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ABSTRACT

The purpose of this study is to assess the potential applicability
of various types of total energy systems to military installations. This
appendix volume of the final report contains (1) engineering performance
characteristics and costs of fossil fuel system elements, (2) energy con-
sumption data for military bases and derivation of the energy load pro-
files used in the study, (3) description of the fuel consumption model
and summaries of the fuel consumption and total system costs for the
various cases, (4) characteristics and costs of geothermal systems, and

(5) desceription of solar energy systems.




PREFACE

This study was conducted in the Operations Evaluation Department,

George D. Hopkins, Director, of the Engineering Systems Division. The
¢ program manager was Robert M. Rodden, and the project leader was Richard

L. Goen.

Volume I of this report contains the results and conclusions of the
study. The present Volume 11 contains the appendices with backup infor-

mnation.

Appendix A was prepared by L. O, Beaulaurier and Gordon Stout of
Bechtel Corporation. Appendix B was prepared by Jack E, Van Zandt, of
the Institute's Urban and Social Systenms Division, with the assistance
of Ellis E. Pickering and Frank C. Allen. Appendices C and F were prepared
by John W, Ryan. Appendix D was prepared by Dr. Richard A. Schmidt (Char-
acteristics of Geothermal Resources) and Ronald K. White (Costs of Geo-
thermal TE Systems). Appendix E was prepared by Dr. Edwin M. Kindermuan

of the Institute's Physical Sciences Divisgion.

The study was conducted for ARPA under the cognizance of Mr. R, A,
Black., Mr. Richard G. Donaghy of the U.S. Army Construction Enginecring
Laboratory was the authorized representative ol the contracting officer

and Mr. John Pollock was the contract monitor.
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Appendix /

PERFORMANCE CHARACTERISTICS AND ELEMENTS OF COSTS
OF FOSSIL FUEL SYSTEMS

Introduction

This Appendix presents the performonce characteristics, installed
costs, and operating costs (excluding fuel) of the fossil fucl systems
considered for total energy systems. The systems discussed are:

(1) diesel, (2) gas turbine, (3) steam turbine, and (1) conventional
heating systems: there is limited discussion also of (5) combined cycle,
and (6) nuclear systems. The performance characteristics and costs are
given separately for each of four equipment groups: (1) clectric gener-
ating plant, (2) heating plant, (3) heat transmission lines, and (4) air
conditioning. In most cases the characteristics and costs are given as
functions of unit capacity. From this information the system elements
can be sized and combined to cover the many variations in base size,
climate, and energy system configuration. The perlormance characteris-

tics provide the information necessary for calculating fuel consumption.

The wide scope of the study in terms of system capacities, config-
uration, fuels, and geographic location precludes great precision in
per formance data and, especially, cost data. The results of this study
should, therefore, be taken as first approximations to indicate whether

more detailed study of particular cases is justified.
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Cases and Ranges of Capacities

Generating Station Cases

(1)

(2)

(3)

(4)

Single central plant counsisting of enough dicsel engines or
gas turbines to provide all standby requirements, with central

heating plant and dispersed cooling plants.

Single central steam turbine plant having no standby require-
ment (tied to electric utility for downtime), with central

heating plant and dispersed cooling plants.,

Several (five or more) separate plants of up to 5 MWe each on
once military base, electrically interconnected.” Separate
plants need not have their own standby capacity; there could
be a single generating unit at each plant, with dispersed

heating and cooling plants.

Couventional central or dispersed heating plants and dispersed

coeling plants but without electric generation.

Electric Plant Capacities

Range of Range of
Unit Capucities Plant Capacities
(MWe) (Mwe)
Diesel engines 0.5 to 8 0.5 to 50
Gas turbines 2 to 100 2 to 100
Steam turbines 25 to 100 25 to 100
Nuclear 25 to 100 25 to 100

Early in the study, the simplifying assumption was made that the costs

of the elecctric distribution network would be the same for the central

and dispersed cases. In view of the possible nced for protective relay-
ing in the dispersed cases, this may not be a completely accurate assump-

tion; an engineering and cost analysis of the clectrical distribution

systems would be necessary to resolve the issue precisely.
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Heating Plant Capacities

Range: 10 to 1000 MWt

Cooling Plant Capacities

Range: 50 to 10.000 tons. absorption and vapor compression chillers

Heat Transmission

The model base is divided into four or more complexes, each with
its own central heating and cooling distribution system. The distribu-

tion systems within ecach complex are not analyzed in this study.

The heating medium is assumed to be high temperature water. For
the single central plant cases, the hot water is transmitted to a single

point in each complex through a two-pipe (supply and return) system,

Heat Transnission Lines

Line Capacity Line Length

(MWt) (miles)
3 to 25 1/4 to 2
25 to 100 1/2 to 4

Each line will have two or three use points having equal demand

equally spaced along the line.

Gas Turbines

Industrizl type open cycle gas turbines with waste heat recovery

directly by high temperature water (HTW)* were considered in the size

*
Hereafter high temperature water will be called HTW, whether it is on

the supply side or the relatively cold return side of the WIW circula-
tion system.
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range from 2 to 70 MWe. The net electric generation heat rate is given

in Figure A-1 as a function of unit size; Figure A-2 shows a multiplier
to adjust the heat rate for operation at less than rated load. The heat
rates given are for intake air conditions of 59°F, 14.7 psia. Degrada-
tion of both heat rate and output occur with higher temperatures and

lower pressures at the intake.

The HTW enters the exhaust heat recovery unit of the gas turbine

at 220°F and exits at the HTW supply temperature of 380°F: it is fully
pressurized so that it remains in the liquid phase. Heat recovery was
calculated assuming a 950°F turbine exhaust _emperature and a 300°F stack
temperature, the latter being the approximate minimum temperature to pre-
clude moisture condensation in the stack. The unfired waste heat recov-
ery rate at full load, expressed in megawatts thermal (MWt) per rated
megawatt electric (MWe) capacity, is given in Figure A-3. Figure A-4

shows a multiplier that converts the full load heat recovery rate to the

20,000
| | f [ [ f
NET HEAT RATE BASED ON
& HHV DISTILLATE OIL -
MANUFACTURER'S DATA
15,000 |— —

Ix

NET ELECTRIC GENERATION HEAT RATE
Btu per kWh

10,000 l l I l l l l /\/_J
0

10 20 30 40 50 60 70 100

GENERATING UNIT CAPACITY — megawatts
SA-2513-43

FIGURE A-1  GAS TURBINE NET ELECTRIC GENERATION HEAT RATE AT RATED
LOAD AS A FUNCTION OF GENERATING UNIT CAPACITY

R N L e, wam SRR
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PERCENT OF RATED LOAD
SA-2513-44

FIGURE A-2 HEAT RATE MULTIPLIER TO ACCOUNT FOR PERCENT
OF RATED LOAD

heat recovery rate at partial load in MWt per actual net elcectric gener-

ation in MWe.

Additional heat can be generated in the heat recovery unit by sup-
plemental firing of the turbine exhaust from 950°F to 1400°F. This sup-
plemental firing can be modeled as a 90 percent efficient HTW gencerator
operating on the same fuel as the gas turbine, and can be used up to the
maximum heat duty shown in Figure A-5 as heat iccovered in MWt per rated

electric generation capacity in MWe.

Maintenance and operating cost (exclusive of fuel costs) for natural

gas or distillate oil should run about 1.1 mills per kWh, including

7
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FIGURE A-3 GAS TURBINE UNFIRED WASTE HEAT RECOVERY RATE AT RATED LOAD
AS A FUNCTION OF GENERATING UNIT CAPACITY

operating personnel and supervision. High maintenance costs for heavy
0il roughly double this figure. Installed capacity costs are given as a
function of gencrating plant capacity in Figure A-6; two curves are shown,
one for multi-unit plants and one for single-unit plants. These costs
include the waste heat recovery unit but do not include a heavy fuel
treatment system; otherwise the costs are representative of conventional
utility gas turbine plants. Approximate costs for the heavy fuel treat-

ment system are shown in Figure A-7.

An approximation of total annual cost versus genecrating unit size
was made, considering only fuel and annualized capital costs as affected
by variations in heat rate and installed capacity cost, Sufficient

standby capacity was assumed to be provided by having one unit in excess




WASTE HEAT RECOVERY MULTIPLIER"

0B | | | l
25 50 75 100
PERCENT OF RATED LOAD

*Corrects heat recovery at rated load to heat recovered actual electnic generation.,

SA-2H13 46

FIGURE A-4 GAS TURBINE WASTE HEAT RECOVERY MULTIPLIER"
TO ACCQUi.T FOR PERCENT OF RATED LOAD

of the rated plant capacity. The plant composition chosen was scven

equally sized units, six ol which make up the rated capacity of the plant,
with the scventh as standby. The difference in total annual cost betwecn
plants with various numbers of units was not high, however, which suggests

that other plant compositions might well be competitive.

As with the other cost and performance data, the results for gas
turbines have been presented as curves that are continuous over unit size.
Gas turbines. however, are available in fewer discrete sizes than either
diesels or steam turbines, and the desired size of ~as turbine for a given
application may not be available. Since the total | neration costs arc

not strongly affected by unit size, however, ignoring the discontinuities

in available capacities should not cndanger the accuracy of the study.
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FIGURE A-5 GAS TURBINE MAXIMUM HEAT GENERATION"™ WITH SUPPLEMENTAL
FIRING AS A FUNCTION OF GENERATING UNIT CAPACITY

Steam Turbines

The steam system consists of a conventional steam power plant with
a single turbine capable of high rates of extraction, oversized boilers,
and indirect (closed) heaters that transfer heat from the extracted
steam to the HTW. The size range considered is from 25 to 100 MWe gen-
erating capacity, with standby capacity provided by a tie to an electric

utility network or by other means not considered in this study.
Cycle efficiency and heat recovery were evaluated assuming the fol-

lowing throttle state points and a nonreheat cycle:

25 MW 750 psia 800°F
50 MW 1250 psia 850°F
100 MW 1800 psia 900°F

Steam at 220 and 82 psia is extracted at approximately equal mass flow

rates at each extraction point to two steam/HTW heat exchangers. These
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FIGURE A-6 GAS TURBINE INSTALLED CAPACITY COST AS A FUNCTION OF
GENERATING PLANT CAPACITY

LY

extraction points and two additional ones are also uscd for heating the
boiler feedwater, which is hydraulically isolated from the HTW system.
The net electric generation heat rate was calculated for two idealized
modes of operation: (1) full condensing, where no steam is extracted
except for feedwater heating; and (2) back-pressure operation, where

the first three extraction points claim virtually all of the steam flow.
Heat rates for these two modes are given in Figure A-8 as a function of
plant generating capacity; heat recovery rates for the back-pressure
mode are given in Figurc A-9 as heat recovery in MWt per actual electri-

cal generation in MWe.

The suggested method of computing fuel consumption and heat rccovery
is to mocdel the plant as containing two turbines--one fully condensing

machine and one back-pressure machine side by side--with efficiencices
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FIGURE A-7 APPROXIMATE COST OF HEAVY FUEL TREATMENT SYSTEMS AS A

FUNCTION OF GENERATING PLANT CAPACITY

and heat recovery corresponding to the condensing and back-pressure modes

above.

(1)

(2)

Operation would then be as follows:

If the ratio of thermal to electric demand were greater than
the heat recovery rate of the back-pressure cycle, the back-
pressure turbine would be run up enough to meet the electrical

demand. The remaining thermal demand would be met by an inde-

pendent auxiliary HTW generator.

If the ratio of thermal to electric demand were less than the
back-pressure heat recovery rate, the output of the back-
pressure turbine would be set at the level necessary to meet

the thermal load. Then the condensing turbine would be brought

on to meet the balance of the electric 1load.
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FIGURE A-8 STEAM TURBINE NET ELECTRIC GENERATION HEAT RATE AS A
FUNCTION OF GENERATING UNIT CAPACITY

While this modeling is attractively simple, it ignores the fact that
there is actually only one turbine, and that a single turbine is not
capable of such wide flexibility in extraction rates without losses in
efficiency. The modeling should, however, be reasonably accurate over
a wide range of thermal/electric demand ratios, though a more retfined
analysis would consider the effect of thermal clectric demand ratio

fluctuation on turbine efficiency.

The steam system installed capacity costs, which are shown in Fig-
ure A-10 for gas, oil, and coal fired plants, include enough boiler and
steam/HTW heat exchanger capacity for full extraction mode operation at
the plant rated electric output. For plants with a lower thermal output
capability, the cost deduction shown in Figure A-11 may he subtracted
from the basic plant cost shown in Figure A-10 to give the cost of a

plant with a smaller thermal capacity.
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FIGURE A-9 STEAM TURBINE BACK-PRESSURE MODE HEAT RECOVERY RATE® AS A
FUNCTION OF GENERATING UNIT CAPACITY

g Operating and maintenance costs are different for the condensing

and back-pressure modes because of differences in steam flows. The fol-

lowing operating and maintenance cost figures, in mills per kWh, were

derived from data on small utility steam power plants:

Condensing Back~Pressure
Mode Mode
Gas fired 1.0 2.1
0il fired 1.3 2.8
Coal fired 1.6 3.4

Diesel Engines

Low to medium speed diesel engines ranging in size from 500 kW to

8 MW were considered. Net electric generation heat rates were obtained

from manufacturer's data and checked against operating data for a large

14
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FIGURE A-10 STEAM POWER PLANT INSTALLED CAPACITY COST
WITH MAXIMUM HEAT GENERATION CAPACITY AS
A FUNCTION OF PLANT CAPACITY

sample of diesel power plants. Heat rate is shown as a function of gen-
erating unit size in Figure A~12 (Figure A-2 gave a multiplier that ac-
counts for the effect on heat rate of operation at other than peuak

capacity).

Heat is reco.sred both from the engine exhaust by an exhaust-air-
to-water waste heat recovery silencer and from the jacket water by a
water-to-water heat exchanger that isolates the high pressure HTW system
from the low pressure engine cooling system. The HTW enters the jacket

water heat exchanger at the 220°F return temperature of the HTW system,
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FIGURE A-11  STEAM PLANT COST DEDUCTION FOR LESS T!IAN FULL HEAT
GENERATION CAPACITY

is heated to 240°F (10° below the assumed jacket temperature of 250°F),
and then enters the exhaust recovery unit where it is further heated to
about 276°F. The HWW then flows to a conventional HTW generator, where
it is topped up to the design HTW supply temperature of 380°F. For the
calculated diesel heat recovery rate of 0.9 MWt per MWe, this means that
about 1.6 MWt per MWe will have to be added by the conventional HTW gen-
erator to achieve the desired transmission temperature. This scheme was
adopted because the two constraints--HTW return temperature (220°F) and
Jjacket water temperature (250°F)--1limit the temperature rise of the HTW

to 20°F in the jacket water heat exchanger, thus fixing the minimum HTW

16
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FIGURE A-12  DIESEL POWER PLANT ELECTRIC GENERATION HEAT RATE AT
RATED LOAD AS A FUNCTION OF GENERATING UNIT CAPACITY

flow rate needed to carry off all of the jacket heat. The outlet temper-
ature from the exhaust heat recovery unit could be increased by reducing
the HTW flow rate, but because of the temperature constraints discussed
above, the excess jacket heat would have to be rejected elsewhere and
would thus be lost to the system. The temperature topping scheme, which
avoids losing any of the jacket heat, was felt to be justified in view

of the fact that the anticipated high thermal demands (ranging from 5 to
15 MWt per MWe) would normally require additional heat from a conventional

HTW generator in any case.

