatiné from the lamp and
achieve a particular light distribution on the roadway surface.

Some luminaires are adjustable to select various lateral and
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vertical light distributions and vertical control above.maximum
candlepower, while others are designed to give a single

distribution.

Economic and Energy Conservation Considerations

The selection of lighting equipment is made so as to
obtain the des1red llghtlng results with the lowest total annual
cost lnqludlng 1nstallatlon, operation and maintenance. The
relaﬁivé energy consumption‘chafgctéristics of the“liéhting-
systems under consideration éffect the selectién to the extent
that energy costs influence total annual cost.

The results of four typical lighting studies are
presented in Exhibits 11 A-13 through II A-1l6. These Exhibits
compare initial cost, total annual operating cost and total
energy consumptlon for the alternative llghtlng sources con-
sidered in each of the four studles. A rev1ew of the four
studles indicates that high pressure sodium vapor lamps- generally
had the lowest annual energy consumption in addltlon to belng
the least expensive from both the initial and total annual cost

standpoints.

Summary and Recommendations

The superiority of higbﬁﬁressure sodium vapor lamps

has been demonstrated in four highway lighting studies. The




"» and cost of the energy used

T;if only wheﬂ xt 1s actually needed..fﬁ

Ad Hoc' Comm1ttee reccmmends that a lightlng study be performed

for each hrghway llghting appllcatlon and 1nc1ude conslderatlonjﬁ;;,
of h1gh pressure sodlum vapor lamps.; The ba51s oi selectlon PR ¥+

.should be total 1nit1al and operatrug costs rather than 1n1tlalg5

cost so that approprlate con31deratlon be glven to the amount ;;Wff

The Ad Hoc Commlttee also recommends the use of

P% photoelectrlc controls on all hlghway, roadWay and parking lot .

nghtlng.

Wlth the use of thlS dev1ce, llghtlng 1f prov1ded




Exnibit TT A-13 . - ' e I

HIGHWAY LIGHTING STUDY
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Exhibit II A-14

HIGHWAY LIGHTING STUDY

DOWNTOWN WHITEWAY, 1/2 MILE LONG,
OPPOSITE SPACING, 3§ MOUNTING HEIGHT, 50’ WIDE STREET.
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‘Fxhibit I A=15

. . HIGHWAY LIGHTING STUDY

HIGHWAY INTERCHANGE - 260,000 SQUARE FEET PER POLE BASIS,
100’ MOUNTING HEIGHT,
1=1.2 MAINTAINED FOOTCANDLES
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Exhibit R A- 16

BHIGHWAY LIGHTING STUDY

DOWNTOWN WHITEWAY, 172 MIL[ LONKNG
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e. Refrigerator, Combination Refrigerator-Freezer and Food Freezer

The appliances required to preserve fooud, the
refrigerator, combination refrigerator-freezer and food
freezer, merit particular attention because, as a group, they
make the greatest contribution to the State's residential
electric energy consumption. According to data compiled by AHAM,
these appliances account for Qver 28 percent of that eneragy
consumption. A refrigerator cr refrigerator-freezer :s found in
virtually every home in the State; 16.2 percent of the homes &lso
cortain a food freezer. 1In 1971, 368,221 refrigerators and
46,047 freezers were purchased in New York State. The
service life of these products is approximately )5 years, but new
fashion trends and product features appear to be accelerating

the replacement cycle.

1) Energy Consumption

+

The average refrigerator unit is rated between 250 and
350 watts, operates between 3000 and 4000 hours per.year, and uses
750 to 14C0 kWwh of electrical energy each year. The 1970 United
States Census determined that 5,902,000 refrigerators or combina-
tion refrigerator-freezers are in service in the State. The
total energy consumed anually by these appliances i1s estimuted to
be 5,975,000,000 kWh.

The average freezer is rated at 340 watts, operates 3500

hours a year and uses 1195 kWh of electrical energy anually.




The 960,000 freezers reported to be in New York State by the 1970
Census consume an estimated 1,145,000,000 kWh of energy each
year. The total annual energy consumption by all of these food
preservation appliances was 7,120,000,000 kWh in 1970.

AHAM cercifies net general refrigerated volume, net
refrigerator volume, net freezer volume and net shelf area of~-
upright freezers. AHAM also certifies net refrigerated volume
of chest freezers. |

Consumer information sheets for these products contain
little energy consumption data. In fact, there is currently no
standard test method for obtaining such data. The appliance
industry recently developed for the AHAM Standard HRF-1l a section
that.prgvides a method for the measurement of power consumption
under defined operating conditions. However, this has not
yet been adopted as a standard method.

AHAM is developing a method for establishing an "energy
factor for refrigerators and freezers, similar to the "energy
efficiency ratio" developed by the industry for room air condi-
tioners. This energy factor provides a basis for comparing the
relative enerqg. efficiency of refrigerators and freezers in terms
of electricity used, storage volume, and refrigerator and freezer
section temperature maintenance capability.

In the absence of an industry standard for measuring
energy consumpticn or efficiency, the consumer cannot realistically
expect to find much assistance in advertising information. The

following guidelines, however, could be of some help.
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The volume of space that must be refrigerated has
a significant effect cn power consumption. Consumers shoovld
choose a refrigerator or freezer that 1s the pr&pe: si12ze tor
their tamily's needs. Puirchasing a umit lacger than uzeded
means the consume: pays, i1nitially for stcrage capacity that is
not needed, and subsequently, tur the electricity required to
keep unused space coul. Convetsely, purchase oL a unit that 1s
toc small for the family reguirements can iead to the purchase
ot a2 second compact, or used refrigerator for secondary storaye.
This vresults in paying toc much for the storage space and
consuming much more power thal: necessary.

The type of defrost system affects the eunergy
consumption. There are three basic types of defrost systems:

Manual Detrost - in which the initiation and
termination ot the detrost cycle 1s done manually.

Semi-Autcmatice Derrost - 'n which the defrost

cycle 1s manually 1inltiated and automatically

terminated.

Automatic Defrosting iincluding "no frost" or

"frost free") - in which the 1nitiation and

termination of the defrost cycle 1s sutomatic.

The automatic defrost system utilizes internal
resistance heaters which i1ncrease the total energy consumption.
A manual defrost unit's power consumption may be increased :if
the owner doces not defrost reqularly. A manual defrost system

1f used properly, will use less energy than the automatin«

defrost unit,
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A refrigerator with a separate exterior door for the
freezer section may consume less power than a unit of the same
slze with a single extarior door. No cool air is lost from the
refrigerator section or freezer section when the other door 1is
opened

A chest-type freezer will be somewhat more energy
eftticient thar. the upright freezer because cool air will tend to
stay within the top-open unit. When the door of an upright
freezer 1s opened, cool air will settle out allowing warm air
to enter the freezer.

The locaticn ot the freezer section of a refrigerator-
freezer will have some effect on energy consumption. A
refrigerator with the freezer section mounted on the bottom will
consume less energy than one with the freezer section mounted
on the top.

The manutacturer could improve the efficiency of
food preservaing appliances thrcugh a number of design changes.
The recent design of refrigerators and freezers is based
almost entirely on customer appeal and first cost considerations,
with little or no consideration of energy consumption. 4A new
design approach is required which gives higher priority to energy
efficiency. New designs in regard to the insulation, the compressor,

the evaporator and the condensor will probably be most productive.
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Insulation is probably the most important component
1n determining the energy consumption of refrigerators and
freezers. The insulation is a major factor in providing a unit
with large usable cooled space and small external physical size.
These two considerations are Very important sales features and
leave little room for insulation. If insulation i1s to be upgiaded,
standard tests and requirements for energy efficiency must be
established. A recent development by a refrigerator manufactuzer
is a patented molded one piece double cavity plastic liner made
of insulating material which is a thinner and better "temperature
barrier than 1s currently used by the industry. The liner makes
possible the use of a smaller compressor system and results in
a reported 30 to 50 percent reduction in energy requirements.
Compressors have been designed to provide optimum
performance at rated voltage when installed in the unit with
‘standard temperature conditions maintained. Compressors are
tested to assure that operation is not hazardous under
prescribed voltage and temperature condiiions. Compressors
have been designed and tested in the past without considering
energy requirements. Applications of compressors for future
equipment should be made with energy requirements a major
consideration; and, since variations in voltage and temperature
are normal, procedures should be established to provide a
guide to improve the energy consumption efficiency over the range

of conditions encountered.
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Evaporatdr and condenser coils have been selected
with tirst cost and design point optimization as primary goals.
Design and application ot these coils should be studied and
changes made where energy considerations indicate that energy

savings are possible.

{2) Recommendations

There are a number of steps the consumer may
take to reduce the energy consumption of refrigerators and
freezers. Opening of the door should be kept to a minimum.

The unit should not be overloaded. The temperature control
should be set according to the instruction manual and the
family's needs. The unit will require two to four percent more
energy tor each degree below the "normal" temperature rénge.

The consumer should also defrost manval-defrost
refrigerators regularly since an accumulation of ice and frost
causes the appliance to run longer. The condenser coils should
be cleaned every three to six months in accordance with the "use
and carxe manual." Gaskets around the door should be kept in
good repair to keep cool air in and warm air out.

Section 111 of this report discusses the formation
of an agency on energy control. That agency should engage
itself actavely in a consumer education program. The program
should advise the consumer in such matters as the efficient

use of electrical appliances, particularly food preservation
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appliances. The agency should also work with grq&Ps such as
AHAM and with appliance manufacturers to establiéﬁ standards
of equipment performance which consider the need for energy

conservation.
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f. Clothes Washers

The 1970 Census figures indicate that over 57 percent
of the homes in New York State are equipped with clothes washers
for home laundry use. Almost 90 percent of the washers in use
are the automatic type and 10 percent are the wringer type.

The service life of a typical automatic washer is approximately
ten years. 1In recent years, more than half of the units sold
are replacements for older wringer units and less modern

automatic washers.

(1) Energy Consumption

The average automatic washer.is rated at 260 watts;
the average wringer type washer is rated at 195 watts. The
annual energy consumption for these machines is estimated to be
78 kWh for the automatic type and 59 kWh'for the wringer type.
With 3,091,000 automatic washers and 295,000 wringer washers
in the State, the total energy consumed annually by these
washers is 258,000,000 kWh. This represents one percent of the
total residential electric energy consumption.

Most automatic washers employ a one-half horsepower
motor to drive the agitator, to pump water, and to drive the
tub during the spin cycle. We note that less energy is required
to remove water from the wash load during the spin dry cycle
than is required to remove the same quantity of watef in an

electric dryer. Thus, for those homes with an automatic dryer,
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no.net enérgy gaiﬁ results from shortening the spin dry cycle.

Energy consumption figures for automatic washers are
deceiving, in that much more energy is required to heat the
water than is required to operate the entire wash cycle. A
clothes washer uses 14 to 41 gallons of water per cycle. To
heat that water frﬁm 40°F to l60°F requires the equivalent of
3.9 to 11.5 kWh of energy. Tpis 1S considerably more than the
0.2 kWh reguired per cycle to operate the washer. The energy
consumption of water heaters is discussed in Section II,A,2,i.
of this report. The subject is introduced in this section only
to emphasize that the greatest energy savings in the use of
automatic washers will be achieved by a reduction of the water
heating requirements.

A reduction in water heating requirements has come
about hy recent trends toward more wash-and-wear clothing which
requires much less hot water in laundering. These fabrics also
reqguire less}heat in drying and eliminate the neéd for ironing
which results in a significant energy savings for the complete
laundering cycle.

Specification sheets for automatic washers usually
contain very 1ittle information on energy consumption. This
is not surprising since the energy requirement varies widely
among the different wash and rinse cycles recomménded for

different types of wash loads. Because there are a variety of

cycles and wash loads, it has also been difficult for the industry




to deveiop a cohpfehensxve performance test standard. Recently
the 1ndustry apprwuved such a standard, HIW-1, which provided
definitions for standard. ivnads, However, there 1s still no
standard methud to quantify washing results; nor 1s there .a
standard "energy efticiency rating," such os that applied to

room air conditioners.

(2) Recommendat . ons

The most efie~tive action the consumer may take

to reduce energy consumption during clothes washing is to'limit' 

the amount of hot water used. This can be accomplished by:
choosing lower water temperatures for tﬁé wash cycie and 5y
"selecting a lower water Jevel for small loads. »Additiohalf.
energy savings can be realized by using a‘shbrtér wésh cygle'v
where it is appropriate to do so and by avoiding use ofxthéf
washer for partial loads. |

The manutacturer can assist the consumer by providing
uncomplicated controls which allow fléxibility 1n water levgi-'
and cycle selection. Since efficient use of the ﬁéchiﬂeldepends
upon proper operation, a clear set of operating instructions

should also be provided to the consumer.
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g. Clothes Dryers

According to the 1970 Census figures,'19.9 percent
of the homes in New York State have an electric clothes dryer.
This figure is increasing about one percent each year. Only
one-third of current sales are for replacement units. The
estimated service life of an electric dryer is fourteen years.
Gas dryers, which are found in 9.7 percent of our homes, are

discussed in Section I1. B. 3. D. of this report.

(1) Energy Consumption -

The Heating elements of electric dryers are
rated from 4800 to 5600 watts. Dryers also include a motor,
generally one-third horsepower, rated from 150 to 300 watts.
The estimated annual electric energy consumption for‘each dryer
is 993 kWh. 'With a total of 1,175,000 electric dryers in the
State, the total energy consumption is 1,169,000,000 kWh. This
amounts to 4.6 percent of the State's residential electrical
energy consumption.

There is, at present, nc AHAM standard for the
measurement of clothes dryer performance. However, the
industry is preparing a standard which is expected to provide
for a measurement of load drying efficiency based on power
consumption. The new standard will not provide for a comparison

between gas and electric dryers.
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i2) Recommendar tons

As was mentioned in rthe discussion on clothes
washers, less enerqylxs used to extract warer in the spin cyrle
=f an antomatic washer than wonld be 1equ1ied to remove the
equivalent amount of water 1n an automatic dryer. The.home
maker should, ;herefore.'take full advantage of the washer's spin
dry cycle before placing clothes in the dryer. It :s also
wise to avoid underloading cr overloading the dryer. Undec-~
loading can be wastetul :f the heat produced, while overloading
lengthens the drying time dnd places ahbadded burden on the drive
motor It ;s recommended that the lint filter be kept cliean
to avcid interference with air circulation. Finally, the home
maker should try to keep the drying time as short as possible
and the remperature as low as possible.

The manufacturer may be able to improve dryer

efficiency through design modifications. It would be beneficial,
fcr instance, to include a mechanism which automatically shuts off
the machines when the ciothes are dry- Some models do have such
a mechanism which 1s activated by a built in moisture sensing
device It would appear that, if widely adopted, this approach

could result i1n a significant saving of energy.
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h. Automatic Dishwashers

As reported by the 1970 Census, automatic dishwashers
were found in 18 percent of our homes. The machines accounted
fdr one percent of'the State's total residential electric
energy consumption, These percentages are expected to increase since
the automatic.dishwasher 1s one of the fastest growing segments
of the appliance market. 1In 1971, consumers 1n New York State
purchased 116,414 units. of which 75 percent represented new

installations.

(1) Energy Consumption

It 1s common practice to operate the automatic
dishwasher after the evening meal. Because of this practice,
the dishwasher is probably a significant contributor to the
electric system peak demand.

The average load requirement during the operating
cycle of an electric dishwasher is 800 watts. With an average
of 302 hours of operation per year, each machine consumes
242 kWh annually. As of 1970," there were a total of 1,072,000
automatic dishwashers i1n New York State, which resulted in a
total annual electrical consumption of 259,000,000 kWh.

The load requirement of an automatic dishwasher
“varies conéiderably"during the operating cycle. The greatest
load océurs when the heaters operate. Most dishwasher mcdels

have only a drying heater, but some models also include a water
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heater for an extra hot or "sanitizing" wash cycle.
Specification sheets for inﬁividual models list heater wattages,
but most do not list the kWh consumption per cycle. The
consumer is, therefore, unable to compare models on the basis
of energy consumption.

There are no performance standards or certification
programs for dishwashers; and, since there are so many variables,

such as water quality and dish cleanliness, it is unlikely that

meaningful tests and results can be specified.

(2) Recommendations

Significant reduction of . the energy consumption
by automatic dishwasheés will require the cocperation of the
dishwasher manufacturers. As a first step, each manufacturer
should list the energy coﬁsumption per cycle. This action,
hopefully, would lead to competition among manufacturers to
reduce the load‘;equirement. It may be possible, for example,
to reduce the energy coasumed per cycle by shortening the drying
time. The use of a fan for improved air circulation during the
drying step could speed drying and permit a further net reduction
of the energy required. Tiie manufacturer, of course, must
consider many other factors in the design of an automatic‘
d;shwasher. It is hoped, however, that with more attention

given to energy corsumption, the manufacturer will be inclined

to incorporate energy saving features in his machines.
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1. Water Heaters

Although electric water heaters are found in only 8.3
percent of the homes in New York State, they account for 8.1
percent ot the State's total resaidential electric enerqgy
consumption. It 1s appropriate, therefore, that we consider this

item in our survey of electric appliances used in the home.

(1) EnQrgy Consumption

. Electric water heaters for home use generally have
a capacity of from 30 to 120 gallons, and a rated input of up to
12 kW. . The elements of electric water heaters in almost every
case are 1inter-locked for non-simultaneous firing; therefore,
the maxaimum input i1s usually 6 kW or less. According to the
Edison Electric Institute (EEI)llthe average annual energy
consumption by a hot water heater is 4219 kWwh. With a total of
514,485 unltslzln New York State, the total energy consumed
annuvally by all such units ain the State is 2,071,000,000 kwh.

Energy losses of electric water heaters are almost totally
limited to standby type losses, either through the casing or thronugh
piping. Heat traps and insulated hot water lines can effectively
reduce the piping losses.

The minimum performance requirements for electric water
heaters are described in "The American National Standard for House-

hold Automatic Electric Storage-Type Water Heaters," C72.1-.972.

11, 1970 National Power Survey, Table 3.3, P. I.3.9
12, Detailed Housing Characteristics - New York, United States
Department of Commerce, HC{l)-B34NY
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This standard sets a limit on standby energy losses during
operation of the heater of 6 watt~-hours per hour per square foot of
external surface area. The SEE {(Southeastern Electrical
Exchangei =snd EE] (Edison Electric Institute) Specifzcaézons
specify a standby loss limit of 4 watt-hours per hour per

<
sguare foot of tank suxface area.

The vast majority of electric water heaters sold in
New York State are c¢f a grade referred to as the builders line.
These water heaters usually have standby lcsses in excess of
5 watt-hours per hour per sguare foat and are gquaeranteed fcr only
5 years. The tcp of the line models usually have standby losses of
slightly less than 4 watt-hours per hour per square foot and arxe
and are guaranteed for 10 years. The top of the line models are
about 25 to 30 dollars more expensive kut, this added cost can be
recovered in Z to 4 years based on the reduced energy cost resulting
from the icwest heat loss. After this initial payback period the top
of the line water heaters will have more than half of their guaranteed
life remaining.

In spite of these very dastinct advantages, the cheaper
units greatly outsell the more efficient units., One of the
main reasons for this 1s that builders are quite naturally cencerned
with their own initial costs rather than operating costs which
are paid by the homeowner. It appears that tne only real remedy
for this situation is mandatory minimum standards of performance

for all electric water heaters.
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(2) Reccmmendaticns

The Committee recommends mandatcry minimum
standards of performance for all electric water heaters. It
is recommended that all water heaters sold for use in New York
State be required to meet standby loss of 4 watt-hours per hour
per square foot of tank surface area. This action would result in a 20
percent reduction in electric hot water losses and a significant.
reduction in the State's energy consumption. Over the long term

such an act will be economically beneficial to the homeowner.
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j. Electric itanges

Most households in New York State have gas ranges.
Nevertheless, electric ranges contribute almost six percent of
the State's total residehtial electric energy consumption. The
1970 Census showed that 1,242,000 homes in New York Stéte (2; percent)
use electricity for cdoking. Annual sales of electric ranges are
approximately 96,000; the estimated service life is

approximately 15 years.

(1) Energy Consumption

Thé average annual energy consumption for an
electric range is difficult to determine because the wattage
requirements of current models depend upon the number and
'ratings of surface elementsi, ovens and broilers. A range may
contain two to four surface elements with ratings from 1250 to
2760 watts, one or two ovens with ratings from 1500 to 4500 watts,
‘and one or two broilers with ratings from 1800 to 3800 watts.
Thus, the total rating for electric ranges varies from 8900 to
20,900 watts. 1In most specificafion sheets for electric¢ ranges,
electrical consumption data is presented as the "total connected
load." This is the load when all surface units, oven elements
and other energy consuming features are operating at the maximum
setting at the same time. This is not, of course, a normal
operating condition.

AHAM has estimated éhat the average energy consumption

by an electric range 1s 1175 kWh per year. The self-cleaning
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feature of an oven, assuming one cleaning cycle per month,
consumes about 60 kwﬁ annually. However, because of the
improved insulation in selt-cleaning ovens, about 50 percent

ot this energy 1s saved during normal operation. The estimated
total annual electrical consumption by ranges in New York State
is 1,462,000,000 kWh. Of this total, about 3,000,000 kWh are
due to operation of the self-~cleaning teature.

The amount ot heat loss from an electric range is a
useful critezlon in the evaluation of the appliance's etficiency.
UL Standard 858 imposes limits on the external surface temperatures
of electric ranges and thereby indirectly helps to assure a
moderately high operating etficiency. This standard is presently
being revised; the maximum external surface temperature for self-
cleaning ovens is being revised downward. This action will result
in a ét;ll more energy efticient insulation system tor the selt-
cleaning oven.

ANS1 Standard C-71.l1, Section 10.2 requires a minimum
surtace unit efficiency ot 55 peécent for surface elements and
Section 11.2 establishes a maximum heat loss for ovens. Consumers
presently have no knowledge of the relative efficiency of electric
ranges and there 1s little or no incentive for manufacturers to
exceed minimum requiremints.

The efficient utilization of energy in an electric
range is achieved by maximizing heat transfer between the source

of heat iresistance wiringi) and the fnod mass beang cooked, while
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minimizing extraneous heat losses. The primary sources of heat
loss i1n an electric range are: ({l) unused heat in the oven
{heating the oven space in addition to the food!, {2, oven
heat leakage, ‘and i3} heat loss from range surtace units,

It should be noted that heat 1s produced in the
res1stance wiring with an efticiency of about 96 percent.
Therefore, there 1s very little energy wasted in the production:
of heat from electricity. The lower overall efficiency of
the appliance is praimarily the result of the heat losses

previously described.

