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FOREWORD

The Community Systems Program of the Division of Buildings and Com-
munity Systems, Office of Energy Conservation, of the United.States Energy
Research and Development Administration (ERDA},* is concerned with conserving
energy and scarce fuels through new methods of satisfying the energy needs
of American Communities. These programs are designed to develop innovative
ways of combining current, emerging, and advanced technologies into Inte-
grated Community Energy Systems (ICES) that could furnish any, or all, of
the energy using services of a community. The key goals of the Community
System Program then, are to idéntify,.evaluate, develop, demonstrate, and
deploy energy systems and community designs that will optimally meet the

needs of various communities.

The overall Community Systems effort is divided into three main areas.
They are: (a) Integrated Systems, (b) Community Design, and (c) Commercializa-
tion. The Integrated Systems work is intended to develop the technology com-
ponent and subsystem data base, system analysis methodology, and evaluations
of various system conceptual designs which will help those interested in ap-
plying integrated systems to communities. Also included in this program is
an active participation in demonstrations of ICES. The Community Design ef-
fort is designed to develdp concepts, tools, and methodologies that relate
urban form and energy utilization. This may then be used to optimize the de-
sign and operation of community energy systems. Commercialization activities
will provide data and develop strategies to accelerate the acceptance and im-
plementation of community energy systems and energy-conserving community de-

signs.

This report, prepared by Uak Ridge National Laboratory, is part of a
series of Technology Evaluations of the performance and costs of components
and subsystems which may be included in community energy systems and is part
of the Integrated Systems effort. The reports are intended to provide suf-
ficient data on current, emerging and advanced technologies so that they may
bé used by consulting engineers, architect/engineers, planners, deveiopers,
and others in the development of conceptual designs for community energy
systems. Further, sufficient detail is provided so that calculational models
of each componeht may be devised for use in computer codes for the design of

Integrated Systems. Another task of the Technology Evaluation activity is

*Effective October 1, 1977, U.S. ERDA became U.S. Department of Energy (DOE).
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to devise calculational models which will provide part load performance
and costs of components suitable for use as subroutines in the computer codes
being developed to analyze community energy systems. These will be published

as supplements to the main Technology Evaluation reports.

It should be noted that an extensive data base already exists in tech-
nology evaluation studies completed by Oak Ridge National Laboratory (ORNL)
for the Modular Integrated Utility System (MIUS) Program sponsored by the De-
partment of Housing and Urban Development (HUD). These studies, however, were
limited in that ﬁhey were: (a) designed to characterize mainly off-the-shelf
technologies up to 1973, (b) size limited to meet community limitations, (c)
not designed to augment the development of computer subroutines, (d) intended
for use as general information for city officials and keyed to residential
communities, and (e) designed specifically for HUD-MIUS needs. The present
documents are founded on the ORNL data base but are more technically oriented
and are designed to be upgraded periodically to reflect changes in current,
emerging, and advanced technologies. Further, they will address the complete
range of component sizes and their application to residential, commercial,
light industrial, and institutional communities. The overall intent of these
documents, however, is not to be a complete documentation of a given tech-
nology but will provide sufficient data for conceptual design applicafion by

a technically knowledgeable individual.

Data presentation is essentially in two forms. The main report includes
a detailed description of the part load performance, capital, operating and
maintenance costs, availability, sizes, environmental effects, material and
energy balances, and reliability of each component along with appropriate ref-
erence material for further study. Also included are concise data sheets
which may be removed for filing in a notebook which will be supplied to in-
ferested individuals and organizations. The data sheets are colored and are
perforated.for ease of removal. Thus, the data sheets can be upgraded per-

iodically while the report itself will be updated much lesé frequently.

Each document was reviewed by several individuals from industry, re-
" search and development, utility, and consulting engineering organizations and
the resulting reports will, hopefully, be of use to those individuals in-

volved in community energy systems.
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ABSTRACT

This report provides performance data for electric and gas-fired
residential watér heaters. Performance characteristics investigated in-
clude: wunit full-load, part-load, and overall efficiencies and detailed
examination of standby losses. Also included are brief discussions of

energy-conserving options, such as lowering thermostat settings, increas-

| ing insulation thickness, and reducing pilot rate.

The information supplied here 1s intended to provide necessary data

for the ICES Systems Engineering Program.
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TECHNOLOGY EVALUATION
SUMMARY SHEET
OF

RESIDENTIAL ELECTRIC AND GAS WATER HEATERS COMMUNITY.

ENERGY
SYSTEMS

Bv: Ebrahim Farahan, ORNL 4 ‘ August, 1977

1 INTRODUCTION

This report provides data for the evaluation of lifecycle cost, ef-
ficiency, and energy consumption of currently available, storage-type,
electric and gas water heaters. Electric heaters have either one or two
heating elements; gas-fired heaters are equipped with a main burner and a
pilot light. The watér temperature is controlled by thermostat settings

in either the electric or gas water heater.

2 STANDARD CAPACITIES AND RATINGS

Electric:
Stofage tank capacity (gal) 30--100
Dual heating element wattage (minimum) in W/gal
Upper heating element 30
Lower heating element 20
Gas-fired:
Storage tank capacitv (gal) 30 to 100

Main burner input (Btu/h/gal) 1,000

3 PERFORMANCE

Full-load efficiency:

Electric: Efficiency (%) = 104.4 - (0.06) To, 120 < To < 160
where Ty = outlet water temperature (°F)

Gas-fired: Essentially constant at 72% for 110 < T, < 180.

Appliance efficiency over daily operation:
Electric: 80% (see Table 3.4)
Gas-fired: 50% (see Table 3.6)

ICES TECHNOLOGY EVALUATION
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4 SAFETY REQUIREMENTS

Water heater manufacturers comply with a number of séfety codes,

gncluding:

1.  Underwriters' Laboratories Code,
2. National Electrical Code, and
3. National Safety Standards.

5 ENVIRONMENTAL CONCERNS

Electric: No emissions or noise

Gas : Flue gas emissions as tabulated in Tablc DS-1.

Table D3=1 Eumissivns Factors four Natural=Gas Combustion

Domestic and
Commercial Heating

Pollutants . (1b/10°% £t?)
Particulates 5-15
Sulfur oxides (SOX) 0.6
Carbon monoxide (CO) 20
Hydrocarbons (as CHA) 8
Nitrogen oxides (NOX) 80 - 120(a)

<a)USe 80 for domestic heating units and 120 for
commercial units.

6 COsT ,
The capital cost of water heaters varies significantly among manu-

facturers. The following analytical expressions for equipment cost vs

storage capacity (Q, gal) are recommended for initial estimates or evalua-

tion studies:

Water heater cost, $ = 153 (Q/50)':°? , 30 < Q < 100 (Eq. DS-1)
(electric) ‘
= 155 (Q/40)*-! , 30 < Q < 100 (Eq. DS-2)

Water heater cost, $
(gas) ‘

ICES TECHNOLOGY EVALUATION
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Tables DS-2 and DS-3 show the man hour requirements for installation

of electric and gas hot water heaters.

Table DS-2 Manhour Requirements to Install
Automatic Electric Water Heaters

Capacity (gal.) 30 40 50 65 80

Erecfion*
Manhours 3.0 3.0 4.0 4.25

Table DS-3 Manhour Requirements to Install
Automatic Gas-Fired Water Heaters

Capacity (gal.) 20 30 40 50 60

Erection* -
Manhours 4.0 4.0 4.0 5.0 6.0

*Labor includes moving material and equipment
40 ft, uncrating, and finishing,

ICES TECHNOLOGY EVALUATION
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TECHNOLOGY EVALUATION OF
RESIDENTIAL ELECTRIC AND GAS WATER HEATERS

Prepared by Ebrahim Farahan, ORNL L INTEGRATED "
A  ENERGY
Date August, 1977
| 1 INTRODUCTION
1.1 SCOPE

This report is concerned primarily with commercially available,
stoiage—type water heaters for domestic use. The storage capacity of water
heaters under consideration ranges from 30 to 100 gal. Included are per-
formance characteristics of both electric and gas-fired heaters and com-
parisons of energy consumption at different operating conditions as cal-
culated or measured by various investigators. Finally, various options
to improve the efficiency of water heaters to reduce energy consumption
are discussed.