The amount of temperature topping required could be reduced by lower=-
ing the return temperature of the HTW system; for a 200°F return temper-
ature, the HTW undergoes a 40°F rise in the Jjacket exchanger, and (assum-
ing a slightly increased heat transfer area in the exhaust heat recovery
unit to make up for the lower IMTD), the HTW exits the exhaust heat re-

covery unit at 312°F. This reduces the heat required for temperature

17



topping from 1.8 to 0.55 MWt per MWe for a 380°F transmission temperature

and to no topping at all if transmitting directly at 312°F is chosen.

Another factor suggests that the IITW supply and return temperatures
might well be chosen lower f[or the diesel than for the other prime movers.

The study has assumed engines designed for ebullient cooling, which can

tolerate 250°F water (and assoeciated 15 psig pressure) in their Jackets,

and also higher than average exhaust heat rejection rates and temperatures.,
Not all engines are designed for ebullient cooling, however, and of those
that are, some reject a substantial proportion of heat to the lube o0il at
too low a temperature for recovery (about 180°F) rather than to a hot
exhaust. These two assumptions taken together limit the number of appro-
priate engines, so that it might be impossible to cover the size range
specified. This problem is less acute with a lower temperature HTW sys—
tem because the jacket heat can then be recovered at a temperature low

enough for most diesel cngines to attain,

The HTW design temperature for the diesel system would have been
reduced for these reasons except that (1) there was time to consider only
onc transmission temperature in the study, and (2) a lower temperature
system would have been uneconomic for the gas turbine and steam options.
For the diesel option, then, in cases cither of low thermal/electric load
ratios or of engines without the happy combination of chullient cooling
and plentiful exhaust heat, the HTW transmission system described prob-
ably has understated capital cost and pumping power, and overstated heat
losses. A more detailed study would tailor the HTW transmission and dis-
tribution system to the characteristics of the various prime movers avail-

able.

Figure A-13 gives the heat recovery rate for the diesel system (in
MWt per actual net electric generation in MWe) as a function of percent

of rated load.
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FIGURE A-13 DIESEL POWER PLANT WASTE HEAT RECOVERY RATE* AS A
FUNCTION OF PERCENT OF RATED LOAD

The diesel operating and maintenance costs have been broken down
into fixed and variable costs (not including fuel costs). The variable
costs are taken at 1.4 mills per kWh for No. 2 diesel fuel or natural
gas, and roughly double this for heavy oil. Fixed costs are $23, 800
per year plus $5,000 per year per installed MWe of operating capacity,
with a $47,600 minimum annual operating cost. The fixed costs reflect
the manning scales found in the sample of diesel utility power plants
studied, which are considerably morc heavily manned than gas turbines of

equal capacity.

Diesel installed capacity costs for single-unit and multi-unit plants,
are given in Figure A~14 as a function of gencrating plant size. They
include a building with overhcad crane, waste heat recovery equipment,

a 30-day fuel capacity tank farm, and all plant equipment including 4600~
volt switchgear. They do not include a heavy fuel treatment system (the

approximate cost of which was shown in Figure A-7).
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FIGURE A-14  DIESEL POWER PLANT INSTALLED CAPACITY COST AS A FUNCTION OF
PLANT INSTALLED CAPACITY

The recommended plant composition for diesels is six equally sized

units, with five units making up the plant rated capacity and the sixth

serving as a standby unit.

Gas Turbine/Steam Turbine Combined Cycle (GT/ST)

GT/ST combined cycles were the subject of preliminary study only

because they did not appear suited to the special demands of the problem.

While a GT/ST properly tailored to a given thermal/electric load pattern

allows flexible variation of thermal/electric load ratios, it was felt

that for the high thermal loads expected, the system would not be a good
candidate. In the form in which the GT/ST is used in the utility industry,

the electric generation heat rate is attractive but there is no waste heat

generation at usable temperatures. However, with sufficient waste heat
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recovery to meet the high thermal/electric ratios specified in this study,
the steam turbine becomes so small that the system virtually degenerates
into the previously considered option of an open cycle gas turbine with
waste heat recovery for heating only. There may be cases where the
thermal/electric ratio is low enough for a sufficient proportion of the
time that the GT/ST system might appear attractive and therefore worthy

ol a more detailed study.

Nuclear Heat Source

It is technically feasible to employ relatively low capacity high
temperature gas cooled reactors (HTGR) or light water reactors (LWR) as
the heat source for electric power generation and district heating on
U.5. military bases. However, licensable commercial reactors in capacities
of 25 MWe to 100 MWe do not exist at the present time. Further, there is
no known curreut program, cither in the United States or abroad, for de-
veloping these types of reactors in the above capacity range. While their
use may be technically feasible, they are at present underdeveloped and

economically unfeasible.

With respect to technical feasibility, the HTGR has a thermodynamic
advantage over the LWR reactors because of its inherently higher initial
steam tempcratdre——approximately 1000°F compared with 520°F to 580°F for
the LWRs. While the HTW can be raised to the assumed 380°F supply temper-
ature by extraction from the LWR turbine, the ratio of shaft work (MWe)
to recovered heat (MWt) would be low because of the relatively low throt-

tle temperature of the LWR.

Because typical turbine throttle steam conditions of the HTGR closely
match the assumed throttle conditions for fossil fired plants in this study,
reference can be made to Figure A-9 to determine waste heat recovery and
to Figure A-8 for the heat rate for the HTGR. However, for the LWRs, a

separate study would have to be undertaken and different curves developed.
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In the plant circuitry, the nuclear plant steam generator simply
replaces the bhoiler of the fossil~fueled plant. Transfer of thermal
cnergy to the HTW loop is accomplished through indirect heat exchange,
there being no contact between the primary or secondary circulants and
the HTW. It should be noted that since the PWR inherently includes a
primary and a secondary circulating loop, whereas the BWR has only one
loop, the latter would have one level less isolation from the HTW and
therefore a smaller margin of safety with respect to possible e¢ross

contamination of the HTW by the primary ecoolant.

HTW Generators

HTW generators were used both for Supplementing the waste heat re-
Covery and for the conventional heating comparison. Steam pressurized
HTW systems were assumed for the study, with a 380°F supply and a 220°F
return temperature. The transmission temperatures chosen profoundly af-
fect the design of the System--pump power consumption, heat loss, and
capital investment in heat exchangers, expansion tanks, and piping. No
one choice of temperatures is optimal over the large size range specified
(from 8.5 to 1000 million Btu per hr); and indeed, in the lower size
ranges, it is not clear that a conventional HTW system would necessarily
be the most economic choice. For the purposes of this study, however,
the temperature and system chosen should give sufficiently accurate re-
sults, even if they are not optimal for very small or very large distri-
bution systems. Further analysis is needed to evaluate accurately systems

for the high and low end of the capacity range,

Installed costs as a function of plant capacity are given in Figure

A-15. These include the HTW generation unit, plant piping and auxiliaries,

and enough expansion tank capacity to account for the volume of water in

the gencrating plant itself. Expansion tank capacity for the distribution
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FIGURE A-15 HIGH TEMPERATURE WATER GENERATOR INSTALLED COSTS AS A
FUNCTION OF PLANT CAPACITY

lines is included in the HTW transmission line costs, as arc costs for

the system circulation pumps.,

The heating cfficiency for an oil fired system is 83 percent, and

for gas and coal fired systems, 80 percent.

High Temperature Water Transmission System

The HTW transmission system consists of supply and return pipes
buried in an insulated trench with rated heat transmission capacities
varying from 1 to 300 MWt. The transmission pipes were sized for an
0.1-inch water gauge pressure drop per foot of single pipe run when op=-
erating at rated capacity with a 380°F supply and a 220°F return tcmper-
ature. Figure A-16 gives the resulting pipe diamecters as a function of

the rated thermal transmission capacity of the line. Figure A-17 shows

i the pump power required at peak load per 100 feet of rur of combined
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FIGURE A-16  PIPE INSIDE DIAMETER AS A FUNCTION OF LINE HEAT
TRANSMISSION CAPACITY

supply and return pipes as a function of line heat transmission capacity.
To obtain power requirements for less than peak loads, read the power re-
quired at peak load for the rated capacity of the line in question, and

apply the following formula:

2.96
q’ AT "
nol
P! =
nom q AT !
nom
where:
q " = rated heat transmission capacity of the line
no
q’ = actual heat demand
AT = design temperature difference (160°F)
nom
AT’ = actual operating temperature difference
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FIGURE A-17 PUMP POWER PER 100 FEET OF SUPPLY AND RETURN PIPE AT
RATED CAPACITY AS A FUNCTION OF LINE HEAT TRANSMISSION
CAPACITY

For winter opcration, the system can be assumed to be operating at design

conditions, i.e., with AT’/ = AT = 160°F. Summer operation (defined as
nom

an extended period of relatively low thermal load) would use lower operat-

ing temperatures, for instance, a supply temperature of 320°F and a return

temperature of 200°F, with AT/ = 120°F.

lleat loss was computed assuming poured-in-place insulation around the

buried supply and return pipes, with an insulation envelope sized for a

pipe temperature 20°F higher than the design temperature, in the interest
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of obtaining a more favorable heat loss picture at some increase in capital

cost. Depth of burial ranged from three to five feet (for the smallest

and largest lines respectively) of cover over the top of the insulation

envelope., A soil conductivity of 1.0 Btu per hr ft°F was taken as repre-

sentative of reasonably dry soil.* The heat loss computed on this basis 4
is given in Figure A-18, along with the summer operation correction factor

of 0.74 to account for the lower heat loss at the assumed lower summer

transmission temperatures.

0007 T T T TITIT] T T T TTTT] 1

0.006 p—

0.005 i— CONSTANT CAPACITY OVER LINE LENGTH

THREE EQUAL USE-POINT LINE
0.004

0.003

0.002

HEAT LOSS PER 100 FEET OF PIPE — megawatts thermal

4
SUMMERTIME HEAT LOSS MULTIPLIER: 0.74
o L L 11t L L bl |
1 3 10 30 100 300
LINE HEAT TRANSMISSION CAPACITY — megawatts thermal
SA-2513-60

FIGURE A-18 HEAT LOSS PER 100 FEET OF BURIED SUPPLY AND RETURN PIPE AS A
FUNCTION OF LINE HEAT TRANSMISSION CAPACITY

*
Btu per hour per square foot per degree fahrenheit per l-inch thickness.
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Installed costs for the transmission piping are given in Figure A-19
in dollars per 100 ft of combined supply and return pipe as a function of
the design heat transmission capacity in MWt. These installed costs in-
clude a prorated share of the central plant expansion tank and pump costs,
along with the costs of excavation, pipe, anchors, expansion loops, and
insulation. The excavation costs are based on good conditions; upward
adjustments would be required to account for rocky soil or for work in

the rainy season.
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FIGURE A-19 INSTALLED COSTS PER 100 FEET OF BURIED SUPPLY AND RETURN PIPE
AS A FUNCTION OF LINE HEAT TRANSMISSION CAPACITY




Air Conditioning Chillers

Absorption and electrically driven vapor compression chillers were
considered, varying in capacity from 50 tons to the maximum available.
Chiller performance is affected by ambient conditions, desired chilled
air temperature, and load factor, making the parametric representation
of performance a complicated matter. For the purposes of this study,
sufficient accuracy should be obtained by using .he following energy

requirements for the types of chillers considered:

Vapor Simple Double Effect
Compressor Absorption Absorption

0.83 kWe per ton 5.3 kWt per ton 3.2 kWt per ton

Annual maintenance costs for vapor compression and simple absorption
chillers are given in Figure 20. The costs for double effect absorption
units (which are new to the market, only one product line being available

at present) should run about the same as simple absorption units.

Installed capacity costs are given in Figure 21 as a function of
unit capacity for the three chiller types. The costs include the in-
stalled cooling tower and chilling machine but no circulation system
piping or pumps and no building. These latter items were not priced
because they are about the same for all three systems and hence will not

affect cost comparisons of the options considered in this study.
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FIGURE A-20 ANNUAL MAINTENANCE COSTS AS A FUNCT!ON OF CHILLER
CAPACITY

Design Life

The following values of "design life'" may be taken as typical for

the types of facilities enumerated

Diesel: 30 years

# Gas turbine: 25 years

Steam plant: 30 years

HTW transmission: 25 years
HTW generator: 30 years
Absorption chiller: 35 years

Vapor compression chiller: 30 years
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Appendix B

ENERGY LOAD DATA TOR MILITARY INSTALLATIONS

Introduction

This appendix presents the derivation of the energy load patterns
used in Volume I for the evaluation of fuel consumption and costs of the
different types of energy systems. The load patterns were derived from
data on utility use on military installations. Although primary emphasis
was directed toward military bases of the U.S. Army and the U.S. Air Force,
those of the U.S. Navy were also considered. Unless otherwise noted, data
collected was based on FY72, the last full year compiled at the time of

the field investigation.

Two primary means of obtaining utility data were conducted: (1)
annual reports by the headquarters of each of the three services; and
(2) interviews with base engineering and utility personnel at several

military installations.

Source one (annual reports) was useful in evaluating the broad spec-
trum of utility use and services on large numbers of military installa-

tions across the country. These reports included:

Army

Facilities Engineering, Annual Summary of Operations
(Summary of DA 2788 reports, 1972)

Air Force

USAF Cost Standards Development
(Summary of AF-C128 reports, FY 1972)
(Summary of AF-C172 reports--SAC--to March 1972)

Pages 31-32 blank




Navy

Cost of Utility Services, NAVFAC, Western Division
(Summary of UCAR's FY 1970)*

However, as only annual data was shown in these reports, this source had

to be supplemented by actual visits to individual military bases.

Source two (on~base interviews) provided the monthly, daily, and
hourly information on utility consumption and utility services that was
necessary both for correlation to the annualized data and for the devel-
opment of utility load factors used in the analysis of the Total Energy
concept., The installations visited included:

Ft. Ord, California

Ft. Knox, Kentucky

Minot AFB, North Dakota

Travis AFB, California

Nellis AFB, Nevada

Defense Construccion Supply Center (DCSC), Ohio

Mare Island Naval Shipyard, California
In addition to the Director of Facilities Engineering, the Base Civil

Engincer, or the Public Works Officer for each base, from three to six

individuals within each base's utilities office were interviewed.

Even though considerable utility data were available within the
files of the base utility offices (even, in some cases, to l5-minute
electrical consumption and peak loads), the biggest problem encountered
was that of centralized metering. That is, most of the bases had single
electrical and gas meters ''at the gate' only, without submetering or sepa-
rate metering of even major component functions on the base. In effect,
this meant that energy consumption and peaking data for electrical, heat-
ing, and cooling requirements associated with troop housing, family hous-

ing, administrative and industrial functions, hospitals, water supply

Not required in subsequent years.
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development, sewage treatment, and so forth were for the most part aggre-

gated into single meter recordings. Where multiple metering did occur,

suech was mainly used to separate family housing from other base functions.

Energy Load Model

Hour-by-hour energy loads were derived for five representative days

of the year; these were thermal, electric, and air conditioning loads.

The five representative days are:

e High heating day, i.e., a cold midwinter day.

e DModerate heating day.
e Day with no space heating (there is still a thermal load

for other purposes) or air conditioning, i.e., a mild spring

or fall day.
e Moderate air conditioning day.

e High air conditioning day, i.e., a hot midsummer day.