{2} Recommendations

The consumer can make more efficient use of
~the eléctric range in several ways. - The use of proper cooking
utensils can reduce heat losses from surface units, Utensils
should be flat bottomed and should be sized to match fhe surface
vunit. Ranges contain good reflective surfaces between the
heating elements and the range structure. These reflecting
surfaces should be cleaned periodically to maintain
their reflective propertieg. Savings can also be realized by
avoiding wastetul operation of the heating elements. Pteheating,
for example, could be minimized. The appliance could be turned
off a few minutes before cooking is complete. The appliance
should, of course, be turned off when not in use. Finally,

in preparing a meal, it may be possible to conserve energy by
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using a-portable appliance to prepare a specifie dish. In
some cases, the portable appliance requires less energy than
does the range.

Design improvements by the manufacturer could help
to reduce heat losses.b To this end, thé industry standard
should be updated to require reduced heat losses and improved
efficiency. An industry certification program combined with
listing and labeling of appliance 2fficiency would encourage

efficiency.
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k. Television Sets

Television sets, according to the 1970 Census,
are found in 96 R&bﬁent ot New. York State households. These
sets account for more than eight percent of the State's
total residéntial electric energy consumption. While nearl§
every home already has a television set, the increased use
of higher energy consuming color television sets is expected
to tfurther increase the energy consumption. Nationally, as
of Januvary 1, 1973, 60 percent of the households had colof
sets. By the end of 1973, this figure is expected to be
about 70 percent. On the average, a color television éet
consumes twice as much energy as a black and white set.
Therefore, the electriC'consumption by television éets

should increase significantly in the next few years.

{l) Energy Consumption

In 1970, more than 7.6 million television sets were
in use in New York State and consumed about 2,172,000,000 kwh.
This consumption figure would be much higher were it not for the
recent introduction of solid state components which have substantiallf
reduced the power requirements per set. The averaye power rating
for black and white sets decreased from 160 watts in 1968 to 150
watts in 1972. During the same period, the average power rating

for color sets decreased from 340 watts to 250 watts.
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About 25 percent of the television sets have an

“instant-on" featuie which provides instantaneous sound and

plctdre. This feature, which has a power rating of S'to 40

watts, operates continucusly when the set 1s turped off.,

Hence, even with a modest wattage rating, the use of this
 feature results in é iarge increase in the energy consumption of the
television set. In some cases, the amnual energy consumption

of a set is more than doubled. The State-wide impact of the
instant-on feature is difficult to assess because of uncertainties

in the average wattage rating of the feature and the fraction

.

of all sets in which the feature is currently used. . Sales

of sets with the instant-on feature are 1increasing each year.
1t appears, that this single feature could contribute aé much
as oné'perCeht to.tﬁe total State residential electric energy

consumption. '

{2) Recommendations

Television manufacturers should be encouraged to
accelerate the change-over program from vacuum tubes to solid
state components in black and white sets as well as in color
television sets to help reduce the energy consumption per set.

The instant-on feature should be eliminated from télevision sets.
In the absence of joint industry action, this Committee recommends
that legislation be enacted which prohibits the sale in New York
State of television sets containiny the instant-on feéture. It
is_further recommended that consumers who now have the 1instant-

on feature on their television sets discontinue its use whexe

. O ‘
ERICssible.
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l. Fractional HorseEQWer Motors

The ‘electric motor is the heart of many.appliances,and
apparatus that are under review by this Committee. _The:e';
are a variety of tfpes»and.éizes of glectric,mo;ors,'eachvwith
. specific charécteristics; however,.all.are of relative;g high .
efficiency when operating_under»designwcohditiOns. ‘Appliances
‘and app;rétus can maximize the eléctxqmechanidal energy con-
version by matching the needs of the system.with,;he aﬁp;qpr;ate_l.
motor . | | | |

~Efficiency is psualiylthe:most important of the many

i —— e

characteristics considered in the selection oif a motor for a

~specific.-application. . However, there are some instances where

et e

the full load efficiency may not be_a:measqxe,pf the ;equiregﬁ_
'electxic.enelgy. Exhibit 11 A;L7 contains a.llsﬁ

of motor charactezistlcs,tha£ must be considered to assure
proper selection. -

Most household apéliances employ single-phase
fractional horsepower motor;‘in the one-tenth_horsepower.through:
one horsepower range. Single-phase motors are also used in
commercial and industrial appliances and apparatus, especiallyl
as portable or cord-connected egquipment.

The following section will review the range o:_popu;ar,
motors and their specific application which maximize both system 4»

and motor efficiency.
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II..

III.

Iv.

VI.

VII.

VIII.

IX.

Exhibit II A-17

Power Source

A. Voltage
B. Frequency
C. Phase’

Horsepower

Speed "
hS
A. Constant Speed
B. Multi-Speeds
C. Variable Speed '
D. Absolute Constant Speed (Synchronous)

Torque
A. ' Starting

B. Running
C. Maximum

.Reversibility

Duty

A. Continuous
B. Intermittent
C. Varying

&

Ambient Conditions
Enclosure and Cooling Method'
A. Open

B. Enclosed
C. Explosion-Proof

Mounting Arrangement and Mechanical Configuration
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l. Induction Type Single-~-Phase Motors

Single-phase motors of the induction type are the most
common. These motors are used because 0of their simplicity,
dependability, and constant speed characteristics. Sub-types
of induction motors include the following:

4) Shaded-Pole

%haded-pole induction motors are used in a wide
varietv of applications which require a motor of one-quarter
horsepower or less. They are simple in construction, low in
cost, and extremely ruéged and reliable because they do not
require a commutator, switch, collector rings, brushes, governor
or contacts of any sort. Their torque characteristics and
applications are similar to those of a permanent-split capacitor
motor, except that they have a lower efficiency and a lower
power factor. They are used in rotisseries, fans of all kinds,
humidifiers, slide projectiors, photocopy machines, vending
machines, advertising displays, etc.; all of which require
intermittent duty motors.
| b) Split-Phase

Split-phase motors are among the most important

and most widely used for all types of single-phase motors. They
are used in washing machines, oil burners, blowers, centrifugal
pumps, woodworking tools, business machines, bottle washers,

churns, automatic musical instruments, buffing machines,
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grinders, machine tools, and many other applications. They
are most widely used in ratings from l1/20 horsepower to 1l/3
horsepower, and have medium efficiency, ranging trom 45 to
75 percent. Their other characteristics include high starting
torque, high starting current, low slip from synchronous speed,
and a relatively high ratio of horsepower to material.
c} Capacitor-Start

. | Capacitor-start motors are the most popular in
heavy-duty general-purpose applications which require high
stérting and running torques. They are available in ratings
from 1/8 horsepower through one horsepower. Capacitor-start
motors have higher starting torque with lower starting current
than the split-phase motor, and have the same efficiency range.

Split-phase and capacitor-start motors are the real
work-horses of appliances, since they are available in several
svnchronous speeds,.multi—speed windings, dual voltage, and many
combinations of starting and running characteristics.
d) Permanent-Split Capacitor
Permanent-split capacitor motors are similar to

the split-phase and capacitor-start motors except that the
starting windings are designed to be continuously energized
through a capacitor instead of being energized only during
startiné as in the other motocrs. Thekpermanent-split capacitor
types have the highest efficiéhcy of induction type motors,

ranging from 55 to 85 percent. Their other characteristics
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are an extremely low-starting torque, medium-starting current,
lower running current, low slip from synchronous speed,
adaptable to speed control, and the highest ratio of horsepower
to material. The low-startifig torque limits their use to
equipment such as direct drive fans, hermetic motor compressors,
and other easy-to-start machinery. Air conditioner units
utilize this type of motor to minimize the motor heat since any
motor heat results in a reduction of the unit's:effectiveness and
capacity. In addition, since there is a maximum limit of input current
for for cord-connected appliances when plugged into normal household
outlets, the low running current of these motors permits
larger horsepower rated appliances to be used on such outlets.
Generally speaking, they are not suitable for belted
applications or for any other continuous-duty applicaticns
requiring substantial locked-rotor torque.

e) Capacitor Start-Capacitor Run

Capacitor start-capacitor run motors incorporate

the desirable charvacteristics of the capacitor start and the
permanent split capacitor motor. It can be a permanent split
capacitor motor with an additional c&pacitor used to provide
considerable. additional starting torque with only a nominal
increase in line starting current. These motors are available
in fractional through six horsepower size and are used where
high starting torque, low running current and high efficiency

is required. Many applications such as air conditioner compressors
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require a starting torque that is too high at low line voltage
to effectively use a split capacitor motor. However, when a
starting capacitor is added to increase the starting torque of
the motor the application becomes successful.

The disadvantages of this motor are the addition of a
capacitor and relay which must be selected properly to prevent

relay malfunction and early life motor failure.

2, Universal Motors

Universal motors are characterized by theair ability
to oﬁerate with substantially the same performance on direct
current and on alternating current frequencies up to 60 Hz.
They develop more horsepower per pouné than other alternating
current motors, principally because of their high speeds. These
motors are series-wound and have series characteristics on both
alternating and direct current, except when governors or other
means are used to control their speed. Power ratings vary from
0.1 horsepower to one horsepower for continﬁous-rated motors
and even higher for intermittent-rated motdrs. 'They are usually
designed for full-load operating speeds of 4000 to 16,000 rpm
in the larger horsepower ratings and up to 26,000 £pm or more
in the smaller ratings.

Their characteristics include e:xtremely high-starting
torque, low-starting current, a variawvle speed which decreases

as greater and greater loads are demanded, and medium efficiency
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ranging from 45 to 75 percent. Universal motors are used in
vacuum cleaners and portable toolg. Vacuum cleaners utilize
the high speed to obtain high performance with small diameter
lmpeliers, Portable (hand-held) tools such as electric
drills, sanders, and circular saws require high output horse-
power with minimaum size and weight. Gears are used.to adjust
the output speed to the required value. No other type of
single-phase mot.or could be used for these devices.

The disadvantages are high noise level, brush
maintenance and sparking. Radio and television interference
suppression is generally required. This type of motor would be
very undesirable for continuous-duty application, such as
furnace blowers, and the speed variation would be unsuited to

many uses, such as laundry equipment.

3. Polyphase Induction Motors

Polyphase induction motors are usually integral
horsepower motors (above one horsepower). This type of motor
has the best reliability and highest efficiency, ranging from
55 to 90 percent. However, in fractional horsepower sizes,
the efficiency is lower in three phase motors than in single
phase motors and most of the fractional horsepower motors are
single-phase. Many single-phase fractional through five
horsepower motors are used instead of polyphase motors in

efz because polyphase alternating

residential air condition

current 1s not available.
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4., Direct Current Motors

Direct current fractional horsepower motors have
been increasing i1n use due to the growing demands for adjustable-
speed drives, using low cost silicon rectifier control modules.
These motors are usually shunt-wound, with oxr without a
stabilizing winding

The efficiency of these systems depends upon the
type of control module used, and the speed range for the

particular application.

5. Synchronous Motors (Reluctance Type)

Reluctance synchronous motors are similar in
construction to induction motors except the member carrying the
secondary circuit has salient poles without direct current
excitation. They start as induction motors and operate
normally at synchronous speed. These motors are often used in
textile applications and other applications requiring
'synchroncus' speeds. They are not suited to general applica-
tion, and usvally have lower efficiencies than conventional

inductien type motors.

6. Summary

All alternating current, single-phase motors have

some similar performance characteristics. The range of
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efficiencies for the various types of motors is the result of
two factors. PFirst, the lower horsepower motors (i.e., .1l
horsepower) are inherently less efficient than the higher
horsepower motors (1.e., 1l horsepower). Second, the lower speed
ratings (850 rpm) are less efficient than the higher speed
ratings (3400 rpm). The same is true of the universal motors.

All single-phase motors have similar inherent
characteristics related to input power; namely, that the power
input is not fixed at one value like many static devices, but
varies with the demand for output torque. Thus, if a saw is
pushed harder more power 1is requited.

'Another inherent characteristic of motors is the
change 6f efficiency as a function of load. At higher loads
than rated, the efficiencies can be slightly higher; and at
lower loads, the efficiencies can be considerably lower. There-
fore, the establishment of a given efficiency is often difficult.
A motor used predominately at a given load should have a high
efficiency at that load and a motor used at a wide range of
loads should have a flat efficiency curve.

In a continuously operating device such as an air
conditioner, the motor efficiency should be carefully maxi-
mized, since the complete unit, and hence the motor, is judged.
on the ratio of Btuh output to the watts input to the compressor.
In these cases, the most efficient type permanent-split capacitor
or capacitor start-capacitor run motor is used. Most furnaces
are also equipped with a permanent-split capacitor ©Lype motor

where direct drive blowers can be used.:
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Many motors are used for very short periods of
time and for a limited number of hours per year. Examgles
of such motor applications are can openers, garbage disposers,
electric lawnmowers, electric saws, drills and hand-held‘
kitchen appliances. Even in these instances, the motor
efficiency should be as high as possible since any savings in
energy is desirable.

Although higher speed motors generally have higher
efficiencies, the exclusive use of higher speeds is not
necessarily more effective. Where speed changing machinery
(such as gears) is added to obtain the necessary lower speed,
the additional power losses of the speed changing machinery
could result in a lower efficiency than that of a low speed
motor and direct drive. Therefore, it is necessary to consider
the overall efficiency of the appliance, not just the motor

efficiency.
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II. B. Gas Sub-Committee Report on Appliances and Apparatus

1. General Data

As a first step in ascertaining the opportunities
for increasing the energy utilizaition characteristics of gas
appliances and apparatus, the gas consumption statistics for
New York State were compiled and are presented herein.

The gas consumptionl in New York State in 1971 was
approximately 544,433 million cubic feet. This total gas con-

sumption is divided among four major market areas as follows:

Market Area Million Cubic Feet
Residential With Gas Heating 323,718
Residential without Gas Heating 22,601
Conmnmercial 81,289
Industrial 116,825
Total 544,433

The percentage of total consumption of each market

area is shown below:

Residential With Gas
Heating
59.4%

Residential Without Gas [4.2%

Heating

\Industrial
21.5%

Commercia
14 .97%
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It is apparent from the above diagram that almost
two-thirds of the gas consumed in ﬁew York State 1s used by
residential customers and that most of th.s gas 1s used in houses
having gas heat.

The gas consumed 1n the residential market is used
almost exclusively for four services: Space Heating, Water
Heating, Cooking and Clothes Drying. The quantity of gas con-
sumed for each service and the respective percentage of the

total residential load of each service is as follows:

New York State Gas Consumption for 1971

Gas Consumption Percent of Total

Service Million Cubic Feet Residential Load
Space Heating 233,325 67.4
Water Heating 76,191 22.0
Cookang 32,913 9.5
Clothes Drying 3,890 1.1
Total 346,319 100.0

Residential gas air conditioning and incineration
have not been considered by this Ad Hoc Coﬁmlttee because of the
low sales volume of appliances for these purposes, and the
negligible guantity of gas consumed by them in New York State.
The present number of residential gas appliances in
New York State for each of the four services is shown in
Table II B-1. Also shown in this Table is the approximate number

of each type of appliance sold in New York State in 1971.
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Table II B-l

New York State 1971 Gas Appliance Summary

Type of Appliance Units in Service Annual Sales

Space Heating 2,237,000 102,270
Hot Water Heating 2,485,200 130,806
Cooking 4,186,100 153,351
Clothes Drying 572,400 43,335
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2. Efficiency Standards for Gas Appliancébhw/

The American gas 1andustry has sponsored national
standards for its equipment and has established independent
testing laboratories for certification of gas appliances. The
standards sponsored by the ihdustry are designed primarily to
ensure safety, but also ensure durability and a reasonable
operating efficiency of the appliance or accessory when properly -
installed and in actual vse. Most gas appliances and apparatus
are desigrned and constructed to meet these standards of efficiency
andvperformance established by the American National Standards
Institute (ANSI). Gas appliances and accessories, the designs
of which have been found by the American Gas Associaéion (A.G.A.)
Laboratories to comply.wifh the applicable national standards,
are certified by the laboratories. A directory of Certified
Appliances and Accessories is published by the American Gas
Agsociation Laboratories. On a national basis, almeost 95 percent
of the gas appliances have .received A.G.A. Certification, but this
percentage is_only'about 50 percent .for New York State because
of the very low degree of compliance .for gas appliances sold in
the New York City area.

Sub-Committees, under,the}guperviéion of American
National Standards Committee on Performance and Installation of
Gas Burning Applianées - Z21, are constantly engaged in the
preparation of specificationas covering new types of gas equip-

ment, and in reviewing and revising existing standards in line
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with the latest developments in industry. A new and revised
set of standards for each type of gas appliance and accessory
is issued and approved as an American National Standard on the
average of once every two years.

The ANSI Standards for gas appliances are tabulated
in Table IIB-2. The efficieﬂcy requirements for several of -

these gas appliances have also been listed below as a convenient

reference.
Gas Appliance ANS1 Efficiency Requirements
Domestic Ranges Top Burners 48% up to 14,500 Btuh
45% 14,500 Btuh and up

Hot Plates and Laundry Stoves 40%

Storage Water Heaters : -70%

Side Arm Water Heaters 65%

Boilers 75%

Furnaces - Forced Air 75%

Furnaces - Gravity 70%

The present system employed by A.G.A. in the certificatibn
of gas appliances is to list in its directory equipment which
meets the standards without any reference to the actual performancé
of the equipment, There is no distinction made between a heating
appliance which barely meets the minimum efficiency requirement
of 75 percent and an appliance which may in.fact have an actual
efficiency in excess of 80 percent. An attempt by the Ad Hoc
Committee to obtain this data was unsuccessful, and the data is

intentionally withheld from the public. This Committee has been
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informed that the A.G.A. Laboratories certify only that heating
appliances meet the minimum requirements established by standards
and that the release of information showing that any particular
appliances exceed the minimum would involve the Laboratories in
activities affecting competition. Therefore, the Labor&toriés.
withhold such information from manufacturers who submit their
products to the Laboratories for standard certification. It should
be pointed out, however, that any manufacturer whq wishes to
determine and advertisc the efficiency of his product is free to
employ an independent laboratory to test his equipment for
efficiency. They should be encouraged to do so.

It is believed that-the maximum increase in thermal
efficiency possible may be only about 5 percent over the minimum
A.G.A. efficiency standards. It is felt, however, that withholding
this information from the public is not in their general interest,
nor does it tend to promote energy conservation. This is an
area where government intervention or laws might be used to
promote the purchase of‘more'efficient appliances. 2Although the
energy savings gained may be small, publicizing gas appliance
efficiency would be another step in making the consumer energy

conservation conscious.
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- Standard
Designation

221.1-1972

221.5.1-1972

221.10.1-1971
221.10.3-1971
221.13-1972

221.17-1269

221, 34-1971

Table II B-2

ANSI Standards for Major Appliances

Date Approved
by ANSI

Household Cooking Gas Appliances Jan.
(revision and redesignation of
221.1.1-1967 and 221.1.2-1966)

Gas Clothes Dryers, Volume I, Jan.
Type 1 Clothes Dryers

Gas Clothes Dryers, Volume II, Dec.
Type 2 Clothes Dryers, Including
Addenda 221.5.2a-1969 and

221.5.2b-~1971

Gas Water Heaters, Volume 1 Apr.
Automatic Storage Type, Water

Heaters with Inputs of 75,000 Btu

per hour or less, including

Addenda 221.10.1a-1972 and
221.10.1b-1972

Circulating Tank, Instantaneous Dec.
and Large Automatic Storage Type

Water Heaters, Arproval Requirements
for Gas Water Heaters, Volume III,
including Addenda 221.10.3a-1972 and
221.10.3b-1972

Gas-Fired Low-Pressure Steam and Feb.
Hot Water Boilers

Domestic Gas Conversion Burners, Dec.
including Addenda 7Z21i.17a-1971

Gas~-Fired Duct Furnaces Dec.

-144-

12, 1972

12,

17,

1972

1971 -

6, 1972

17,

17,

17,

17,

1371

1972

1971
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Standard
Designation

221.43-1968

221.47-1971

Table II B-2
(continued)

ANSI Standards for Major Appliances

Date Approved

by ANSI
Unvented Gas-Fired Infrared Mar. 9, 1972
Radiant Heaters, including
Addenda 221.43a-1971 and
221.43b-1972
Gas-Fired Gravity and Forced Feb. 17, 1972

Air Central Furnaces,
including Addenda Z21.47a-1972
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3. Discussion of Efficiencies of Major Gas Appliances

In the following analysis, repeated reference will be
made to both thermal efficiency and utilization efficiency. It
should be kept in mind that these efficiency ratings are quite
different. All available gas appliances have a rather narrow
band of thermal efficiencies; i.e., all residential gas heating
appliances have a thermal efficiency between 75 and 85 percent.
Utilization efficiency, on the other hand, may vary from a low
of 40 percent to a high of 78 percent. It is possible, therefore,
to install a 75 percent thermally efficient heating appliance in
a system and obtain a 70 percent or higher utilization efficiency.
It is also possible to install an 85 percent thermally efficient
heating appliance and achieve a 40 percent utilization efficiency.
The thermal efficiency or appliance efficiency is established
with the appliance operating at steady-state conditions. The
thermal losses are determined and subtracted from 100 percent,
thus giving the thermal or appliance efficiency rating. This is
the only way in which one appliance can be compared to a similar
appliance of a different manufacturer. When a heating unit is
installed in a system, it is inoperative much of the time and
standby losses occur. With this in mind, it is obvious that the
'1argest gains in energy conservation can be achieved through
improving utilization efficiency, as opposed to increasing

thermal or appliance efficiency.
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(a) Boilers and Furnaces

American National Standards 221.13 and 221.47 covering
gas fired boilers and furnaces, respectively, provide for
minimum appliance efficiencies of 75 éercent‘ If this equipment
burned gas 24 hours per day, its utilization efficiency would
also be at least 75 percent. However, because this type of
equipment burns gas at full load on an average of five hours per
day during the heating season, standby losses result, thereby
reducing the utilization efficiency to a range of approximately
60 to 70 percent,

Gas conversion burners are commonly used in existing
central heating systems as replacements for coal or oil firing
equipment. Gas conversion burners are not approved by A.G.A., but
are given an A.G.A. listing based on design and construction
standards. Efficiency of opexation depends on the installation,
setting the proper gas input and the overall system efficiency.

In any discussion of gas appliance efficiency, it
must be kept in mind that because the heating value of natural
gas is always stated in terms cf its gross heating value, it is
only possible to recover 92 percent of its heat. The reason
-for this is that 8% of the heating value is represented by the

unrecoverable latent heat contained in the water vapor produced
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1n the-combustxcn priotess Therefore. 4 boiler or furnace
which 1s 82 percentz efiiTient 1s already with.n ten percent
of 1ts maximum etficiency.