1.2 PROCESS DESCRIPTION

The basic block diagrams for electric and gas water heaters are
illustrated in Figs. 1.1 and 1.2 respectively,

CONTROL VARIABLES

1) WOT WATER OUTPUT (GAL./NR.)
2) WATER TEMPERATURE (°F)
(1NLET AND OUTLET)

‘ Fig. 1.1 Schematic of
ey pesasmanliinn o
E 3 Electric Water
] ELECTRIC 3 ,
: TER (AL /WR) 1) %OT wATER (cAL/m) Heater
ER ELEcTRIC POVER WATER - 2] JACKET LOSSES 3
ze /e =
5 HEATER 2
= ~
! — “w
——
' CONTROL VARIABLES
1) TANK SYORAGE CAPACTYY (GAL) 1) #OT wATEM 'our:u"rE (‘c.l;..'/n.)
ATER TEMPERATU
2) NEATING ELEMENT WATTAGE (WATTS) v i
DESIGN VARIABLES ‘
| o
-3
g g
8 8AS-FIRED 1) WaT wATER (CaL/wRd S
= nwaree cac/nd e s Losses
o 2) FUEL GAS (BTU/NR.) wWATER (aTu/me.) =
> annir ar (Fri/um) i 5P HACYET LasSES S
s ‘ (atTu/n.) s
2 HEATER H
= 5
' ° a . 1} TASE STORAGE CAPACITY (GAL.)
Fig. h2 e ematic £ Gas : 2 GUARER AND PILOT LIGNT WEM
Water Heater CUTPUT (BTU/HR)

CESIGN VARIABLES
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In electric water heaters, hot water is generated by submerged heating ele-
ments. Generation of hot water in gas water heaters is the result of the
combustion process, in which heat is transferred to water thrbugh heat~

transfer surfaces.

1.3 DESCRIPTION

Standard packaged water heaters consist of a thermally insulated
storage tank with cold and hot water connections. A cold water inlet and
a hot water outlet are located at the top of the étorage tank. The cold
water inlet tube extends to the bottom of the reservoir to prevent the in-

coming cold water from being immediately drawn into the hot water outlet.

The storage tank interior usually is lined with copper or glass Lo
.inhibit corrosion. Electric heaters are equipped with a magnesium anode

to prevent corrosion of the tank by electrolvsis.

1.3.1 Electric

Standard electric water heaters have an immersion heating element at
the top of the tank and one at the bottom (Fig. 1.3).

COLD WATER

N | N
rUSCO CLCGTRIGAL NLET LINE

SUPPLY SWITCH \.{@

\
\
TEMPERATURE AND X \

PRESSURE RELIEF K W

VALVE

HOT WATER
SUPPLY PIPE

INSULATION

HEATING
ELEMENTS

N

— MAGNFSILIM  ANONF

N

N ACCESS PANEL
. 7/
ORAIN LINE — e

THERMCSTAT

ORAIN VALVE

Fig. 1.3 Typical Electric Water Heater
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i»

The top element operates after a large water draw and the bottom heating
element comes on when the top element thermostat is satisfied during low
water usage. The heating elements are customarily interlocked so they

would not operate simultaneously.

1.3.2 Gas-Fired

A typical gas-fired water heater (Fig. 1.4) is equipped with a multi-
port gas burner similar to a gas range and a pilot which burns continuéusly.

The unit has a safety switch to shut off the gas in the event the pilot

fails to burn.

VENT
PIPE

TEMPERATURE AND

PRESSURE RELIEF
VALVE hd
COLD WATER

HOT WATER )
QUTLET PIPE = INLET PIPE
4 INSULATION
MAGNESIUN
ANQDE ———
FLUE BAFFLE
/ THERMOSTAT PILOT LIGHT
RELIEF VALVE :
ORAIN LINE —————=f Zel J -
; l - — HAlN ( O :
suraer .

TYPICAL BURMER ASSEMBLY

Fig. 1.4 Typical Gas-Fired Water Heater

The heat is transferred to stored water via heat exchange surfaces;
i.e., the cone-shaped bottom plate and the flue which is located at the
center of the storage tank. The flue is baffled to promote turbulance
which in turn increases heat transfer from the flue surface to stored
water. Figure 1.4 shows a schematic diagram of a typical gas-fired water

heater.
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2 STANDARD PRACTICE

2.1 APPLICABLE CODES AND STANDARDS

The applicable codes and standards for electric and gas water
heaters are produced and published by American National Standards Insti-
tute. Those standards covering household-size electric and gas water
heaters are ANSI - C72 - 1972 and ANSI - Z21 - 10.1 - 1975, respectively.
The purposes of these standards are twofold: (1) to establish a uniform
procedure for determining the perfdrmance of water heaters under speci-
fied conditions; and (2) to establish minimum requirements. Although
comp{}ance with these standards is not mandatory, virtually all manu-

facturers of these items do comply with the procedures.

2.2 AVAILABLE SIZE RANGES

Automatic storage~type water heaters for residential use range from
30- to 100-gal capacity. Electric water heaters with twin heating elements
normally are rated between 4000 and 5500 W; with a minimum power rating of

30 W/gal for the upper unit, and 20 W/gal for lower units.’

.Residential gas water heaters, as defined by ANSI - 10.1 - 1975, have
heat inputs of about 75,000 Btu/h, or less.? The main burnér generally is
manufactured with ratings of 1,000 Btu/h (or more) per gallon of tank capac-
ity, and the piibt is designed to burn natural gas at a rate of 700 to 1000
Btu/h. ‘

Tables 2.1 and 2.2, respectively, show typical dimensions of electric

and gas water heaters.

Table 2.1 Dimensions and Shipping Weight of Electric Water Heaters‘a)

Approx.

Tank capacity Diameter Height Shipping Weight
(gal) (in.) (in.) (1b)
52 20 60 144
80 ' 24 A 63 188

(a)Clearance for piping connections is not included.
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(a)

Table 2.2 Dimensions and Shipping Weight of Gas Water Heaters

. Approx.
Tank capacity Diameter Height Shipping Weight

(gal) _ (in.) -+ (in.) (1b)

30 22 60 120

40 24 58 137

50 24 62 166

65 29 57 271

75 29 63 296
100 30 71 365

(a)Clearance for piping connections is not included.

2.2.1 Electrical Requirements

The customary voltage for most electric water heaters is 240 volts

with a range from 220 to 248V.

ICESTECHNOLOGYEVALUAHON
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3 MATERIAL AND ENERGY BALANCE

3.1 GENERAL

ture of gas and air for combustion.

gases.

fuel.

Three major inputs in a gas-fired water heater are water and a mix-
The outputs are hot water and flue
Practically all fossil-fired residential water heaters use gas as

Oil-fired water heaters have not been widely accepted because of

difficulties in designing burners at low firing rates and the need for

electric ignitors.

and the output is hot water.

The inputs in an electric water heater are electricity and water,

The design temperatire for water heaters

ranges from 110° to 170°F; however, there is a trend toward lower tempera-

ture settings.

The inlet water temperature varies from 40° to 60°F ar

different locations because of varying geographical and climatical condi-

tions.

States is available in Ref. 3.

of groundwater from nonthermal wells.

A list of seasonal water temperatures for major cities in the United
Figure 3.1 shows the approximate temperature

This water temperature remains almost

constant unless altered by flow through the distribution piping.“

(”E o R T
RS T\ o
< ~ D O
)P TR ~= B4
’ A Fo=f o T \{_ ) R :
I“--.v s AL bl S 1 o4
822 " )
. Cf\/ :/Q (‘ - —Hr—\az s
o X s”_',I’// !_ 1. ’:l M .
§ NG T e LV AR M
e e O/ ) -
i \ _u‘< ’ !-_ﬂ/ o
10, H "
~ X — 14 u""“%—'f"
N i
: \
d L e

Fig. 3.1 Approximate Temperature of Water from Nonthermal
Wells at Depths of 30 -- 60 ft

The amount of energy consumed by a water heater is directly related

to the amount of hot water drawn, the ambient temperature, and the tempera-

ture difference between inlet water to the tank and outlet hot water.
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Figures 3.2 and 3.3 show schematically the energy balance for gas
and electric water heaters, respectively,s.for a daily consumption of 71.4
gal of hot water with an 85°F temperature rise. The pattern at which this

JACKET LOSSES
(INSULATION AND -FITTINGS)

32,200 (72% OF INPUT)

HEAT SOURCE ON NET TO WATER, CAUSES
(Btu/h) 45,000 INPUT TEMPERATURE RISE ~ I00°F

300 12,000
FLOOR LOSS  FLUE LOSS

JACKET LOSSES
{INSULATION AND FITTINGS)
500

STANDBY 700 Btu PILOT 500
(Btu/ h) INPUT ('(_1 NET LOSS FROM WATER
g ), CAUSES TEMPERATURE DROP

~16°F/h
STANDBY
FLUE
LOSS JACKET LOSSES
‘700 (INSULATION AND FITTINGS)

2,000 {11.8%)

SL000 HOT

DALY ToTAL*
102,000 Bty INPUT WATER. (50.0%)

500 FLOOR LOSS

23,200
~ (05%) 15,400 MAIN BURNER FLUE
STANDBY FLUE LOSS (22 77‘)
LOSS (15.1%) o

X ASSUMES 1.93 HOUR OPERATION OF MAIN BURNER AT 71.4 gol/day
DRAW AND 85°F TEMPERATURE RISE.