Fach of the five days represents a certain number of days of the year,

varying with the climate. Three climates were included: Northcentral

(NC), Southeast (SE), and Southwest (8W).

The number of days of the year of each type and the average temper-

ature for each type of day are given in Table B-1. These figures are

based on FY72 temperature data, adjusted for historical norms.*

General Base Description

Table B-2 gives the resident and nonresident populations for the

pases visited. For the purpose of utility analysis, an "effective"

population was used; this was derived by combining 100 percent of the

resident and one-third (eight twenty~fourths of the day) of the nonresi-

dent populations.

*
Climatological Data National Summary, U.S. Department of Commerce,

National Oceanic and Atmospheric Administration.
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Table B-1

HEATING AND COOLING DAYS AND AVERAGE TEMPERATURES

Average
Days per Year Temperature
(°F)

Type of Day NC SE Sw NC SE SW
High heating 91 56 410 11°F 40°F 41°F
Moderate heating 180 116 79 41 53 54
No space heating
or cooling 54 71 70 70 70 70
Moderate cooling 29 82 116 75 75 79
High cooling 13 40 60 84 84 95

As indicated, 44 to 63 percent of the base residents live in on-base
lamily housing;* the remainder were quartered in troop./dormitory housing,
BOQ, NCO, hospital, and other smaller facilities. The nonresident popu-

lation, of course, live off-base in neighboring communities.

In order to gain an impression of likely TE system transmission dis-
tances from, say, a central plant to the farthest energy-using structure,
a simplified boundary analysis was made. In cffect, this boundary replaces
the actual physical, and often random, configuration of the total base
(including all open areas) with a rectangular boundary that most nearly
encompasses only the built-up areas of energy consuming structures. As
noted in Table B-4, runways, taxiways, and peripheral open training areas
arc excluded in the simplified boundary. Its use then is limited to heat
(or cooling) transmission considerations only. For clectrical transmis-
sion, all types of areas would, of course, have to be considered even
though they may be open and space-intensive; €.g., runway lighting and

security lighting.

*
Table B-3 illustrates average family housing unit size.
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Table B=3

FAMILY HOUSING UNIT SIZE

é B Unit Size Number of

g (£t2) Housing Units*

f’."

[ Grand Forks AFB 1,520 600
Carswell AFB 1,500 154

; Minot AFB 1,490 999

3 Ft. Knox 1,420 1, 370

1 Ft. Ord 1,400 3,264

; Pesse AFB 1, 380 13
Whiteman AFB 1, 370 488

& Beale AFB 1, 310 342

] Loring AFB 1, 260 240
Nellis AFB 1,250 1,297
Average 1,400

*
Does not include all units on base in some cases.

MR R gl R L AR e

Table B-4

DEVELOPED AREA CONFIGURATION*

B Width Length Width to
(miles) (miles) Length Ratio
; Ft. Knox 2.6 2.9 1:1.1
1 Ft. Ord 1.6 3.6 1:2.2
3 Minot AFB 1.5 109 1:1.3
Travis AFB 1.2 1.75 1:1.5
Nellis AFB 0.64 1.67 1:2.6
DCSC 0.45 1.25 1:2.8
Mare Island 0.75 2.5 1:3.3

Spatial configurations are based on area of build-

ing concentration (including family housing)--exclu-
sive of runways, taxiways, golf courses, open training
areas, and other peripheral open spaces——énd therefore
the indicated figures should not be used as a measure
of overall base size.
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Table B-5 gives the distribution of floor space by type of building
for Ft. Ord and Ft. Knox. The figure of 25 percent for family housing 4

was used in cases where family housing floor space was missing.

Table B-5

DISTRIBUTION OF FLOOR SPACE
BY TYPE OF BUILDING

Percent of Floor Space

Ft. Ord Ft. Knox
Troop housing 26% 24%
Family housing 24 25
Community services 6 6
Administration 3 3
Storage 4 5
Hospital/medical 4 2
Other 33 35

100% 100%

Electrical Consumption and Pcak Electric Loads

Electrical consumption data are shown in Tables B-6 and B-7 for the
bases visited. Table B-6 gives the total electrical energy consumed by
the base and the peak demands. Table B-7 is limited to family housing

on a sample basis where sepaiate metering existed. y

The peak kW demand was determined by first finding the peak month i
of consumption, then thec day of maximum demand of that month, and finally,
by examining automatic recording meter tapes, the peak one-half hour dur-
ing that day. Similarly, the minimum day peak kW demand was found by
seeking the minimum month, its minimum day (excluding Saturdays and Sun=-

days), and the maximum one-half hour peak during that day.




Table B-6

ANNUAL ELECTRICAL C/NSUMPTION AND PEAK DEMAND--

TOTAL BASE
Peak Demand
A E ice
EHTE] | lcer sied] Maximum Day Minimum Day
Consumption

Base (thousands - Ratio e Ratio

< S
of kWh) kW/kWh kW/kWh
Knox 137, 420 30, 800 0.00022 21, 500 | 0.00015
Ord 79, 500 13,780 0.00017 12,100 | 0.00015
Minot 65, 290 12,700 | 0.00019 8,400 | 0.00013
Travis 74,700 12,570 0.00017 10,900 ] 0.00015
Nellis 65, 280 13, 320 0.00020 8,460 | 0.00013
Mare Is. 127,250 24,000 0.00019 17,000 | 0.00013
DCSC 33, 760 7,300 0.00022 6,650 | 0.00020

Figure B-~1 presents a graphieal plot of the foregoing eleetrieal
eonsumption and peak demands. The eurves show a reasonably straight line
relationship between eonsumption and peak power demand.* Aceordingly,
the slope of the eurves ean be used for approximating peak load require-
ments for bases where only annual eleetrical eonsumption is known. Mul-
tiplying the total annual electrieity consumed in kWh by 0.0002 approxi-
mates the peak kW demand required by the base. By multiplying the total
annual KkWh by 0.00014, the minimum daily peak demand (exclusive of Satur-
days and Sundays) ean be approximated. For example, for a 100, 000, 000 kWh
annual eonsumption, the daily peak loads will vary between 14 and 20 MW

over the 261 work days of the year.

Slightly over one hundred military installations were first reviewed

from information eontained in the Source One reports referred to previously.

*
Peak power demand is a measure of total instantaneous watts of power "on

the line" as reeorded, say, during a certain 15 to 30 minute period, and
is not neeessarily a measure of total eonnected capaeity.
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FIGURE B-1  ANNUAL ELECTRICAL CONSUMPTION VERSUS PEAK DEMAND

The basis of this preliminary review centered around size (utilizing water
as well as electricity consumption as parameters), geographic location,
function, and special considerations such as on-site power generation,
sanitary sewage, and water treatment. From this initial screening a sam-
ple of seventy representative installations was selected, with peak demands
ranging from one to fifty MW, calculated from the annual consumption on

the basis of 0.0002 kW/kWh.

First, however, for comparability, it was neccessary to adjust upwards

the USAF annual electrical consumption (as reported in their Cl128 Summaries)




3
3
&
E
%,

by the electrical energy consumed by on-base family housing. (USAF
family housing data is reported separately from that of actual base
operations and complete family housing data was not readily available.)
Table B-8 presents typical relationships between the electrical consump-

tion of family housing and that of the base itself.

Table B-8

PERCENT OF TOTAL USAF BASE
ANNUAL ELECTRICAL CONSUMPTION
APPLICABLE TO FAMILY HOUSING UNITS

Base Percent
Minot 34%
Travis 24
Ooffutt 20
Nellis 20
Beale 21
Westover 24
Loring 29
Castle 17
Carswell 24
Average 24% (of total

base kWh)

After making the appropriate adjustments to USAF installations, the
ranking as shown on Table B-9 could then be established. Based on this

sample, peak demand is 17 MW and the median is 14 MW,

These peak demands include air conditioning requirements as they
existed in FY72. Downward adjustment of electrical load requirements

to exclude air conditioning is shown later.
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: Table B-9
3 R
%"- "'_,
: PEAK ELECTRICAL DEMANDS FOR SELECTED BASES IN Fy72*
Peak Peak
5 Base Demand Base Demand ﬁ
(MW) (MW) %
i Wright Patterson (AFLC) 51.4 Randolph AFB 13.6 3
Ft. Bragg 43.8 Nellis AFB (TAC) 13.3 j
Ft. Meade 42,2 Ft. Devens 12.8
: Tinker AFB (AFLC) 40.6 Minot AFB (SAC) 13,7 é
- Kelley AFB (AFLC) 36.0 Lemore NAS 12.6 3
3 Ft. Hood (HQ) 33.5 Griffiss AFB (AFLC) 12.6 é
Keesler AFB (ATC) 32.6 Travis AFB (MTC) 12.6 é
Ft. Benning 31.3 Ft. Lee 11.5 4
Ft. Knox 30.8 Ft. Sheridan 11.4 é
Ft. Lewis 29.6 Ft. Carson 11.3 ]
Bremerton NSY 28.2 Presidio of S.F. (HQ) 11.1
McClellan AFB (AFLC) 25.5 Ft. Polk 11.1 :
i Robbins AFB (AFLC) 25.2 loring AFB (SAC) 11.0 !
Offutt AFB (HQ) 24.6 Westover AFB (SAC) 10.8 |
Mare Island NSY 24.0 Dover AFB (MAC) 10.4 i
: Ft. Bliss 23.6 Lowry AFB (ATC) 10.0 3
Ft. Leonard Wood 23 8 Altus AFB (MTC) 9.0 4
Hill AFB (AFIC) 22,3 George AFB (TAC) 8.6
Ft. Sill 22,2 Forbes AFB (TAC) 8.4 3
Ft. Campbell 20.9 Ft. Benj. Harrison 8.4 3
Alameda NAS 19.4 Carswell AFB (SAC) 7.8
Ft. Gordon 19.1 Columbus DCSC 788
Ft. Dix 18.9 Castle AFB (SAC) 7.2
Ft. Rucker 18.9 Moody AFB (TAC) 742 ]
Ft. Belvoir 18.4 Columbus AFB (TAC) 6.6 é
Ft. Riley 18.3 Pope AFC (TAC) 5.2
McDill AFB (TAC) 17.2 Moffett Field NAS 5.0
Ft. Jackson 16.6 Vance AFB (ATC) 4.6 1
Ft. Monmouth 15.7 Ft. McPherson 3.9
Langley AFB (TAC) 15.6 Ft. Monroe 3.6
Luke AFB (TAC) 15,8 Ft. Wolters 3.6 ]
{ Ft. Stewart 15.1 Carlisle Barracks 3.0 '
E Ft. Eustis 14.9 Ft. Lawton 2.9 ;
Chanute AFB (ATC) 14.6 Camp Drum 2.5 s
g Ft. Ord 13.8 Camp Pickett 1.0 ]

*
Median, 14 MW; average, 17 MW,
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Hourly Electric Demands

Typical diurnal cycles of electric demands were developed from the
limited data collected on hourly electric demands for a few selected days

of the year for a few bases.
The typical peak electric demands for each of the five representa-
tive days of the year arc givenr in the following tabulation as a percent

of the peak demand for the year.

Type of Day Percent
High heating 95%
Moderate heating 85

No space heating

or cooling 75
Moderate cooling 85
High cooling 95

Table B-10 gives the hourly electric demands for each type of day
as a percent of the peak demand for the day. Since data were not avail-
able on the electric demands exclusive of the air conditioning load, the
same diurnal pattern was used for the moderate cooling and high cooling
days as for the no space heating or cooling day. The figures for the
high heating day are based on data from Minot AFB in January 1972. Those
for the moderatc heating day are based on Ft. Ord, December 1971; for the
nonspace heating days, on Ft., Ord, April and May of 1973, and on Ft. Knox,

April 1972.




Table B-10

HOURLY ELECTRIC DEMANDS

j Percent of Daily Peak Demand
; o?O;:y High Moderate No Space
Heating Day Heating Day Heating Day
M 80% 66% 56%
1 79 62 54
2 77 60 51
. 3 76 59 50
4 78 60 51
5 80 62 52
6 83 70 55
7 90 77 63
1 8 93 85 78
4 9 94 90 87
. 10 95 92 90
11 96 92 90
12 95 92 88
13 94 90 87
14 93 88 85
15 93 88 84
16 94 89 82
17 97 92 82
18 100 97 84
19 100 100 90
20 99 99 100
21 96 95 97
22 92 89 86
23 86 77 75

Comparison of Electrical and Thermal Loads

and electrical energy.

(including that used for cooking) and the

Table B~11 gives the annual consumption of fuel for heating ener
annual electricity consumption.

Also shown in the table is the ratio of the annual consumption of thermal
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For reasons of comparability, the prior sample of 70 bases was re-

duced to 29. Atypical bases such as logistic bases, shipyards, supply
depots, and school- and prison-oriented bases have been eliminated.

Where the total floor space of family housing was not readily available,
an allowance of 24 percent of the total base floor space for family hous-
ing was made, on the basis of Table B-5. Table B-8 shows the basis for

this adjustment.

In a total energy system the air conditioning might be operated by
heat rather than electricity. Therefore, the electrical consumption for
air conditioning was estimated for each of the bases using recorded degree
day (cooling) data, assumed temperature gradient, base-installed air con-
ditioning capacity, and appropriate conversior factors. The estimated
electrical consumption, excluding air conditioning, is also given in

Table B-11.

The ratio of annual fuel consumption to electricity consumption,
excluding air conditioning, is given in Table B-12. Since the fuel con-

sumption is dependent on climate, the ratios have heen grouped by climate.

Heating Loads

Table B-12 provides a relationship between the annual fuel consump-
tion for heat needs and the annual electricity consumption. The next
steps are to break down the annual heating loads into the heat loads for
each of the five representative days of the year, and then to break down

those daily heat loads into the hourly heat loads.

The heat demands of the bases include, besides space heating, hot
water, cooling, industrial, and other miscellaneous uses. The heat load
for hot water is estimated in Table B-13 for five bases. The estimates
are based on 18 gallons per day for the resident population (adjusted for

differences in hot water consumption between family housing, and barracks
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Table B-12

RATIO OF ANNUAL FUEL CONSUMPTION
TO ELECTRICITY CONSUMPTION,
EXCLUDING AIR CONDITIONING

Base

Thousands of Btu/kWh

NE

EC

SE SC Sw

NW

Ft. Bragg

Ft. Hood

Ft. Benning

Ft. Lewis

FFt. Knox

Ft. Bliss

Ft. Leonard Wood
Ft. Sill

Ft. Campbell
Alameda NAS

Ft. Gordon

Ft. Rucker

Ft. Belvoir

Ft. Jackson

Ft. Ord

Ft. Monmouth
Travis AFB

Ft. Eustis

Minot AFB

Ft. Devens

Ft. Lee

Ft. Sheridan
Presidio of S.T.
Ft. Polk

Loring AFB
Westover AFB

Ft. Benjamin Harrison
Carswell AFB

FFt. McPherson

Averages

17
20

26
20

15

18

16

17

19
18

18

15
13
16
22
15

17
14

18

11

17

20

12
13

16

21

14

14

19

21

17

16 16 15

16

19
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Table B3=13

ANNUAL ENERGY FOR DOMESTIC HOT WATER

. . Percent of
Base e Total Heating
of Btu .
Energy Consumption
Ft. Knox 221,000 7.5%
Ft. Ord 206,000 11.9
Travis AFB 96,000 9.1
Minot AFB 91, 000 8.1
Nellis AFB 62,000 15.0

and dormitories) and three gallons per day for the nonresident population.