Let us now «onsider various ways of increasing the
efficiency of a beoiler or furnace One way wzuid consist of a
reduction i1n the amount. 9f excess air for combustion. Thais
will result in an increase 1n the efficiency of the appl;ance,‘
but only at the risk of causing incomplete combustion which is
always accompanied by the formation of carbon monoxide. This
presents a safety hazard because of possible leakage of exhaust
gases 1nside the dwelling from poor duct conaections in the
vent systems. To preclude.this possibility, A.G.A. Standards limit
the carbon monoxide content of the exhaust gases to 0.04 percent,
which can only be accomplished with the use of a reasonable
quantity (usually about 50 percent) of excess air. It is con-
cluded by A.G.A. that reducing the quantity of excess air to improve
efficiency must be rejected for safety reasons.

Another way to increase the thermal efficiency of
the heating appliance would be to lower the temperature of the
fuel gases by 1ncreasing the amount of heat transfer surface
in the boiler or furnace. This, also, will increase the thermal
efficiericy, but only at the risk of excessive amounts of

corrosive condensation caused by cooling the products of

2. Many furnaces and boilers attain this efficiency where jacket
radiation losses are considered useful in heating the house.
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realized by installing a tempering tank to raise the water
temperature to room temperature prior to water entering the water
heater. This would apply equally to electric waitar heaters.

Fuel savings could vary from 0 to 20 percent, depending on a
variety of conditions.

The American National Standard covering residential
gas water heaters (221.10.1-1971) limits the heat irput reguired
to produce a "daily quota" of hot water. This daily guota is a
function of the heat input rating of the water heater in Btuh and
the storage capacity in gallons. The reqguirements of the standard
are equivalent to a minimum utilization efficiency of about
50 percent.

The two main factors that determine the ut:iiization
efficiency are the recovery efficiency and the standby lcseses.
The recovery efficiency is the efficiency at which the water is
heated over the required temperature range at full input rate.
However, water heaters are practically never used continuously
and hence standby losses occur. These losses represent gas burned
to maintain water temperature cver periods when no hot water is
being drawn from the tank. The utilization efficiency of the
average gas water heater is approximately 64 percent.

Gas automatic storage water heaters typically employ
1" of glass wool thermal insulation around the tank to reduce the
standby heat loss. Additional tank insulation could reduce the

standby loss significantly and would increase the utilization
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efficiency by three to five percent. Present residential gas
water heater standards require approximately 70 percent recovery
efficiency to meet the daily quota specified in the stsndard.

Any improvement in recovery efficiency or any reduction in standby

loss would improve the utilization efficiency.

Recommendations

It is recommended that manufactﬁrers be encouraged to
take steps to improve the utilization efficiency of their gas
water heaters. Industry standards should be promoted which
specify a lower standby loss and an increased utilization.
efficiency. Labeling of water heater efficiencies should also

be encouraged.

(c) Gas Ranges

The American National Standard for Household Cooking
Gas Appliances (Z221.1-1972) provides for a minimum top burner
thermal efficiency of 48% for burners having rated inputs up to
14,500 Btu per hour. No finite specification is included in
this standard regarding a minimum thermal efficiency for gas
range ovens. However, maximum permissible surface temperatures
are specified, thus limiting permissible oven heat loss.

The efficiencies obtained in actual cooking operations
depend, of course, on the cook and what is being cooked. Obviously,

the size of the utensil and the flame size will affect the

efficiency obtained. Likewise, the amount of focd ‘placed in the
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oven will largely determine the oven efficiency. Lartle more
energ& is needed to bake four pies simultaneously than only
one pie. The utilization efficiency of a gas range, including
t.op burners and ovens, is approximately 37% (See Table ! &-0),
reflecting the fact that top burners and ovens are seldom used
at. their full capacity or highest efflc;ency

Existing apartment houses have the least effic:ent
gas ranges. Fuel waste is caused by miéadjusted burners and
pilots. Overfiring is common. Gas inputs are usuaily consider-
ably higher than recommended by the manufacturer. Th:s could
be corrected by having the manufacturer pre-ad-ust the air and
gas mixtures for burners and.pilotsu _Variatioﬁ i0 Lnputs in
the field could be eliminated by requiring gas pressure regulators
on all new ranges.

Consumer education in matching flame size .t: pan
size would have the most immediate effect in increasing range
efficiency and would also be desirable from a safery point of

view.

(d) Clothes Dryers

American National Standard 221,5.1-1972, covering
residential gas clothes dryers, provides for a maximum gas
consumption of 2,500 Btu per pound of water evaporated, which is
equivalent to a drying efficiency of 44.5%. It is believed that
most gas clothes dryers manufactured today operate at a higher

efficiency, the average approximating 50% (See Table II B-3).
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Practically all gas dryers manufactured today are equipped with
electric ignifion, thus eliminating energy waste due to gas
pilot consumption.

Drying clothes is largely a matter of circulating
large quantities of warm air through clothes as they are rapidly
tumbled in a rotating drum. If the temperature of the air
could be increased, drying efficiency would also be increased.

However, in order to prevent damage to delicate
fabrics, gas dryers are limited to a maximum temperature of 240
degrees. With thiz limitation, there does not seem tc be much

likelihood of an improvement in drying efficiency.

(e) Inter-Relationships

It is interesting tovnote how the various household
appliances are related, one to the other. For instance, if the
horsepower rating of washing machine motors were to be reduced
in order to save energy, the spin cycle would not extract as
much water from the clothes as before. More energy would have
to be used by the gas clothes dryer which would exceed the energy

saving accomplished by using a smaller motor in the washer.
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Table II B-3

Energy Efficiencies for Residential Gas Use

Utilization Ultimate

Efficiency (a) Efficiency (P)
Space Heating 60% 55%
Water Heating 64% 59%
Cooking 37% 34%
Clothes Drying ' 50% . 456%

Energy efficiency data from Stanford Research Institute; Gas
Engineers Handbook; and Consumers' Research. (a) Utilization
efficiency refers to the efficiency of fuel use within the home.
(b) Ultimate efficiency includes the efficiency with which
energy is delivered to the home (transportation, processing,
conversion, etc.)

R
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4. Opportunities for Energy Saving

In the previous section, various aspects of increasing
gas' appliance thermal efficiency were discussed. . The greatest
opportunities for energy savings are in the improvement of the
ytilization efficiencies of gas appliances. Since standby
losses have a significant impact on utilization efficiency, two
areas involving standby losses which have recently received much

publicity have been reviewed by this Committee. They are:

(1) Gas Pilot Energy Consumption
(2) Autoﬁatic Damper Control for Gas
Heating Appliances

These subjects are discussed in Sections 5 and 6,
respectively.

A brief description of infrared heating is covered in
Section 7, since it offers the possibility of significant energy
savings when used in special heating applications. C e

It is worthwhile to note that the Gas Industry is
sponsoring many research and development projects related to the
efficiency of gas appliances and apparatus. A list of these

projacts together with the name of the organization assigned

project responsibility is presented in Table II B-4.
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Table II B-4

Industry Sponsored Research and Development Projects:

Related to Gas Appliance and Apparatus

Efficiency - Project Responsibility

(a) Home Climate Control

l. Pivoting Tip-Vane Compresser - Battelle Columbus Laboratories

2. The Technical Feasibility of the Solid Adsorption Cooling
System - Institute of Gas Technology

3. Evaluation of Existing Recommendations for Conserving Energy
Fuel Sources - Institute of Gas Technology

4. New Working Fluids for Rankine Cycle Residential Air Condi-
tioning Systems - Allied Chemical Corp.

. Natural ‘Gas Home Air Condltlonlng - Gates Rubber Company

5
6. Total Comfort Program - -Eaton Corp. ' - co
7. Thermal Refrigeration - K. Johnson Company

8

. Free Piston Stirling Engine Driven Gas Fired Air Conditioner -
Ohlo Unlver81ty

9. Basic Research in Heat Transfer - Dynatech Corp._

(b) Home Appliances

10. Des;gn of Domestic Applzances to Use Gas at Elevated
| - Pressures - A.G.A. Laboratorles

1l1. Improved Design of Flush (Direct Vent) Termlnals for Sealed
Combustlon System Appliances

~.12. Providing Outdoor Combustion Air Directly to the Combustion

Chamber of Vented Gas-Flred Heatlng Appllances - A. G A.
Laboratorles -
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13. Development of a Central Heating Furnace with Ultra High
Efficiency -A.G.A. Laboratories

(c) Large Uses = Commercial

14. All Steel Infrared Burner and Radiating Surface - Bettcher
Manufacturing Corporation

(d) Large Uses - Industrial

15. Optimization of the Use of Oxygen in a Gas-Fired Glass-
Melting Furnace - Institute of Gas Technoloyy

The arear of selection; operation and malntenance
of gas appliances are potentially very valid areas for enexgy
savings. Selecting an appliance of the.right type and size
is very important in obtaining a high utilization etficiency.
Operating the appliance in an efficient manner is alsc very
important in minimizing the consumption of energy. In.addatlan,
the fact that a gas appliance was certified to meet minimum
efficiency requirements does not insure that this efficiency
will be retained over the lite of the appliance. AdeguateA
maintenance of gas appliances must ke provided to maintain
maximum performance over the life of the equipment.

Appendix A to this report deals with selection,
operation, and maintenance éspects of major gas appliances
related to tﬂé Eonservafién of energy. The information presented

_ covers gas appliances for use in the residential, commercial,
aﬂd industrial areas.
e '
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The only practical way to implement the energy
conservation suggestions dealing with selection, operation and
maintenance ot gas appliances :s through a program ot education.
Programs fof educating, the public are coverud in Section III of

this report.
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5. Gas Pilot Consumption

There appears to be coﬂsxderable dlsaq:eemént
concerning the pirlot consumption of gas appliances and apparatus,
For instance, the Gas Appliance Manufacturers' Association (GAMA)
est;métes the average pilot consumption per gas range on a
national basis to be 500 Btuh. The United States Department of
Housing and Urban Development estimates gas range pilot con-
sumption to be 450 Btuh, and the Brooklyn Union Gas Company has
conducted field sdrveys that indicate the average consumption.
to be 350 Btuh. The differences in the conéumption estim>tes
are probably due to the fact that the number of pilots éer xangev
varies ffom two to five and the input per pilot will differ from
ohe range model to anothez. ?

Another area of controversy with respect to gas pilot
consumption 1S the apportionment of the/gas energy consumed
into useful heat and wasted energy. In the case of a range, the
gas pilot consumption may be considered to supply usefi:l heat
for approximately nine months of the year, since during this
peziod pilot heat contribptes to meeting the heat load requife-é
ments of the dwelling. Fé&r the remaining three months, th: range
pilot heat, in édditlon ﬁoinot being useful, may result in
additional energy being expended for air conditioning to remove
this heat. The percentage of'New York Statg residences having

central air conditioning 1s about 3.2 percent, but it is

believed that many of the residences with central air conditioning

¢
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- also have electric i1anges. Some residences with gas ranges

have room air conditioners. It is estimated that about five
percent of the tesidences using gas ranges have their pilot heat
removed by some form of air conditioning during the summer
months. Assuming an average room air conditioner energy
efficigncy ratio of 6.8 Btuh per watt, an additional one-half
3tuh of energy must be consumed to remove each Btuh of gas pilot
waste heat.

The Estimated National Pilc:t Consumption of
Residential Applianceé 18 presented in Table II B-5, together
with the assumptions on which the estimate was based. The
national pilot consumption estimates of Table II B-5 were then
used to formulate the New York State estimate for gas pilot
waste energy presented in Table II B-6. It should be noted
from Table I1 B-6 that the percentage of total national residential
sales'of natural gas that 18 used for ignition only is 5.07 |
percent, and this percentage is assumed to be the same for
New York State. By applying this peréentage to New York State
residential gas sales, it was determined that 17,850 million
cubic feet‘ot natural gas were wasted-for'ignitién only in
New York State during 1971.

The quantity of gas wasted for ignition c¢nly in
New York State 18 immense! It would be capable of meetihg’the
gas éonsumptiogbxequifements of approximately 62,500 ﬁew one

family homes employinyg gas for space heating, hot warer heating
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and cooking. Although the total quantity of gas wasted by
pilots 1s qguite larue, 1t 15 made up of small contributions of
over 9,000,000 yas appiiances ahd apparatus in llew vYork Sﬁate.
From the standpoint I cost or implementation, difficulty of
enforcement and safety coiusiderations, 1t is unrealistic to
even consider conversion of gas pilots to electric ignition
for appliances alirecdy 1n use in New York State.

An assessment was made as to the annual energy wasted
by the gas piict consumptaun of the additional new residential.
gas appliances that are shipped into New York State each year.

The assessment was made based on the 1971 appliance shipments

Fa
{

presented in Tabie 11 B-7, The results of this assesémenqégere
then used to estimate the residential natural gas savings'over
a ten year period that would be gained by requiring all gas
appliances shipped into.New York State after January 1, 1974,
to be equipped with electric ignition. The total ten-year
savings is estimated to be 10,400 million cubic feet of natural
gas as shown in Table 1I B-8,. . -

Although the quantity of natural gés that could be
saved by requiring elect:ric ignition in new appliances is
significant, there are several other factors to consider before
making any overall recommendations.

The initial cost of an appliance is most often the

4%5

the selection of appliances for rented dwellings where the cost

primary factor in its selection. This is especially true of -
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of operation of the appiiance becomes the responsibility of

the tenant. If requiring electric ignition on a gas appliance
tended to increase the competitive advantage of the comparable
electric appliance, then the overall effect on energy con-
sumption must be carefully considered. Because of the relatively
low conversion efficiency of primary fuels into electric energy,
in many cases the comparable gas appliance is considerably more
éizicient in terms of consumption of primary fuel. Under the
conditions as described above, requiring electric ignition on

a gas appliance might end up with a negative effect in terms of
promoting energy conservation,

‘It is interesting to note that practically all new
gas clothes dryers are manufactured today with electric ignition.
Discussion with a leading manufacturer of gas clothes dryers has

indicated that the cost of providing electric ignition was
vsomewha; less than the cost of providing a gas pilot for a
clothes dryer. Based on simple economics the gas pilot on new
clothes dryers is very nearly extinct.

'Incidental to the economic decision is the fact that
over half the annual energy consumption ¢f a clothes dryer with
a gas pilot is wasted in the form of gas pilot heat. A typical
clothes dryer pilot wastes over 5,000 cubic feet of gas each
year at an annual cost to the consumer of5about $7.50,

 Some electric ignition'systems employ the use of a

glow coil which is essentially an electrical resistance heater
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designed to reach elevated temperatures and cause ignition

when energized.l The Committee has been advised that in some
cases the glow coil may be powered continuously in order to
extend coil life. 1In such cases the usz2 of pramary eneryy for
this device may exceed the energy requirements of gas pilots.

It is hoped that the gas appliance industry will find a suitable
alternative for gas pilots that w'll reduce or completely
eliminate the energy wasted in this area.

For years, consumers have been urged to leave yas
heating system pilots on through the summer because it was
believed that pilot heat would prevent condensation and corrosion
in the furnace. In systems having air conditioning integral
with the heating systenm, tﬁe opposite happens. Air passing
over the heat exchangers kseps them cool and hence moisture
in the products of combustion of the pilot condenses in the heat
exchanger and stack. The heat of the pilot is also added to
the system air conditioning load. 1In non=-cooling systems, the
pilot heat may keep one section of the heat exchanger warm
but not the entire furnace.

Pilot burners in many heating systems today are
difficult to ignife.. In most residential installations, the
homeowner would not consider extinguishing the pilot in the
spring and re-igniting it in the fall because he does not want
to'bother, is afraid of it, or cannot figure out how to do it.

It is believed that the main reason utilities promote continuous
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pliot .peration 1in turnates 1s thet they wauni® reaschably

Pritad= Lie Mdhpower LG redt st pLLTts in he .is. The only

hope of cumptletely etinina vy 1hos probiem IS @ e long-term
approach ot 1ncorporating automatic electric ilgnition in all
new ygas heatling systems. An‘alte:nate sclution, not as
desirable, but less costly, is to provide Z manudﬁly ope:éteé
electric ignition system which wouid ensure the capzbility of
seasonai startup by the homeowner.

Fur the short term, i1t 1s recummended that utilities
be urged to distribute inftutination as t¢ the Lonerits ot
turning orf gas pilots tor the summer months and instructions
as to how to accomplish :1t., 1This infirmation shouid be provided
1n Spanish as well as Engjlsh} in cases where the utilities
are stil! requested to iight piiots, the nomeswner should be
instructed by the serxicéman as to how to light the pilot so as
"

to avoird future "turn-on" cails.

Conciusilons and Recommendations

With Respect to Gas Piiot Consumption

i. Fietd conversion of gas appllasces frrm gas to electric
iynition 1s 1impractical becauss =t cost, satety and
dirfitr~ulty of implementatiun,

2. Gas .pilots should be erlminated t:om new cliothes dryers
since & suitable alverpnate is available at a cost that
will not price the wsas appliance cut <t the market.
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In the case of furnaces, boilers, and room heaters, pilots
shouid be turned w1t during the non-heatir; months. During
the hesting season, piliot gas provides useful heat to the
house. ‘

Little energy can be saved by replacing pilots with electric
ignition in the case of water heaters, since 75 percent of
the pailot gas is useful for heating the water and/or main-.
taining the water temperature at the thermostat setting.

Little energy can be saved by replacing pilots with electric
ignition in the case of gas ranges because pilot gas helps
to heat the house during the heating months cf the year.
However, as central air conditioning becomes more widespread,
the importance of eliminating gas pilots in ranges will be
ir reased. :

Further and more concentrated efforts are required of the

gas appliance industry to develop a safe low cost ignition
system for gas appliances and apparatus. Unless progress is -
made in the near future towards eliminating wasteful pilots
in gas appliances, appropriate actions should be taken by
government to insure the elimination of this wasteful
consumption of gas.
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Table II B-8'v

Estimated Ten Year Savings of KResidential Natural Gas

by Requiring All Gas Appliances Shipped Into New York State

After January 1, 1974 to be Equipped with Electric Ignition

Millions of Cubic Feet
O0f Natural Gas Saved
By Use of Electric Ignition
On New Gas Appliances
Sold in New York State

All Gas o : oo

Year ‘ , Appliances Gas Ranges
1974 . . 268 | 104
1975 - 803 . o312
1976 S 1,338 o 520
1977 | - ' 1,873 o | 723_5e
1078 | 2,408 - 936

“ 1979 o 2,943 " 1,144
1980 ' 3,478 1,352
1981 - | | 4,013 - 1,560
1982 - 4,548 .- 1,768
1983 | 5,083 | 1,976
Total Ten Year SaQing | 26,754 | 10,400

Note: The above summary is based on the estimated gas pilot
consumptions of Table II B-7 and assumes that gas
-appliance sales will remaln at the present level over
the ten year perlod. :
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6. Automatic Damper Control

The vent system'of a gas-fired heating appliance is

utilized to exhaust the products of combustion from the

" appliance to the outside atmospheré. Venting the appliance ié-
required, however, only when the burner is on and combustion
proaucts are beiny generated. Wheh the bﬁrner goes off, a
considerable quantity of air continues to escape through the
open vent system due to natural convection and the positive
pressure differential within the dwelling. . If the heating
appliance is located in the living quarters or finished basement,
conditioned air will be lost through the vent system resulting
in a high fuel penalty. If, on the other hand, the héating
appliance is located in an unheated area, only unconditioned
air will be lost. However, the cooling of the appliance by
the cold air passing through it represents a heat loss which
must essentially be made up during the next heating cycie.
This loss of air through the open vent system can be eliminated
by'means of an automatic draft control device which closes
the vent system.when the main burner is not on.

Devices.for automatic draft control are avéilable
under several trade names, two of which are Vent-0-Matic and
Damp-A-Matic. Both of these devicés contain an automatically
actﬁated damper plate placed in the Vent system. The damper

plate is opened a fraction of a second before the main burner




is ignited, allowing the products of combustion to be safely~
vented away. The dratt control system 1S interlocked té thé
heating appliance's gas valve to prevent ignition of thg main |
burner until the damper plate hasvmoved to a sate (6pen) poSitlon;,
When the ‘heating appliance main Sﬁrner goes off, the damper
closes aufgmgtlca;[y. Airr 18 prevented rrbm eséaping through
the vent paipe.

The amount of tuel saved by installing the device hasb
been the subject of considerable controversy. Manutacturers
have claimed a.savings of 20 to 30 percent. The Gas Appliance
Manutacturers Association”estimates a savaings in the tﬁree to
sSix percent range. One test that was made on a warm air furnace
in the field by the Brooklyn Union Gas Company showed an annual.f
heating savinés of ten percent. The wide range’of efficiencies
either estimated or tested 1s undoubtedly due in part to
_installation conditions. _ '

| The amount of fuel saved by automatic damper'contrdl
is.greater when the appliance is located in a hea;ed area. .The
savings is also greater for boilers supplying botﬁ heat and hot 
water, |

Some concern has beén expressed with respect to the'l
safety of using a démper.control device. ,It»has-been suggested'
that a £hérhal‘sw;téﬁ bé';ﬁ;taliéd at the draft hood or baro-
metric dampef to sense combustion gas spil;age in the event of

a failure of the‘automatlc,damper interlock. The thermal
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switch would open, thereby shutting off the burner. The switch
should be of the manual reset type requiring the attention of
the homeowner or serviceman to restart the burner.

The Washington Gas Light Company, which has 1its own
testing laboratory, tested the Vent-O-Matic device in 1969 and
issued a detailed report on its findings. The study determined.
that if the gas wvalve interlock switch failed in a closed
position, combustion could take place with a closed damper. It
also indicated that this single point failure was unlikely for
the miéroswitch used, and made no recommendations for additionai
safety protection., We understand that testing of the Vent-O-Matic
device ih the field under actual conditions of operation is now
being performed by the Washington Gas Light Company.ﬁ | |

Furnaces with.factory installed.automatié damper
control have already been certified by the American Gas
Association. If this device were.to.be field installed by
unqualified personnel, there would be greater possibility of it
being a safety hazard than if the aevice were installedvés an
integral part of the equipment and was factory wired. However,
a task force has been established by the American ﬁatiohal
Standards Institute (ANSI) to draw up standards for field
installed units. |

' The incorporation of automatic damper Gontrol devices
on'new gas heating appliances would incréase the consumer cost

of the heating appliances by approximately $50 to $75. Field
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installation of an automatic damper control device would
undoubtedly double the cost. The time required to recover the
cost of this device.by reduced fuel consumption would be
approximately two to five years depending on whether it was
'factory installed, the type of heating appliance on which it
was used, and whether the appliance was located in a heated

space.

Recommendations with Respect to Automatic Damper Control

~
7

Based on the information available to this Ad Hoc
Committee, it is believed that automatic damper control will
result in an average fuel savings of close to ten percent and
hence, it is certainly considered a worthwhile design innova-
tion.