Fig. 3.2 Energy Balance of Gas Water Heater

JACKET LOSS AND LEAKS
34 kwh/day (17%)

HOT WATER
18.0 kWh/day INPUT 149 kwh/day

(83%)

Fig. 3.3 Energy Balance of Electric Water Heater
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hot water is utilized is shown in Table 3.1.5

Table 3.1 Typical Hot Water Use by Function

Shower -( )'Automatic Clothes Washer

Function: or Bath Sink Dishwasher Hot Cycle Warm Cycle

Volume water per
event (gal) 30 1.5 15 50 50

Temperature (°F) 105 105 145 130 wash 100 wash
100 rinse 80 rinse

Volume hot water
(145°F) per event

(gal) 15 0.8 15 M 11
Rate 6f draw.of hot

water (gal/min) 3 2 1.5 8 4
Diration of draw .

(min) 5 0.4 10M 5(b) 5(b)
(a)

Sink for hands, face shaving, food preparation, hand dishwashing

(b)

Total overall draws in the cycle

3.2 ELECTRIC WATER HEATER

3.2.1 Full-load Efficiency of Electric Water Heater

At low thermostat settings and during the removal of hot water, the

full-load efficiency of an electric water heater approaches 100%. Heat loss
through the jacket at lower water temperature is small compared to the power
input. However, as the temperature of the water increases, this heat loss
also will increase and result in lower efficiencies. Table 3.2 shows the
full-load efficiency of a 65-gal and a 33-gal electric water heater at var-

iouys thermostat settings.G

Table 3.2 Full-Load Efficiency of 66-~Gal
Electric Water Heater(a)

Water ) Maximum

Temperature Load Efficiency(b)
(To's °F) (gal/h) (%)
110 30.5 97.8
130 22.1 96.6
150 17,2. 95.4
170 14.1 94.2
(a)

Incoming water temperature = 55°F,

(®)peficiency (%) = 104.4 - (0.06) To, 110 < T < 170
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8

W



3.2.2 Abpliance Efficiency

The appliance efficiency i1s defined as the ratio of useful heat

delivered to total energy consumed directly by the appliance.1

where:

;Qloss

use
N =

Qi

(Eq. 3.1)

Quse - Mcbw (Tw - Twi

water flowrate, lbm/h

) (Eq. 3.2)

Specific heat of water, Btu/l1bm°F

Temperature of delivered water, °F

Temperature of inlet water, °F

= Qloss + Quseful
= Standby loss, Btu/h

Equation 3.2 indicates that at a daily demand of zero (M=0) the

appliance efficiency is zero, regardless of the temperature differential

(Tw - Twi)

between inlet and outlet. However, this efficiency increases

as the water demand increases, and at high draw rates the appliance ef-

ficiency approaches full-load efficiency. The increase of appliance effi-

ciency with hot water withdrawal is illustrated in Fig. 3.4 for two elec-
tric water heaters at water delivery temperature of 110 and 150°F. The

curves represent calculated data using Eq. 3.1 and standby losses from

Sec. 3.2.4.

APPLIANCE EFFICIENCY (%)

Fig. 3.4

30 GAL., AS RECEIVED, HO®F

€6 GAL., AS RECEIVED, 1OF \
100 ] 66 GAL, 3-1/2° EXTRA {NSULATION, 130°F

30 GAL., AS RECEIVED, 150°F \
90 1 ¢s0AL,AS RECEIVED, 150°F

HOT WATER CONSUMPTION (GAL./DAY)

Appliance Efficiency of Residential Electric Water Heater Vs K
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3.2.3 Overall Efficiency

The heat lost through the jacket of a water heater is not considered
waste heat if the system boundary includes the house, during the heating
season. However, the same heat loss during the cooling season would in-
crease the load on the air-conditioning system. To take these effects into
consideration, the overall efficiency is defined as the rafio of useful heat
delivered to total energy consumed directly and indirectly.6 The energy
consumed directly can be electricity or gas used by the water heater itself,
and the indirect consumption is the energy used by the appliances as a
consequence of operation of the water heater.

Q

use

overall efficiency = (Eq. 3.5)

Qtotal

In winter Q is equal to Quse since the heat lost by the water

total
heater is utilized to heat the house, hence resulting in a 100% overall

efficiency.

During the summer Q includes both the energy consumed by the

total
water heater and the energy consumed by the air conditioning system to re-

move the lost heat through the jacket from the house.

3.2.4 Standby (Jacket) Losses

The major standby loss of an electric water heater is through the
jacket. The only other heat loss is through the piping system, which is
maximum when hot water flow is terminated and the distribution pipes are
fiiled with hot water. During the standby period, this hot water cools
to ambient temperature. The rate of this heat loss is related directly
to a number of draws, water temperature, ambient temperature, and the
length of distribution pipes. If the distribution pipes are imbedded in

a poured-concrete floor, the heat loss through the distribution pipes
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will increase considerably. Table 3.3 shows standby heat losses for elec-
tric water heaters as calculated by various investigators.s'8 This loss,
which varies with ambient temperatures and hot water temperatures, can be
reduced by increasing the insulation thickness.

Table 3.3 Daily Energy Consumption of Electric
Water Heater and Jacket Loss

nit 1(® Unit 2P Unit 3¢ vnie 4@
Mutch Spann & Slaughter Hoskins Lee
Energy Flow (10" Btu/day)
Useful energy 3.2 5.9 5.0 5.1
Jacket loss 0.88 1.6 1.2 1.1
Total input 4.1 7.5 6.2 6.2
Efficiency 78.8% 79.17% 81% 83.0%

(a)

Hot water consumption 50 gal/day; temperature rise 85°F; ambient
temperature 70°F; insulation thickness 2 in.; tank size 66 gal.

(b)

Hot water consumption 75 gal/day; temperature rise 85°F; ambient
temperature 70°F; insulation thickness 2 in.; tank size 66 gal.

(c)

Hot water consumption 72 gal/day; temperature rise 85°F; ambient
temperature 70°F; insulation thickness 2 in.; tank size 50 gal.;
(jacket loss includes the heat loss through distribution pipes)

(d)

Hot water consumption 71.4 gal/day; temperature rise 85°F; ambient
temperature 70°F; insulation thickness 1 3/4 in.; tank size 50 gal.
Present electric water heaters have jacket insulation varying in
thickness from one to two inches. Table 3.4 shows the measured heat losses
through the jacket of a 66-gal electric water heater at various tank water
temperatures.6 When the same water heater is retrofitted with 1 1/2-in.-
thick insulation, an approximate 27% reduction in standby loss (synonymous

with "jacket loss') was obtained.

Table 3.4 Standby Jacket Heat Losses-of Electric Water Heater(a)(Btu/h)
Water . : Heat Loss
Temperature As Received 1 1/2-in. Kit Reduction
(°F) (2 in. Insulation) Retrofitted )
110 315 - 227 27.9
130 487 351 27.9
. 150 . 660 482 .27
170 _ . 832 - 610 . 26.9

@

70°F ambient temperature, 66-gal residential electric water heater.
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3.3 GAS-FIRED WATER HEATER
3.3.1 Full-Load Efficiency

The full-load efficiency of a gas water heater.is approximately 71
to 73% over the hot water temperature range of 170°--130°F.® This lower
full-load efficiency, as compared with 1007 full-load efficiency of elec-
tric water heaters, is caused by flue and higher jacket losses of gas water
heaters.

3.3.2 Appliance Efficiency

The appliance efficiency of a gas water héater, as defined by Eq. 3.1
is illustrated by Fig. 3.5 for various daily hot water demands.® The direct
energy delivered to a gas water heater is the gas consumed by the pilot and

by the main burner.

a0

FLUE BLOCKED, WITH RETROFIT INSULATION uo°r’_‘__‘"‘

FLUE 'BLOCKEO, WiTH RETROFIT NSULATION 150 *F %3

AS RECEIVED MO°F

AS RECEIVED, 150 ./

30
40

APPLIANCE  EFFICIENCY - %

19

0 I 1 1 1 1 1 L 1 i
(4] 20 30 40 50 60 T0 80 90 100
HOT WATER (GAL/DAY)¥*

Fig. 3.5 Appliance Efficiency of a Gas Water Heater Vs Hot Water Consumption

*Through 95°T ‘temperature
**Insulation thickness 31/2 in

3.3.3 Overall Efficiency

In applying Eq. 3.3 for gas water heaters, Qixse is useful heat de-
livered to the residence. Hence, during the winter for indoor operation,

Quse is the sum of hot water delivered and jacket losses.
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3.3.4 Flue Losses

Figure 3.6 is a nomograph, developed by the American Gas Association

(AGA) showing the effect of excess air, inlet air, and exit gas temperature

on flue losses.?
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The AGA nomograph also is represented by an empirical relation as,8

FL = 1.29 EA°+'*7 (5/9 T)0-%1°

(Eq. 3.4)
where:
FL = flue losses, %;
EA = excess air in flue gases, %; and
T = temperature difference between flue gases and ambient

air, °F.