The population figures were given in Table B-12,

Table B-13 indicates that the energy demand for hot water heating
can vary between 8 and 15 percent, depending upon climate (i.e., subject
to the magnitude of the space heating requirement). On average, the hot
water heating requirement can be corsidercd to be 1 percent of the annual
consumption per month. Using national averages, the cooking requirement
for thermal energy is estimated to be approximately one-half percent per

month.

The heating loads by month for the five bases are shown in Figure
B-2 as a percent of the annual heating load. The minimum monthly heating
load during the months with little or no space heating is about 3 percent
of the annual heating load, which suggests that the montlily heating load
for hot water, cooking, and other nonspace heating uses is about 3 per-

cent of the total annual heating load.

The derivation of the daily heating loads for a base with a 10 MW

peak electric demand is shown in Table B-1i. From Figure B-1, the annual

electricity consumption is 10,000 kW/(0.0002 kW/kWh)

50 million kWh,

B et
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Table B-14

DERIVATION OF DAILY HEATING LOADS FOR A 10 MW BASE

NC SE Sw

Annual electricity consumption
(millions of kWh) 50 50 50
Ratio of annual heating load to elcc-
tricity (thousands of Btu/kWh) 25 15 10
Annual heating load (billions of Btu) 1,250 750 500
Monthly heating load, ex«.luding space
heating, as percent of annual 2 3 3
Space heating load (billions of Btu) 950 480 320
Number of high heating days per ycar 91 56 40
Number of moderate heating days per year 180 116 79
Ratio of space heating loads: high
heating day to moderate heating day 70/30 70/30 70/30
Space heating load (millions of Btu)

High heating day 5,647 4,538 4,331

Moderate heating day 2,423 1,947 1,858
Daily heating load excluding space
heating (millions of Btu) 833 750 500U
Total daily heating load (millions
of Btu)

High hcating day 6,480 5,288 4,831

Moderate heating day 3,256 2,697 2,358

Ratios of the annual heating load to clectricity consumption from 10,000
to 25,000 Btu per kWh were seleccted to cover thc range indicated in Table
B-12, and multiplied times the annual electricity consumption to give the
total annual heating load. The nonspace heating load was subtracted from
the total to give the annual space hcating load. From the average temper-
ature in Table B-1, a 70/30 ratio of heating loads for high hcating days

and morderate heating days was estimated. With this ratio, and the number
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of days in the year of cach type, also from Table B-1, the daily heating

loads were determined for each type of day.

The hourly heating loads for each type of day are given in Table B-15

as a percent of the daily heating load. The figures for the space heating

. days are based on data for Ft. Knox in January 1972. The figures for the
4 nonspace heating days are based on data for Ft. Knox in June 1972.
|

i s TR

Table B-15

HOURLY HEATING LOADS

Hour Percent of Duily Heating Load
. High or Moderate No Space
of Day .
Heating Day Heating Day
M 4.2% 2.7%
1 1.1 2.6
2 4.0 2.5
3 1.1 2.6
4 4.2 2.7
5 4.2 3.0
6 4.3 3.5
7 4.4 4.0
8 4.5 4.7
9 4.5 5.0
10 4.4 5.3
i 1.3 5.5
12 1.2 5.3
13 1.0 5.1
14 3.9 5.0
15 3.8 1.9
16 3.9 1.8
17 1.0 4.9
18 4.1 5.1
19 4.1 5.2
: 20 4.2 1.7
3 21 4.2 1.2
3 22 4.2 3.6
- 23 4.2 341
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Air Conditioning

Climate
: ‘, NC S_E SwW

b Design temperature (°F)

4 Dry bulb 91 95 106
3 Wet bulb 72 77 76
Dew point (°F) 64 70 63

Table B-16

AIR CONDITIONING CAPACITY REQUIREMENTS
BY BUILDING TYPE
(U.S. Average)

eiach of the three climates on the basis of the following de

Required air conditioning capacities for the various types of build-
ings on military installations, based on U.S, averages, are given in Table

2
B-16. The weighted average of 2.81 tons per 1,000 ft” were modified for

sign criteria:

Fraction of
Tons per Total Base Weighting
1,000 Ft Floor Space Factor
Barracks/dormitories 3 0.25 0.75
k' Family housing 2 0.24 0.48
a Administration 2.3 0.03 0.07
Storage 0.1 0.05 0.01
Hospital/medical 4 0.03 0.12
“ommunity services 6 0.06 0.36
L Other (such as mess
g halls, training, shops) 3 0.34 1.02
Welghted average 2
2.8 tons/1,000 ft 1.00 2.81
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: The derivation ol the total air conditioning capacity and the daily

air conditioning loads for a 10 MW basec is shown in Table B-17.

Table B-17

DERIVATION OF AIR CONDITIONING CAPACITY AND DAILY LOADS

Climate
. NC SE SW
* 6 2
Total [loor spacce (10 [t ) 7.6 7.6 7.6
@ Air conditioning capacity
% Tons per 1,000 l?t"J 2.0 21 3.9
Total capacity’ (tons) 7,600 | 10,250 1.1, 800 E
Load factors*
High cooling day 0.56 0.70 0.62
3 Moderate cooling day 0.30 0.37 0.29
\ Daily air conditioning load
3 (ton-hrs)
j High cooling day 102 172 220 3
3 Moderate cooling day 55 91 103 9

*
Annual electricity consumption of 50 million kWh divided by b
6.6 kWh per ft~ from Table B-11. :

Air conditioning of 80 percent of the [loor space, and load
diversity lactor of 62.5 percent.

,: $Lord factor multiplied by 24 hours equals number of cquiva-
: lent full load operating hours.
]
4 The hourly air conditioning loads are given in Table B-18 as a per-
cent of the air conditioning load for the day.
A b
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Hourly Energy Loads

The hourly cnergy loads--clectricity, heating, and air conditioning--
for a 10 MW base in each of the three climates are given in Tables B-19
to B-21. The electricity loads were obtained by multiplying the hourly
electric demands given as a percent of the peak daily demand in Table
B-10, times the peak electric demand for the respective type of day.
The heating and air conditioning loads were obtained by multiplying the
hourly loads given as a percent of the total daily load in Table B-15
for heating, and Table B-18 for air conditioning, times the total heating or

air conditioning load for the respective type of day.

The loads for the other base sizes--5, 20, and 40 MW peak electric

demand--were assumed to be proportional to the peak electric demand,
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Appendix C

FUEL CONSUMPTION AND COSTS FOR FOSSIIL FUEL SYSTEMS

Fuel Consumption Model

A fuel eonsumption model was developed to ealeulate annual fuel

usage of the alternative total energy systems considered. For a typieal

base, the model ealeulates the total required to meet the eleetrie, heat-

ing, and cooling loads using deseriptors of an assumed total energy sys-

tem. The major inputs, eomputations, and outputs are outlined in Figure

C-1. A flow diagram, program listing, and user instruetions for the fuel

eonsumption program are given in Appendix F.

Inputs

The base size was defined in terms of the peak elcetrie load. To

cover a representative range of base sizes, four peak eleetrie loads were

used: 5, 10, 20, and 40 MW. The eleetric, heating, and air eonditioning

loads were input hourly for eaeh of the five representative days: high

heating, moderate heating, and minimum heating; and eooling, moderate

cooling, and high eooling. These loads for a 10 MW base were given in

Appendix B.

Equipment installed at a basc was sized to meet the peak loads for

the base size and geographie region, as well as for standby capacity for

maintenanee periods. For the independent, centralized TE systems, the

diesel installations had five units to meet peak loads and a sixth on

standby. However, as the largest diesel unit considered was 8 MW, the

larger base sizes had more than six units. Gas turbine systems eonsisted

of seven units of equal size with sufficient capacity so that

Faaes ¢1- 02 blgak

any six
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INPUTS

LOQAD PATTERN

BASE SIZE

EQUIPMENT CAPACITIES
HEAT RATES

HEAT RECOVERY

AC EFFICIENCY

FUEL EFFICIENCY

COMPUTES ENERGY USE
HOUR BY HOUR

THERMAL
Primary Load
Heat for ac
Heat Loss
Heat Recovery

ELECTRIC
Primary Load
AC
Pump Power

OUTPUTS-ANNUAL

FIGURE C-1

FUEL CONSUMPTION MODEL

64

HEAT USE BY TYPE
HEAT RECOVERED
ELECTRIC USE BY TYPE
FUEL CONSUMPTION
Electricity
Auxiliary Heat
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could meet the peak load. Electrical generation capacities are displayed
in Table C-1 for selected base sizes and regions. The required generating
capacities are larger than the peak loads (which exclude air conditioning)
because of the standby requirement and the electric load for air condi-
tioning. The air conditioning for these cases is 50 percent absorption

and 50 percent electric.

Table C-1

ELECTRIC GENERATING CAPACITIES
FOR SELECTED TOTAL ENERGY SYSTEMS

) Unit "otal
. Base Size ) .
TE System Climate (W) Capacity Capacity
(MW) (MW)
Diesel NC 5 1.3 7.9
NC 40 7.5 60.1
SwW 5 1.6 9.1
SW 40 8.0* T2l
Gas Turbine NC 5 1.1 7.7
NC 40 8.8 61.4
SW 5 1.3 9.4
SW 40 10.8 75.4
*

Maximum size for diesel units in thi-~ study.

Hot water generators were installed so that two units, with a third
on standby, could meet maximum heat loads plus line losses. Because of
the higher heat recovery with gas turbinec systems, compared with diesel
systems, the hot water generators for gas turbine systems are smaller than
those for diesel systems with the same loads. Table C-2 compares the hot

water generator capacities for diesel and gas turbine systems.
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Table C-2

HOT WATER GENERATOR CAPACITIES
(Millions of Btu)

Climat Base Size | | sel | Gas Turbi
mate 1es rol
(MW) ese as u ne

NC 5 203 132

40 1,620 1,120

SE 3 162 92

40 1,296 810

Sw ® 147 75

40 1,170 684

The hot water iines for a base were designed to deliver the peak
heat demand plus the line losses as determined from Figure A-18. The
lowest heat loads were in the Southwest and were approximately 75 percent
of the North Central bases of comparable size. The highest heat loads
occurred at North Central bases; the hot water transmission capacity for

that region is tabulated below:

Heat Transmission Capacity

Base Size (million Btu/hr)
(MW) Per Line Total
5 73.7 147 .4
10 98.5 295.5
20 147.6 590.3
40 188.4 1,130.4

The heat loss in transmission was a function of line length and time
of year. The heat loss per 100 feet of pipe in summer was taken as 74
percent of the winter heat loss. The heat losses were greatest at North

Central bases since they have the largest heat loads; as a percent of the
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heat load the line losses were 2 to 2.5 pereent depending on base size.
In the Southwest, line losses were 4.5 to 5.5 pereent of the heat load,
since the heat loads were about 60 pereent lower than North Central bases,
while the line losses in the Southwest were only 15 percent lower than

those in the North Central.

Eleetrie powered pumps were assumed to cireulate the hot water to
the individual base eomplexes. The pump power required for eaeh distri-
bution line was ealeulated using Figure A-17 and multiplied by the number
of lines to get the total pumping eapaeity needed for the whole base. The
eleetrie load for the heat transmission pumps was less than 1 pereent of
the total eleetrie Ioad. Pump eapacity and eleetric use at North Central

bases are shown in Table C-3.

Table C-3

PUMP CAPACITY AND FLECTRIC USAGE IN NORTH CENTRAL

: . Pump Eleetricity
Base Size Pump Capaeity
(VW) (KW) as Pereent of
A
Annual Electric Load
5 43.3 0.3%
10 123.6 0.4
20 283.0 0.5
40 689.0 0.5

The peak eooling 1oad of a single base complex determined the size
of air eonditioning units. Table C-4 gives the number of complexes, the
capaeity per unit, and total air eonditioning eapaeity for bases in the
Southeast. In those eases that assumed a division of air eonditioning be-
tween abhsorption and eleetric ecompression air eonditioning, some complexes
had absorption air eonditioning and the remaining eomplexes had eleetrie

air eonditioning.
67
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Table C-4

AIR CONDITIONING CAPACITY AT SOUTHEAST BASES

. Unit Total Base

Base Size Number of C it C -
apacity apacity

MW Complexes

(W) omp (tons) (tons)

5 4 1,300 5,100

10 6 1,700 10, 300

20 12 1,700 20,500

40 18 2,300 41,000

Major Calculations in Fuel Consumption Model

The model calculated the energy required to meet the electriec, heat-

ing, and cooling loads for each hour of the day.

The electricity required is the sum of three components:

¢ Base electric load

¢ Electricity for heat transmission pumps

* Electricity for compression air conditioners (if any).

The model totals the hourly heat requirement by summing the base

heat load, the heat loss in transmission, and the heat (if necessary)

used in absorption air conditioning. When the heat load was greater than

could be recovered from the electricatl generation process, the model cal-

culated the fuel necessary frou auxiliary heat sources.

Air condi tioning loads were met by some combination of absorption

and compression chillers. The absorption chillers received heat from

either electric generation or auxiliary heat sources. The compression

air conditioning was operated by electricity. 1In those Cases where both

absorption and compression air conditioning existed, it was necessary that

they both operate whenever air conditioning was required, since each
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complex was assumed to have only one type of air conditioning. The

operating rate of each type was determined by its share of the total air
concitioning capacity. Thus if the air conditioning was 50 percent ab-
sorption and 50 percent compression, the air conditioning load was divided

half and half.

Fuel consumption was measured in Btu and occurred in two processes:

® FIlectric generation

® Auxiliary heating.

Fuel consumed in electrical generation depended on the heat rate of
the generating system as determined by Figure A-1 for gas turbine units,

Figure A-8 for steam turbines, or Figure A-12 for diesel units.

Fuel consumed in auxiliary heating was determined by dividing the
required auxiliary heat by the fuel efficiency. Fuel efficiencies used

were:

Natural gas
0il

{ Fuel Consumption

The primary output of the model was a summary of annual fuel usage
by function: clectrical generation and auxiliary heating. The annual

data calculated by the program are printed to provide detailed breakdowns

of the electricity usage, air conditioning ton-hours by type of chiller,

and sources and uses of heat.

For each case, equipment capacities and system parameters, such as

electric generation heat rate and waste heat recovery rate, are printed

4 along with a description of base size, location, electric generation

system, and fuel burned.
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Table C-5 gives the total annual fuel consumption for the central-
ized multiple generating unit, diesel and gas turbine TE systems and for
the three climates and Four base sizes. Fuel consumption for various
mixes of absorption and electric compression air conditioning is shown in
the table. Three cases assume use of the conventional type of absorption
air conditioning, and the remaining cases assume the more efficient double

effect type.

Table C-5

ANNUAL FUEL CONSUMPTION FOR CENTRALIZED, MULTTPLE
GENEDLATING UNIT, DIKSEL AND GAS TURBINE TE SYSTEMS
(Billions of Btu)

Absorption Base Size
TE System | Climate | Air Conditioning (MW)
(percent) 5 10 20 10
Diesel SE 10% 733 1,449 |2,867 | 5,702
SE. 50 778 | 1,549 | 3,054 | 6,081
SE 10* 727 1,438 12,843 | 5,656
SE 50" 747 11,488 |2,931 | 5,835
SE 100* 777 [ 1,548 | 3,044 | 6,061
NC 50* 1,005 {2,004 | 3,977 | 7,928
Sw 50* 644 1,273 (2,514 | 4,998
Gas turbine SE 50 791 [ 1,586 3,132 6,168
SE 50" 774 | 1,548 | 3,048 | 5,983
SE 100* 780 | 1,560 | 3,109 | 6,137
NC 50* 1,010 | 2,027 |4,015 | 7,948
Sw 50* 713 {1,420 | 2,779 | 5,405

*Double effect type.