Additional field data should be obtained for different
types of installations so that a more accurate appraisal of the
device can be made. This data could be most easily cbtained by
the gas utilities, and 1t is récommended that the Gas Division
of the Department of Public Service encourage their participation
in this area. The field test data thus obﬁained would permit
econgmic evaluation of this device under the various types of
installation conditions. Where favorable, the utilities could
.then encourage installation of the device by publicity enclosed

in their billings.
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The use of this device should be highiy encouraged
for new installations where the cust and satet, wplications are
the moscfiavo:abte. Howewve:, unless a mandatory peqb;remept is
imposed on heating appl}ance manutacturers for lncorporating
automatic damper control, a favorable response 1s not expected.
Builders are the primery customers for new heating’equipment,
and too often their only concern in purchasing equipment is first
cost. For this reason, it is recommended that 1if édditional
field testing of automatic damper control devices verifies
meaningful fuel savings, a mandatoxy requirement for automatic
damper control be imposed for all heating’appllanceé manufacturéd

or offered for sale in New York State.
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7. lIntrared Heating

A brief discussion of infrared heating has been
included in this report because the use of this apparatus can
result in significant energy savings in special applications.

Infrared heaters are designed to operate at eleVated
temperatures which maximize their radiant energy output. With
this type of heater the energy released by combustlon c¢f the
gas is transferred to the space to be heated primarily by
radiation rather than convection as 1in more conventional heating
units. Typical applications of this device are for heating
garages, factories, féundries, ailrplane hangers, gymnasiums,
swimming pools, loadiﬁg docks and racetrack grandstands. Use of
this apparatus 1s dependent upon relatively high ceilings (about
20 féet) so that the radiant field of wview can be relatively
large and the high temperature device will be well out of feach
SO as not to present a safety hazard. A complete discussion of

the technical aspects of infrared heatinggis available in

the ASHRAE 1970 Guide and Data Book.3

It is believed worthwhile, however, to explain why
infrared heaters generally utilize less fuel for comfort heating

than do conventional type heaters for the applications mentioned

above,

3. American Society of Heating, Refrigerating and Air Condition-
ing Engineers, 1970 Guide and Data Book, Chapters 17 and 32,
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The heat loss of a building is determined by the
following:

l. Heat loss through the walls, windows and
doors.

2. Heat loss through the roof and floor.

3. Heat loss due to infiltration or mechanically

induced air changes.

In each case, the tqtal heat loss is proportional to
the temperature difference inside and outside of the building;
Therefore, the lower the inside temperature, the lower the
heat loss. 1In convection heating the temperature of the air is
the‘Prime factor in keeping the people comfortable. The air in
the building and all the air passing through the building must
be heated to some predetermined comfortable temperature. In
order to maintain a comfortable temperature at chest level, the
discharge air temperature from.the heatér must be in excess of
- the chest lzvel temperature. This is since hot air rises,
causing stratificakion.

In most industrial applications this comfort
temperature is 65“F. The air temperature, therefore, at the
ceiling will be in excess of 65°F. 1In spaces 20 feet or moré
in height, the ceiling temperature could exceed 100“F. This
high temperature just below the ceiling increases the ceiling
heat loss. Venfilato:s in the roof discharge air at a high

temperature.' Infiltration and wall heat losses are élso high.
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With infrared heating, the air temperature is not
appreciably raised directly by the radiation from the heater,
since air 1s a poor absorber of radiant energy. The infrared
energy is absorbed by the floors, the equipment and the people
within the area. All these items in turn create minor conveqtibnA
currents which raise the ambient temperature of the air somewhat.

The feeling of comfort in an infrared heated building
is equal to the ambient temperature plus the ERF (Effective
Radiant Field). 1In order, tg;refore, to maintain a comfort
condition of 65°F, the ambient temperature will always be less
than 65°F. The amount below 65°F would vary from job to job
,depending on the thermal construction and number of ;ir changes
of the building. This lower ambient temperature results in less
heat loss by infiltration and exhaust, and less heat loss through
the walls and roof, because the temperature difference between
the inside and outside is less. The root loss is much less since
with the lower ambient temperature less stratification takes
place so that the air temperatures at the roof are much lower
than in convection heating.

In.infrared heating applicatiéns, it is customa;y to
install 85 percent of the calculated heat loss of.a building.

In many buildings the sévlngs are even.greater than indicated by
this 15 percent reduction. The savings mentioned here are a
.6omparison of infrared heating versus other direct fired equipment

such as unit heaters. When a comparison is made between infrared
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heating and steam unit heaters, the annual energy savings can

go as high as 50 percent.
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II. C. 0il Sub-Committee Report on Appliances and Apparatus

" 1. General Data

Space heating and hot water heating are the majér
applications of oil consuming appliances and apparatus that fall
within the jurisdiction‘of this Ad Hoc Committee.

As determined in the 1970 Census of Housing,l of the
5,913,861 occupied housing units in New York State, 3,357,171 or
56.8 percent were heated by oil. O0f these.2,600,343 housing units
had oil domestic hot water heating. The balance of the housing units
that employed oil for space heating had domestic hot water heating
using another fuel, or in scme cases had no domestic hot water
heating at all. .

Table II C-1 shows-the breakdown of refined petroleum
products supplied to the residential and commercial sectors of

New York State in 1970.2

Table II C-1

Refined Petroleum Products Sold to the
Residential & Commercial Sectors in 1970

Trillion Btu's Percent
Distillate 549.5 56.4
Residual 375.7 38.5
Kerosene 36.7 3.8
Liquified Petroleum ‘
Gas ' 22.6 1.3
Total 974.5 100.0

1. 1970 Census of Housing, Detailed Housing Characteristics -
- New York, United States Department of Commerce Publication -
HC(1)B34 NY, April 1972 '
2., Consumption of Energy in New York State 1960-1970, New York
. State Department of Public Service, Office of Economic Research
- Report No. X, February 21, 1972,
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The fuel o0il used for small installations such as one
and two faﬁily homes is primarily Fuel 0Q0il Grade No. 2,
Distillate. It is also used in some larger installafions,'but in
general the larger installations will use Fuel 0il Grades 4,5
and 6, which are termed Residual Oils. The residual oils are
cheaper but-require somewhat more complex heating equipment and
preparation to burn efficiently. Historically, there has been a
major difference in price between the fuel oil grades, but any
variances have been narrowed by the recently high demand for low
sulfur fuels. New York City now restricts the use.of fuels
burned to theose with a maximum sulfur content of 0.3 percent.
Because of this festrictibn, the price of the No. 6 fuel oil that
" can be used'in New York City has changed from about 1/3 the'price of
No. 2 fuel oil (four ycars ago) to within 10% of the current price.

In New York State, oil space and domestic hot water heating
';s accomplished primarily with the use of boilers. For small
installationg such as used in one and two fémily dwellings, domestic
hot water is oﬁ?ained by means of an immersion coil in the boiler.
A separate oil fired domestic hot water heater is rarely installed
initially because its first cdst is higher 'in priée'than an
immersion coil type or comparable gas fired or electric hot water
heaters. 0Qil domestic hot water heaters comprise only about one
pércent of the residential installations, and are sold primarily in
custom houses or installations where the immersion coil in an oil

fired boiler is found inadequate or requires replacement.
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Hot water heating with an immersion coil has both
advantages and disadvantages as compared to separate oil fired
units for space and watexr heating; During the winter season,
combining the space heating and water heating load in a single
boiler undoubtedly results in a lower energy requirement than
operation of separate units. In the summer, however, the com-
bined system is not as efficient, since the boiler must be run
at a relatively light load teor domestic hot water heating only.
This drawback is often further compounded by the practice of
oversizing the boiler solely for the purpose of selecting a
boiler with a higher capacity immersion ccil for hot water )
heating. However, some compensation for the adverse effect on
efficiency of the oversized boiler can be made by the use of a
smaller nozzle size on the oil burner?? Tolé great extent, the
high winter efficiency and low summer efficiency for an immersion
coil tends to fesult in a reasonable year-round average efficienéy,
comparable to individual oil fired units. Exactvsample data |
for this cémparison, however, is not avéilable.

The four main factors which determine the gfficiency

obtained in oil fired heating appliances are:

l. Appliance Design\
2. Fuel 0il Selection
3. Boiler Size Selection

4. Operation and Maintenance
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The above four tac£ors,are discussed in Section 2,
3, 4, and 5, respectively. These factors muét all be éiven-
adequate qonsideration, since neglect of.any one éanloffsét'
correct applicaﬁion of the others.

Although the emphésis in this section of the report
is on boilers of all sizes and furnaces in the domestic size
range, mahy of the .recommeéndations apply to the oﬁher ﬁypes of
0il powered appliances and equipment used in commercial and
industrial applications.

Some of the types of equipment available include
dixeét fired roof top heating and air conditioning units, indirect
6il fifed roof top units, overhead suspended‘heaters; horizontal,.
suspended furnaces, specialized infrared heaters, éir'curtain
door systems, and various types of direct fired domestlc hot
water heaters tor commerc1a1 and large residential appllcatlons.

The selective use of 1nfrared heating devices offers
manyxopportunities fbr energy conservation. Rather than attempt-~
ing to maintain tﬁe.total volume of a building.at a comfortable
temperaﬁure, these devices ofteﬂ enable the designer to restrict
heating to spot locationsAwhere,Qorking comfort is provided with
a minimum of heat waste through open doors or ventilation openings
"and without heating more than a small percentage of the total
building volume. |

' It is worthwhile to note that the 0il Industry is

- sponsoring many research and development projects related to the
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efficiency of oil appliances and épparatus. A list of these
projects together with the name of the organization assigned

project responsibility 1s presented in Table 11 C-2,
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Table II C-2

Industry'Sponsored Research and . Development Projects

‘Related to OiltApgliance-and‘Apparatus‘.

. Efficiency '~ Project Responsibility

Home Climate Control

W

1. Combiﬁedﬂoil-Pump~Air»Compressor;—,Compump"Systeme; Ineﬂiquhﬁéﬁx .

2. 0il Powered‘TétaI Comfort System. - . .American Air FiltereCo." ’

“3 011 Powered. Appllances System Study - Thermo Electron Corp.r-..; ?ﬁﬁ

. T4;'.Low~Emm15310n 0il Burner - OOHA-Carlln Co,

5. "Una—Spray~ngh Eff1c1ency'Burner---Una,aInc.
6;.?Vaporlzlng Rod- Burner'- Rockwell rnternatlonal

~7. - Compact: ngh Efflclency Burner -vSonlc Development Corp.t,

Home Appllances

1. Integrated Furnace Desxgn - Rockwell Internatlonal

-2, 011 Powered HTM Total Comfort System - Raytheon Co.

- Commercial and Industrial Uses:

1. Infrared Spot Heater -. Inray Co.

Operating Practices

Field investigation of emissions from space ﬁeating - recommended
operating procedure - Battelle Columbus Laboratories
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2. Appliance Design

As in the case of gas heatiﬂg appliances, industry
standards have been established for oil fired furnaces énd
boilers. The American National Standards Institute (ANSI) has
adopted standards? for oil fired furnaces that require a
minimum efficiency of 75 percent, t@e same minimum efficiency
as specified for gas fired furnaces.. Underwriters' Laboratories
(UL) which lists oil fired furnaces for safety will also
certify the efficiency reduirements if requested to do so\by a
manufacturer. Standards for oil fired boilers have been established
by the Institute of Boiler and Radiator Manufacturers (IBR - now
part of the Hydronic Institute). Meeting the performance require-
ments specified in these standards requires a minimum "thermal
efficiency” of approximately 75 percent. The thermal efficiency
or appliance efficiency is established with the appliance operating
at steady state cbnditions. The thermal losses are determined
and subtracted from 100 percent; thus giving the thermal efficiency
~ rating. This is the only way in which one appliance can be
compared teo a similar appliance of a'différent manufacturer.
Certification testing of oil fired boilers is performed by the
manufacturer. Units which meet the performance standards are so

identified on their nameplates. Although the thermal efficiency

3 ANSI Standard 2z91.1-1972
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of .a boiler is not listed directly, the gross input and the
gross output as well as the IBR ratings are listed ahd hence
the efficiency can readily be determined.

The variation in-thermal efficiency of ovii fired
equipment is about five percent.’ The maximum thermal efficienc§
attainable with oil fired heating appliances is limited to
somewhat higher than 80 percent because of éssentially the same
factors that limited gas heating appliance efficiehéy. - These
factors are: .

a. Excess air is required to ensure complete
combustion.

b. Substantially reducing flue gas temperatures .
to obtain increased efficiency would result
in condensation of the water vapor in the pro-
ducts of combustion and hence corrosion of the
heating appliance. Reducing flue gas temperatures
could also result in loss of adequate draft for
safely venting the combustion products.
! ! ) . .
The above factors are discussed in greater detail in Section
II B-3a of the Gas Sub-Committee report.

Experience has shown that a slightly higher init:al
efficiency is not necessarily the best selection criterion.
Devices which show a higher initial efficiency may require more
maintenance. or be more sensitive to adjustment and may actually
result in poor performance on a seasonal basis. Developing
guidelines or procedures to reflect the true installed performance
of equipment requires study and warrants Government or industry

sponsored research, since precise criteria for appropriate test

procedures do not now exist.

Q
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Standards and test p;ocedures fox‘the :at;ng'of‘
domestic hot water heaters are required, 1t would be usetul
if sténdards and test procedures were adopted that wérevcommon
to all fuels. In this manner, comparisons could be tac:liitated
that would aid in appliance and system selection.

O1) fired appllancesvand apparatus, such as turnaces
or koilers, should be_requ;rgd to carry an approval or listing
by one or more of the natlonally récognlzed agencies such as
UL, ANSI, or IBR. Standards or procedures of these agencies
should incorporate a minimum thermgl‘eff;cxency for listing
thaﬁ must be verified by an independent testing laboratory.

Although the opportunity tor improvement of the
thermal efticiency of oil fired equipment‘is guite small, it 1s
beiieVed that proper cerflficat;on'and listing of eff1cienc1es'
would inspire some improvement on the part of manutacturers, and
facilitate a wiser choice of equipment by the consumer.

One must note the difference between the utilization
and thermal efficiencies'oi an appllahce. When a heating unat
is installed in a system, 1t is not operated much of the time
and standby losses occur. These standby losses result in a
lower utilization etficiency, the efficiency at which the fuel
is utilized.

The range i1n utilization efticiencies obtained with
oil fired heating equipment is from 35 pezcent to about 75

percent. The actual etficiency obtained in use will depend on
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the appliance design, the size, the percent of rated load at
which 1t 1s operated) and the tuel used, as well as the‘care
- taken 1n vperation and maintenance. Although there may be some
opportunity tor improvement in the tbe;mél efficiency'of oil
heatiny appliances, by fax‘the greatest opportunity for energy

. savings is in the area of utilization etficiency improvement.

'
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3. Fuel 0il Selection

A tactur 1n uwisllzation €fliciency that 1s unigue
to fuel ©1) 1s the range 1n tuel capabilities of the equipment.
At present, tive different grades of tuel o1l (Numbers 2, 4,
5L, 5H, and 6) are in use. Hagh numbered fuel oil grades
indicate higher viscosities and increased difficulty in handling
and atomization for good combustlon, unless the o0il has a low
sulfur content. Use of equipment with a higher numbered grade
cil than it wés designed to burn results in poor combustion,
some loss of heating value through incomplete combustion, and
additional losses due to carbon on the heat exchanger surfaces.
At present, New York City has 1instituted strict ruiles to ensure
that both existing and new installations will be capable of
burning the grade ot fuel which 1s actually being used. There
are no theoretical reascns why residual oil cannot be used for
heating of one and twolfamlly'dwellings. In practice, however,
the tirst cost of equipment and the necessity for careful
supervision and maintenance when burning the residual oil nieans
that 1t 1s not practical tor small boilers. The New York City
regulations are an effort to prevent building owners from
misusing heating equaipment. The simplest means of avoiding
misuse of heatiny equipment would be to require all boilers to
fire Number 2 fuel oil. This might tesult 1n increased

efficiency and in reduced air pollution as well. However, this

-190-



would work an ec&nomic hardship on larger installations that
are capable of using residual oil efficientiy and cleanly. A
regulation to that effect would reduce the total amount of
fuel 011 available and, therefore, would be contrary to energy
conservation goals. The Ad Hoc Committee recommehds that a
technical committee be brought together including éraigiiigggl
engineers, skilled maintenance persdnhel andnﬁapufacturihg .
personnel to establish exact consumption rates for each installé-
tion. In the past, the fuel oil industry has recommended that
Number 4 fﬁel 0il be used in boilers with a firing rate of 12

or mdre gallons per hour,.and Number'GVfuel oil in boilers.with
a firing rate of 25 or more galioné per hour.

Selecting the most'sﬁitable grade of fﬁel oil;'baséd
on equipment Size, is impbrtan% with\respect to both efficiency
and air quality. Ranges specified in New ¥nrk City fggulations.
may serve as a startaing point: a minimum ten gallons per hour
for the use of Number 4 fuel o0il; and a minimum of twenty
gallons per hour for the use of Number 6 fuel oil. It should be
noted that these regulations also include detailed mechanical
statistics so as to make these minimums appropriate.

The American Society of Heating, Refrigeration and
Air Conditioning Engineers has prepared the following guide5

for selection of fuel 01l grade as a function of firing rate.

5. American Society of Heating, Refrigeration and Air Conditioning
Engineers Guide and Data Book (1969)
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Guide for Fuel 0il Grade vs. Firing Rate

Firing Rate
(Gallons Per Hour)

Up to 30
15 to 40
35 to 60
50 to 60
Over 100

Fuel 0il Grade

"No. 2
No. 2, No. 4
No. 5
No. 5H, No. 6
No. 6

It is recommended that a technical committee be

formed to review existing recommendations and evaluate the

optimum ranges, taking into account not only practical considera-

tions of maintenance and operation, but also the present

- considerations of fuel shortages, requirements for low sulfur

content fuels and the changing fuel price structure. Based |,

on the recommendations of this technical committee, standards

or regulations should be adopted which establish minimum firing

rates for the various grades of fuel oil.
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4. Boiler Size Selection

An 1mportant factor atfectlng the utlllzatlon
efficiency of a boiler 1is its capacity in relaticn to the ’
heating load. A mismatch between output ratlng and actual load
results in very short cycles, or a low f1r1ng rate w1th burners
capable of modulatlon. The frequent start up perlods whlch are
associated w1th short cycllng constltute 1nefflclent operatlon i
of the equipment and tend to cause air pollutlon. Typlcal
practice on the part of des1gners results in gross overslzlng,l_
which in some cases may actually be over 300 percent of the\'

. necessary capaclty. Some of the factors whlch lead to thls:"
situation are listed below. |

Bulldlng heat loss calculations, basic tc equip- -

ment sizing, are ordinarily performed by methods

which overestlmate the loss. B

Until recently, heat loss calculations provided

a gross value and did not allow for heat gains

which would yield a net value. ) :

_Heat loss calculations frequently fail to separate
peak conduction losses from peak ventilation losses,
and if these two heat losses are not simultaneous,

an overestimate of peak heat losses results. -

Outside designAtemperature used for heat loss
calculations is unnecessarily low.

Boiler manufacturers have been traditionally
‘conservative in their output ratings.

Contracting and heating industry association rating

systems incorporate safety factors that further
de~rate equipment.

=193~




Some rating systems have incorporated "pipe tax,"

i.e., 15-25 percent de-rating to allow for

distribuation system loss.

Boilers are not made in every exaét si1ze and

designers frequently take the next larger size

than that called for by the calculation.

Since somé of these factors compqund one another, thel
cumulative effect can result in drastic oversizing, such that
‘it is almost impossible to match parf loads with boiler operating
characteristics. |

The wastetul effects of oversizing of equipment
can not be emphasized too much. Even the use of modular boileri
installations, which operate efficiently down to ten percent of
rated capacity, can be negated if the installation is suffi01entiy
oversized. For example, if four modular boilers are.installed
and an individual module will maintain a high utilization
efficiency down to 40'percent of its capacity, it appears that
efficiency can be maintained down to ten percént of the total
building load. If, however, the installation is oversized to
400 pércent of capacity, fhen:a high utilization efficiency can
only be maintained down to 40 percent of rated load. Further
discussion of thislsubject»is presented 1n Section 6, Modular
Boilerxs. |

Optimum boiler sizing is obtained by comélete and
thorough analysis of actual system requirements, and is an

important part of system design. Recommendations for proper

boiler selection follow.
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Recommendations for Determining Boiler Sizes

The first step in heating system design is a
determination of the comfort criteria necessary. This includes:
a design indoor and outdoor temperature in winter and summer;
design humidity in summer and winter; design témperatures in
areas of special application, such as computer rooms; the
controls necessary to maintain this design tgmperature.

After the above determination is made, the next
step is to determine the net heating and cooling load for the
building. The calculqtién of heat loss of the residence or
building is specified in the American Sbciety of Heéting,

- Refrigerating, and Air Conditioning,Engineers (ASHRAE) Hahdbook

of Fundamentals in the chapter entitled "Heating Load." The

chapter contains a fully detailed example of a heat loss
calculation for a residence. Other procedures for calculating
heat losses are contained in:
a) Manual "J", Load Calculation for Residential
Winter and Summer Air Conditioning, published

by the National Environmental Systems
Contractors Association (1967)

b) "Heat Loss Calculations" published by the
Hydronics Institute (Guide H-21, Fourth
Edition, November 1969)
The determination of net heating and cooling load should

include an analysis of heat gains in the structure, the time

at which these heat gains occur, the use of heat reclaiming
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'devices,'ventilation :equireménts, and the type and complexity
of the control sequencing program which will maintain the
structure at the desired comfort leveils,

When the previous steps have been determined, the
following criteria should be used tc size the boiler:
l. (a) The output capacity of small residential
" size oil fired furnaces and boilers should not
be less than the calculated heating load nor
more than 15 percent greater than the calculated

S heating load. :

{b) Larger boilers should be sized so that the
gross output does not exceed approximately
125 percent of the net heating load.

2. When the net heating load is greater than 1,000,000
Btu per hour, consideration should be given to a
multiple heating plant approach, designed so that.
the gross output of the individual heating plants
involved will closely match the load profile of. the
structure at both high and low load conditions.

3. Installations with two cr more boilers should have
the boilers sized sc that at minimum load, operation
with just the smallest boiler will be at a mlnlmum
of 40 percent of its rated capacity.