From the above expression, it appears that flue 1dsses can be re-~
duced éither‘by reducing the amount of excess air or by decreasing the
temperature of exiting flué gases.5 The latter can be accomplished by re-
designing the flue baffles to increase the residence time of combustion
gases or by increasing the length of the flue which acts as a heat ex-

changer.

Both options (excess air or baffles) have certain limitations.
Excessive reduction of excess air will increase CO and 002 content of flue
gases; excessive baffling will eliminate the pressure difference necessary

for natural draft between entering air and exiting flue gases.

3.3.5 Standby and Jacket Losses

Standby losses from. gas water heaters are considerably higher than
those from electric water heaters. Some factors causing this increase
in standby losses are constant operation of the pilot light and the thinner

jacket insulation used in manufacturing gas water heaters.

The pilot iight, which burns constantly to keep the tank water hot
ahd to ignite the main burner when necessary, also acts as a safety pre-
caution against accumulation of ‘gas in the event of a leak. It burns
‘natural gas at an approximate rate of 700 to 1000 Btu/h and has a measured

heat-exchange efficiency of 23%.°

Pilot flue losses account for 13 to 157 of total energy input and
are only a function of pilot gas flowrate. They are nearly constant at

different water temperatures.

. ICES TECHNOLOGY EVALUATION
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7Mbst of the presently manufactured gas water heaters have 1 in. in-
sulation between the tank and the jacket. As in the cése of electric water
heaters, insulation thickness indeed affects the rate of heat loss through
the jacket. Figure 3.7 shows -a gas water heater operating in three differ-
ent modes corresponding to the three different curves.® When the flue is
blocked and the pildt light is off, the total heat loss is equal to jacket
loss. This situation simulates a water heater having a mechanical or
electrical means of opening the flue and an electrical means of igniting
the main burner. The curve with the flue open and the pilot on shows the

operation of a factory-built water heater.

1800

1800 |-

TOTAL LOSS, (PILOT ON, FLUE OPEN)

1400 =

1200

1000 -

800 I~

HEAT RATE {Biu/hr)

600

..oo“/

200 15 .Z{~ TOTAL LOSS (PILOT OFF, FLUE OPEN)

TOTAL LOSS, (PILOT OFF, FLUE BLOCKED)

o 1 ! 1 1 L 1
%0 100 o 120 130 140 150 160

WATER TANK TEMPERATURE (°F)

Fig. 3.7 Total Loss Heat Rates Vs Water Tank Temperature for
Three Operational Configurations (Gas Water Heater)
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Table 3.5 provides jacket and flue losses (main burner and pilot)

measured or calculated by different invest:igators.s‘8

Table 3.5 -Daily Energy Consumption of Gas Water Heater and Jacket Loss

nit 1(3 nie 2P tnit 3(%) unit 4(9
Mutch: Spann & Slaughter Hoskins Lee
Energy Flow (10* Btu/day)
llseful energy 3.2 5.9 5.4 5.1
Jacket loss 2.5 1.8 1.1 1.2
Flue loss :
a) main burner 0.86 2.2 2 2.3
b) pilot 0.55 1.6 1.3 1.5
Total input 7.1 11.6 9.8 10.2
Efficiency 45.5% _ 51.4% 52% . 50.0%
(a)

(b)

(c)

(d)

Hot Vater consumption 50 gal/day, temperature rise‘85°F; ambient
temperature 70°F; insulation thickness 1 in.; tank size 40 gal; main
burner rate 7490 Btu/h-ft3; and pilot rate 750 Btu/h.

Hot water consumption 75 gal/day; temperature rise 85°F; ambient
temperature 70°F; insulation thickness 1 in.; tank size 40 gal.;
main burner rate 7520 Btu/h-ft®; and pilot rate 750 Btu/h.

Hot water consumption 72 gal/day; temperature rise'85°F; ambient
temperature 70°F; insulation thickness 1 in.; main burner rate
7490 Btu/h-fts; (jacket loss includes distribution piping loss).

Hot water consumption 71.4 gal/day; temperature rise 85°F; ambient
temperature 70°F; insulation thickness 3/4 in.; main burner rate
8430 Btu/h-ft3; and pilot rate 700 Btu/h; (iacket loss includes
floor loss). .
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4 ENVIRONMENTAL EFFECTS

There are no emlSSlonS, v1brat10ns, or exce331ve noise levels

1nvolved w1th electrlc water heaters.

Gas water heaters discharge hot products of combustion into the

atmosphere.

Agcorqing.to“the ANSI standard, the average temperature flue

ases should not exceed 480°F above room temperature’.?
g ) P

Table 4.1 shows emission factors for combustion of natural gas

by commercial and domestic éppliances.9

Table 4.1 Emissions Factors for Natural-Gas Combustion

Domestic and
.Commercial Heatlng

Pollutants | | (1b/10° f£t?)
Particulates - ‘ 5--15
Sulfur oxides (SOX) o . - 0.6
Carbon monoxide (CO) 20
Hydrocarbons (as CH4) . v 8
Nitrogen oxides (NOx) ' (80-—120)(a)

(a)Use 80 for domestic heating units and 120 for com-
mercial units.
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5 OPERATING REQUIREMENTS

5.1 Electrical Capacity Control
" Electric water heaters have eilther one heating element near the bot-
tom of the tank or two heating elements, one near the bottom and the other

near the top of the tank (see Fig. 1.3).

The single heating element type has one thermostat that turns on
the heating element when the tank water temperature falls below a preset
thermostat setting. This heating element usually is rated at about
8,500 Btu/h (2,500 W) .’

The double heating element type has one Lherndostat for euch cull,
and each thermostat 1s set independently. The thermostats usually are
interlocked so that the upper and the lower heating element cannot operate
simultaneously. The heating elements are rated between 13,500 and 19,000
Btu/h (4,000 to 5,500W). The upper heating element is energized during
high water withdrawal rates, and the lower element is energized when the
upper thermostat is satisfied and the lower is not, which normallyoccurs
during the standby operation. The water heaters with manual adjustable
thermostat normally are designed for the following temperature settings‘.7

warm or low : 110-120°F

medium or normal: ~140°F
hot or high : ~160°F

5.2 GAS-FIRED CAPACITY CONTROL
A thermostat controls the timing and duration of main burner opera-
tion, When the tank water temperature falls below a preset thermostat

setting, the main burner is ighited by a continuously burning pilot light.

The main burner firing rate usually is designéd for 1,000 Btu/h/gal
of storage.®

5.3 SAFETY REQUIREMENTS

Gas and electric water heaters usually are equipped with temperature
and pressure protective devices. When installing the relief valve, care
must be taken to orient the discharge tubing away from electrical wir-

ing — usually directed at the floor.
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6 MAINTENANCE REQUIREMENTS

To dispose of sediment that accumulates in the bottom of the tank,
periodic opening of the drain valve is suggested for both electric and

gas water heaters.

At a location having hard water, it is desirable to remove the

scale from the electric heating element.

6.1 EXPECTED LIFE OF EQUIPMENT

Expected life of gas and electric water heaters is about seven
years.8 Some manufacturers have a 10-yr warranties for their products

at an extra charge.
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7 COST CONSIDERATION

7.1 EQUIPMENT COST

Figures 7.1 and 7.2 show the estimated cost for electric and gas
water heaters ranging from 30 to 100 gal of hot water storage capacity.
Data are collected from Ref. 10, and from plumbing companies in the Knox-
ville area. The data shown in Figs. 7.1 and 7.2 are represented By the

following expressions of cost vs capacity (Q, gal):

water heater cost, $ = 153 (Q/50)'*°2 30 < Q < 100 (Eq. 7.1)
(electric) N
water heater cost, $ = 155 (Q/l&O)l'1 30 < Q <100 (Eq. 7.2)
(gas) :
500 I 600 I
400 — 500 -
. 400 —
» 300 =
= 300
o —
S 200 — S
. 200 -
— —
= =z
(78] w
= =
[ o
S 100 3 ]
80
60 —
50 60
20 40 60 80 100 : 20 40 ° 60 80 100
WATER HEATER STORAGE CAPACITY WATER HEATER STORAGE CAPACITY
(GAL.) ‘ (GAL.)
Fig 7.1 Equipment Cost of Electric Fig. 7.2 Equipment Cost of Gas
Water Heater Vs Capacity(a) . Water Heater Vs Capacity(a)
(a) (a)

Installation cost not included. ‘"Installation cost not included.