The steam turbine TE systems have a single electric generating unit
and are dependent on utility elcetricity during downtime. The ftuel con-

sumption includes the fuel used by the utility to generate the clectricity
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for the base during the steam turbine downtime, based on 10,000 Btu/kWh.
The air conditioning is alil double effect absorption.

consumption for the steam turbine TE systems is given in billions of Btu

in the following tabulation.

Base Size

(MW)
Climate 25
NC 5,094
SE 4,089
Sw 3,738

Table C-6 gives the fuel consumption for a single generating unit

gas turbine TE system.

electric load, and the excess electricity is sent off base.
consumption figures include credit for the excess electricity at 10,000

Btu/kWh. The air conditioning is double effect absorption.

The turbine has larger capacity than the peak

Table C-6

40

7,814
6,168
5,609

ANNUAL FUEL CONSUMPTION FOR SINGLE UNIT

GAS TURBINE TE SYSTEMS

The annual fuel

. Turbine Fuel

. Base Size . .
Climate () Capacity Consumption
(M) (Btu X 109)

SE 10 20 1,364

SE 20 30 2,815

SE 20 40 2,717

SE 20 50 2,889

SE 40 80 5,178

NC 20 40 3,441

SwW 20 40 2,396
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The following tabulation gives the annual fuel consumption in bhil-
lions of Btu for TE systems with dispersed electric generating units in
each complex. (The units are electrically interconnected but there are
no hot water lines connecting the complexes. The air conditioning is

double effect absorption.)

Base Size

(MW)
5 10 20 40
Diesel 777 1,548 3,110 6,171
Gas turbine 799 1,592 3,194 6,345

Fuel consumption was also calculated for TE systems with heat trans-
mission only to 25 percent or 50 percent of the base, for diesel and gas
turbine systems, respectively. The annual fuel consumption, in billions
of Btu, for a 20 MW base in the Southeast, with double effect absorption

air conditioning is:

Diesel 3,031
Gas turbine 3

The effect of variations in the heating and cooling load on fuel con-
sumption was calculated for a 20 MW base in the Southeast, with a gas
turbine TE system and double effect absorption air conditioning. The

annual fuel consumption is tanulated below:

Percent of Base Case Lonad Billions
Heat Air Conditioning of Btu
100% o7 2,888
100 50 2,939
50 50 2,162
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at 10 MW bases.
auxiliary heating.
systems lessens the necd for auxiliary heat.

utilization of the reccoverable heat for the diesel and gas turbinec systems.

A breakdown of fuel consumption between electric generation and aux-
iliary heating is shown in Table C-7 lor diesel and gas turbine TE systems

The major difference is the amount of fuel needed for

The higher heat recovery available with gas turbine

Table C-7 compares the

Heat recovery in diesel systems is so low that all available heat can be

i LS~ e o

used. TIn the case of gas turbines some excess heat is generated.
Table C-7
HEAT RECOVERY FOR TE SYSTEMS AT 10 MW BASES
Fuel Consumpsion Recoverable | Percent of
B Th a1 (billions of Btu) Heat Recoverable
FEsCl = Electric Auxiliary Total (billions Heat
a
Generation | Heating of Btu) Utilized
Diesel NC 679 1,325 2,004 186 100%
SE 703 785 1,488 192 100
sw 734 539 1,273 203 100
Gas NC 1,067 960 2,027 500 97
turbine SE 1,104 444 1,548 517 92
sw 1,163 257 1,420 545 82

Costs of Total Energy

Systems

Evaluating total energy systems required that annual costs ol such

systems be determined.

nents:

Fuel costs.

Annualized capital costs

Operating and maintenancc costs

The total annual cost is the sum of three compo-

P I ol Rl R oty
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All cost information except fuel cost was supplied by Bechtel (Appen-

dix A).

Capital Costs

Capital costs for a total energy system were the sum of costs for
electrical generation, heat generation, heat transmission, and air con-

ditioning.

In order to demonstrate the costing method used in this study, annual
costs of a 10 MW base in the Southeast will be derived step by step. This
demonstration base was assumed to have a diesel generation system and

50 percent conventional absorption air conditioning.

The total capacity necessary at the base was derived from tae peak
elactrical demanc (10 MW) plus the electricity necessary for electric com-
pression air conditioning, which was 4.3 MW. The peak demand of 14.3 MW
was multiplied by 6/5 to arrive at the total capacity of 17.1 MW, con-
sisting of six units of approximately 2.9 MW each. The peak demand can
be met by any five unite. Using Figure A-14, the cost per kilowatt for
a 2.9 MW diesel unit is $165.9. Multiplying 17,100 kW times $165.9 per kW

resulted in a total installed cost of $2,837,000.

Oil-fired generator costs are given in Figure A-15 using plant ca-
pacities expressed in megawatts thermal (MWt). The necessary heating
capacity is 324 million Btu, or 94.9 MWt. From Figure A-15, the unit cost
was found to be $22,300 per MWt; this results in a total cost of $2,116,000

for an oil~fired hot water generator.

The installed cost of hot water transmission lines was based on Fig-
ure A-19. The line length and number of use-points used in deriving
capital costs depended on the assumed configuration of complexes on the

base. The capital costs used in this study are shown in Table C-8.
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Table C-8

INSTALLED COSTS FOR HOT WATER TRANSMISSION LINES
(Millions of Dollars)

;: Base Size
Climate (MW)
5 10 20 40
NC $1.2 $3.1 $6.1 $13.5
SE 1.1 2.8 5.6 12.0
SW 1.1 2.7 5.5 11.5 |

Capital costs for air conditioning equipment were based on Figure
A=21. The example chosen has both conventional absorption and compres-
sion air conditioning chillers. The unit size, unit cost, and total cost

for each were:

i Total Total Cost 3
Unit Size Installed Capacity (thousands ;
(tons) Cost per Ton (tons) of dollars) i
i
Absorption 1,700 $97.0 5,100 $494.7 :
Compression 1,700 75.9 5,100 387.0
Total $881.7

In summary, the capital costs are:

Thousands of Dollar.,

Electric generation $2,837
Hot water generation 2,116
- Hot water transmission 2,838 #
4 Air conditioning 882
'3 Total $8,674
g 75




In order to make comparisons among alternative total energy systems,
the capital costs had to be expressed as a uniform annual cost. This was
done following procedures outlined in AR37-13 "Economic Analysis of Pro-
posed Army Investments, 22 January 1970. The discount rate used in

present value czlculations was 6-1/8 percent, and the economic life used

4 was 25 years.

The uniform annual capital costs were obtained by dividing the in-
stalled costs by the present value factor for $1 invested annually at

6-1/8 percent for 25 vears.

-25
1 - (1.06125) .
Present value = = 12.6329
0.06125

The uniform annual capital cost of the example detailed above is:

$8,674,000

= $686,000
12.6329 . !

Operating and Maintenance Costs

The operating and maintenance costs for each total energy system com-
ponent were calculated individually, based on Bechtel-supplied data, and

then summed to obtain an annual total.

Electrical generator maintenance costs were dependent on the type
of generator and fuel used. For gas and steam turbines the costs were

expressed simply as a cost per kilowatt-hour.

Maintenance costs for diesel generators were expressed as a sum of
a fixed cost based on capacity and a variable cost dependent on fuel and

kilowatt generated.

For the 10 MW diesel base, the operating and maintenance costs for

E the generating system were calculated as follows:




Fixed cost:

$23,800 + $5,000/MW X 17.1 MW = $109, 300
Variable cost:
6
1.4 mills/kWh X 66.315 X 10 kWh = 92,840
Total $202,140

The annual operating and maintenance cost of a hot water generator

of 324 million Piu capacity was $36,000.

Annual operating and maintenance costs for air conditioning were

expressed in Figure A-20 as a function of chiller capacity. The cost for

1,700 ton absorption units was $10,000 per year, and for compression units

$12,200 per year. Since there were three units of each type on the exam-

ple base, the total is:

3 X $10,000 + 3 X $12,200 = $66,600 .

In summary, annual operating and maintenance costs were:

Electric generation $202,140
Hot water generation 36,000
Air conditioning 66,600

Total $304,740

Excluding fuel costs, the annual cost of a diesel total energy sys-
tem at a 10 MW base in the Southeast was estimated to be $686,000 plus

$305,000 for a total of $991,000.

A summary of annualized capital co=ts and annual operating and main-
tenance costs (excluding fuel) for diesel, gas turbine, and steam turbine
TE systems is presented in Table C-9. The diesel and gas turbine systems
are centralized, multiple generating unit systems, while the steam tur-

bine systems are single generating units.
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Table C-10 gives the annual costs, excluding fuel, for single gas

turbine TE systems, and Table C-11 gives the same information for dis-

persed diesel and gas turbine TE systems.

The annual costs for a 20 MW base in the Southeast, excluding fuel
for the cases with heat transmission only to part ol the base (25 percent
for the diesel; 50 percent for the gas turbine), are given in the follow-
1ng tabulation:

Annual Costs

(thousands of dollars)
Capital Operating Total

Diesel 1,250 505 1,755
Gas turbine 1,120 392 1,512

The effect of variations in the heating and cooling load on the
annual costs, excluding fuel, for a gas turbine TE system as a 20 MW base

in the Southeast is shown in the following tabulation:

Percent of Base Casce Load Annual Costs
Air (thousands of dollars)
leat Conditioning Capital Operating Total
100% 0% $ 883 8212 51,095
100 50 1,014 298 1,312
50 50 652 281 933

Fuel Costs

The total annual cost of a TE system includes luel costs as well as
capital and operating costs. Future luel costs are uncertain, and also
vary greatls Trom region to region in the United States, so the eflfect of
fuel costs on the annual cost of TE systems was treated parametrically.
The uniform annual cost of fuel was assumed to vary between $1 and 33 per

million Btu. Thus the total annual costs used in this study were the sum
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Table C-10

ANNUAL COSTS, EXCLUDING FUEL,
FOR SINGLE GAS TURBINE TE SYSTEMS
(Thousands of Dollars)

E Gas Turbine Total

k . ) Annual Costs

- Base Size Capacity Installed

‘. Climate (MW) (MW) Costs Capital {Operating | Total

A SE 10 20 $ 8,648 $ 685 $236 $ 921
Sk 20 30 15,207 1,204 116 1,620
SE 20 40 16, 327 1,293 168 1,761

f; SE 20 50 17,422 1,379 503 1,882

ﬁ, SE 10 80 32,354 2,561 872 3,443
NC 20 40 16,571 1,312 499 1,811

1 sw 20 40 17,430 1,380 172 1,852

.

¥

Table C-11

ANNUAL COSTS, EXCLUDING FUEL, FOR DISPERSED TE SYSTEMS

,{ (Thousands of Dollars)
.é
Annual Costs
Base Size

TE Systen (MW) Capital Operating Total

Diesel 5 $ 372 $163 $ 535
- 10 656 266 . 922
3 20 1,281 477 1,758
3 40 2,305 754 3,069
3 Gas turbine 5 369 136 505
e 10 647 204 851
4 20 1,268 348 1,616
3 40 2,268 619 2,887
"
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of the capital and opcrating costs, cxcluding fucl, plus the fuel consump-

tion times thc assumed fucl crst tor a particular case. For the cxample
developcd above, the fucl consumcd in one ycar was 1,549 billion Btu; if
fuel is 81 ,er million Btu, then the total annual cost was $1,549,000

for fuel plus the annual capital and opcrating costs of $991,000, or

P e T e T

52,540,000,

e

Fuel Consumption for Conventional Systews

Conventional systems consumc fucl on bhase for hecating water and space
heating, and electricity is purchased from a utility. For comparison with
the fuel consumption of TE systems, the fuel consumption of the conven=-
tional system includes, in addition to thc fucl consumed on base, thc fuel
(or energv cquivalent) consumed by the utility to generate the clcctricity
for the base, assuming a heat rate of 10,000 Btu/kWh. Table C-12 gives
the fucl consumption of Lhc convcntional systcm for different climates
and base sizes. The heating cfficiency on basc is 83 percent for an oil-

fired system.

The effcct of load variations on thc fuel consumption for conven-

tional systems is shown in Table C-13.

Costs of Conventional Systcms

Costs for conventional systcems were cstimated using the methods
described above for total cncrgy systems; however, conventional systems

had only two major capital itcms:

(1) Hot water generators 3

(2) Electric comprcssion air conditioning.

Without a heat transmission systcm, cach complex nceds a hot water
generator: thereforc, the individual units are smaller and have a higher

cost pecr MWt of capacity (sec Figurc A-15). Likewise thc operating and
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Table C-12

FUEL CONSUMPTION FOR CONVENTIONAL SYSTEMS

Fuel Consumption
(biTlions ol Btu)
Of f-Base
Base Size On-Base Flectric
Type of Air Conditioning Climate (W) Heating Generation Total
Flectric air conditioning NC 5 765 325 1,080
NC 10 1,511 659 2,170
NC 20 3,022 1,318 b, 310
NC 10 6,013 2,637 8,680
SwW b) 302 101 703
SW 10 606 802 1,108
SW 20 1,211 1,603 2,811
SW 10 2,422 3,207 5,629
SE B} 1541 361 815
SE 10 908 722 1,630
SE 20 1,817 1,122 3,259
SE 10 3,632 2,885 6,517
Double et fect absorption SE 5 I8 301 819
air conditioning SE 10 1,098 602 1,700
SE 20 2,194 1,203 3,397
SE 10 1, 389 2,107 6,796
Table C-13
FUEL CONSUMPTION FOR SELECTED 1.OAD VARIATIONS
FOR 20 MW CONVENTIONAL SYSTEMS IN THE SOUTHEAST
5 ¢ o B € . l Fuel Consumption
C ase Casce lLoa
ST o ol (billions of Btu)
Orr-Bose
Air On-Base Electric
Heat Conditioning fHeat ing Generation Total
1007 0% 1,817 1,203 3,020
100 5()‘ 1,817 L2 3, 110
50 50" 908 1,323 2,231
o+
50 50 1,097 1,203 2,300

L3

Electric aiv conditioning,

+
bouble elffect absorption air conditioning.
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maintenance costs for several small units werc higher than for a single

large installation.

o e b - gk B R A L e et

Annual costs, excluding fuel, for conventional systems are shown in

Table C-14. As with the TE systems, the fuel cost was taken as a param-

e g B S L e

cter.

The cost of electricity for conventional systems was calculated in

;
[
two parts: a demand charge and an energy charge. The demand charge is %
N
based on the peak clectric demand at a base. For example, a 10 MW base f

T L e v T

in the Southeast has a pecak demand of 18.5 MW; if the demand charge is
assumed to be $15,000 per year per MV, then the annual cost is $277,500.
The encrgy charge portion of the electric cost is based on the total kWh

used, and was also treated parametrically. Continuing the above example,

g TR L T g SO E RNt S ORT 3

the total electricity used was 72.2 million kWh. At 1.5¢ per kWh the 4
b
k!
energy charge is $1,083,000. The total clectric cost for one year is ;

$1, 360, 500.