In addition, the heating distribution system should

have similar design criteria, so that it will neither overheat

nor inadequateiy heat a particular section of the structure in-
order to maintair a ccmfortable level of internal temperature

in another portibn of the structure. In cases where this is
difficult to achieve, consideration should be given to operating

an isolated heating and cooling system for those portions of.

the structure or portions of the load which have unusual

requirements, including hot water loads. Examples of these are:

computer rooms, dining rooms, kitchens, and conference rooms.
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.Qperation and Maintenance

As prevxously stated the 0il Sub-Commlttee belleves

i

5fthat the onportunlty for energy conservat*on through better

”7_ma1ntenance‘and operatlon is s1gn1ficant. The concentration off%“‘

’effort for ex1st1ng structures and those erected in- the near

ffﬁ_future should take the followmng factors 1nto cons;derat;on."

-Small domestic un1ts offer 1ess opportunlty

for conservation. ~High manufacturlng standards-

,for one. and two famlly equlpment already ex1st.'

' -Interv ﬁws and contaets w;th bu11d1ng operators,

de51gn angineers; service and maintenance EPERE
personnel and installation:contractors: conflrmed
that medium gized (with: heat1ng requirements of

- 1,000,000 to 10, 000,000 Btuh) commercial .and

res;dent;al structures offer the maximum. oppor- o
tunities for energy conservatlon through -
maintenance, repair or replacement ‘'of combustion
equlpment, and 1mproved‘system operat;on.

'Heating plants for very large structures are

usually the best maintained and operated, although
there are significant exceptlons. The control
system in large bulldrngs may result in wasteful
overheating, and is . discussed in the Report of

the Ad Hoc Committee for Energy Efficiency ‘in

‘Large Buildings.

To accomplish energy conservation program goals in

the area of operation and maintenance, the Sub-Committee

recommends the following intermediate and‘long range measures:

‘[These proposed measures are based on the points-that fuel

"lefficiency oegins with efficient combustion, and that good

combustion can be achieved by regular inspection and maintenance.

- Those units which cannot meet test standards should be repaired




or replaced.] The key step i8 the initiation or a regular

inspection program tor each size and typce of equilpment.

{fa} Fer oil powered units up to one million Btu
per hour, annual inspection i1s considered adeguate to provide
a significant averagye improvement. Shorter intervals between
tests are recommended tcr larger units.

' tb) Specific recommendations should be develioped
for various grades of fuel, ranges of firing rates and types
of combustion equipment. .

(c) A joint committee of design engineers, equipment
manufacturers, and technical service personnel from the
petroleum industry should be esnablishéd to deveiop the necescary
guidelines tor (a) and (b) above.

(d) The essential step in testing is to analyze
carbon dioxide {CO,) and stack temperature (maintaining
Ringelmann smoke number at legally acceptable levels). A
minimum goal should be established, such as 8 to 9 percent COj
at 500 to 600°F with higher minimums for various-types of
equipment as recommended by theé' technical committee mentioned
in.paragraph (ci.

{e) The implementation steps can be both immediate
and longer range. As an initial step, it is recommended that
the State issue executive orders for regular testing, adjust-
menE and reporting of results of combustion efficiency covering
all State installations, both to get the program started and to

— R
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set an example for private industry. Further, that the State,
through the Office for Local Government, require counties and
municipalities to test combustion equipment.

(£) Test records should be made in such form that
a clear and simple'tég may be attached to the equipmeﬁt'as
evidence of the testing and the resﬁlts thereof, with an additional
copy going to the agency having jurisdiction, such as the
Building Department, Air Resources Départment, or other agency
selected.

(g) Test records should also include the estimate of
the fuel cost savings accomplished by keeping the equipment in
proper adjustment. It is further recommended that the State
establish a system of annual energy use records for major
institutions and installations covering: fuel consumption,
purchased energy, labor and materials, and showing the building
areas or volumes served. Such records would provide an index of
performance and pinpoint those installations in need of reVised
operating procedures or major equipment overhaul and
modernization.?
(h) As a- long range measure, 1t is recommended that

the State Building Code, New York City Building Code, and the

4. The General State Authority (GSA) in Pennsylvania has an
effective form for collecting and publishing such data
from major State institutions and installations. This pro-
cedure provides additional benefits such as showing
comparatlve performance, indicating whether maintenance or
upgrading is required and prov1d1ng data for estimating
future building costs. ,
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operating manuals ot State, county, and municipal agencies be
amended Ly requlie regulasl testin, and adjustment procedures
tor heating and a1l ctonditioning eguipment.

Proper operation and maintenance of new and existing

equipment can result i1n a fuel savihgs of up to 15 percent,
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6. Modular Boilers

The use of multiple boilers rather than one or two
-lérge boilers is increasing in new installations. However,
the modular boiler concept is not a cure for all building heating
systenms. )

The important point is to separate the objective
attained by the multiple boiler concept from the specific way
that if is accomplished. The objective is to permit close
matching of heating load with the range of output within which
the boiler will operate efficiently. Provided that this objective
is met, the means are not particularly important.

Modulation of firing rate has sometimes been claimed
as a complete solution to the load matching problem, while other
references suggést that it is ineffective. Properly appilied,
the use of high-low firing, or modulating firing rate, is a
useful device an¢ past problems may often be traced to the fact
that the controls preQiously in use fail to maintain the optimum
air fuel ratio at all firing rates. Lack of control linearity
was particularly a problem with combination gas and oil burners,
but recent advances in control design make possible good ‘
performance even with this type of burner.

Quite mside from efficiency considerations, there
are specific design advantages to the modular boiler concept in
certain situations. A series of smal}l modules may be better

suited to a long narrow space, and may fit low head room or
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roof top situations better than a single large boiler. In

the smaller size ranges, the use of moduléé may reduée unit
size so that less costly, easier to maintain and more automatic
boilers of essentially domestic tipe may be used.

In many cases it may be shown that equally efficient
results may be obtained with two or, at the most, three boilers
of conventional design, particularly where they are not of
the same size. In many applications, the source of a small
load which produces short cycle operation, or requires a low
percentage firing rate, is domestic hot water. Placing the hot
water load on a heater designed for %that purpose, or on a small
boiler used exclusively for that purpose, will permit & muéh
better match between efficient firing rates and load. 1n other
instances, such as the offices in a Church which are used
daily, and the main body of the Church which is only used once
or twice a week, the best design solution for efficiency is to
separate the heating system by use into two parts, and to serve
them separately. This may provide both capital and operating
savings as compared to using either a large conventional
boiler or a modular boiler to serve the whole structure.

In general, a significant sacrifice in efficiency is
made when operating a bailer at a small percentags of rated
load. As shown in Exhibit II C-1, boiler efficiency falls below
70 percent at less than 40 percent of rated load. At very low
percentages of rated load, the efficiency of a boiler can be

extremely poor.
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This characteristic efficiency curve is essentially
the same for all boilers. The capacity at which the efficiency
drastically falls off, however, will vary from one boiler
design to another. Exhibit II C-2 shows the performance char-
acteristic of a boiler that maintains a high efficiency above
30 percent of rated load. Although the performance below 30
percent load is not shown, it would be typified by the per£6:mance
characteristics of Zxhibit II C-1.

Operating a boiler at low loads is not an efficient
process, mainly because of the long burner "off" timeg in the
burner on/off cyclg. As can be seen in Figure II C-3, when
operating a boiler from a cold start, typically as much as 15
minutes are required before reaching desired levels of efficiency.
In actuality, because of the thermal inertia of a boiler, it
will not completely cool down during a burner off cycile. ‘The
lower the percentage of rated load on the burner, the longer
“ will be the "off" times and the shorter the "on" times. The
short "on" times result in most of the operation occuring at
the low efficiency portion of the performance curve. A typical
curve cf Boiler Efficiency vs. Percent Operating Time is shown
in Exhibit II C-4. |

As has been demonstrated, gross oversizing can defeat
the best efforts of boiler design. Thus, the basis of good
load matching must be aécurate analeis of the load itself.

This is a sophisticated problem, and when properly done it
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- should involve analysis of the load profile on an hourly
basis with full consideration for heat gains. Average values

should not be used.
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III. Redirection of Energy Consumption

A. The Difficulty of Redirection

The concept of energy conservation is diametrically
opposed to the present high and wasteful energy consumption
practices which have become a part of the American life style.

The United States, with six percent of the world's population,

is responsible for 33 percent of the world‘’s energy consumption..

Economic forces in New York State have increased
energy requirements among all sectors of the State's population.
This energy demand is further stimulated by the commercial
‘sector developing products which appeal to consumer pride and
status;

Social fbrces, too, tend to push energy consumption
upward. The change from a rural to an urban soéiety, and then
to a suburban-orieﬂtéd culture, results in the use of more
automobiles, more appliances and increased levels of energy
consumption for space conditioning.

The consumption of energy in the'United States has
been found to parallel the trend in the Gross National Product,
and energy consumption on a per caéita basis has been a reason-
able indicator of our standard of living. However, conserving

energy need not imply a reduction in our standard of living,

but~rathe; the elimination of waste. It is in this context'that

the promotion of energy conservation is beingw?prsued.



The first step in redirecting the energy cansumption
habits of the consumer is to recognize and define the prbblem,
and to articulate it in terms which are most comprehensible and
credible to the consumer. To speak of energy efficiency ratios,
or heat transfer coefficients and- constants is meaningless to.
most people. The many esoteric dialogues among experts have
convinced only the experts that there is. a problem, but. . the.
consumer remainé ohly vaguely aware that some problem exists.-
Efforts'by the media to entreat the consumer to conserve energy
"are often met with cynicism.-.Therefore,-this-ég'ggg‘COhmitteé

must direct its efforts not only .to ways,bf conserving energy,

- but also to convincing the consumer that conserving energy is

necessary.

Manufacturers have produced larger and moxe consumptive
appliances and advertised them through the media. Society has
résponded by purchasing large numbers of these appliances. It
was only when increasing rates and massive power deficiencies
became headlined, that all eyes turned toward the individuai con-
sumer as the precipitating cause and the near-term solution to
.the energy crisis. Thus, it is only when business and government,
as the inherent causative agents, take the initiative toward
reaching the consumer that the first step will be made towafd
resolving ?hg_comp:ghensiveecredibility”crisié”aﬁa"Eﬁéwéﬁéfgy'”‘A.”M

dilemma itself.

The joint task force of government and industry must

begin by'defining the energy crisis in terms of people (as
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that follow. '

opposed to the impersonal quantity population). Opinion
surveyors 1nd1cate that the individual consumer believes hydro--'
electric dams and nuqlear power plants can produce an infinite
Guantity .of electricity. After countless years of being told
of the efficiency and availability of electricity, and the

effectiveness and inexpensiveness of gas, it is small wonder

that the consumer cannot begin to understand the problem, not

to mention its scope.

Any educational campaign must demonstrate the
relationship between the individual consumer and the supply of
energy in the environment. It has become ap?arent that fessili
fuels are no longer available in limitless reserves to industrylr 
and the consumer. \

The challenge, therefore, iS to gain the support of
the public in conserving our energy resources. This involves
overcoming a lifetime of indoctrination in a quiety éf con-
sumptive affluence, and redirecting the consumer towards a:wise

and prudent use of our resources within the existing social

order. A discussion of the means available to accomplish this‘_J"

immense task, and recommendations for actions which are con-: -

sidered appropriate at this time, are presented in the sections’
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BEST COPY AVAILABLE

11I. B. Review of present Programs

Education has been llisted as an eifective approach
to reducing the waste uf tuei 1n the re51dent1eL~market. By
education, we means the dissemination ot information on the

fuel shortage, the nege551ty of conserving energy' and spec1flc

actions to accomplish rh:s._ The ene;gy~c0ﬁmervat10n messages
iricluded here are based on the energy eonserVatlon suggestlons

which have been reviewed dutlng ;he ygakuoﬁxthls Ad Hoc.

S

Committee.

‘l

In Septembe: 1971,’when this Ad Hoc Commlttee'
conducted its first meeting, the consensus of oplnlon of .the.
Committee members was that educatlon would be a relati&ely
1neff1c1ent means of achieving the Committee's conserwation
goals. The publlc, 1nc1ud1ng some members of the Commlttee, were
unaware of the impending "Energy Crlsls" and the necessity to
do something about 1#. Now, after intensive study for several
months, it is recognized that, like any other means to reduce
eneréy waste, even 1if only.by a small percentage, education is
essentiél 1f the energy needs of the people of New Yofk State
are to be met during the next several years.

All of the major.utility companies i1n New York State,
many professioeal organizatiens, end many governmental agencies,
have been engaged in educational activities to inform the public

of the impending energy crisis, of the need for censerving

energy, and of the actiocns they can take to accomplish this.
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At least one utility, Consolidated Edison, has cited gratifying
results of its educational Save-A-Watt program. This program

is discussed later in this section.

Methods Used in Energy Education

In order to insure that the public is informed of the
need for energy conservation and ptrovided with ideas that will
help save energy, the utilities of New York State have used many

means of communication, including the following:

1. 1Individual company newspapers and magazines.
2. Local newspapers and magazines,
News Items
Advertisements
3. Company newslettars.
4. Radio
News Items
Advertisements
5. Television
News Items
Advertisements
6. Posters and pictures..
7. Badges
8. Games - Similar to Parcheesi
‘9, Pamphlets, booklets, brochures and folders.

10. Bill Stuffers - small folders enclosed with
customer's bill.

11. Additional information printed directly on .
customer's bill.
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12. Meetings, symposiums and seminars with:

Public

Municiple Organizations

School Organizations

Church Organizations

Service Organizations

Environmental Organizations

Library Organizations

Contractor Organizations

Architectural Organizations

Facility Engineering Organizations
" Engineering Organizations

Plant Engineering Organizations

Owner Organizations

Utility Marketing Organizations

13. Discussions between customers and:

Utility Public Relations Departments
Utility Marketing Departments
Utility Sales Departments
Utility Economics Departments
Utility Home Service Departments

. Utility Residential Departments
Utility Commercial Departments
Utility Industrial Departments
Utility Customer Relations Departments

14. Language of minority groups either in print
or speech in many of the above items.

Topics Used in Education

The information that is presented to further educate
the society comes from many sources, including the public rela-
tions departments of the various New York State utility
companies, trade associations such as the Association of Home
Appliance Manufacturers, the Electric Energy Association, and
the American Gas Association, and government agencies such as

National Bureau of Standards, the United States Department of
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Commerce, Office of Consumer Affairs, and the United States
‘ Printing Office. Each of these sources has written about the
areas with which it is most concerned and has described specific
items that can be used to reduce energy consumption. The best
articles attemﬁt to place a éuantitative value to energy
savings and to also place a value of dollars saved by the actions.
However, unless the conditions that exist are very well defined,
it is very difficult to assign energy or dollar savings. The
general topics that have been discussed in various energy
conservation programs are listed below:
l. Buildings Design
2. Heating Systems
. Central Air Conditioning
. Lighting

. Water Heating

3
4
5
6. Refrigerators and Freezers'
7. Room Air Conditioners

8. Cooking Ranges

9, Clothes Dryers

10. Dishwashers

ll. Washing Machines

12. Miscellaneous Appliances

Detailed energy conservation suggestions promoted by
the ‘programs in each of the above areas are presented in

Appendix A of this report.
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Consolidated Edison's Save-A-Watt Program

In 1971 Consolidated Edigon initiated a program
called "Save-A-Watt" directed toward the reduction «f summe:r
p2ak demand and the conservation of electrical energy. The
Save-A-Watt program was the direct outgrowth of Consolidated
Edison's problems of power supply during the summer of 1970.
The combination of‘extxemely hot days that year, coupled.with
unfortunate equipment tfailures, caused the reduction of voltage
on 15 days, necessitated appeals to customers to reduce loads‘on
twelve occasions, and resulted in load shedding on Septemher 22.
The Save~-A-Watt program was used in 1971 and 1972; and 1s being

implemented again in 1973.

Description of the Program

The Save-A-Watt progrém 18 a two=-part eriergy
conservation program directed to:

l. Large customers with demands in excess of
100 kw

2. Residential and small commefcial and

industrial customers.

Consolidated Edison Company has approximately three
million residential, small commercial and industrial customers
in its franchise area. The system demand approached 8,000
megawatts in 1972. The Save-A-Watt program was implemented to
inform customers how to conserve energy and to appeal for their

cooperation in reducing loads that would occur at peak tames.

2
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The program included bill enclosures, television and radio
announcements, newspaper ads, and other methods ot communication.

As part of the Save~A-Watt prouram, Consolidated

Edison endeavored to educate the counsumer <aud publicize tau
benefits of selecting energy efficient air conditioners. As is
shown in Exhibit IIl1 B-i, an ad used by Consolidated Edison
actually rated air conditioner periormance in terms of Energy
Efficiency Ratio (EER), and attempted to induce the consumer to
buy the more energy etficient appliance. The appeal stressed
that saving energy saved money fo: the rustomer,

The Consolidated Edison system cont.a.ns, by the

Company's definition, 5,600 large custome:s. lhese custolners
contribute approximately 40 percent ot rhe summer peak demand.
The Company, by the use of individual communications, seeks
their cooperation by requesting the followiny actrons:

1. Reduce lighting on a summer long basis to
minimum levels consistent with continued
efficient operation.,

2. Reduce air conditioning regr.rements on a
summer iong basis by raising control
temperature setting SO as to maintain no
more than a 15 degree differential between
indoor and outdoor temperatiare on hot days.

3. During emeryencies remove additional

equipment from cervice.

Results of the Program

At the time of the summer peak, the incremental load

relief could have been as much as 400 megawatts. Thas occurred
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on July 19, 1972, a day of intense publicity about distribution
problems in Brooklyn and Queens. However, on a sustained basis,
the result obtained from large customers was about 200 megawatts.
In addition, there was probabiy another 75 megawatts of reduction
due to economic conditions, particularly vacant office space;

By projectaing the trends of electrical usage among
the customers, and making allowances for variations in weather
conditions, Consolidated Edison estimated savings of approxi-
mately 105 million kWh 1in 1971 and 285 million kWh in 1972.
These savings are related to summertime usage during the months
of June, July, August, and September, and do not take into
account any residual carryover into other months which_might
have resulted from changes which were induced in the living and
operating modes of these customers.

Average usage of individuaily metered residential
customers which had grown at an eight pefcént annual rate from
1967 through mid 1971 has increased at an annual rate of only
a little more than one percent since that time.

A sample of 40 apartment houses in which energy for
tenants is included in the rent showed a growth rate approaching- .

4.4 percent in 1969, 1970, and 1971. These buildings use a
total of approximately 50 million kilowatt hours a year. The
usage in 1972 actually declined l.2 percent compared with 1971

indicating some effects of the "Save-A-Watt" program.
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During the summer of 1971 there was no occasion when
Consolidated Edison had to appeal to the public to make an
emergency load reduction. In 1972 there were three times when
appeals were made to the public. |

For the foreseeable future, Consolidated Edison plans
a continuation of eﬁezgy conservation progfams in its territory.
It appears Consolidated Edison will need summer time peak load
saving because of its inability to bring new capacity on line

as fast as it is projected to be needed.

Room Air Conditioner Energy Conservation Program

Sponsored by the Appliance Industry

In 1972 the appliance manufacturing industry sponsored,
thfough its national trade association, The Association of Home
Appliance Manufacturers (AHAM), an electrical energy conservation
program for the New York City area. The program urged the
consumer to "Be Watt Wise" in the selection and use of room air
conditioners by selecting units of the proper cooling capacity,
buying units with high efficiency, and properly using and main-
taining their room air conditioners. AHAM has established for
its participants the following industry advertising practices
for New York City as part of the "Be Watt Wise"” program:

"Whenever the price of a room air conditioner
is included in an ad, these additional factors

should be included. (See sample label in Exhibit
I1r B-2).
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Brand and Model Number

AHAM-Certified Cooling Capacity in Btu's Per Hour

AHAM-Certified Watts '

Btu/hr Per Watt "Energy Efficiency Ratio" (EER)

The Energy Efficiency Ratio (EER) should be

included whenever the AHAM-Certlfled Btu/hr rating

is given."

As is indicated, the above information is based on
AHAM's Room Air Conditioner Certification Program. This pfogram.
required that nameplate cooling and heating capacity rating and
electrical input data (watts and amps) of a room air conditioner
be accurately stated and independently verified in accordance
with the appropriate AHAM Standard (RAC-l). Certlflcatlon
covered all models manufactured or marketed and offered for sale
in the United States by a participant of AHAM. Over 1800 models
by approximately 62 manufacturers were certified under the
program, Certification covered both window and through-the-wall
units and cooling only and cooling and heating types.

The AHAM Room Air Conditioner Energy Conservation
Program was considered reasonably successful for its initiél
season and it is hoped thét continuation of the program will
result in greater awareness of energy etficiency by consumers
in their purchase of room air conditioners., This in turn is
expected to result in the design and manufacture of more

efficient units to meet the consumer demand.
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Conclusion

The companies and agencies that are active in éducation
programa find it difficult to estimate exac! onv: 'y Savings,
and even more difficuit to estimate savings in doilars to utility
customers. The savings depends upon many things, among which the
most important and most difficult to assess is the efficiency at
which an individual presently uses energy. Other contributang
factors to potential savings at the poant of utilization are: the
cost of electricity, o1l or gas; and the acceptable level of
compromise between comfort, econcmy, and a desire to help reduce
the effect of the pending energy crisis. The best estimate of
potential savings of the presently wasted energy in New York

State is between 10 and 50 percent.
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pover supply and for your slectric bills.

Any air conditioner takos a lot of power
to run. But some take more than others.

So divide before you decide.

Divide the watts (amount of electricity
consumed) of any air conditioner into its
BTU (cooling power). That will give you an
efficiency number usually between S and

. 12. The higher the nuinber the better.

Chances are there’ll be a stick-on tag
on each model at the store you visit, teiling
you the efficiency number. If not, any sales.

" man should be able to tell you the watt and

BTU figures. Or just look for them on the
metal piate required on every eir condi:
tioner. Usually it's under the filter cover.
Suppose you require 10,000 BTU's of
cooling power, and the model you're
considering consumes 1000 watts. Divide
watts (1000) into BTU (10,000) and you

Exhibit III B-1
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be avoided.

Air conditioners consume more than
40 percent of the electricity Con Edison
cuttomers use during peak summer hours.
And about 250,000 people will buy sir
conditioners in our territory this year. If all
are the highest scoring models instead of
the lowest, Con Edison would need about
100,000 kilowatts less at peak times.

So buy an air conditioner that can pass
the save-a-watt test!

You'll help protect the snvironment,
even though when it comes to air poliution,
power pients arg far from the worst
offenders.

You'll lessen the risk of serious powor
shortages.