The dashed linee in Figs. 7.1 and 7.2 show the cost range for units

with different capacities. The installation cost is mostly dependent on
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2

labor cost which varies throughout the country. -Tables 7.1 and 7.2 show the

11

manhours for electric and gas water heaters. These data can be used to

calculate erection costs at various locations.

Table 7.1. Erection Manhour Reﬁuirements for Automatic
' Electric Water Heaters of Various Capacities

Capacity(gal.) .30 40 50 65 80

Erection* )
man-hours 3.0 3.0 4 4.0 4,25

Table 7.2, Erection Manhour Requirements for Automatic
Gas-Fired Water Heaters of Various Capaciltiles

Capacity(gal.) 20 30 40 50 60
Erection* -
man-hours 4.0 4.0 4.0 5.0 6.0

*Labor includes moving material and equipment 40 ft.,
. uncrating, and finishing.

7.2 OPERATION COST

Water heater operation costs are heavily related to fuel type and
operating conditions such as hot water consumption and tank water tempera-
ture. ) ' ‘

Table 7.3 shows daily energy consumption of gas and electric water

5,8-10 Knowing

heaters as calculated or measured by different investigators.
the energy cost, the operation cost can be calculated by choosing one of
the models listed in Table 7.1.

Table 7.3 Estimates of Daily Water Heater Energy Consumption

Temperature Hot Water

Rise Rate Energy Consumption (10" Btu/day)
(°r . (gal/day) Gas ~ Electric
Lee : 85 71.4 10.2 6.2
Mutch 85 50 7.1 4.1
Spann 95 75 11.6 7.5
Hoskins - 85 . 72 . 9.8 6.2
9.8

Consumer reports == : 100 : 13.8
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8 STATUS OF DEVELOPMENT AND RECOMMENDATIONS

Hot water heaters account for 157 of residential and 3% of the total
national energy consumptidn.7 In 1968, the total energy consumed for produc-
ing domestic hot water was 1,738 trillion Btu.® This information suggests
that any effort to increase the efficiency and performance of present in-
stalled and future manufactured units is a positive step toward reducing
total national energy consumption,

Several energy-conserving designs and options, with respect to both

consumer and manufacturer, are discussed below.

8.1 GCONSUMER-ORIENTED OPTION

Reduce thermostat setting: present water heaters have normal thermo-
stat setting of 140°F. A thermostat set back 10°F will result in an esti-
mated energy reduction of 97 for electric and 17% for gas water heaters. ®
This is due to reduction of energy used to heat water and reduction of-

jacket losses.

8.2 MANUFACTURER-ORIENTED OPTIONS

8.2.1 1Increased Insulation Thickness

Jacket losses account for nearly all ehergy losses of electric water
heaters (15 to 17% of the energy input to the electric heater}s’8 and for a
large portion of energy losses of gas water heaters (11 to 15% of total
heat ‘input).5.8 » '

Table 8,1 compares the energy savings from various insulation thick-
nesses and the increased costs of insulation® of both electric and gas-fired

hot water heaters.

Table 8.1 Energy and Economic Effects of
Jacket Insulation Thickness

. Flectric Gas . .
| Insulation Energy _Added Payback Energy Added Payback
Thickness Savings Cost Period Savings Cost Period
(in.) %) (1975-$) (yr) (%) (1975-%) (yr)
2 _— _— S 7 4.9 0.8
3 4 6.1 0.7 10 10.9 1.3
4 7 12.1 1.0 10 - 17.0 1.9
5 7 19.4 1.4 11 24,2 2.5
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Figure 8.1 shows the energy consumption:as a function of insulation
thickness.® As shown, the thickness beyond four inches does not decrease
energy consumption appreciably. Too much insulation will result in an

over-sized water heater that cannot fit through standard doorways..

&
E l l | | |
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w
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= 0.9 — ]
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o = -
o
g 0.7 — ]
@ | | | | |
I
E 0 | 2 3 4 5 6

EFFECTIVE THICKNESS (IN.)

Fig 8.1 Effect of Gas Water Heater Insulation Thickness(a)

on Energy Consumption

() pasis: Normal density fiberglass (K=0.024 Btu/h/ft?/°F)

8.2.2 Reduced Pilot Rate

Energy losses from constant operation of a pilot light account for
approximately 14% of the energy input: Currently available gas water heaters
have pilot rates of about 1000 Btu/h. Any reduction of the pilot rate is
limited by the instability of pilot flame. A minimum rate of 400 Btu/h is

considered safe and will result in energy savings of approximately 6%.°8
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Among other available options is the introduction of automatic
ignitors combined with flue closure. In this design, an electric ignitor
ignites the main burner when water temperature drops below a preset thermo-
stat setting. The damper closes during of f~burner operation to stop a
reverse transfer of heat from hot water to cooler flue gases. This design
change would result in a considerable energy savings. However, .there are
safety problems and the.additional equipment and installation cost ($141)
surpasses the energy savings during the lifetime of the water heater, °

this is not considered an economically desirable option.

ICES TECHNOLOGY EVALUATION

24

-



10.

11.

" REFERENCES

ASHRAE Guide and Data Book - Systems, Chapt. 35, American Society
of Heating, Refrigerating, and Air-Conditioning Engineers, Inc., N.Y.
(1976) . '

American National Standard for Gas Water Heaters (ANST 221.10.1-1975),
American Gas Association Laboratories, Cleveland, Ohio (1975).

C. Strock, and R. L. Koral, Eds., Hot Water Supply System, Handbook
of Air Conditioning, Heating, and Ventilating, 2nd ed. (1965).

Geraghty, J., et al., Water Atlas of the United States, Water Informa-
tion Center, Port Washington, NY (May 1973).

Study of Energy-Saving Options for Refrigerators and Water Heaters,
Arthur D. Little, Inc., Cambridge, Mass. (May 1976) Draft.

Spann, D. E., and G. G. Slaughter, An Efficiency Evaluation and Con-
sumer Economic Analysis of Domestic Water Heaters, Oak Ridge National
Laboratory, Oak Ridge, Tenn. (to be published).

Mutch, J. J., Residential Water Heating: Fuel Comservation, Economics,
and Public Policy, R-1498-NSF, Rand Corporation, Santa Monica, Calif.
(May 1974).

Hoskins, R. A., and E. Hirst, Energy and Cost Analysis of Residential
Gas and Electric Water Heaters, Oak Ridge National Laboratory, Oak
Ridge, Tenn. (to be published).

Compilation of Air Pollutant Emission Factors (revised) U.S. Environ-
mental Protection Agency, Office of Air Programs, Research Triangle
Park, N.Y. (March 1975).

Consumer Reports, Vol., 41, No. 12, Mount Vernon. N.Y. (Dec. 1976).

Cladstone, J., Mechunical Estimating Guidebook, 4th Ed. p. 93 McGraw
Hill, New York (1970). '

ICES TECHNOLOGY EVALUATION

25




z

DISTRIBUTION LIST

Internal:

J. G. Asbury A. S. Kennedy

E. M. Bohn A. B. Krisciunas
L. Burris C. M. Lee

E. J. Croke G. Leppert

J. M., Calm T. J. Marciniak (100)
A. A. Davis R. G. Matlock

P. F. Donnelly J. Pascual

R. J. Faddis E. G. Pewitt

J. Fischer J. J. Roberts

A. A. Frigo V. A. Rabl

B. T. Frost B. A. Schmeh

C. H. Gartside K. L. Uherka

B. L. Graves G. J. Vogel

D. V. Gnetschel N. P. Yao

P. R, Hirech ANL Contract Liopy
R. E. Holtz ANl, Libraries (5)
R. 0. Ivins TIS Files
External:

DOE-TIC (65)
Manager, Chicago Operations Office
Chief, Chicago Patent Group
President, Argonne Universities Associlation
Energy and Environmental Systems Division Review Committee:
T. G. I'rangoo, Madison, WI
H. Gibbons, U. Tennessee
Hynan, National Coal Association
. Kash, U. Oklahoma
. McAllister, U. California, Los Angeles
. Pomeroy, U. Georgia
. Rohlich, U. Texas, Austin
. Schmidt, Electric Power Research Inst.
J. W. Winchester, Florida State U.
Abeles, Tom P., PhD., Energy and Management Consultation, Burnsville, MN
Abrams, R.N., V.P., Gilbert Associates, Inc., Reading, PA
A.C. Kirkwood & Associates, Kansas City, MO
Adamczyk, T.J., BRI Systems, Inc., Phoenix
Agee, Mr. Damon, Florida Energy Office, Tallahassee
Alvine, Raymond G., Raymond G. Alvine & Assoc. Omaha
American Association for Hospital Planning, Jefferson City, MO
American Society of Planning Officials, Chicago
Anderson, Brant, Lawrence Berkely Labs, Berkely, CA
Anderson, Robert B., Exec. Vice Pres. Farm & Land Institute, Chicago
Anson, Mr. Bert III, Southwest Center for Urban Research, Houston
Anuskiewicz, Todd, Michigan ‘Energy & Resource Research Assn., Detroit
Arnold, R.S., Carrier Air Conditioning, Syracuse
Askew, Alvin, Exec. Dir., The Governors Energy Advisory Council, Houston
Assur, Andre, U.S.A. Cold Region RES & Engr. Lab., Hanover, N.H.
Ayres, J. Marx, Pres., Ayres Associates, Los Angeles