Total annual costs for a conventional system at a 10 MW base in Lhe

Southeast were calculated as summarized in Table C-15.
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Table C-15

ESTIMATION OF TOTAlL ANNUAL COST OF CONVENTIONAIL
1O MW SYSTEM IN SOUTHEAST
(Thousands of Dollars)

Capital costs

Hot water generator
Compression air conditioning

Total

uniform annual cost (¥ 0.07916)

Annual operating and maintenance costs

Hot water generator
Compression air conditioning

Total

Fuel

9
Heat load-Btu x 10
Fuel demand-Btu X 109 (@ 0.83
efficiency)

Annual cost @ $1.00/Btu ¥ 106

Electricity cost

Peak load (MW)
Annual demand charge @ $15,000/MW 278
Electric load (millions of kWh)
Annual energy charge @ 1.5¢/kWh 1,083

Total annual cost $2,824
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Appendix D f
GEOTHERMAL ENERGY 3

Introduction

Projected shortages in supplies of the fossil fuels have prompted
rencwed attention to the possible use of less conventional sources of
energy, such as geothermal resources. The natural steam and hot water

occurring near the earth's surface has, in fact, been employed for pro-

g e e

duction of electric power since 1904 in Italy and since 1960 in the

AT

United States. Morcover, geothermal waters have been used for space

heating in Iceland for an extensive period of time. Attempts to use

geothermal resources are thus not an entirely new undertaking. What is
new is the interest in use of georthermal resources on a scale and in an

integrated fashion not previously contemplated.

This appendix describes the characteristics of geothermal resources,

and prescnts estimates of the costs of geothermal enerpy applications to

military installations.

Characteristics of Geothermal Resources -%

o

Geothermal resources may be defined legally as being " ... the
natural heat of the earth, the energy ... which may be extracted from such

natural heat and all minerals--oi other products obtained from naturally

heated f{luids--hut excluding oil, hycrocarbon gas or other hyd carbon

" .
substances."' In a technical sense, geouthermal resources are | ous rocks

‘Sectinn 6903, Chapter 3, Division 6, Public Resources Code of California.
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containing water or steam at temperatures from 150°C to 650°C. The heat

energy stored in these rocks may be conveyed to the surface by extraction
of the associated liquids. Thus, there are two basic components to a
geothermal system:
¢ A source of heat (regional heat flow or local igneous
intrusion).

=
¢ Circulating water.

Rocks constituting geothermal reservoirs can be of practically any
type or age if they are relatively porous and permeable and "preferably
sufficiently brittle to sustain open fractures at elevated temperatures.a
Although no specific petrological association has been established, acidic
volcanic rocks seem to be more closely associated with certain geothermal
prospects than are the more basic rocks. These acidic rocks include
rhyolite and dacite, which occur in some abundance in the contiguous
states west of the 100th meridian, along the region of the western moun-

tain states, and especially along the continental margin.
Four types of geothermal systems have been recognized:3

(1) Normal geothermal gradient and heat flow, such as occur
on continental masses and in most ocean basins. The geo-
pressured systems occurring in the Gulf Coast area are of
this type.

(2) Higher than normal geothermal gradient and conductive
heat flow, such as along the world rift zone. The Gulf
of California area is of this type as are the dry, hot
rock areas.

ED. E. White, L.J.P. Muffler, and A. H. Truesdell, "Vapor—Dominated Hycdro-
thermal Systems Compared with Hot-Water Systems,' Economic Geology, V. 66,
pp. 75-97 (1871).

°L. T. Grose, 'Geothermal Energy: Geology, Exploration, and Developments,"
Parts I and II; Colorado School of Mines, Mineral Industries Bulletin,
Vol. 14, No. 6 (November 1971) and Vol. 15, No. 1 (January 1972).
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(3) Hot spring areas with convective transfer of most of the
total heat flow in shallow depths by circulating water ;
and dry steam. The Geysers arcea is of ihis type.

(4) Composite hydrothermal systems with both convective and *
conductive heat transfer, representing a combination of
tvpes (2) and (3) and emphasizing hot water. Heat flow
to the surface is appreciably lower from these systems .
than from hot springs. The Salton Sea-Imperial Valley
system is of this type.

A more detailed description of each of the above systems is presented é

to better illustrate the characteristics of the principal geothermal re- 3

source areas of the United States, drawn largely from the work of White ;

2
et al. 3

Dry Steam Systems

These systems are vapor-dominated and are exemplified by The Geysers

i "o, . y ,
area. (Actually, the name "The Geysers 1is an unfortunate misnomer. The §

arca has never had true geysers, which are restricted to hot water sys-

tems.) Near surface rocks at this area are relatively tight and incompe- i
4 tent, but still allow quantities of meteoric or near surface ground water

to penetrate to some depth and saturate the rocks. Heat is transferred

by conduction and circulating water into surrounding rocks that have some

permeability. Because ol the initial thermal expansion and resulting 1
decrease in density of the heated water, a hot water convection system

is initiated. The water flow rate, rock temperature, and depth helow the
surface all determine whether boiling occurs. To a certain extent, the
system is self-regulating in heat removal. Where there is a substantial

heat supply or decreasing rate of water supply, a hot water system of

limited permeability may start to boil off more water than inflow can

. " " "
replace, and a vapor-dominated or ‘dry-steam system may lorm.

o




Pressures throughout the geothermal reservoir will be controlled by
the total vapor pressure at the boiling water table, modified by fric-
tional resistance to the upward flow of vapor and by the weight of the
vapor itself. Near the top of the reservoir, some steam may condense
and other gases (e.g., C02, H2S) having different vapor pressures may ke
residually concentrated. A general model of vapor-dominated geothermal

2
systems is illustrated in the work of White et al.

At The Geysers, temperatures of shallow welis (<350 m) show a rather
close relationship to the reference Loiling curve for hydrostatic pres-
sure of pure water, according to White et al. This lends support to the
interpretation that most water in the system is of meteoric origin. Also,
it suggests that pure, liquid water condenses from rising steam at the
boiling water table level and fills most of the pore spaces. This con-
densed water provides a buffering control over temperatures and pressures
in the zone of upflowing fluids. Although temperatures at The Geysers
increase irregularly with depth, they are probably along or near the
hydrostatic boiling point curve (dissolved solids or gases may cause tem-
peratures or pressures to exceed the limits for pure water). Typical
wells at The Geysers produce dry or superheated steam containing 1% to

5% CO2 and normally less than 1 ppm chloride.

Hot Water Systems

These systems are generally found in permeable sedimentary or vol-
canic rocks in which meteoric water penetrates to considerable depths and
2re exemplified by the Imperial Valley region. Temperatures of many ex-
plored hot water systems increase with depth to a base temperature that
varies with each system. The meteoric water is heated to its base temper-
ature by rock conduction. The heated water may rise in the system accord-
ing to the water :irculation pattern. As the water rises, hydrostatic

pressure decreases, and eventually a level may be attained at which
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pressure is low enough for boiling to take place. A range of tempera-
tures and water chemistry may be associated with hot water geothermal
systems many occurring in the same general area; such systems are quite
complex.

Jdot water systems have high contents of salts such as alkali chlo-

rides, SiOD, and boron and arsenic compounds. They have a high potential

for self-sealing by means of deposition of minerals in outlet channels.
SiO2 is the most important constituent for the self-sealing of high tem-
perature systems because quartz is so abundant and its solubility in-
creases so much with temperature. Quartz dissolves rapidly at high tem-
peratures, and wshen quartz-saturated waters are cooled, the quartz
precipitates readily to about 1800C. Calcite, zeolites, and other miner-
als are also effective to a lessevr degree in producing self-sealing.
Self-sealing is likely to be most extensive where temperatures decrecasc
most rapidiy. In this regard, it was Suggested4 that the microearthquake
movements in geothermal areas were necessary to keep the channels open and
prevent mineral deposits from curtailing water cireulation needed to make

the system function. Clearly, however, further work is required on this

aspect of research into geothermal mechanisws.

The foregoing briefl description of the mechanisms of typing geo-

thermal reservoirs may be synthesized to indicate characteristics of paten-

o
tially commercial reservoirs as listed below:

. . O
e Reservoir or base temperature of 200 C, necessary to sus-
tain power generation of 100 MW or more in conventional
O
steam plants. Temperature greater than 300 C lead to waters

with too high chemical content.

kA. L. Lange,
Somona County, California,” J.
pp. 4377-4378 (1969).

“J. W. Feiss, 'Geothermal Energy:
.8. Potential,' Manuscript (1970).
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Reservoir volume of several tens of cubic km.

Rock permeability (or fractures) sufficient to permit water/
steam flow.

Reservoirs at moderate depths, accessible to drilling.

Low permeability reservoir cap rock with low thermal con-
ductivity to prevent loss of fluids and heat.

Sufficient long term fluid recharge into the system.

L.ow quantities of dissolved solids.

Large heat source to maintain high temperatures for at least

20 to 30 year life.
Clearly, these characteristics will not be present at each prospective
geothermal site, and it will be necessary to conduct systematic explora-

tion programs to identify the sitc=s that warrant further development.

Geopressured Systems

The term 'geopressure'' was coined by Stewart  to describe abnormally
high subsurface fluid pressure, and was later defined by Dickenson7 as:

Any pressure which exceeds the hydrostatic pressure of a column

of water extending from the stratum tapped by the well to the

land surface containing 80,000 mg/1 total solids.
Jones has poianted out that geopressure may also be expressed in terms of
the geostatic ratio, which is the observed fluid pressure in aquifer due
to weight of overlying deposits at aquifer depth. Because the average
density of all rocks in the stratigraphic column changes slowly with
depth, thne geostatic load at any given depth is approximately equal to

1.0. Therelnre. any observed subsurface fluid pressure for which the

5 " .
Cited in: P. H. Jones, Hydrodynamics of Geopressure in the Northern Gulf
of Mexico Basin," Jour. Petroleum Technology, pp. 803-810 (July 1969).

G. Dickenson, "Reservoir Pressures in Gulf Coast Louisiana,: Bull. Am.
Assoc. Petroleum Geologists, Vol. 37, pp. 410-432 (1953).
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geostatic ratio is between the pressure exerted by a water column ol
appropriate depth (0.465 psi/It) and the pressure exerted by a column of
sedimentary rocks at that depth (1.0 psi/tft), is by the above detinition,

a geopressure reservoir.

The geopressured resources theretore difter I'rom the previously de-

scribed types in both the source of thermal waters and in the hydrology
of the systems. Thermal waters of this type do not ocecur in volcanic
regimes but in deep sedimentary basins far from zones ol active volcanism.

The geopressure reservoirs are not dependent on recharge, deep circula-

tion, and heating ol meteoric water: rather, their thermal waters are

derived From the sediments themselves. Although tFluid depletion will
czeur upon development, the large amount ol water in storage offers the

prospect lor econtinuing development at substantial scales.

The geochemical and geophysical leatures of geopressure reservoirs

may be summarized as lollows:

e Salinityv--usually Jdecreases within the reservoire with in-
creasing depth.

®¢ Geotemperature regime--no apparent relationship between the
average geothermal gradient and the geostatic ratio. How-
ever, localized relations hetween reservoir temperature and
geostatic ratio have been obhserved, emphasizing the neect
For data over short depth intervals in particular localities.

¢ Clav-mineral abundance--the clay mineral abundance ratio is
markedly dependent on temperature. The content ol monimo-
rillonite sharply decreases in geopressured zones. Heating
ol fine-grained sediments that promotes diagensis of mont-
morillonite vields lree pore water in an amount equal to
about half the volume ol the clay altered, and thereby
increases the fluid content of the sediments.

P. H. Jones, "Geothermal Resonrces of the sSorthern Gull of Mexico Basin,'
Geothermics, Special Issue No. 2, Vol. 2, pp. 1-26 (1970).




The basic sequence of eveats leading to geopressure development

described by dones:

Rapid deposition of Jeltare sodiments composed tavgely or
montmortltonite (80 percent or more) was accompanied by
contemporancous lautts that compartmentalized the strata

prior to escape obf their interstitcal saline water.

Fintd pressures in these compartwentalized rescervoirs
increased with deepening burial, and heating of the deposits
accompanied such burial.,

Undercompacted ctay beds subjected to tnercasing overburden
foad tost water to interbedded sands, in which case the
water I'towed 1n the direction ofb pressure release. Closure
ol avenues of extt tor this water through fautting ted to a
rapid rise in {lurd pressures tn the compartmentalized

reservolrs.

As peopressure incrcased, water escaped ivitially through
the clav beds overlving sandstone agui tere,  llowever,
osmotic torces acveloped as clay beds served as senmiperme-
able membrancs aud salinity increases in the zone of cseape
occurred.  Osmotic Forces opposing water es ape rom the
reservolr ancreased untait oan equilibrium with geopressure

was achieved and flow ceased.

Thermal dehydrativon and diagensis of montwori 1 loni te
produced interstitiat Fresh water in substantial amounts,
markedty increasing Ftuid pressure and decreasing salinity
while at the same time reduciung the bulk densit v load-

bearing strength and thermal conductivity ot the clay beds.

As upward water tlow was restricted, the vate ol heat Ttow

was greatly reduced, and the geopressured reservoirs became
overheated.  As reservoir temperature rose, the vapor pres-
sure increased, water became less dense, osmotic torees were

strengthened, and reservoir pressure increased urther.

These stages took place in a dynamic environment, in which
structurat delormation, Flow, and precipitation of dissolved
solids took place.  Precipitation ol mineral matter at the
upper parts of clay beds or along taults Turther helped to

isotate the peopressured reservoirs.

Production ol peothermal rescervoirs will be a depletion

process.  llowever, the volume of geothermal fluids (heated

water contaming drssotved gases) is substantial.  The

was




amount of depletion and the rate with which 1t 1s practiced

will depend on the character ol individual rescrvoirs.

ry, Hot Rock Svstems

The possibility of recoveving geothermal energy from dry, hot rock

svatems has received inereasing attention in recent vears.  There are
. 0 . L EAR

numerous regions ol the carth's crust containing hot rocks without any
significant quantities ot recoverable hot water or steam that occur at
moderate depths.  The basic principle of the method is to cmulate the
main heat transter nochanism existing in natural vapor-dominated geo-
thermatl systems, where heat is transferred from permeable hot rocks at

depth to near-surfuce rescrvoirs by the convective Flow ofbf water.

The cencept ol the prospective dry hot rock system 1s to create
fractures in such rock masses, cither by hydrofracturing, conventional
explosives, or nuclear explosives. Water would be introduced into these
fractures, where it would be heated by the surrounding rocks.  The heated
water could be tapped, it is postulated, in a manner similar to that used

in either dry steam or hot water geothermal systoems.

This approach to geothermal resource development is at a very early
expervimental stage. The First drilling work into dry, hot rocks remains

to be conducted. It remains to be demonstrated that fractures can be

“Qee, Tor example, Brown, D. W. et at., A New Method for Extracting Energy
trom 'dry' Geothermal Reservoirs,  lLos Alamos Scientific Laboratory,
Report 1A=DC-72-115, September 20, 1972 and b. b. Blackwell and C. Baag,
"Heat Flow in o Blind Geothermal Arca near Maryvsville, \lonLnn:l," in press
for Geophysics.