And you'll save money on your
electric bills.

coneerve
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III. C. Recommended Action Plan

1. Establishment of an Organization to Direct and Coordinate
the Task of Redirecting ENergy LonSumption

Only a well planned systematic approach to education
can achieve some degree of success in altexxng the life long
accumu}ated habits of the citizenry. lf a successful educational

system is not developed and 1initiated immediately, more serious

measures to conserve energy may result.
The Committee suggests the establishment of a central

organization to perform the tollowing duties:

Coordinate activities of State agencies and
private industry that are pertforming energy
related functlons-

Advise and make reccmmendations to State
agencies, corporations and authoritleas that
have regulatory powers affecting the con-
sumption of energy; '

Undertake actaivities tO encourage business

and industry to maintain high staendards and
public responsibility in alil aftairs invoiving
the consumption ot energy:

Conduct studies and analyze matters affecting
the consumption ©f energy;

Recommend to the Governor new laws and
amendments to laws aifecting the consumption
of energy;

Collect and disseminate te local community
organizations and the yeneral public data
regarding energy conservation activities by
these organizations;
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Assist all local governments in the develop~
ment of energy conservatlon activities;

Encourage the development of educational

programs for children and adults.

Tﬁe orggnizétion should function with an overall

’ qoncerh for the use and conservation of.energy‘in all fields - -
Ibuildings and transportation, as well as appliances and apparatus.
Eﬂergy gonsumption is complex and involves multiple disciplines;
- therefore, the organizatioh.shduld work with existing establish-.
ménts that have the knowledge and the reéulatory powers to
.effect change in their area of expertise. It is important that
individual efforts of existing organizations be directed and

- coordédinated by the central organization, so that the program to
"ﬁéonserve energy is not ffagmenﬁéd;”duplicated or cdnfliCting;.
-In additioﬂ,.the Attorney General's pfficé should coordinate
enforcement power wifh.theléfégniéat;on.

Considering the existing structures in New York State
government, the Committée suggests the following_alternétives to
‘establishing a body responsible fér cfeating an awareness'of
‘the energy problem in the general public and promulgating the
conservation of energy: | |

a) That a spe01a1 lelSlon be established w1th1n

‘ the existing structure of the New York State

Consumer Protection Board or the Department

of Environmental Conservation, thus ellmlnatlng
the creation of a new bureaucracy. It is also
relevant to note that both agencies are developing

credibility with the present day general public
that has a tendency to mistrust government. One

4
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b)

c)

reason for recommending a new division

within the Consumer Protection Board, is

the presence of the Chairman of the Public
Service Commission on the board, since it

is important that the division cooperate and
coordinate its work with that of the Public
Service Commission.

That a new office be established in the
existing Public Service Commission to carry
out the coordination of energy use and
conservation., It is noteworthy to mention
that the regulatory powers of the Public
Service Commission and the educational and
advisory powers described herein might best
be served when located in two separate but
related structures. However, the establish-
ment of a new office in the Public Service
Commission could be more effective since the
Public Service Commission interfaces with
energy producer organizations.

That a new Board of Energy Conservation be
established and structured as a matrix
organization. A diagram of a possible
organizational format is presented in
Exhibit III C-1.
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2. Organizational Activities to Promote Energy Conservation

The central organization assigned the task of
directing and coordinating energy use should concern itself
with the following functional areas:

a. Search, Retrieval and Analysis of Material

b. Media

c. Formal Education Programs

d. Grassroots Programs

e. Industry/Labor Programs

f. Governmental Programs

a. Search, Retrieval and Analysis of Material

l. Search and retrieval of material from
numérous private and public research
institutes.

2. Initiation of research projects by means
of contracts to outside consultants or
private foundations.

3. Analysis of research findings with a
view toward determining prospective
legislation and establishing educational
programming for whatever purpose the
Board of Energy Conservation deems
necessary in the public interest.

b. Media

1. Edvcational and Network Television
a. Spots
b. Television Films

- animated
- documentaries

c. Specials
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2. Radio
a. Spot Announcements
b, Community Participation Programs
c. Public Service Interview Programs
d. Network Editorials
e. Specials

3. Visual

a., Film

animated

documentary

video tape

film and tape cassettes

b. Photography

- still photography (prints)
- slides

c. Exhibits
- travelling exhibits
- permanent installations
(museums, schools, public buildings,
libraries)

4, Printed Graphic Material

newspapers
articles
editorials

- supplements
educational
industrial
technical

- newsletters

-~ brochures

- magazines

- posters )
public transportation
public buildings
schools




5. Teacher Kits

c. Formal Education Programs

l., Teachers

a. Incorporation of energy studies in basic
teacher preparatory courses in college
and graduate schools.

b. Mandatory studies in energy use as a
requirement to maintain teaching
certification for those teachers who have
not received prior training.

c. Section a and b should apply equally to
teachers of technical vocational courses
because maintenance and operation of
equipment is vital to energy use.

d. Symposia for teachers conducted period-
ically to augment their basic education in
energy use.

2., Students

a. Incorporation of energy studies as a
mandatory requirement in primary and
secondary levels,

b. Availability of information in energy use
as a regular part of an educational pro-
gram in environmental conservation in
college and post-graduate curricula.

c. The student enrolled in a vocational
training program should be required to
study energy use as it relates to his
particular vocational speciality.

d. Grassroots Programs

1. Although the Energv Conservation Board is
designed to create and initiate programs in
energy use, it should be recognized that a
related goal is to encourage the local
community, in cooperation with the Board, to
implement indigenous programs.,
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2. The following is a list of some community
organizations and activities which would
be instrumental in the implementation of
the programs designed by the Energy
Conservation Board.

a. Civac Groups

b. Environmental Groups

c. Consumer Groups

d. Church Organizations

e. Political Clubs

£. Continuing Education Programs

g. Private Social Groups

e. Industry and Labor Programs

‘1. The Energy Board would work with private
industry and labor organizations to assist
and coordinate development and implementa-
tion of programs that promote conservation
of energy. For example:

a. The Board could request manufacturer's
associations to develop selective
appliance liabeling systems intelligible
to the general public, and subsequent
promotional materials for retailers
stocking those appliances.

b. The Board could request private
manufacturers and associations to
utilize funds from advertising budgets
to make documentary films or spot
commercials which the Board would have
run as public service items on network
television.

c. The Board could assist private industry

to develop energy conservation campaigns
for employees.
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The Board could encourage building

owners to develop refresher courses for
building operation and maintenance
personnel, utilizing cost benetfit analysis
to indicate possible dbsllar savings 1n
terms of yearly energy wutilization.

The Board could work with labor organiza-
tions to develop statistics on the number
of jobs affected by plant shut downs or
relocations due tc energy shortages,
thereby encourayging individual workers to
coneerve energy.

f. Governmental Programs

1. The Energy Board would work in conjunction
with all levels of government (lccal, statw
and federal} tu assist 1n the deveiopment
and implementation ot programs designed for
the efficient uvtilization of energy. For
example: .

Q.

The Board could request the Codes Council
to consider changes ands/or additions to

the building code to allow for efficient
energy utilization in the desiyn, construc-
tion and operation of liarge buildings.

The Board could request that all public
building organizations develop a contractual
clause that requires architects to develop
an energy utilization study during the
schematic phase ot building design.

The Board could request State agencies to
procure only equipment systems that have
a high energy efficiency ratio.

The Board could encourags -the Cavil
Service Commissiocn to include knowledge
of energy efficiency as related to the
operation and maintenance of building
mechanical systems on all civil service
tests for relevant jobs. Retraining
courses for those already employed could
also be developed.
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Large cities, such as New York City,

Buffalo, and Rochester could be encouraged
to develop their own training requirements
and refresher courses for civil employees.

The Board coula request changes in the tax
structure to allow for tax incentives for
builders utilizing less energy.

The Board could also develop and recommend
an escalated sales tax that increases in
proportion to decreases in energy efficiency
ratios in equipment and/or cars.
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' ) Proposed Format for

Board of Energy Conservation
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I1I. D. Consideration of Specific Policies that Could Induce
Improved Energy Utilization

1. Evaluation of the Merits of Labeling Svecific Appliances
and Apparatus with Respect to Energy LEfficiency and
Energy Cost

The Ad Hoc Committee has examined appliance labeling
as an approach for reducing annual energy consumption and
peak load requirements in New York State. Answers were sought
to the following questions:

a) Which appliances, if any, should be considered
for a labeling program?

b) Could a labeling program result in the promotion
of increased appliance efficiency?

c) Is a labeling program the most effective way to
accomplish the desired result?
The findings of the Ad Hoc Committee with respect
to the above questions, and thé recommendations of the Committee
in regard to the labeling of the energy efficiency or energy

cost of specific appliances, are presented in this section.

Types of Labeling Programs

There are two basic approaches to product labeling,
distinguished basically by the method of regulation:

l. voluntary - A voluntary program of product labeling
would depend upon non-regulated market mechanisms. The assumption

is that publicity about energy shortages, and consumer education
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programg about appliance operating costs, will create consumer
demand in the marketplace for information about the energy
consumption characteristics of appliances. Manufacturers and
sellers‘pf appliances wi1ll respond to this consumer demand by
voluntarily providing this information. The information may,

or may not, be certified through an industry certification pro-
gram which would assure that all brands' product claims are
based on the same operating assumptions. Otherwise, the product
claims will be self-certified and subject to the surveillance

of the Federal Trade Commission. This type of program is similar
to the program conducted by the manufacturers of room air
conditioners through the Association of Home Appliance Manu-
facturers (AHAM) in New York éity during the summer of 1972.

This program was discussed in Paragraph III.B. of this report.

2. Mandatory Compliance - This type of program is

based on legislation which requires the labeling of specified
information about the energy consumption characteristics of
products. An appropriate regulatory agency would have to be
designated, penalties for non-compliance established, and the
parties responsible for complying with the regulations established.
The legislation would have to provide for establishing.sound,
basic ground rules for the basis for the product information to

be provided, thereby assuring that all information is

provided on the same basis. Such legislation would, of course,

have to be approved by the appropriate legislative body.
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A program of this type, Int. No. 974, has been
proposed for room air conditioners by the Council of the City of
New York, and is included herein as Exhibit IIID-1. The
Committee has been informed that this legislation has undergone
minor modifications and was passed by the City Council on May 17,
1973.‘ The bill (1098-A) was awaiting the signature of the Mayor
at the time of publication of this report.

It is believed that a labéling program could best be
applied to appliances and apparatus:

(a) Having a large total annual energy
consumption;

(b) Having a wide range of energy efficiencies
between the various models presently available
to the consumer;

(c) Which lend themselves to having their energy
utilization efficiency or cost of energy
consumption readily defined,

(d) WwWhich will provide an economic incentive to
the consumer to buy the more energy efficient
units,

The purpose of an Efficiency Labeling Program is to
make a significant contribution in terms of reducing annual
energy consumption and/or peak load requirements.

Based on the above guidelines, a labeling program
could be instituted on a statewide basis for the following two
types of appliances:

l. Room Air Conditioners

2. Refrigerators, Refrigerator-Freezers and
Food Freezers
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1t should be noted that temperature affected loads
constitute approximately 40 percent of the peak electrical
load in the downstate area Both of the appliances considered
for application of a labeling program sre majur coatributors
to the peak electiical load and, hence, a reduction of their
energy demand would be of particular impottance in the downstate
Consolidated Edison territory-

The consideration for the appl:ration of labeling
programs for these two types of appliances is based on the

following information:

Room Air Conditioners

Application of a statewide labeling program for room
air conditioners would be the simplest to enact. Essentially,
ali room air conditioners have been tested and certified with
respect to the parameters influencing energy efficiency and
energy consumption. AHAM has already conducted a consumer and
dealer education program for roombalr conditioners which included
distribution of labels as discussed in Paragraph 1I1.B., soO
that the process of educating the donsumer about energy
efficiency has already begun.

There are presently 2,301,000 room air conditioning
units in New York State with an annual energy consumption of
1,365,000)000 kWh. 1In 1970 only 28.6 percent of the households

in New York State had one cr more room air conditioners. There
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were 258,000 new air conditioners purchased in New York State
in 1971 with a potential electrical load of approximate’ly 430
megawatts. The average room air conditioner has an energy
efficiency ratio of between 6.0 and 6.5 Btuh/watt, whereas the
efficiencies of cbmmercialiy available machines may vary from

less than five to- meore than twelve Btuh/watt.

Refrigerators, Refrigerator-Freezers, and Food Freezers

The refrigerétor‘is the greatest user of electric
power among the major appliances. Essentially, all occupied
households contain a refrigerafor. There are additionally
960,000 séparate food freezers in New York State. ‘The combined
total annual energy consumption of all appliances in this
group is approximately 7,120,000,000 kWh or aboﬁt five times
the annual energy consumption of room air cénditioners. The
estimated service life of refrigerators and freezers is
approximately 15 to 16 years. There were approximately 368,221
refrigerators and 48,067 food freezers sold in New York State
in 1971 with a potential annual energy consumption of
490,000,000 kWh.

AHAM is now.working on an energy consumption
designation for refrigerator-freezers, called the "energy féctor"
which takes into consideration the various configurations of
refrigerator and freezer sections. As in the case of energy

efficiency ratios for air conditioners, the energy factor for
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refrigerator-freezers will enable efficiency comparisons
between units. Because of similarities with the airsquiifloner.
it is believed that testing will reveal a wide range of
efficiencies among models presently available to the consumer.
Because of the large quantity of electrical energy involved,
improvement of the ehergy utilization efficiency of this equip-
ment is a potentially fruitful area.

. Whether a labeling program could result in the
promotion of increased appliance efficiency is the subject of
considerable controversy. In Paragraph III. B. of this report,
the AHAM Room Air Conditioner Energy Conservation Program was
discussed. This program employed labeling in conjunction with
consumer education to promote the sale of the more efficient
units, and is the only known program of its type. The program
was considered reasonably successful for its initial season.
However, the program has not really been given sufficient time
to be tested fairly; therefore, conclusions about its effective-
ness are premature.

There are many people who feel that labeling an
appliance with an energy eificiency ratio or similar factor is
not effective‘because such factors are not understood by the
consumer. It is argued that in order to persuade the consumer
to purchase energy efficient appliances, the consumer must be
shown that it is financially advantageous for him to do so. j////<////

From a first cost standpoint, the more energy efficient appliances
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are more expensive. Therefore, for a more efficient unit to
offer a financial advantage to the consumer, its operating cost
must be sufficiently lower to make its total owning and operating
cost less over its life span. A knowledge of the operating cost
of the appliance, rather than just a performance indicator, is
required in order to make a total cost comparison.

Many factors require consideration in the evaluation
of the merits of a labeling program and its possibility of
3uccess in promoting the manufacture and sale of more efficient
appliances.

Pefining the cost of operatioh of an appliance in a
manner that is factual, easily understood and has applicability
to all the consumers of the State does not appear to be" feasible.
The following difficulties in this approach are encountered:

(a)’ Utility rates vary within the State and

from consumer to consumer depending on
energy usage. '

(b) Operating times for the appliances in
guestion (air conditioners and refrigerator-
freezers) would vary from hcusehold to
household depending on climatic location and
habits of the inhabitants. .

(c) Labeling of annual cost of operation
will cause consumer confusion since it is
unlikely to describe any individual
situation. Labeling of cents per hour rather
than annual operating cost would minimize
the variables and still provide the consumer
with a straight-forward method of computing
annual operating costs. This could be done

on the basis of locally provided information
on operating time averages for a region for
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room air conditioners, and on run times
(which could be provided by the manufz:tu-ar)

for various model types of refrigerator-treeie s,

It is noted that labeling of appliances wirth
the operating cost in cents per hour is na*
any more useful than providing a performance
factor such as EER, since a computation of
annual operating cost to the consumer cci:id
be made just as easily on the basis of TER.

CRH
1000 (EER)

AOC

Where: A0C Annual Operating Cost in Doliars

C = Capacity in Btuh

EER = Energy Efficiency Ratio 1in
Btuh/watt

R = Cost of electricity in S$/kWh

H = Operating time in hours

The problem with this approach is that it is
too complicated for most consumers and they
will probably not take the trouble to make the
cost comparison.

A vigorous consumer education program would be reguis

in conjunction with a labeling program so as to make the consumer
aware of the program and its significance to him. The success =f
the program would be based on the following two assumptions:

1. Buying the more efficient appliance will
be cheaper in the long run.

2. Educating the consumer on the cost benefits
of energy conservation will be reflected 1in
his purchases.
The above two assumptions to a great extent identify

‘the potential weaknesses in a labeliny program for the purpose

of bromcting the sale of the more energy efficient appliances.
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The first assumption is undoubtedly true for msny
cases, especially when an efficient appliance is compared with
a2 very inefficient one. As the efficiencies of appliances arec
increased, the cost associated with each increment of perfo:wance
becomes higher. At some point the cost of improving appliance
efficiency can not be made up during the life of the appliance
by reduced energy, costs. The point at which the less efficient
unit is cheaper depends on a combination of factors associated
with the design and manufacture of the unit and will vary with
manufacturer. The reality must be faced that life cycle cost
comparisons do not always favor the most energy efficient
equipment.'

The second assumption is known to have many exceptions
and the assumption itself may actually be the exception rather
than the rule. Many appliances are bought by landlords who
don't pay for the energy used. Their only concern is first cost.
Other consumers just don't plan that far in the future and prefer
only to concern themselves with the initial price. §Stall others
might ignore both price and performance and base appliance
selection on appearance or special features.

The conclusion that is drawn from the above discussiorn
is that 6nly limited success can be expected in promoting
increased appliance efficiency by means of a labeling program.

The following recommendations with respect to appliance
labeling are made based on the findings and judgement of the

ég Hoc Committee.
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1. Labeling of appliances and apparatus with respect
to performance is desirable from the standpoint of prom. .ng
increased appliance efficiency and should be encouraged th:~-uigh-
out the State. This is particularly the case with respect tg
air conditioners and refrigerator-freezerxs. The appliarnce
industry should be encouraged to define a performance factor for
refrigerator-freezers and publish comparative appliance data
as has been done by air conditioners. It is recommended thet

industry's cooperation be solicited on a voluntary basis.

2. Performance, rather than cost, should be stressed
since cost data is more complicated and might easily mislead

the consumer.

3. Legislation for a mandatory appliance performance
labeling law should not be pursued at this time, and any siate-
wide legislation proposed should take the form of mandatory
performance standards. Recommendations with respect to mandatory
performance standards for specific appliances are presented in

Paragraph 2 of this Section.
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THE COUNCIL

The City of New York

Int. No. 974 September 28, 1972

Inmroduced by Mr. Scholnick (by request of the Mayor)—read and referred to the
Committee on Buildings,

A LOCAL LAW

To amend the administrative code of the city of New York, in rela-
tion to information required to be provided about room air con-
ditioners offered for sale in New York city.

Be it enacted by the Council as follows:

Section 1. Tittle B of chapter sixty-four of the administrative code of the city
of New York is .hereby amended by adding thereto a new article, to be article two, to
read as follows:

| Article 2
INFORMATION WITH RESPECT TO ROOM AIR CONDITIONERS.

§ B64-10.0 Legislative ﬁnlinlga.—The council hereby finds that the demand for elu-‘
tn'c;'{y in the city of New York has been steadily growing; tha‘t the supply of el;clﬁcity
has on frequent acca.n'an‘: been inadequate fully to meet the demand therefor; that the
Qi:tﬁbulian system of the public utility company serving most of the city ha.;r fr:cqx(eully
been disrupted by heavy loads; that major brownouts and‘ blackouts in ;x/aﬁou: sections
of the city have frequently resulted from such conditions, particularly in the summer;
that there is no present basis for concluding that such conditions will mot continue for
the foreseeable fu!urf; that fifty per cent of the annual summer . growth in demand
for electricity in the city is due lo air conditioning, that farty. per cent of the peak
summer demand for electricity in the city is aitributable to air conditioning; that room

air conditioners use a significant part of the electricity used for air conditioning in the

Exhibit IIXI D-1
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city; that the amownt of electricity used by room asr conditioners of comparable cooling
capacity wvarics uxdely; that most sellers aof room air conditioners do mot presently
advertise, display or otherwise provide prospective purchasers information as to the
amount or cost of electricity required to operate the wvarious models of room air com-
ditioners; that such information, if provided, would lead consumers to purchuse more
efficient modcls; that the growth in demand for electricity in the city, particularly in
sumimer months, would thereby be slowed and there would be an amelioration of some
of the conditions which lcad to brotnouts and blackouts.

The council also finds that an adequate supply of electricity is vital to the hcalth,
safety and wwelfare of all persons in the city.

Accordingly, the council further finds that, in order to conserve electricity, there
is a necd to provide prospeclive pur.cha:m of room air conditioners with suformation
with respect to the efficiency and cost of operation of such units.

§ B64-11.0 Definitions.—(a) “Room air conditioner” shall be defined as any electrical

appliance which has a compressor, a condenser, an cvaporator and a fon to cool and
dehumidify the surrounding air and whick is capable in ordinary usage of being
mounted i g window or through a wall.

(b) “Cooling capacity rating” shall be defined as the quantity of heat in British
thermal units whicﬁ a room air conditioner is capable of removing in one hour.

(c) "Waltage rating” shall be defined as the number of watts of electricity necessary
to vbtain the cooling capacity rating of a room air conditioner.

(d) “Person” shall be defined as any individual, firm, company, partnership, cor-
poration, assaciation or other organization,

§ B64-12.0 Display of information.—Any persom sclling, offering for sale or dis-
playing for sale any room air conditioner shall sct forth by a stamp, tab, label or sign
at the point of display the model mumber, cooling capacity rating, wan;ge rating and

estimated yearly cost of eleciricity necessary to operate such room air conditioner.

§ B64-13.0 Furnishing information.—Upon request, any person selling or offering for

Exhibit III D~-1
(Cont.inued)
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sale any room air conditioner shall furnish to any person wko inquires about such room
air conditioner information as to the modci number, cooling capacity rating, watiage
rating and estimated yearly cos of electricity mecessary lo operate such room air
conditioner.

§ B64-14.0 Adusrtising.—Any person who odvertises 6 room air conditioner for
sale in the city of New York shall snclude in any cdvertisement therefor the modcl
number, cooling capacity rating, wattage rating and estimated yearly cost of electricity
necessary to operate such room air conditioner.

§ B64-15.0 Regulations.—(a) The commissioner of consumer affeirs shall adopt regu-
lations setting forth procedures for determining the cooling capacity rating, watlage
rating and e.rt;'maled yearly cost of electricity necessary to operate room air conditioners,

(b) In determining procedures for estimating the yearly cost of electricity uéte.r.rary
to operate room air conditioners, the commissioner may use such published electric
rate or rates, hours of operation, ond average thereof as he deems reasonable.

(c) The commissioner may odopt such other reasomable rules and regulations as

ke deems necessary to effectuate the purposes of this avticle.

§ B64-16.0 Pendlties.—Any person or agent or emplovee thereof who shall violote
amy provision of this article or of the regulations promuigated pursuant thereto shall
be subject to a civil penalty of not less than twenty-five dollars nor more thoa two
hundred fifty dollars for each doy in which a violation occurs.