“

WOt“.UUS
I - R g |



Balzhiser, R.E., Directof, Electric Power Research Institute, Palo Alto, CA
Barbee, Robert W. Jr., Allen & Hoshall, Inc., Memphils

Bartman, Jerome, Naval Air Develop. Center, Warminster, PA

Basilico, James V., Office of Research and Develop., EPA, DC

Becker, Mr. Burton C., Hittman Assc., Inc., Columbia MD

Benson, Glendon M., Energy Research & Generation, Inc., Oakland, CA

Benson, Harold, Acting Chief, NASA-JSC, Systems Analysis Office, Houston
Benson, Mr. Walter, Midwest Research Institute, Kansas City

Bertz, Edward J., Secretary, American Society for Hospital Engineering, Chicago
Bergwager, Sydney, D., Federal Energy Administration, DC

Best, W.C., U.S. Army Facilities Engineering Support Group, Fort Belvoir, VA
Biederman, N.P., Institute of Gas Technology, Chicago

Biese, Robert J., Asst, Project Mgr., Gilbert Associates, Inc., Reading, PA
Bigler, Mr. Alexander, Alexander B. Bigler Associates, Oakton, VA

Bishop, Fred, Environmental Protection Agency, Cincinnati

Bodzin, J.J., Michigan Energy & Resource Research Assn., Detroit

Boney, David W., Vice President, Atlantic City Electric Co., New Jersey
Boone, Mr. Richard, QES, Inc., Atlanta

Borda, Joseph R., Joseph R. Borda Consulting Engineers, Merchantville, NJ
Boughner, Richard T., Control Data Corporation, Knoxville, TN

Bourne, J.G., Manager Thermal Engineering Group, Dynatech R/D Co., Cambridge, MA
Boyce, Dr. David E., Regional Science Assoc., Univeristy of Pennsylvania
Brandon, Robert E., Air Force Civil Engineer Center, Tyndall AFB, FL

Brasch, Mr. Ben F., Industrial Systems, Corp., Medina, OH

Breymann, Bernard H., Eco-Terra Corp., Chicago

Brodie, Mr. J.I., Genge Consultants, Los Angeles

Brodle, L.T., Bergstedt, Wahlberg, Berquist & Rohkohl, St. Paul

Buehrer, Huber H., Buehrer & Strough, Toledo, OH

Bullens, Exec. Dir. of Energy Programs, American Institute of Architects, DC
Buthmann, Mr. R.A., General Electric, DC

Campbell, George W., Smith & Fass Consulting Engineers, Inc., DC

Carrol, R., Mgr., Lawrence Livemore Lab, U. of California

Carter, Lee, St. Louis, MO

Casberg, T.R., Office of the Deputy Assistant Secretary of Defense, DC
"Cavanaugh, Gregory, U.S. DOE, DC

Cavros, Steven N., Chief, Comm. Syst. Branch, Div. of Bldg. & Comm. Syst., DOE, DC
Chalmbes, S.M., Salt River Projects, Phoenix

Chapman, Dr. Alan J., Dean of Engineering, Rice University, Houston
Chmielewski, R., Catalytic, Inc., Philadelphia

Christensen, A.T., Mgr. Program Development, General Electric, DC

Cissna, Mr. Volney J. Jr., Office of the Governor, State of Mississippi
Clauder, Hershel, Systems Control Inc., Palo Alto, CA

Cohen, Sanford, Mgr., Teknetron, Inc. DC

Collins, R.N., C.¥. Braun & Co., Alhambra, CA

Conrad, Mr. Tom, SCS Engineers, Reston, VA

Coxe, Mr. E.C., Reynolds, Smith and Hills, Jacksonville, FL

Crane, David A., Pres., The Crane Design Group, Houston

Crawford, Russell L., Solid Waste Coordinator, Commonwealth of Pennsylvania
Crawford, W. Donham, Edison Electric Institute, New York

Credle, K., Department of HUD, DC

Creel, Russel K., Exec. Sec., Comm. for Nat'l Land Development Policy, Chicago
Cuccinelli, Kenneth, American Gas Association, Arlington VA

Cumali, Z., Pres., Consultants Computation Bureau, San Francisco

27



Cunningham, Walter, Senior Vice Pres., Engineering/Planning, Houston
Daman, E.L., Vice President, Foster Wheeler Corporation, Livingston, NJ _
Davis, Paul, Deputy Gen. Mgr., Gulf Coast Waste Disposal Authority, Houston
Dawson, Roland H. Jr., Board of Public Utilities, McPherson, Kansas
Dechoim, Phil, Columbia Gas, Columbus, OH

DeLima, Henry, Booz, Allen & Hamilton, Bethesda, MD

Deyoung, J.Y., V.P., Pacific Gas & Electric Co., San Francisco

Dinwiddie, J.F., Office of Fossil Energy, DOE, DC

Diskant, William, Exec. Vice Pres., American Hydrotherm Corp., New York
Dougan, David, UTC Corp. Houston

Doyle, Edward J. Jr., Greenwich, CT

Dubin, Mr. Fred, Dubin-Bloom Associates, New York

Dugas, Lester J., Commonwealth Edison Company, Chicago

Duker, P.A., Vice Pres. Customer & Marketing Policy, Detroit Edison Co.
Dunzer, J.B., Ultrasystems, Inc., Irvine, CA

Eberhard, John P., Pres., AIA Research Corp., LU

Eckley, Robert C., San Diego

Edgerley, E., Rychkman, Edgerley, Tomlinson & Assoc., St. Louis

Energy Research & Development Center, Director, University of Nebraska-Lincoln
Engstrom, Robert E., Pres., Robert Engstrom Assoc., Minneapolis )
Faulders, Charles, Atomics International - Rockwell, Canoga Park, CA
Ferretti, Emmett, Dravo, Inc., Pittsburgh

Finke, J., Dept. Mgr., Advanced Technology Div., Kaiser Center, Oakland, CA
Fleming, Duane, Dept. of Planning, City of Dayton

Fox, Richard, WED Enterprises, Glendale, CA

Fraas, A.P., Oak Ridge National Laboratory, Oak Ridge, TN

Frank, C.B., Vice Pres., Nat'l. Assn. of Industrial Parks, Arlington, VA
Frauel, H. Dean, National Assoc., of Govt. Engineers, DC

Freeman, S. David, Bethesda, MD

Frumerman, Mr. Robert, Frumerman Associates, Pittsburgh

Furlong, D.A., Vice Pres., Combustion Power Company, Inc., Menlo Park, CA
Gallina, R.J., Senior Engineer, Baltimore Gas & Electric Co.

Gamze, Maurice G., V.P., Korobkin & Caloger, Inc., Chicago

Garcia, Carlos A., Energy Programs Department, IBM, White Plains, NY
Gardner, Dr. Dwayne, Dir., Counsel of Educational Facility Planners, Columbus, OH
Geiringer, Stefan L., Paul L. Geiringer & Associates, New York,

Gibson, Mr. Urban, Texas Power & Light Co., Dallas

Given, Willard W., Willard Given & Associates, St. Louis

Glaser, Dr. Peter, Vice Pres., Arthur D. Little Co. Cambridge, MA

Glass, C.D., V.P., Gulf States Utilities Co., Beaumont, TX

Glenn, Ms. Regina L., Technology Transfer Center, Tacoma, WA

Goble, Robert L., Clark University, Worcester, MA

Goldin, Vice Pres., Atlanta Gas & Light Co.

Goldschmidt, Victor, Ray W. Herrick Laboratories, West Lafayette, IN
Gordon, Mr. R,H., Gibbs & Hill, New York

Gorham, William, Pres., Urban Institute, DC

Green, Dr. Richard, Mgr., Jet Propulsion Lab, Pasadena

Grifalconi, John W., Environs Associates, Kingston, R.I.