+
ldentiTiable by regions of high geothermal gradient or heat Tlow.
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induced and sustarned 1n such materaal. 1Tt 1s not c¢lear that water in-
troduced into fractures will be contained in any cavity wrthout continued
recharge to replace that which leaks out along joints and cleavage planes.
Finally, it is not c¢lear that the proposed mechanism for extraction of
energy from dry, hot rocks will resemble the natural vapor-dominated geo-
thermal systems it secks to duplicate, even if the above uncertaintices
prove to be no problem, because in fact natural vapor-dominated geothermal
syvstems are not at all well understood. 1f successful at all, it appears
that drv, hot rock geothermal svstems will not provide benefits until fur

i the luature.

xploration

Delineation ol geothermal resources requires a systematic exploration
program that integrates geologreal, geophysical, and geochemical tech-
niques. An appropriate program should determine with reasonable accuracy
the existence, extent, and character of the geothermal Tields. Systematic
exploration work is required. At present, geothermal exploration is analo-
gous to the carly davs of orl exptoration when attention was concentrated
in areas ol oil seeps--efforts are focused on creas ol surface heat leakage
such as thermal springs.  One unresolved problem in geothermal resource de-
velopment is the means to discover large hidden lreat reservoirs in which
surface manilestations are not obvious. Not until then does it appear that

geothermal resources can become other than iocally attractive.

Exploratron methods for geothermal resourvces are summarized as

follows:

Geologreal methods
- Types of peometry ol structural leatures

- Lithology and character ol porous/permeable rocks




- Nature and extent of hydrothermal alteration and mineral

deposition
- Modern thermal springs
e Geophysical methods
- Surface temperature and heat ftlow measuremelrts
- Electirical resistivity measurements
- Gravity methods
- Magnetic surveys
- Seismie methods
¢ Geochemical methods
- Chioride content
- Silica content

- Na/K ratio.

Ceologic methods reveal the thermal history and evolution of the area,
give clues as to how the thermai activity relates to basic geology, and
enable interpretation of how long the system has been active. Geophysical
methods seek to measure the principal relationships between physical
parameters of the site and geothermal phenomena--e.¢., electrical resis-
tivity measurements give the direct relationship between fluid content,
temperature, and electrical conductivity. Geochemical methods attempt

to determine the chemical character of the heated waters to use these

data as indicators ol the likely range of subsurface conditions in the
geothermal reservoir (e.g., size, extent, volume, and permeability

character).

When exploration methods reveal promising geothermal indicaticvns, a
program of drilling is usually undertaken, much the sawme as in exploration
for petroleum or naturaf gas. Furthermore, the equipment and procedures

used in this work are ctosely related (if not entirely identical) to that
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used in development of oil and gas. However, it was noted that basic

s

differences do exist between betroleum and geotbermal fluid reservoirs,

LA . j 8}
although thev are similar in many respects. Some key differences are: :

Geothermal systems are single eomponent systems in contrast
to mul ticomponent hydrocarbon systems.

* lleat effects are much larger for water than for hydrocarbon
systems.

|

* Natural steam may or may not be isothermal, while petroleum
is normally considered to he isothermal.

I A

¢ Two-phase geothermal reservoirs should follow nonisothermal i
paths during Tluid depletion. *

* Liquids at pore volume saturations less than or equal to
those for isothermal reservoirs can boil in geothermal
reservoirs and be recovered as steam, unless suppressed by
surface tension effects. This situation is complicated by
dissolved salts that lower the vapor pressure, leading to
very complex phase equilibria whose characteristics aro
imperfectly understood.

* Water influx may vary from steady to unsteady.

* Complete thermodynamic equilibrium may not be a reasonable
assumption for an entire reservoir.

®* The temperature-depth profile in reservoirs would be time-
dependent and a function of specific reservoir geometry and
degree of filling.

Finally, Whiting and Ramey note that:
Geothermal fluid systems shouid exist at thermal and hydraulic

equilibrium. The heat conduction to the bottom of the reservoir
should essentially equal the heat loss by conduetion from the

l tr :
G. V. Cady, 1. 1,. Bilhartz, Jr., and H. J. Ramey, Jr., "Model Studies
of Geothermal Steam Production,”" Presented at AICLE 71st National
Meeting, ballas, Texas, February 20-23, 1972,

*

1 e . :
R. L. Whiting and 1. J. Ramey, Jr., "Application of Material and Energy
Balances to Geothermal Steam Production,” J.

pPp. 893-900 (July 1969).

Petroleum Techno logy,
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top of the reservoir. This balance could be upset only if
production results in significent reservoir temperature change.
Even in this event, terrestrial heat conduction takes place at
siuch a slow rate that reservoir performance should not be af-
fected over time periods involved in normal forecasting (50
vears).
This lends encouragement that, recognizing the complexity of the
systems and the need to arrive at a better unders tanding of their char-

acteristics, geothermal resources can be used to sustain developments for

considerable periods of time.

Costs of Geothermal TE Systems

System Descriptions

To arrive at cost estimates for a base using a geothermal power
source, short of an exhaustive design study, one typical base size and
location were selected and two different types of geothermal sources were

considered.

A base was selected in the "southeast' climate type, having a peak

8
electrical load of 20 MW and a peak thermal load of about 4.8 > 10 Btu/hr.

8
The corresponding annual loads are 1.2 ¥ 10 kWh electric and about
)
1.8 ¥ 1()l~ Btu thermal. Thus, the annual thermal load in this case is

about 4-1/2 times the annual electrie load.

Both dry steam aund "steam plus water' type sources were considered.
The dry steam was assumed to be provided at 3550F and 1144 psia at the
plant. The steam plus water source was assumed to yield 29 percent satu-
rated steam and the rest water, all at 355 F and 141 psia from an under-
ground reservoir at 5727 F. Explicit consideration was not given to extreme
cases of corrosives, or presence of large amounts of salts or solids.
Individual consideration is always required for each specific well to

estimate the importance of these effects.




Individual systems were eonstdered for the two geothermal source
! 24

types, as shown in Figures D-1 and p-2. Eaeh system uses a 20 MW turbine/

eondenser ‘generator subsystem designed for
s A 4

low pressure geothermal sources.

The heat exXxehangers for euach system are designed to feed high temperature

wvater (MTW) base systems operating between 330°F and 170 F.  Flow rates

and water return temperatures shown on the figures correspond to peak

load conditions. The heat exchangers for the water plus steam system

are sized to aceommodate the necessary variaticns in the ratio of electric

to thermal demand and the ratio of water to steam under changing load

eondi tions.

To estimate the well output hecessary to provide the required peak

loads, typieal values of 18 pounds of steam per kW and heat exchanger

effieiency of 92 pereent were assumed.

From the considerations above,

the flows required from the geothermal source are ealeulated and presented

in Table D-1. Here, welt lifetimes of about 8 years and well suceess

‘ates of 75 pereent are assumed in the estimates given; the flows per

well shown are typieal.

Costs

. . . . ¥ . 1
There are four major eategories of caprtal costs, exploration,

drilling, wellhead equipnment,

e

and colleetion pipework.,

There is no real upper limit to the amount that may be spent on

exploration, but 83 million 1s g typieal figure that is spent in areas

where prospects are tikely. The bulk of this is spent at the start.

B am——

The cost of drilling is about $60 thousand per production bore for

typieal geothermal depths. At the assumed 75 percent sueecess rate, the

estimate would be $80 thousand per suecessful produetion hore.

1« p
H. Christopher Ii. Armstead, ”Genthermal Economies,"

in Geothermal Energy,
Earth Sciences 12, Unesco (1973).
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Table D-1

WELI. REQUIREMENTS

Dry Steam Water Plus Steam

5 6
Flow required lb/hr 8.6 x 10° 2.2 X 10

5 5
Flow per well 1b/hr 10 2 x 10
Average number of wells
operating at one time 9 11

Number of wells required
over 25-year span 27 33

Number of wells to «drill
at 75 percent success
rate 36 44

The wellhead equipment, consisting of separator, silencer, valving
H ;5 ’ ;5)
integral pipework, and instrumentaticn, is typically about $35 thousand

per (successful) production bore.

The collection pipevork estimate is based on a maximum steam velocity

of 150 ft/sec and a maximum water velocity of 10 'Tt/sec. Table D-2 gives

Table D-2

COLLECTION P1PEWORK REQU1REMENTS

Water Wet Steam Dry Steam

Inside diameter (inches) 12 18 27

Number of pipes required 1 1 1




the resulting requirements. Using $90/ft for steam pipe installed above
ground and $120/ft for water pipe installed above ground and allowing

40 percent of the main line estimate for branch lines, the cost for one
mile would be $887 thousand for the water lines and 3665 thousand for

the steam pipework. The steam pipework estimate includes lagging, ex-
pansion facilities, traps, and suitable valving. The water pipework esti-
mate must include 3600 thousand for terminal equipment, consisting of

pumps, heac tanl, flash equipment and control gear.

Recurring costslk are cstimated as follows: Capital charges are
based on an 8-year life for nores and 25 years for wellhead gear and col-
lection pipework. Bore replacement cost, tncluding moving wellhead gearv
and extending collection pipework, is estimated at $15 thousand. Opera-
tion, repairs, and maintenance on wellhead equipment and bores is esti-
mated at 2 percent per annum of the total cost of wellhead equipment plus

drilling cost for the operating bores.

The capital cost of the power plant is based on $200/kW, which in-
cludes buildings, cooling water facilities and an allowance for the heat
exchangers. The operating cost is based on 2.5 mills/kWh and the

W20 % 108 kW-hr annual load.

Heat exchangers meeting the specifications shown can be built and
i LaCl : 7 3
installed for approximately $225 thousand for the dry steam system, and

$390 thousand for the water plus steam system.

18
G. Phillips, South West Engineering Co., Los Angeles, California
Personal Communication (1973).
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Appendix E

SOLAR ENLRGY

Introduction

In considering solar applications, the objective was to find the
extent that the sun could be used to supplant conventional fuels as a
source of electric power and heat for such purposes as space heating and
cooling for homes, barracks, offices, operations building and the other

buildings in a military base. The military base has a need for cnergy

or heat at various intensity or temperature levels., ‘The highest temper-
ature is necded for production of clectric power. The next highest
levels are needed for hospital sterilization, launiry, and kitchen
applications. Heat energy at this level or below can be used for space
conditioning if absorption refrigerators are used to replace compression
ones. lot water and space heating represent the lowest end use temper-

atures required,

various schemes can be used to apply solar energy to produce the
various temperatures needed. Several of these, which are applicable for
y 3
use in "'Solar Communitios," have heen recently described by Pope, ct. al.

In this paper and a companion one,” the conclusion was rcached that a

cascaded system that used heat cnergy inefficiently for eclectric generation

bl

R. B. Pope, W. P, Schimmel, Jr,, D. 0. Lee, W. H, McCullock, and 8B, E,
Bader, “"A Combination of Solar Energy and the Total knergy Concept==The
Solar Community,' Sandia lLaboratories SLA-73-5318. Presented at the Bth
Intersociety Energy Conversion Engineering Conference, Augnst 13-17, 1973,

ot D7 Pope, and W. P, Schimmel, Jr., "The Solar Community and the Cas-
caded Fnergy Concept Applied to a Single House and a Small Subdivision, "
a Status Report, Sandia Laboratories SLA-73-0357 (May 1973),

PR —————
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in a turbine but which used the turbine "waste' heat for space condition-

ing and water heating was optimum, Except for small differences in load
patterns and ratios of heat to clectricity demand, military bases can be

expected to resemble the solar community considered by Pope,

This cascade approach was also chosen for the case in the present
study that used solar energy for clectric generation as well as for space
condiitioning and hot water, Rather than using the combination selected
by Pope--focusing devi‘es to collect solar energy and 'low efficiency"
absorbers--this study used flat platc collectors with "high efficiency”
absorbers, Flat jlate collectors use bhoth diffuse and direct racdiation
and thus use more of the availabhle solar energy. Even in the clear sky
areas of the southwest, 10 to 20 percent of the total radiation is dif-
fuse (see p. 344 of Ref, 3). A second case used a flat plate collector
with "low efficiency’ only for space conditioning and hot water. As
shown later, the conversion of solar energy by the two collectors is

about the same i:: the two cases.

In testing the suitability of solar energy systems for military
bases, the variable nature of solar radiation must be considered, Sun-
light is an effective energy source from 8 to 10 hours per day in good
veather. 1In addition to the hourly variations, its intensity varies
with season, latitude, and the various factors that influence cloud
cover, The latitude and seasonal (declination of the sun) variations

can be partially compensated for by adjustment of collector tilt,

Data on solar insolation indicate that large contiguous arcas have
similar quantities of available sunlight. Inspection of solar insolation

maps leads to the conclusion that the southwestern region--encompassing

°H. C. Hottel, and J. B. Howard, ''New Energy Technology--Some Facts and
Assessments, MIT Press, Cambridge, Massachusetts (1971),
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western Texas, New Mexico, Arizona, southern Nevada, and the desert re-

gions of California--is the most favorable. Other regions of apparently
favorable solar insolation include a southern and an upper central states
region. The former includes the southern portions of castern Texas,
Louisiana, Mississippi, Alabama, Grorgia, and North and South Carolina,
The latter includes castern Montana and Wyoming, North and South Dakota.
Nebraska, Kansas, and western ITowa and Minnesota. The insolation on these
regions was used as the basis of the analyses of solar energy use on mili-

tary bases,

The analysis considered the primary isolation, its conversion into
heat through use of the two collectors mentioned above, heat storage,
and the use of that heat either through a combined clectric power-heat

distribution system or through a simple, heat-only system,

Collectors

The bhasic factors determining collector periormance are the solar
input and output (waste heat) radiation rates. Input factors that can
be influenced by collector design are the transmission through the cover
to the absorber unit, and the absorber's ability to retain the radiation.
Output is dominated by the temperature of the absorber and its emissivity,
Commonly accepted transmission factors were chosen for incoming radiation
and absorptivity, two operating temperatures fc— absorbers (namely 325°F
and 207'F) and collector emissivities of 0,05 and 0,20, Single trans-
mission and absorption factors werc used, thereby neglecting the effects
of the angle of solar incidence on these quantities. An emissivity of
0.05 has heen achieved with specially manufactured films. The same over-
all efficiency may be reached through a combination of higher emissivity

films and one-way transmission glass coatings. Emissivities of 0.20 to

0.35 have been demonstrated by certain oxide coatings and such surfaces as

e g N R gomalie lias fe e



flame-sprayed tungsten carbide containing some cobaiti. Overall coeffi-
cients of 0.15 and 0.30 were used in the calculations in order to account

for convection and conduction losses.

Efficiencies under a range of daily insolation conditions of the two
collectors were calculated using the simplified equations of Hottel and
ltoward (see pp. 348-3149 of Ref, 3). The daily average insolation was
assumed in each case to be distributed over 8 hours, with hourly varia-
tions corresponting to those of a typical El Paso June day. This effi-
ciency of collection is slightly overstated because the entire insolation
was assigned to 8 productive hours. Some of this would be delivered at
low rates and thus not collected, On the other hand, the collector effi-
ciency will be understated because the temperature at the collector output
is assumed to pertain over the entire collector surface when in fact it
does not. The input heat exchange fluid will be at a temperature below
that assumed (and desired) at the output, and thus, the input end of the

collector will lose heat through radiation at a lower rate than calculated,

The results of the calculations are shown in Figure E-1,

Energy Collected

The solar collectors were assumed to be tilted to an angle with the
horizon of 10° more than the latitude. The collector efficiency varies
with the amount of solar insolation, The efficiency of the collectors

as a function of the daily solar insolation is shown in Figure E-1.