§ B64-170 Separability.—If any provisions of this article shall be held invalid in
whole or in part or inapplicable to any person or situation, all other provisions thereof
shall nevertheless remain fully effective and the application of ony such provisions to
other persons not similarly situated or other ﬁtuah‘on-..r shall not be effected thereby.

§2. This local law shall take effect ninety days after it shall have become a law.

Exhibit III D-1
(Continued)
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2. Development of Minimum Standa:ds for Enerygy Ettivasnay
of Appliances and Appdratus

As has been discus:itd in Parajraph 111 B, veluntary
measures lave been used for the prometion of enerygy conservetion.
However, such voluntary programs have tbus tar achieved .imited
success. Voluntary programs reguire the education and coopeira-
tion of the consumer. The difficulty with rthose programs is
the lack of comprehension and credibiiity on the part of the
general public, and the public's reluctance to change llfe'long
beliefs and habits. An intense program in <onsumer educarion has
been recommended by this Ad Hoc Committee and 1f carried osut will
enhance the long term results of voluntary pragrams of enecrgy
conservation.

In addition to the need fu: conserving energy, rhere
is the more immediate p:oblém ot being sble rn meet nhe peak
electric power demands. This problem 1s particulatly critical
in the downstate area where residential air condit:ioning
contributes approximately 40 percent of the summer peak demand.
Because of the seriousness of this problem and the need for
significant short term results, this Ad Hoc Committee recommends
that minimum performance standards be imposed on «ll room air
conditioners offered for séle in New York State. A recbmmenda—

tion to this effect has been made by Mr. Joseph D. Lewin'

1. Also a member of the Ad Hoc Committee
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representing the New York State Society of Professional Engineers
in his prepared testimony before the City Council Committee on’
Buildings on Proposed Local Law Int. No. 974 éertaining to
Room Air Conditioners. He recommended that performance standards
for roém air conditioners be promulgated that would impose
increﬁental minimum performance requirements over a five-year
period. |

The minimum standards of performance for room aif
conditioners proposed by Mr. Lewin are studied in great detail
by the Ad Hoc Committee. A special meeting of the égvggg
Committee was arranged with technical representatives of the air
conditioning industry for the purpose of discussing minimum
performance standards for room air éonditidners. The méeting
covered the following topics:

Product Chénges for Increasing the Energy
Efficiency Ratio of Air Conditioners

Technical Limitations

Marketing Implications

Based on information obtained from the technical
representatives of the air conditioning industry, the Ad Hoc
Committee proposes that.the minimum performance standards
presented in Table III D-1 be imposed on all room air conditioners
offered for sale in New York State.

The minimum standards of performance for room air

conditioners proposed in Table III D-1 are considered by the
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Ad Hoc Committee tS be reasonable and well within the
capability of present technology. In addition, =svailable data
indicates that the proposed performance standards are justifi-
able in terms of minimum total owning and operating costs for
room air conditioners.

A tabulation of room air conditioner energy efficiency
ratio (EER) range as a function of rated cooling capacity has
beén made based on the data cqmpiled in the AHAM - Room Air

" Conditioner Directory No. 2 - 1973. This data is presented in
Table III D-2.

A review of the 115 vol£ air conditioner EER data of
Table III1 D-2 indicates that there are present!'y some units in
each of the three capacity ranges that already meet the last
increment of the proposed minimum standards.

For the case of the 230 V air corditioners, it is
obvious that many of the 1973 models will not meet the proposed
minimum standards for 1975 and very few would meet the proposed
minimum standards for 1979. From the above observation, it
might be concluded that it is much more difficult to produce an
efficient air conditicner that operates at 230V tﬁan 115v.
This, however, is not really the reason for the difference in
perfbrmance at the two different voltages. At the lower
voltage manufacturers have been striving to get the maximum
capacity out of an @ir conditioner without exceeding tﬁe

electrical current limits for a normal household circuit. This
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required the development of high efficiency uniﬁs. Because of
the lower current drawn at the higher voltage, emphasis has not
been placed in the past on high efficiency 230V air conditioners.
Higher efficiency 230V air conditioners are within the capability

of present technology and should be manufactured.

Recommendations

It is the recommendation of the Ad Hoc Committee that
legislation be promulgated with respect to the proposed minimum
performance standards for room air conditioners presented in
Table III D-1.

Table III D-1

Proposed Air Conditioner Performance Standards

Performance in Btuh/Watt (EER)*
Size Btuh 1975 1976 7 1978 1978

Up to 5,999 ‘ 6.0 6.5 7.0 7.5 8.0

6,000 to 9,999 115v 7.0 7.5 8.0 8.5 9.0
10,000 and Higher 7.0 7.5 8.5 9.0 9.5

Up to 17’999 ° 6.5 7.0 8-0 9:90 9.5
18,000 to 23,999 230V 6.5 7.0 8.0 8.5 9.0
24,000 and Higher 6.5 7.0 7.5 8.0 8.5

* The test conditions are 80°F room air temperature at 50% relative
humidity and 95°F outside air temperature at 39% relative humidity
"per ASHRAE Publication No. 16-69. .
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3. Increased Emphasis on Enexrgy Efficiency in Government
Purchases of Appliances and Apparatus

This committee has recognized that Federal, State,

local governments a~d quasi-governmental agencies can play an

impbrtant role in promoting the use of energy efficient appliances

and apparatus by setting an example in thi.r actions. Covernment'

officials can not in good conscience request private industry
and the general public to éurcﬂase energy effiéient}appliahces

and apparatus unless goverhménf'agencies are conforming to the

same pplicy. Furthermore, government agencies in total are

purchasers of a significant‘quantity of appiiahées and apparatus

.and by seeking energy efficient equiﬁment in théir'purchases;'

government can actually create a demand for high efficiency

équipment. This in turn will provide the financiél incentive to
in’ﬁétry to design and develop equipment which is more energy
efficient.

The purchase of appliances and apparatus by Federal,

v s e R A

State and local government agencies generally is made in"
accordaﬁce with appropriate specifications. The General Services
Administration (GSA) of the Federal government is responsible

for speqificatiéné'for equipment purchased for use by that. agency
as well as many other Federal agencies. Its specifications,
however, presently do not give sufficient coﬂsideratibn to energy
efficiency. For example, Federal specifications for the

procurement of room size air conditioners (Exhibit. III D-Z)

are sc unrestrictive that almost all room size air conditiocners

=251~




now on the market meet the federal specifications. We undec-
stand that these specifications are now in the process =t
being reviewed by GSA so that increased emphasis can be piaced
on energy conservation parameters.

Similar to the GSA, the New York State Otffice <t General
Services (0GS) is responsible for the specifications for eyuipment
purchased for use by State agencies;:2 The Standard and Pucrchase
Group of OGS handles about 16,000 purchase raquests each year and
issues a large number of "term" contracts (contracts in effect for
an extended period) for materials, supplies and equipment of which
over 100 are open to political subdivisions.. The value of tﬂ;
contracts negotiated by OGS amounts to roughly $250,000,000 each
year. |

The 0GS Specification3 for room air ccnditioners contains
energy efficiency requirements that are significantly more
restfictive than those in the corresponding GSA specification,
however, it does not limit the purchase of air conditioners to the
most efficient units. In effect only the grossly inefficient units

are eliminated by the present requirements. Various other OGS

- appliance specifications also have requirements which limit maximum

energy consumption.
There is no distinction made or preference given to

higher efficiencies required by specification. This would require

2. State Agencies can purchase directly items amounting to
less than $500.

3. See Exhibit III D-3
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a cost-benefit analysis to be performed taking into consideration
both owning and operating cost over the life of the item. However
the operating cost of an air conditioner is not only dependent
6h ifé efficiency but also:
'The cooling degree days and hours of
operation which are dependent upon the
‘climatic zone in which it is used.
The cost of electricity which varies
depending on the suppliexr of electricity
and the rate block for purchased power
. at the location where the air condltloner
will be used.
Because of the above variations, a given air conditioner
'may not prove to be the most economical for all applications within
the State. Therefore, a single cost-benefit, analysis can not
be used to determine the air conditioner of lowest total cost
for all potential purchasers under a term contract.
The alternatives open to effect a greater savings of
money and energy are:
Perform a cost-benefit analysis for each climatic

zone and award different term contracts for
different zones as required.

Review the maximum energy consumption:limits in
the purchase specification to insure that units
which would, be basically uneconomical over the

- average New York State conditions of usage and

energy cost are eliminated.

Recommendations

'This committee recommends that all New York governmental

agencies at both the State and local levels, including Authorities
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- and other guasi-govermental units shall be reguired to take the
lead in placing increased emphasis on energy eiticiency i1n the
purchase of appliances and apparatus. 1In order to meet this end,
it is recommended that the Governor issue a proclamation requesting
all public purchasing officials to review their specifications and
purchasing practices for appliances and apparatus which consume a
significant quantity of energy. Energy efficiency requirements

for this equipment should be added or, if existing, re-evaluated,
taking into consideration the present importance of consé;ving

energy in New York State.
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Exhibit III D-2

Federal Specifications for the

Procurement of 2ir Conditioners

00-A-00372B (GSA FSS) September 3, 1969 -
Interim Federal Specification
Air Conditioners, Electric Motor Driven
Self Contained (For Shore Use)
Para. 3.5.1 Performance Factor. The air conditioning
units shall have the following minimum performance factors in

cooling units per watt based on net total r.om cooling effect and

total watt input to the unitk.

~.Size . " Capacity Btuh Btuh/Watt
1 8,000 - 10,435 5.0
2 10,500 - 13,999 5.2
3 14,000 - 17,999 5.4
4 18,000 - 22,999 5.6
5 23,000 6.0

* Sk : *

00-A373 August 5, 1966
Air Conditioners, Self Contained Space Types;
Water, Air, or Evaporative Cooled
Para. 3.10.3 Performance Factor. The units shall have

the following minimum performance factor based on the total

cooling effect expressed in Btu/hr divided by the total watt input.

Capacity Performance
Type Btuh Factor
Type I (air cooled) 21,000 - -7
90,000 _
Type Il (water cooled) ~ 36,000 - 9
400;000 ’
* * *
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Exhibit III D-2
(Continued)

00-A-374 May 11, 1967
Air Conditioners with Remote Condensing Units
or Remote Alr-Coocled Condenser Units

Para. 3.10.3 Performance Factor. With a cooling
capacity as specified in 3.10.1, the air conditioner shall have
a minimum performance factor as shown in Table I, based on the
ratio of total cooling effect expfessed in Btu/hr and the total

watts input.

Table I Performance Factors

Capacity Performance
Type Btuh Factor
I Evaporative Blower Unit :
. Remote Air~-Cooled Condensing 20,000 -
Unit 120,000 - 7.0
Evaporative Blower Unit
II Remote Water Cocled Condensing
Unit 35,000 -~
Evaporative Blower, Compressor 180,000 9.0
Unit ‘
III Remote Evaporatively Cooled 31,000 -
Condenser Unit 240,000 . 7.0
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4. Application of Energy Efficiency Standards in Specifications
or the Procurement of Appliances and Apparatus by Design
and Construction Agencies

The design and construction process usually reguires
the preparation of several documents pricr to the letting of
construction contracts. Two of these documents, drawings and
specifications, are generally completed during the design phase
and serve as instructions to the contractor. |

In December of 1971, Governor Rockefeller 1issued a
Directive requesting a.l State agencies, corporations and
authorities to utilize a uniform specification system, the
Construction Specifications Institute's (CSI) format, on all state
financed structures. The format, simiiar to a table of contents, -
allocates Division No. 11, to the specifying of equipment that is
to be bid and installed by the contractor. Equipment such as
dishwashers, stoves, refrigerators, laundry washers and dryers,
are often specified by the architect and/or client 1in Division 11.
Subsequently, the contractor awarded the bid supplies the equip- |
ment according to the prescribed specifications. Presently,
equipnment definéd in Division 11, does not contain energy efficiency
ratio criteria or contains the lowest common criteron. |

State agencies, corporations and authorities could be
directed to adopt ene:gy'efficiency standards for equipment which
is included in the specifications and required as part of construc-

tion contracts.
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Once standards are developed, agencies, corporations and
authorities, utilizing the services ©f outside architects and con-
sultants, aé well as inﬁouse staffs, couid impose these energy
efficiency standards in all specifications.

The State would thus encourage equipment manufacturers
to develop equipment with high_energy efficiency ratios, in order
to compete as building industry suppliers.

¢ is a critical elemeht of this proposél to point out
that no individual design/éonstruction agency has the resources
to develop énergy standards fbr equipment specified in Division 1l.
Furthermore, it would be undesirable to initiate a situafion
whereby agencies were not only duplicating wdrk butodeveloping
conflicting standards. | |

It ié therefore strongly recommended that the task of
developiné energy efficiency standards for specificatiohs.be imme-~-
diately assigned to one organization. Once standafds Are
established, all agencies, corporations and authorities can be

directed to include the standards in equipment specifications.
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5. Minimum Standards for Thermal Insulation

Although the main thrust of this report is to
concentrate on ways to improve the energy utilization
efficiency of appliances and apparatus, a discussion of thermal
insulation requirements is appropriate since building insulation
is usually the most important factor contributing to the total
energy consumption of space condition..g appliances and |
apparatus. |

In the discussion of electric heat it was noted that
the efficiency was essentially 100 percent at the point of use.
For gas and oil heat the combustion efficiency was approximately
70 percenf at the point of use., Practical limitations to
increasing the efficiency of gas and cil heating appliances
weré covered in the applicable Sﬁb-Committee réports.f The
potential for‘conserving energy through the improvement of
the efficiency of space heating devices was significant but in
general limited to at most 10 percent. With this in mind,
opportunities to save as much as 50 percent of the épergy used
in space heating a home should not go overlooked. |

The amount of thermal insulation installed in a new
home heated with gas or oil is generally .about 50 percent of fhaf
which would be prescribed based o; a total annual cost comparison.
Builders tend to minimize the initial cost of insulation at the

expense of the non-suspecting home purchaser.
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Since the 1950's the electric industry has used the
"All Weather Comfort Standard” for electrically heated homes.
This standard prescribes insulation requiremei:ts which are
approximately equal to those prescribed for use with all fuels
in the April 1971 Interim Revision 51A of the Federal Housing

Administration (FHA) Minimum Property Standard No. 300. Tle

FHA Standard, however, applies only to federally-assisted
housing, which is only about six percent of the total for new
construction in New York State.

The Ad Hoc Committee on Appliances and Apg.ratus
.Effici;ncy r2cognizes both the potential and the need for
caving energy in residential and commercial spacé conditibning
and makes the following recommendations regarding thermal

insulation:

Recommendations

The State Building Code Council or a similar new
council shall:

1. Develdp from existing information residential
and commercial insulation requirements for mandatory statewide
minimum standards for neWw construction.

2. Impose immediately on new residential and
commercial buildings ﬁandatory statewide interim staﬁdards,
which should not be Iower than those preScribed by the United‘
_Stétes Department of Housing and»Urban Development for

federally-assisted housing. Ve
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3. Conduct an investigation to determine the
feasibility of promoting the upgrading of insulation in refur-

bished homes.
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6. Consideration of Other Policies that Could Induce Improved
Energy Utilization

In addition to the approaches already discussed in
this Section, there are many other policies that could be
adopted to promote better utilization of enerqgy. For completeness,
a brief discussion of other policies is presented in the
following paragraphs.

a) Policies designed to provide a financial incentive
for development and use of energy conserving appliances and
devices. Policies to be considered in this category are:

1. Tax Relief’
2. Low Interest Loans

In some inétances there appears to be a néed to provide
additional inceptive to induce people to purchase energy
efficient equipment even though the total owning and operating
cost of this equipment may be comparable or actuaily lower
over the long tgrm. In many cases, the consumer is not very
intereétéd in the lohg term, with his primary concern being
initial cost. This might be true whether the consumer was an :
individual, purchasing for hisfown needs or 'a purchasing agent¢
buying equipment for mu;;i-family dwellings or a commercial
building. In these cases offering an income tax exemption to”:“?j
an individual or short term real estate tax relief to a builder
using energy efficient aquipment might provide sﬁfficient

incentive to tip the scales toward the purchase of efficient
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equipment. Low interest loans could also be made available
to induce buyers to purchase energy efficient equipment. Tax
relief and low interest loans eould also be made available to
man=ufacturers of energy efficient equipment.

b) Policies designed to change the user cost of

energy. Policies to be considered in this category are:

l. Sales or uUse Tax

2. Changes in the Ut;llty Rate Schedule
A study by the Office of Economlc Research of the New

York State Department of Public Service indicated that small
increases in the prevailing(price of electricity(can be expected

to have only a negligible effect on residential demand over the
short run (3-5 years). The same conclusion is undoubtedly true

for oil and na%«zzl gas. This is true because of the inflexibility

of egajizmunt with respect to the form of energy input used and

.the afount used per hour of operation as well as the high cost

of scrapping or converting existing equipment. 1In the long

run, this inflexibility is somewhat reduced because economic
growth and depreciation of old equipmenf makes additions and
alterations of energy using equipment far less costly. Additional
encouragement is provided by‘éhe passage of time in the form of
new designs or types of equipment. This new equipmeﬂt is more

likely to have design parameters which have been influenced by

higher energy costs.

4. "The Inverted Rate Structure - An Appraisal Part I -
Residential Usage", New York State Department of Public
. Service, Office of Economic Research Report No. IX,
February 17, 1972
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1n the short term, however, an energy price increase of
twe or threa times the present rate may dampen the xate ot gerth,
but it 1s not expected to decrease the present demand.

Over the iong term a signifieant increase in the
«58t of energy would 1nev1tably result in the 1nstallatlon of
lncreased building 1nsulat10n and a - reductlon of energy requxre-
ments for space conditioning new homes and bulldlngs.‘

From the standp01nt ot equltably distributing the
true cost of electrlclty, the need for flattenlng the electric
rate structure or ellmlnatlng the quantlty discount for
eleccr1c1ty Ls already becomlng apparent espec1ally in the
Consolldated Edison terrltory. The present rate structure is
besed~on the piemise thet the‘blg ceéts.io ﬁﬁe'utilities Qere
building power plants,~transm1551enxl;nes.and,getting the
generators going - and atter that it was cheaper to produce more
power. .

Consolidated Edison. now needs more power plants .and
transmission lines because of the greater demand per customer -
but not because the number of customers has increased. ' Presently,
those responsible for the systems growth éﬁd.éhe city's energy_
_crisis are paying the cheapest rates per unit of energy.

To tfurther aggravate>this problem, the cost of
producing more power is not necessarily lower.  During peak
periodefConsolidaEed Edison 1s now forced torbuy electricity

from other companies and use more of its least efficient and
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hence most expensive power plants. The coust ui new powe:r plants
also keeps rising because of such entities as .utlation and
environmental regulations. These cost trends c¢ould result
in higher rates for larger users. From the standpoint of energy
conservation, this trend could bé beneficial since 1t might
discourége inetficient u.es of large amounts oif energy based
primarily on a discounted price.

cy Policies designed'to chahge the purchase cost

of energy consuming equipment. Policlies to be considered in

this category are:

1. ©Sales Tax on Appliances and Apparatus
2. Estimated Annual Energy Use Tax

3. Elimination of Promotional Rebates or
Activities '

The imposition bt an additional sales tux On
appliances and apparatus would tend to dlscohxuge purchase of
the item rather tha% promote energy efiiciency unless the amount
. of tax waszln some waj graduated downward or eliminated with
increased energy efiiciency. With this provision, approaches
1 and 2 would be very similar. For most energy consuming
equipment, the non-existence of eftficiency standards or .certified
test data does not make this approach ot 1ncrea51ng‘energy
utilization very feasible even it it were desirabie,  For the
consumer it Jhst represents another tax and 1s not likaly to.

inspire 'an enthusiastic response for energy conservation.’
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The New York State Public Service Commission has
alreédy taken a stan? against promqtional activities in the
sale of gas and electricity.

Effective January 1, 1972 all gas distributors have
been required to cease all promotional activities designed to
acguire new gas customers or increase sales of gés to existing
customers. |

The Commission aléo requestéa that the electric
utilities exercise restraint in respect.to promotionéluadvertising.
In electric rate cases it wiil consider objections that
expgnditures for promotional advertising are excessive and
inappropriate.' '

d) Policies designed to limit or restrict by law the
use of energy. Policies to be considered iﬁ this categor& are;'

1. Building Code Requirements.

2. Bans on either manufacture, sale, installation
or use of equipment.

~ Building codes could be used to limit energy consumption
in buildingé. This could be done by the imposition of a
requirement limiting the total amount of energy that could be
used per year per square foot of building floor space. This
approach to more efficient energy utilization would fall under
the jurisdiction of the Ad Hoc Committee forrEne:gy Efficienéy
in Large Buildings although its application would definitely tie
in‘to the selection of appliances and apparatus. In order to

limit overall building enérgy use, the architectural aspects
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of the building such as heat transmission coetticients (U factors)

for the walls and shading coefficients tor the glass would

- certainly be primary consideratiors. However eqgually important

in the overall efficient utilization of energy are the space
conditioning (heating, ventilation and air conditioning)

hot water heating, and lighting systems with the basic

-functions being perfdrmed by some type of'appliance or

apparatus. However, their efficiencies with respect to
building energy utilization must be considered on a system
basis and this approach was not considered bylthe Ad Hoc
Committee on Appliance and Apparafus Effldiéhcy.

Bans on the manufacture, sale, installation or use
of equipment were not given any detailed considération by
this Committee although it was noted that some policies Which
would fall under this category have already beén invoked by
the New York State Public Service Commission with respect to
the -sale énd use of natural gas. The Public Service Commission -
has restrictedzwith few exceptions, the sale of gas to new
industrial and commercial customers. All advertising for
new gas customers is also prohibited.

T"he use of natural gas for decorative torches has
also been pronibited by the Commission because it represents a
waste of a scarce fuel. :

These measures are severe and should only be
employed to gvarantee an adequate gas supply for the more

essential purposes.
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Appendix A

'Detalled linergy Conservation Suggestl-uns

Promoted by Present Programs

l. Buildings

Install wall and ceiling insulation.

Install storm windows.

Caulk and weatherstrip windows and doors.
Install storm doors.

Use curtains, blinds, shades, draperies, and
awnings to reduce heat loss in winter and
heat gains in summer through windows and doors.
Use exhaust fans to cool house with ocutdoor
air at night and when outdoor weather permits
during summer.

Vent heat producing equipment Ln summer.
Adjust outside air intake dampers.

Operate kitchen vent for cooking.

Check for and remove obstructions to air flow
at registers or obstructions at radiators.

Close fireplace damper when not in use.

Open storm windows and doors on mild summer
days instead of operating air conditioners.

Check tor adequate attic ventilataion,

Close kitchen and laundry room doors during
éﬁﬁ&‘ " heat producing activities during summer and

open them during winter.