Gutstein, Martin, Nat'l. Aeronautics & Space Projects, Cleveland

Hagler, Harold, Principal, Resource Planning Associates, DC

Haliff, B., Albert H. Haliff Associates, Inc., Dallas

Hamrick, John, V.P., Marketing, San Diego Gas & Electric Co., San Diego
Hankinson, William B., Syska & Hennessy, Inc. Engineers, New York
Harrington, W.G., Nat'l. Assn. of County Engineers, Cedar Rapids, TA

28



Harris, B.L., Technical Dir., Edgewood Arsenal, Aberdeen Proving Ground, MD
Hart, F. Donald, Pres., American Gas Association, Arlington, VA

Heimsath, Clovis, Pres., Clovis Heimsath Associates, Houston

Henry, John P. Jr., Dir., Stanford Research Institute, Menlo Park, CA
Hillenbrand, Bernard F., National Assoc. of Counties, DC

Hincks, Mr. Joel P., Gulf 0il Real Estate Development Co., Reston, VA
Hines, Gerald B., Houston, TX

Hittle, Douglas C., Dept. of the Army, Champaign, IL

Hoffer, Mr. Stu, Hamilton Standard, Windsor Locks, CT

Hoffman, J.R., HDQT DAEN-FEP, DC

Holter, Marvin, Exec. Mgr., Environmental Research Institute, Ann Arbor, MI
Howell, John, Dir., University of Houston

Howell, Ronald H., University of Missouri-Rolla

Hufford, Paul E., Exec. V.P., Energy Ltd., Unlimited, New Britain, CT
Hullinger, Mr. E. Paul, Utah State University, Logan

Hunn, Bruce D., Los Almos Science Lab, NM

Iles, Mr. Tom, AiResearch Mfg. Co., Torrance, CA

Inselberg, Dr. A., Scientific Staff Member, IBM, Data Processing Div., Los Angeles
Ingram, James M. Jr., Leo A. Daly Co., Omaha

Irvine Co., Newport Beach, CA

Jacobs, John F., Senior Vice Pres., Mitre Corp., Bedford, MA

Jacoby, Earl F,, Ziel-Blossom & Associates, Inc., Cincimnati

Jarshow, Bruce, City of Chicago, Dept. of Development & Planning
Jaumotte, Joe, Dynatech R/D6, Northfield, IL

Johnson, Mr. Dale R., Pres., Nelson & Johnson Engineering, Inc. Boulder, CO
Johnson, Mr. Ralph J., NAUB Research Foundation Inc., Rockville, MD
Johnson, William L., Hennington, Durham and Richardson, Des Plaines, IL
Jones, Mr. Harvey C., Reedy Creek Utilities Co., Inc., Lake Buena Vista, FL
Jones, Mr. Ron, Pres., Research & Planning Consultants, Austin, TX
Jordan, Richard C., University of Minnesota, Minneapolis

Joyner, Fred, Tennessee Public Service Commission, Nashville

Kalkstein, Howard, International Council of Shopping Centers, New York
Kelly, Michael, F¥., Pres., Dayton Hudson Properties, Minneapolis

Killian, R.D., Mgr., Research & Develop., State of Illinois, Springfield
Kirkwood, Roderick R., John Graham & Co., Seattle

Kirmse, Dale, Reynolds, Smith, & Hills, Jacksonville, FL

Kirmse, Dale W,, University of Florida, Ganesville

Klein, E.L., Williams Research Corp. Walled Lake, MI

Kleinau, J.H. Vice Pres., Copeland Systems, Inc., Oak Brook, IL

Knipe, Edward C., V.P., Gordon Associates, Corvallis, OR

Koski, Dr. J.A., Bechtel Corporation, San Francisco

Krause, Ed, Electrical Administrator, Garland, TX

Kremer, Peter C., Exec. V.P., Newhall Land & Farming Co., Valencia, CA
Kroner, Walter M,, Rensselaer Polytechnic Institute, Troy, NY

Kugelman, Irwin Jay, MERL-EPA, Cincinnati

Kurht, W.A., V.P., Tech., United Techneologies Corp., Hartford, CT

Kwok,; C.F., U.S. Veterans Administration, DC

Lambert, Robert E., Environment Research Institute of Michigan, Ann Arbor
Landsberg, H., Dir., Resources for the Future, DC

LaRock, Ralph I., Director, NASA Headquarters, Solar Energy Div., DC

Lau, T.K., Office of Fossil Energy, DOE, DC

Leigh, Richard, Brookhaven National Laboratory, Ilipton, NY

Leighton, G.S., Office of Conservation, DOE, DC

Levinson, Joel, Levinson, Lebowitz & Zapravskis, Philadelphia

29



Lewis, Milt, U.S. Dept. of Health, Ed. & Welfare, DC

Liles, James, Federal Power Commission, DC

Linsteadt, G.F., Naval Weapons Center, China Lake, CA

Lockwood, Rodney, Pres., Rodney Lockwood & Co., Birmingham, MI

Loftness, Dr. Robert L., Electric Power Research Institute, DC

Love, Nash M., Consulting Engineer, Nash M. Love & Assoc., DC

Lovely, Joseph D., St. Clair Shore, MI

Lovin, Glenn H., Edison Electric Institute, DC

Low, Dr. D.W., Los Angeles Data Processing Div., Scientific Center

Loyd, Harold L., Turner, Colie, & Braden, Houston '

MacDonald, Robert, Tech. Agent, Conference of Municipalities, New Haven, CT
Mackay, Mr. Robin, Garrett Corp., Los Angeles

Maffin, Robert W., Nat'l. Assoc., of Housing & Redevelopment Officials, DC
Maggard, James E., Watkins and Associates, Inc.., Lexington, KY

Magnus, D.E., KLD Associates, Inc., Huntington, NY

Maloney, Laurence J., Love, Friberg & Assoc., Inc., Fort Worth

Manning, David, Stewart & Stevenson, Houston

Marcus, Genevieve, Exec. Dir., Experimental Cities, Pacific Palisades, CA
Marder, Sidney M., Marder and Associates, Springtield, 1L

Martin, John H., Sheaffer & Rolan, Chicago

Martin, Joseph, Associate Dir., The University of Michigan, Ann Arbor
Maschke, H.H., Department of Defense, HQDA (DAEN-MCE-U) DC

Mason, J.L., V.P. Engineering, Garrett Corp., Los Angeles

Mavro, Robert L., Dir. of Energy Research, American Public Power Assn., DC
Mazarakis, Gus, Peoples Gas Light & Coke Co., Chicago

McBride, M.F., Owens Corning Fiberglas, Bldg. Research Lab., Granville, OH
McClernon, Dr. Mark F., Black & Veatch, Kansas City, MO

McClure, Charles J.R., Pres., McClure & Assoc., Inc., St. Louis

McGinty, Mr. John M., The McGinty Partmership, Houston

McPherson, Harry, Construction Battalion Center, Port Hueme, CA
Mendenhall, Mr. Jerry, Foster & Mendenhall, Houston

Meriwether, Ross F., Pres., Ross F. Meriwether & Assoc., Inc., San Antonio
Mermelstein, Mrs. Betty, The Futures Group, Glastonbury, CT

Mesko, Mr. John, Pope, Evans & Robbins, Inc., New York :
Michaelson, William C., Mgr., Public Service Electric & Gas Co., Newark, N.J.
Miller, A.J., Knoxville, TN

Mixon, W.R., Oak Ridge National Laboratory, Oak Ridge, TN, (75) -

Moeller, Griswold L., Michael Baker Jr. of NY

Montanerilli, Nicholas, National Science Foundation, DC

Morris, George L., Senior Vice Pres., Brown & Root, Inc., Houston
Morrison, Dr. David L., Battelle Columbus Laboratories, Columbus, OH
Morrison, J.E., Delaureal Engrs., Inc., New Orleans, LA

Mulf, Richard, U.S. Dept. of HUD, D.C. o

Murphy, Timothy J., Engineering Mgr., Grumman Aerospace Corp., Bethpage, NY
Myers, Edward A., Chairman EEI, Southern California Edison Co., Rosemead
Nakata, Clifford S., Clifford S. Nakata & Associates, Colorado Springs
Nash, Herbert D., V.P., Pennsylvania Power & Light Co., Allentown
Nayamark, Ronald, NPL, Inc., Campbell, CA

Neal, John, U.S. DOE, DC

Neff, N. Thomas, Vice Pres., Consulting Engineer, Cincinnati

Nelsen, Dr. S.H., Energy Systems Research Group, Inc., Rochester, NY
Newell, Mr. J.C., West Chester, PA

Nicholls, G.L., Energy Resources, Bellevue, WA

Nimmo, Morris, National Bureau of Standards, DC

30



Novinsky, M.H., Office of Planning and Development, Dept. of HEW-OFEPM, DC
0'Connor, W.G., Williams Research Corp., Walled Lake, MI

Olivieri, Joseph B., OEM Associates Inc., St. Clair Shores, MI

Olson, G. Perry, City of St. Cloud, City Hall, MN

Opperman, A. Peter, University of Michigan, Ann Arbor

Orlando, J., Mathematica, Inc., Princeton, NJ

0'Sullivan, Michael, Los Angeles

Overman, Mr, Jack, Hittman Assoc., Inc., Columbia, MD

Parante, Mr. Emil J., Ralph M. Parsons Co., Pasadena, CA

Partridge, Robert D., Exec. V.P., Nat'l. Rural Electric Cooperative Assn., DC
Paster, J.H., Inter-Technology Corp., Warrenton, VA

Patterson, Mr. Neil, Mgr., The Trane Co., LaCrosse, WI

Perks, Ruth, Library, DOE, DC

Philadelphia Electric Co., Vice President for Planning

Phillips, C.W., National Bureau of Standards, DC

Piccirelli, Mr. Robert A., Michigan Energy and Research Assn., Detroit
Piper, James R., Piper Hydro, Anaheim, CA

Plunkett, Mr. J.D., Montana Energy and MHD Research and Develop. Inst., Inc.
Pollard, Thomas E., Mgr., Field Facilities Engr. & Operations, IBM, Chicago
Powell, William R., John Hopkins U., Laurel, MD

Pozzo, R.J., Energy Analyst, State Energy Office, Tallahassee

Pripusich, J.F¥., Inter-Development, Inc., Arlington, VA

Pritchard, Allen E. Jr., Exec. Vice Pres., National League of Cities, DC
Pronk, Dick, U.S. General Service Admin., DC

Public Technology Inc., Washington, DC

Radin, Alex, Gen. Manager, American Public Power Association, DC

Rahm, Allen M., Consultant, Colts Neck, NJ

Rajan, Mr. S.D., Mitre Corp, McLean, VA

Rastelli, Dr. Leonard, Dir., Southwest Research Institute, San Antonio
Reese, Mr. William R., Interstate Development Corp., St. Charles, MD
Reeves, George, Manager, Long Range Planning, Electric Energy Institute, NY
Reich, Larry, Dir. of Planning, City of Baltimore

Reid, Robert 0., Energy & Environmental Analysis, Inc., Arlington, VA
Reikenis, Richard, Vice Pres., Century Engineer, Inc., Towson, MD
Research and Tech. Support Div., DOE, Oak Ridge, TN

Restall, Wesley F., Keyes Associates, Waltham, MA

Riddle, William G., Riddle Fngineering, Inc., Kansas City

Rienerth, Thomas, Dir., Delmarva Advisory Council, Salisbury, MD
Rittleman, Bernard, Burt, IIill & Assoc., Butler, PA

Roberts, James S., First National Bank of Chicago

Rodgers, Paul, Nat'l. Assn. of Regulatory Utility Commissioners, DC
Rodousakis, John C., Program Manager, Community Systems Branch, DOE, DC
Romine, Thomas B. Jr., Romine & Romine, Consulting Engineers, Fort Worth
Rosenberry, Robert, Veterans Administration, DC

Rosoff, David, U.S. Dept. of HUD, DC

Ross, Donald K., Ross & Barruzzini, Tnc., St. Touis

Rothenberg, J.H., HUD-MIUS, Program Manager, Dept. of HUD, DC

Roubal, James P., Dana, Larson, Roubal and Associates, Omaha, NB

Rudy, Prof. William, University of Pittsburgh

Russell, May, Pres., Community Assoc. Institute, DC

Ryan, J.D., National Bureau of Standards, DC

Samos, John, Langley Research Center, Hampton, VA

Sasso, John A., Nat'l Model Cities Community Develop. Directors Assn., DC
Saunders, Walt, Office of Fossil Energy, DOE, DC

31



Saunders, Walton, Program Manager, Coal Conversion and Utildization, DOE, DC
Sayan, Michael, Rochester Public Utility, MN

Scause, James W., Scause & Associates, Phoenix

Schmalz, Mr. Arvid, IBM, Energy Research Project, Los Angeles

Schneider, Burkhard, H., Manager Planning & Research, Detroit Edison Co.
Schnizer, Arthur W., Tech. Dir., Day & Zimmerman, Inc., Philadelphia
Schoen, Richard, University of California, Los Angeles

Schuster, Ray, Comm. Div., Electrical Power Research Inmst., Palo Alto, CA
Sebastion, E.J., Chief Mechanical Eng., DeLeuw, Cather & Company, Chicago
Sedlacek, Frank E., Pres., Fast Hills, Inc., Omaha

Shaffer, Richard, Combustion Power Co. Inc., Menlo Park, CA

Shannon, Wayne E., Lockheed Missiles & Space Co., Sunneyvale, CA

Sharp, E.G., Mitre Corp., McLean, VA :
Sheffield, David G., The Architects Callaborative, Inc., Cambridge, MA
Sherfy, James D., Bristol Tennessee Electrical System, Bristol

Sherman, J., Department of HUD, DC

Siegel, A.R., Director, Dept. of HUD, DC

Sizemore, Michael M., Sizemore & Associates, Atlanta

Smith, Robert Lee, Pres., Experimental Citles, Pacific Palisades, CA
Smollen, William, Regional Planning Coumission, New Orleans

Spiegel, Walter F., W.F. Spiegel, Inc., Jenkintown, PA

Stamper, D.E., Chairman, New Jersey Institute of Technology, Newark
Stautz, Mr. C. David, Director of Planning, Homart Development Co., Chicago
Steger, Wilbur A., Consad Research Corp., Pittsburgh

Steigelmann, Mr. William, Franklin Institute Research Labs, Philadelphia
Stenhouse, Douglas S., Los Angeles ‘

Stolz, Otto G., U.S. Dept. of HUD, DC

Sutz, Chief Conservation Section, Arizona State Fuel & Energy Office, Phoenix
Sykora, Mr. Don, Gen. Mgr., Houston Lighting and Power Co., Houston
Tanner, Howard, Director, Department of Natural Resources, Lansing, MI
Tao, William K,Y,, William Tao & Associates, St. Louis

Taravella, J.P,, Westinghouse Electric, Coral Spring, FL

Taussig, Robert I'., Mathematical Sciences NorthWest, Inc., Rellevue, WA
Taylor, L.D., Prof. of Economics, University of Arizona, Tucson

Telkas, Dr. Maria, University of Delaware, Newark

Terry, Gary A., Exec. Vice Pres., American Land Development Assoc., DC
Thomas, John P., National Assn. of County Admin,, DC

Thompson, Mr. Russell G., Research for Growth and Transfer, Inc., Houston
Todd, J.W., Presiding & Chief Operating Officer, Gulf Reston, Reston, VA
Trevino, Mr. Alberto, Urban Interface Group, Laguna Beach, CA

Tulley, Gordon F., Massdesign Architects & Planners, Inc., Cambridge, MA
Tumilty, Jack, Chairman, Consulting Engineer, Tulsa, OK

Turner, John B., Pres., Friendswood Development Co., Houston

Uhl, Mr. Robert H., Watkins & Associates Inc., Lexington, KY

University of Tennessee, Engineering Library, Knoxville

U.S. Army Engineer R & D Laboratories Library, Fort Belvoir, VA

U.S. Naval Civil Engineering Laboratories, Port Hueneme, CA

Vandegriff, A.E., Midwest Research Institute, Minneapolis

Weinberg, A.M., Director, Institute for Energy Analysis, Oak Ridge, TN
Wheeler, Arthur E., Consulting Engineer, Henry Adams, Inc., Towson, MD
White, Robert E., Loup River Public Power District, Columbus, NB
Widowsky, Arthur, NASA Headquarters, DC

Winders, Marvin S., Engineering Supervisor Co., Newport Beach, CA

Wolfe, Jack, Southwest Research Institute, San Antonio

32



Woodburn, James D., Public Service Department, Burbank, CA

Yallaly, James G., Delta Engineering Consultants, Cape Girardeau, MO
Yarosh, M.M., Dir., Florida Solar Energy Center, Cape Canaveral
Young, Thomas C., Exec. Dir., Engine Manufacturers Assoc., Chicago
Zaloudek, Bob, Larry Smith & Co., Ltd., Northfield, IL

Zoues, Tom, Walt Disney World, Lake Buena Vista, FL

Zovich, John, WED Enterprises, Glendale, CA

33