Let the sun shine in the windows in winter.
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2.

Space

Check for excessive air leaks and ventilation.

Heating

Select the proper size of equipment

Select equipment with the highest system and
annual efficiency.

Check suitability of the type of system for
the particular application, consider gas
infrared direct fired, heat pumps or other
types of systems.

Have an expert calculate the heating load and
select the equipment size.

Have an expert design the heating system.

Have an expert install the heating system.

Insulate piping and ductwork in non-conditioned
areas.

Study 1instructions to learn to opezate tne
system at maximum efficiency. :

Adjust outside air intake dampers.
Check thermostat location, operation and setting.

Check outdoor thermostat location, operation
and setting.

Check main boiler adjustment.
Check for excessive air leakage and ventilation.
Change or clean air filters in warm air system.
Flush boiler 1n wet system.

Check ror "and repalx all stedm, water, and air
leaks.

Clean heat transfer surfaces and keep ther in
good repair.
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Check operatlng eff1c1ency, have an expert do
this.

Turn off heating system when not in use for
extended periods.

Reduce thermostat setting to coolest
temperatures at which 1nd1v1dual comfort is
malntalned

hﬁfntain a constant thermostat setting.

Check lubrication of moving parts.

Check conditionsof fan belts.

Central Air Conditiohing

.Select proper size equipmentr

Select equipment with highest system and annual
efficiency.

Check suitability of'the tybe system for the
particular application, consider air or water
cooled condensers, and gas or.electric powered.”

Have an expert calculate the coollng load and
select the equlpment size.

Have an expert 1nsta11 the air condltlonlng
vstema

»
Hdve an expert design the- alr condltlonlng
system. _

. Insulate chilled water plplng and ductwork in
unconditioned areas. A

Study instructions to learn- to operate system g
‘at maximum efficiency.. : .

'”Adjust outSide~airnintake'demoers.
Check thermostat locatlon, operatlon, and settlng.

‘ Check outdoor thermostat locatlon, operatlgn,
and settrng. ' , :
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Check main burner adjustments, if gas.
Check for excessive air leakage and ventilation.
Change or clean air filters.

Clean heat transfer surfaces and keep them in
good repair.

Check for and repair all water and air leaks.

Check operéting efficiency; have an expert
do this.

Increase thermostat setting to warmest
temperature at which individual comfort is
maintained.

Maintain a constant thermostat setting.

Turn off air conditioner when not in use for
extended periods.

Check lubrication of moving parts.

' Check condition of fan belts.

4. Lighting

Select the type of lighting that gives the
maximum lighting efficiency. Fluorescent
lamps produce about two and one-half times as
much light as incandescent lamps.

Select the minimum size lamps that will provide
adequate light.

Install the lighting to avoid glare. Provide
high intensity light only where it is required.

Use light colored interior paint and
decorations whenever posesible.

Use natural light from windows when possible.
Turn off lights when light is not essential.
This not only saves the energy that produces

unnecessary light, but also reduces the energy
consumed by air conditioning equipment.




5.

6.‘

Water

If you have a postlamp, or lights in your
outside driveway, do not leave them on during
the day. If necessary, an automatically timed
switch can be added to save energy.

Check and clean lamps, lamp shades and light
reflectors for maximum lighting efficiency.

Heating

Refri

Select the type of water heater that will give
most efficient use of energy. Congider oil or
gas fired as well as electric equipment.
Select water heater size that is adequate to
supply the necessary quantity of hot water
without oversizing the heater.

Insulate hot water piping.

Install a tempering tank ahead of a domestic "
hot water heater in normally heated locations.

Check thermostat setting and adjustment.

Check auxiliary system if heater is parallel
with hot water space heating system.

Repair leaky hot water faucets.
éheék and repair‘leaky pipes.

- Check and repair-heater insulation.

gerators and Freezers

Pléce'the'refrigerator or freezer far enoﬁgh
from .the range so that heat from the range
will not affect the refrigerator.

Maintain adequate clearances from walls to
refrigerator or freezer for air circulation.

. Let heated rfoods cbol'for at least 30 minutes

before placing in refrigerator or free:zer, -
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Do not overcrowd your refrigerator or freezer.

Do not leave the refrigerator or freezer door
open longer than necessary. :

Keep the refrigerator or freezer defrosted.
v 9 _
Check the gaskets around the door.

7. Room Air Conditioners

Calculate coollng load of the space to be
conditioned.

Select a unit with a Btuh rating adequate to
supply load without oversizing unit.

Select a unit with a high energy efficiency
- rating.

Study instructions to learn to operate the
unlt at maxlmum efficiency.

Install air conditioner in a location where it
will not be in the direct rays of the sun and
preferably on a north side, and if possible
shade it with an awning.

Check unit to determine that all air channels
and passages are ciean and not restricted and

'~ that all panels are in place so that there 1s
no air leakage. :

Use only outside air through doors and windows
when it will provide adequate comfort.

Use only the fan for cooling when outside air
through doors and windows alone will not provide
adequate comfort and if refrigerated air is not
necessary.

Use highest thermostat setting at which
individual comfort is maintained.

Change or clean air filters.

Check lubrieation of mo&ing parts.
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Check conditions of fan belt

Have an expert check the performance
efficiency of the unit annually.

- 8. Cooking Ranges

Check flame adjustments.

Select utensils to fit surface units, i.e.,
use a six inch pan on a six inch surface
unit. - oo

Use flat bottomed, clean utensils for a better,
more even transfer of heat.

Plan oven meals to accommodate more than one
dish at a time or time your baking for multiple
chores.

When cooking on surface units, cover utensils
whenever possible.

Turn down the heat when bubbles start to form.
Dc not preheat more than two or three minutes.

Turn off heater several minutes before food

is done. - A ‘

Never leave a kitchen range or oven on when
not actually in use. A

If there is a vent on the range, use it. This
will keep air fresh and reduce air conditioning
load.

If a single use small appliance will do the
job, use it instead of the range. If the small
appliance can double as a serving dish, this
will also save energy for the washing water.

Dobnot-cover grid with foil, except when making
cookies.

Avoid using the fast oven cleaning feature when
the air conditioner loads are heavy.
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Never allow flames to lick up the u14es of
utensil.

Do not use the range to heat the house.

Clean range exhaust filter.

9, Clothes Dryers

Check burner adjustments.

Take advantage of different types of heat for
different types of laundry. Permanent press
needs only warm heat.

If possible, plan dryer loads for evenings and
weekends. Do one full load instead of many
small loads. '

Dry at precise temperature required.

Partially dry clothes, fold and place on top
of dryer during next cycle.

' Overdrying any fabric increases wear and tear,
yellows the fabric, and uses excess energy.

10. Dishwashers

If possible, use dishwasher just once a day -
after the evening meal.

Remove excess foods before placing in washer.

When practical, use "short wash" cycle for
dishwasher and fill machine before use.

Match the amount of dishwasher detergent to the
hardness of the water. Too much soap will leave
water spots; too little will not clean properly;
the proper amount avoids rewashing,

-276-



1l1. Washing Machines

0

If possiblé; plan washer loads for evenings
and weekends. Do one full load instead of
many small loads.

Take advantage of any special features on your
washer. A soak cycle may save mu1t191e washings
of stained clothes. .

Suds savers allow you to re-use hot or warm
wash water for several loads.

Choose the right cycie.' Permanenf press items:
require cool rinse cycles and saves hot water. -

12. Miscellaneous Appliances and.AQparatus Such As:

Television

Hand Iron

Frying Pan

Coffee Maker

Radio

Bed Covering

Roaster-Oven

Small Motor Driven Appliances or Tools

Small Resistance Heated Appliances and Tools

Turn off television sets when they are not

being viewed. Sets having instant on features

and which are provided with a switch or switches
which permit the sets to be completely de-energized
should always be completely turned off.

Turn off radio and hi-fi sets when you are not
listening.

Turn off all appliances when not actually in
use. Heating appliances and tools will increase
the air conditioning load, as well as use
unnecessary energy.

e Save time and e =nergy by doing a whole batch of
- ironing - not just one piece at a time. You
will save money by having to warm the iron only
once. :
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P

Save once-in-a=while jobs like vacuum cleaning
or working with power tools until the weekend.
You will not be using energy during utlllty peak
load. .

Whenever possiblé, plan to use major appliances, -
and minor appliances as well, before 8 a.m. and
after 6 p.m.

Defective appliances usually have to work longer
and use more energy. Pa ing to have appliances
repaired costs more money, but may save energy
dollars in the long run.

Whenever appliances require repairs or approach
the end of their expected useful life, a study
should be made to determine the life cycle
economics of replacement, rather than repairs.
Replacement should be made with high energy
efficient equipment.
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Aopendaix B

Fnergy Savings 1n Gas Appliances

Through Proper Operation and Maintenance

There is a significant opportunity for energy
savings with gaskappiiances through prqur_operatiop and main-
tenance. The most effective way tc implement energy conservation
in.operation ané maintenance 1s by means of an intensive
educational compaign. *The approdach recommended for this program
in energy conservatloﬁfis distussed in detarl in Sectidn I1I of
this report. Listed below are individual items that could be

covered by the educationa. progran.

Space Heating

A}

L

Size boilers and turnaces reailstin.lly to
more closely match heat losses.

Do not set thermostats higher than actually
required for comfort. Set back temperature
a few degress during nighttime operatioen.
Rapair leaks in condensate and steam lines.
Repair defective radiator air valves.
Regularly change or clean ai: filters.
Flush boilers seasonally.

Check burner adjustment.

Properly adjust outside air intake dampers.

Check thermostat location and operationy

ERIC | e
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For heating systems which are run by cperators,
proper tralning of the operators 1s ossential.

Improve wall, floor, and ceiling thex~a]
insulation.

Insulate piping andwductwotk in non-heated areas.
Caulk and weatherstrip windows and doors.

Install storm windows or insulating glass.'

Check for excessive air léaks and ventilation.
Let sun shine in windows.

Use curtains and draperles to cut heat loss at
night. .

Check for obstructions. to air flow at registers
and connectors, or obstructlons at radlators.

Close fireplace damper when not in use.

Reduce attic ventilation during the winter.

Water Healiiy e e

- Flush water heater during seasonal mulhtenanfe
of heatiny system. .

-Check thermostat setting and adjustment.
Insulate hot water piping.
Repair leaky hot water taucets,

Use cold water soap or deteryants tor clothes
washing.

When practical use "short wash" cycle for
dishwashers and £1ll machine before use.

Use shower heads that limit the flow of water
to reasonable guantitaies.
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Ranges

Adjust burners and pilots.

Use proper flame sétting for cooking.

Do not preheat broiler longer than requiiéd.-
‘Use proper cooking utensils.

Replace obsolete gas range and oven with new
. modern, well insulated cooking units. Look

for "burner-with-a-brain" and other features
which conserve energy.

Commercial Cooking and Baking

Use full oven capacity for baking and roasting.
Use slow roasting.
Preheat oven to exact temperature required.

Turn broiler flame off or to low during slack
periods. .

'
Do not overheat griddles. |
Before frying, bring fat to frying temperaturé.

" Check and adjust thermostats. |
Check flame adjustments,

Replace obsolete equipment with equipment

including new features such as infrared
broilers and high-gpeed range burners.

' Clothes Dryexrs

Set timing device for'proper‘drYing time.

. Dry at precise temperatures required.




Fold and‘pléce partially dry clothes on top of
gas dryer during next .cycle.

Check burner adjustments on commercial gas
dryers. '

Replace obsolete dryer with fully automatic
equipment.

Processing

Large quantities of heat are exhausted to the outside
of many industriai plants and'commercial'buildings. This results
in a negative pressure within the building, which in turn causes
inefficient combustion of gas or other fuels. Make-up air | : s
heaters solve the negative pressure problem, but use additional
fuel to heat the incoming air. A better solution is to ihstall
thermal recovery units which can reclaim up to 80 percent of the
exhausted heat.

Monitoring equipment such as combustion controls can
assure higher combustion efficiency, Sequence draft controls can
also impro&e efficiency, particularly where very high stacks are
used.

" Use of direct fired instead 6f indirect fired ovens

reduces fuel consumption.

Tailor Shops

Clothes pressing machines use steam for drying by
aspirating air and exhausting the steam to the outside. The

use of air vacuum systems eliminates this waste.
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Process Steam and Hot Water Bollers

Adjust burner. B : ' :
Check combustion efficiency.

Blow down boiler on regular basis.

Keep tubes énd'flue passages cléan._'

Clean and repair céﬁbuséﬁon chambers,
Repair boilér iﬁéul#ﬁion. |

Check auxiliary systems.

Insulate steam and return lines, and hot water
lines. - .

Repair steam and hot water leaks.

Check use of steam and hot water to ernsure
efficient utilization.

Replace o1d aas units with modecn efficient .
gas equipment.

Process Ovens, Furnaces, Melters, Etc.

Maintain proper airsgas ratio (this can reduce
gas consumption up to 15 percent).

Install mode:rn air/gas ratio control devices to
eliminate manual settings.

Limit excess air.

Keep heat t:ransfer surfaces clean and in good
repair.

Check that refractory and insulation is
_adequate and in good condition to minimize
radiation losses.

Confine flames to heating areas and check flame.
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Accurately maintain required, not excessive,
temperatures.

Rearrange schedule to utilize equipment for
continuous periods of time.

Shut down or reduce temperatures on equipment
when not in use.

Recover waste heat from process equipment for
steam generation, water heating, and heating
of combustion air or plant air.

Take advantage of the improved quality, improved
production, and lower gas consumption afforded
by modern gas processing equipment over older
models. : : :

Steam Generation e

Check burner adjustment.
Flush boiler;

Check for steam leaks.
Insulate piping.

Check boiler cweration.

Replace o0ld gas boiler with moderr well
insulated gas boiler.
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List of Participants

Ad Hoc Committee On

Appliance and Apparatus Efficiency

Mr. Parker D. Mathusa A
Chief of Power Research, Power Division
New York State Department of Pubiic Service
Chairman, Ad Hoc Committee on .
Appliance and Apparatus Efficiency

Mr. Joseph E. Rizzuto

Associateée Energy Efficiency Engineer, Power Division
New York State Department of Public Serv1¢e
Co~Chairman, Ad Hoc Committee on

Appliance and Apparatus Efficiency

Hon. Richard A. Atkins
Deputy Commissioner
New York State Office for Local Government

Mr. Guenther Baumgart
President’
Association of Home Appllance Manufacturers, Inc.

‘Mr. Rix A. Beals
Technical Director
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Mr. Louis Bloom
Manager, Engineering Project Studies
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Senior Managemant Representative
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Mr. Carl Chou

Chief Engineer, Climate Control Division

Singer Corporation
(Representing American Society of Heatlng, Refrlgeratlon
and Air Conditioning Engineers)

Mr. William Devenpeck
Senior Specifications Writer
New York State Office of General Services

Mr. Robert Don
Director, Division of Standards
New York State Office of General Services

. Mr. Edwin S. Douglas
Manager of Marketing Research
Electric Energy Association, Inc.

Mr. Frederick H. Farmer
Associate Counsel .
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Underwriters' Laboratories, Inc.

Mr. Harold H. Friedman
Harold H. Friedman Associates, Inc.
(Representing Consulting Engineers Council of New York State)

Mr. Herbert T. Gilkey, P.E.
Assistant to Managing Director
Air Conditioning and Refrigeration Institute

Mr. Paul C. Greiner
Vice President
Electric Energy Association, Inc.

Mr. Lester W. Gwaltney
Director of Energy Conservation
The Brooklyn Union Gas Company
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Mr. William G. Hoffman

International Representative of the IUE, AFL-CIO
nternational Union of Electrical, Radlo and
Machine Workers, 1UE, AFL-CIO

Mr. Robert L. Holding
Director of Consumer Affairs and Administration
Association of Home Appliance Manufacturers, Inc.

Mr. John E. Kaufman
Technical Director
Illuminating Engineering Society"

Mr. Joseph Leiper.
Infrastructure Program Dlrector
New York State Urban Development Corporation

Mr. Joseph D, Lewin, P.E,

Lewin Development Corporation »
(Representing New York State 8001ety of
Professional Engineers) - :

Mr. William H. Loving .
Associate Director of Technical Services
Gas Appliance Manufacturers Association, Inc.

Mr. Albert D. Lutgens
Assistant Chief Electrical Engineer
Underwriters' Laboratories, Inc.

Mr. Howard P. Michener
Technical Director
National Electrical Manufacturers Association

Mr. Irving Paris, A.l.A.
(Representing American Institute of Architects)

Hon. Peter M. Pryor
Chairman and Executive Director
State Consumer Protection Board
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Ms. Barbara Schnepp
Program Associate
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Ms. Peg Shields

Lee, Toomey and Kent, Law Offices
(Counsel for Association of Home Appliance
Manufacturers, Inc.)

Mr. Clarence F. Spindler

Clarence M. Spindler Associates
(Representing Consulting Engineers Counc11 of
New York State)

Mr. Wynne A. Stevens, Jr
Director of Legislative Services
Gas Appliances Manufacturers Association, Incr

Mr. Jack Suarez

Executive Secretary, District 3
International Union of Electrical, Radio and
Machine Workers, 1UE, AFL-CIO

Mr. Louis A. Swyer .
L. A. Swyer Company, 1lnc. '
(Representing Builders Association of New. York).

Mr. J. Milton Trompen
Manager, Customer Research
Consolidated Edison Company of New York, Inc.

Mr. Clarence P. Tsung
Associate .
Syska and Hennessy, Inc., Engineers

Mr. Philip J. Tulimieri, Jr.
Assistant Counsel
New York State Consumer Protection Board
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Mr. Benjamin F. Tyson

Manager, Technical Coordination

General Telephone and Electronics Laboratories, Inc.
(Representlng Electronic Industries Association, Inc.)

Mr. William Wolf
Assistant Civil Engineer
- New York State Department of Transportation

New York State Department of Public Service Staff

Mr. Richard E. Fuhrman
Senior Electric Engineer, Power Division
New York State Department of Public Service

Mr. Mark Kahan
Staff Counsel . ,
New York State Department of Public Service

Mr.  Howard J. Axelrod
Senior Power Research Analyst Power Division
New York State Department of Public Service

Mr Harry Guttman
Associate Power Research Analyst Power Division
New’ York State Department of Public Servmce

Dr. David P. Stricos _
Principal Nuclear Power Analyst, Power Division
New York State Department of Public Service
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AASHO
A.G.A,
AHAM
ANSI
. ARI

ASHRAE

GSA
IBR
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- NESCA

APPENDIX E

Abbreviations

Organizations

American Aésociation of State Highway Officials
American Gas'Aséociation | |
Assoéiatiénﬁdf'Homé Aépliancé‘ﬁanufacturers
American Natio;él‘Sténdafds Institute

Air Conditioning and Refrigeration Institute

American Sdciety of Heating, Refrigerating and

Air Conditioning Engineers

Edison Eiectric Insti£ﬁ£e:

Federal Housing Administration
Federal‘PQwer‘éommission

Gas Appliance Manufacturers' Association
General Services Administration (U.S.A.)
Institute of Béiler and_Radiation Manufacturers

Illuminatiﬁg Engineering Society

National Environmental Systems Contractors

Association
Office of General Services (New York State)
Southeastern Electrical Exchange

Underwriters'_La?oratpriéqLMEggiwwm“m
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Abbreviations

Equipment

A/C Air Conditioner
ES Extended Service (Lamp)
GS . General Service (Lamp)
HID High Intensity Discharge (Lamp)
Lf ~ Liquified Petroleum
RAC ~ Room Air Conditioner |
RCU-A-C | Split System- Alr Cooled Conden81ng Unlt, Coil

Alone |
RCU-A-CB“. Split System: Air Cooléd Condensing Unit, Coil:

‘ with Blower
Mfgcellaneous
A Ampere
‘Btu British Thermal Unit
Btuh British Thermal Units Per Houi
CF Cubic Feet
CFM Cubic Feet Per Minui;e
CF/YR Cubic Feet Per Year
Co2 : Carbon Dioxide
¢ ' Coefficient of Performance

ERF | ' Effective Radiant Field
EEﬁ ‘ Energy Efficiency Ratio, ﬁtuh/Watt
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HR

Hz

kW
kWh
kwh/Yr

PF

YR

Abbreviations

Miscellaneous

Fahrenheit, Degrees Fahrenheit
Hour

Frequency, Cycles Per Second
Kilowatt

Kilowatt Hour

Kilowatt Hour Per Year
Performance Factor

Volt

wWatt

Year
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Appliance

AEEaratus

Consumer

Efficiency

1)

2)

1)

2)

1)

L

APPENDIX F

Definitions

An instrument, apparatus, or device
for a particular purpose or use, and
not requiring technical knowledge or
artisan skill in its selection,
installation, or operation.

A device, operated by electricity,
oil, or gas, especially for use in the
home or for performance of domestic
chores. '

A group or aggregate of instruments,
machine tools, etc., having a particular
function or intended for a specific use.

Any complex instrument or machine for
a particular use,

A perszon who uses goods or services

to satisfy his personal needs and
desires, rather than to resell them or
to produce other goods or services
with them (ANSI By-Laws B 6.4.1.1)

The ratio of the work done or energy
developed by an appliance or apparatus
to the primary fuel energy consumed,
usually expressed as a percentage.

The ratio of the wocrk done. or energy.
developed by an appliance or apparatus
to the energy supplied it, usually
expressed as a percentage,
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Electric Demand

Electric Energy
Consumption

Eguigment

Household

The electric energy drawn from the
source of supply at the receiving
terminals of an installation or system
arranged over a suitablie and specified
interval of time. The proper interval
of time is dependent upon local condi-
tions, the most common being 15, 30, or
60 minutes. Demand 1s usually expressed
in kilowatts. °

The electric energy measured and
registered by a watthour meter which
measures and registers the integral,
with respect to time, of the active
power of the circuit in which it is
connected. This power integral 1s the
energy delivered to the circuit during
the interval over which the integration
extends, and the unit in which 1t is
measured is usuvally the kilowatt hour.

An instrument or machine having a
particular function or intended for a
specific use, and requiring technical
knowledge or artisan skill in its
selection, installation, or operation.

A house, an apartment, a group of rooms,
or a single room occupied or intended

for occupancy as separate living quarters.
Separate living gquarters are those in
which the occupants live and cat
independently of other persons in the
structure and which have either:

(a) Direct access from owntside of
the building or through a
‘common hall; or

(b) Complete kitchen facilities for

the exclusive use of the
occupants. :
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Power Rating

Output:

Input:

Saturation

The power produced when an appliance
or apparatus is tested under industry

8specified conditions and tolerances.

The power required when an appliance
or apparatus is tested under industry
specified conditions and tolerances.

The ratio in percent ot households
that contain one or more of the given
appliance or apparatus to the total
number of cccupied households supplied
with electricity in New York State.
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