The calculations of solar energy collection for this study were
based on daily solar insolation data from a few stations in each of the
three climatic regions--North Central, Southeast, and Southwest. Table
E-1 gives the average daily heat collection and annual totals by the two

types of collectors for each of the five representative days of the year.
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FIGURE E't  HEAT COLLECTION EFFICIENCY AS A FUNCTION OF DAILY INSOLATION

Table E-1

AVERAGE DAILY HEAT COLLECTION OF SOLAR COLLECTORS

(Btu’/sq ft)

Type of day
High heating
Moderate heating

No spacce heating
or cooling

Moderate cooling

High cooling

Annual total

Heating and Flectric Generation
Cooling Svstem System

NC SE Sw NC SE Sw
1,015 1,107 1,176 904 996 1,384
L, 292 1,107 1,660 1,181 996 1,587
1,660 1,292 1,703 1,587 1,181 1,697
1,476 1,384 1,753 1,384 1,29 1,697
1,753 1,476 1,754 1,697 1,384 1,697
477,000 {155,000 | 621,000 | 440,000 | -116,000 | 598,000




Two sizes of collector were used for the solar enerry system for
heating and cooling only. In one case (medium collector) the collector
was sized to meet the thermal load on a moder.te heat day with average
insolation. The second case (small colleector) assumes collectors half
that size. For the electric generation case, the collector was sized
to meet the thermal load on a no space heating or cooling day, with
average insolation. The resulting collector sizes ‘o meet these heat

demands for a 10 MW base are shown in the following tabulation:

Collector Size
(millions of ft )}
Solar Energy System NC SE SW

lteating and cooling only

Medium collector 2.52 2.44 1.42
Small collector 1.26 1,22 0,71
Electric generation 2.44 3.29 2y 29

Supplementary energy is required during periods when the energy
loads exceed the energy obtained from the collectors or available from
the thermal storage. When energy collected exceeds the demands and the
capacity of the thermal storage, the excess energy cannot be utilized.
The energy collected by the system but not utilized was determined by
relating the daily variations in solar insolation to the heat demands

on the representative days.

The amount of solar heat utilized annually for each of the cases

is given in the following tabulation:

Solar lleat Utilized Annually
(billions of Btu)
Solar Energy System NC SE Sw

Heating and cooling only

Medium collector 877 wud 714
Small collector 535 4196 390
Electric generation 1,002 1,229 1,283
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Thermal Storage

The limited availability of solar energy (about 8 hours per day)
and the variability ~f the quantity collectable make cnergy storage an
essential part of any solar system, Two storage systems were chosen,
operating around 200" F and 350°F, to mate with the two energy utiliza-

tion svstems (and collectors).

Thermal storage at around 200 F can be achieved most simply by
using the heat capacity of water or crushed rock., Storage at 323 F or
above could use the heat changes accompanying phase transitions or heat

capacity effects in rocks.

High boiling »Hrganic materials (such as Santowax M) and liquid
metals (such as mercury or sodium) can be used for storage ac the higher
temperatures necessary to produce steam and drive a steam turhine. Mlow-
ever, the storage system should produce steam at nearly constant temper-
ature to simplify the turbogenerator design and operation, A phase change
system using a simple metal or salt or an eutectic mixture might be found
for the temperature range desired, (Organic materials of appropriate
characteristics might be found.) Particularly, salt mixtures with the
approxinate temperature requirements should be available. These might
have heat storage capacities (fusion only) of 25 to 30 Btu per pound,

The heat capacity of such salt mixtures should range between 0,25 and
0.50 Btu per pound, Thus an eutectic mixture could supp’'v as much as

75 Btu per pound with a 50°F temperature differential.

A rock heat storage system can be used to produce a uniform exit
temperazture for most of its available heat capacity. Heat is added to
the storage bin when the heat exchange mecdium moves in a forward direc-
tion: heat is extracted from the storage bin by reversing the direction
of the heat exchange fluid., This is in contrast to the performance avail-

able from liquid storage systems, The rocks are fixed and have low heai
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vonductivity. Flow of a heat e¢xchange fluid across the :ocks heats suc-
cessive lavers to the temperature of the incoming fluid that is bringing
in heat or heats of outgoing fluid that is extracting heat from storapge
to the temperature ol the hottest po.nt (that nearest the exit in the

heat extraction case).

Rock systems are neot as efficient as most of the other tvpes of
storage systems in heat storag in a volume or weight sense, but they
require less expensive containers and contents. A rock svstem might
have a heat canucity of 0,2 Btu per pound per F (20 Btu per cubic foot
per "F). If the rock system is operative with an overall temperature
drop of 50 F and this full drop is effective for 80 percent of the total
svstem, then the capacity would be 800 Btu per cubic foot without sub-

stantial temperature change,

Rock systems can be used for the low temperature system (200 F) as
well as for the 350 F system., Water systems have capacities of 1 Btu per
pound per F. A 50 degree drop permits storage of 50 Btu per pound or
over 4,000 Btu per cubic foot, 1In usual applications, the temperature
of cach part of the water storage tank will be covered simul taneously
becausce convection currents will tend to keep the temperature uniform,
Thus the temperature achievable by the output heat exchange fluid will

drop as heat is extracted,

Energy Usc

The output from the collector or storage subsyster. can be delivered
as hot water (approximately 200 F) directly to a complex of buildings.
It can also bhe delivered as low temperature steam (approximately 325 F
to 350 F) to a turbogenerator., The turbogenerator, operating between
325 F and 190°F, will have a practical efficiency of about 12 percent in

converting heat energy to clectricity. The residual heat energy, in the

i e -
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form of hot water, can be pumped throughout the building complex. This
water is sufficiently hot to drive absorption refrigerators or air chil-

lers for refrigeration and air-conditioning needs,

Costs of Components

The solar heating systems will be constructed of a mixture of common
and unique components. Solar collectors of any kind are not available
commercially., Detailed designs for the conceptual systems used as the
hasis of the ecalculations of solar heat availability have not been made
so the cost estimates offered here must be viewed as preliminary and

uncertain,

Heat storage using rocks or water as the primary storage element
has been practiced on a small scale and the costs of concrete vaults or

tankage and their construction and installation are well established.

Production of a few thousand units of household-size water-heaters
by several manufacturers in the United States and Israel in the period
immediately preceding 1962 was reported to cost from $5.95 to $8.90 per
square foot of collector surface for the entire system of collector,
storaye tank, and auxiliary piping.4 From this data and their own ex-
perience, Tvbot and Lof suggest that $2.00 to 84,00 per square foot
should be the cost of manufacture of collectors alone., They quote mate-
rials costs ranging from $0,90 to $1.90 per square foot of collector for

a simple glass-covered black metal absorber collector.

Currently, a small scale manufacturer of plastic solar heaters for
swimming pool application sells his product for %1.75 per square foot, *

This price includes a minimum amount of auxiliary plastic piping. The

*R. A. Tybot, and G.0.G. L&f, 'solar House lleating,” Natural Resources
Journal, Vol. 10, No, 2, pp. 284-6, April 1970,

*
Information quotation, FAFCO, Redwood City, California,
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heater is not covered,

as would be required for most applications, ani

is made of low density polyethylene, a material unsuited for hot water

or steam use. A recent undocumented statement places current costs tor

collectors capable of producing hot water fo. domestic purpose (140°F to

150° F range probably) at $18 per square meter (51.67 per square foot),

and project costs of $15 per square meter ($1,40 per square foot) or less.”

In the present study, the materials cost of the unit shown in ¥
E=2, w

igure

hich represents a possible configuration for the 1ow efficiency-1ow

temperature collector, was estimated to range from a low of $1.69 to a

high of 81,99 per square foot, with the materials of construction heing

limited to aluminum, glass, and plastic. Delivered costs might be arprox-

imately 82,55 to $4.00 per square foot--about 50 to 100 percent abo' e the

materials cost,
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FIGURE E-2 Low TEMPERATURE COLLECTOR SCHEMATIC

FOR HOT WATER SYSTEM

R. S. Godfrey, ed,, "Building Construction Cost Data 1972, "

Robert Snow
Construction Company, Duxbury, Massachusetts,




These units must be installed on some inclined frame. A simple
metal irame field-installed is estimated to cost approximately $0.,20 to
$0.25 per square foot of collector supported., Installation of collectors
on the frame will probably cost a minimum of $0.10 to $0,25 per square
foot of collector. If allowance is made for normal overhead and profit
(25 percent) on the total value, costs of this instezlled collector can
run from $3.56 to $5.63 per square foot. (The costs quoted are hased

primarily on costs and prices applicable in 1971 or early 1972),

Considering the current price of the solar pool unit at $1.75 per
square foot, a price of perhaps $2,50 per square foot for an all-plastic
heating system capable of operation at 200  F might be attainable, This
price would pertain only if the manufacturing operations were large volume
~nes. The plastic cover would require periodic replacement, perhaps every
“ive vears if the collector efficiency were to be maintained., The
installation, including frame, of the plastic collectors could add $0.10
per square foot to the base cost and a "5 percent overhead would bring

the installed cost to $3.00,

To bracket the range of possible costs for the low temperature sys-
tem, collector costs of $3.00 and $6.00 per square foot were used in the

analysis of Chapter VII of Volume I.

Figure E-3 represents a potential configuration for a low emissivity
collector for the clectric generation system. Cost estimates for this
system are also uncertain. However, it might be possible to build such

systems with the costs indicated belonw (in dollars per square foot):

Collector components and piping, materials only 82,26

Total for collector, including coating costs

and labor $4,40
Coolant (Santowax @ $0,05 per 1b) 0.25
Frame and supports 0.10
Field installation, including evacuation 0.20
Constructor's 0.11. fee and contingency @ 25% 1,24
$6.19
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FIGURE E-3 MODERATE TEMPERATURE COLLECTOR SCHEMATIC
FOR STEAM PRODUCTION, ~350°F

Rounding to $6.00 and assuming that the price might vary by one-third
either way, collector costs of $1.00 and $8,00 per square foot for the
moderate temperature system are used in the analysis of Chapter VII of

Volume 1.
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Appendix F

USE OF THE TOTAL FENERGY SYSTEM MODEL

Introduction

This app:ndix describes how to use the total energy model developed
in this study for determining the economic feasibility and fuel savings
for a particular total cnergy system application. 7The model applies to
the fossil fuel total energy systems--diesel electric, gas turbine, ond
steam turbine--used to generate electricity on site, with use of heat
recovered from the electric generation for heat demands. For simplicity,
use of the model is described with reference primarily to the diesel
clectric system, Two levels of detail of analysis are described, The
first level, for a preliminary evaluation of economic feasibility,
applies if the energy demands for the application are similar to the
cases covered in this study, and requires only an estimation of the uni-
form annual prices of fuel and electricity. The second level of detail
requires synthesis of a total energy system to meet a given energy demand
pattern. A description and program listing of the fuel consumption

program are also given.

Preliminary Evaluation

A preliminary evaluation of the economic feasibility of a total
energy system application to a new hase or a major new complex on an
existing base can be easily made if the energy demard pattern for the
application can reasonably be approximated by one of the patterns given
for the three climate types--North Central, Southeast, and Southwest--in
Tables B-19 to B-21, and the size range of the application is within the

5 MW to 40 MW peak electric demand range considered in the study.
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First, the uniform annual costs of the electric energy charg.: (¢/kWh)
over the 25 year system life are estimated, in cccordance with the stan-
dard DoD discount procedures, using the same 6-1'8 percent discount rate
on which the study results are based. The electric energy charge excludes
the electric demand charge which is assumed to be constant, and shoulu

be expressed in constant 1973 dollars. Similarly, the uniform annual cost

of fuel ($ per million Btu) used by the base is estimated.

Next, Figures 19 and 21 to 24 of Volume I are used to determine
whether the uniform annual cost of the diesel total energy system is lower
or higher than that of a conventional system, These figures give the
annual cost of a total energy system as a function of the fuel cost. For
a conventional system with electric energy charges of 0575, 11./6); o
2,5¢/kWh, points are marker on each line of the graphs where the annual
cost of the conventional system is equal to that of the total energy sys-

tem, For example, in Figure 21, for a base with a 5 MW peal clectric load,

~

& Southeast climate energy demand pattern, and an electric energy charge
of 1.5¢/kWh the annual costs of the TE and conventional systems will be

equal (81,8 million), if the fuel cost is $1.67 per million Btu. If the
estimated fuel cost is less than that figure, then the annual cost of the
TE system is less than that of the conventional system, If the fuel cost

is higher, then the TE system will cost more than the conventional system,

Detailed Evaluation

The figures in this report can also be used to make a more detailed
evaluation of the economic feasibility and fuel savings for a particular

TE application. The evaluation requires:

* Estimation of the energy demands
*+ Synthesis of a TE system to meet the energy demands

e Calculation of fuel consumption
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e Estimation of costs

+ Comparison with conventional system,

Energy Demands

Estimates are needed for the peak electric, thermal, and air condi-
tioning demands, and the diurnal pattern of the demands for at least
several representative days of the yvear (such as shown in Table B-19 to

B-21). The electric demands should exclude air conditioning.

System Synthesis

A TE system to meet the estimated energy demands should be synthe-
sized. The peak heat demands in ecach load center, as well as the heat
losses in transmission, determine the transmission line capacity. The
heat losses in transmission are estimated from Figure A-18, The total
air conditioning capacity is determined by the peak air conditioning load,
but must be divided in some proportion between electric and absorption
air conditioning. This division depends in part on the availabhility of
excess heat recovered from the electric generation, above the thermal

demand, for the absorption air conditioning.

The electric demands for the electric air conditioning (0,83 kWe/ton),

and the electric pump power for the hot water transmission lines (Figure

A-17) are added to the original electric demands. The new peak electric

demand, plus the additional capacity to allow for cquipment down time,
then determines the required electric generating capacity., For the diescl
clectric systems, six generating units were assumed in this study, with
capacity to meet the peak demand with one unit down. For the multiple
unit gas turbine system, seven units were assumed, with capacity to meet

the peak demand with one unit down,




The heat recovery from the electric generation by a diesel system as
a function of percent of rated load is given in Figure A-13. The heat
recovery for a gas turbine system at rated load is given in Figure A-3,

1 and a multi,lier to account for part load is given in Figure A-4, The
capacity required for the high temperature water generator is equal to
the maximum difference (over the year) between the thermal demand
(including transmission line heat loss) and the heat recovered from the

: electric generation. In this study, installed capacity was based on three

units sized to meet the demand with one unit on standby.

Fuel Consumption

The TE system uses fuel [or both electric generation and auxiliary

heating. Although a computer program was used in this study to calculate

fuel consumption, hour by hour, a simpler method can be used if the energy

demands are simply represented Ly diurnal patterns for a few represen-

tative days of the year, The annual fuel consumption for electric gener-

ation is calculated from the annual electric load (including air condi-

tioning and pump power for the hot water transmission lines), using the

appropriate heat rate from Figure A-1 for gas turbines and Figure A-12

for diecsels, and a heat rate multiplier from Figure A-2 to account for

part load conditions.

The annual auxiliary heat load to be met by the high temperature

water generator is given by:

Auxiliary heat load = total heat demand (including transmission
line losses) - heat recoverable from the electric generation
+ recoverable heat in excess of neceds,

As previously mentioned, the heat recoverable from the electric generation

for a diesel system is obtained from Figure A-13, using an cstimate of

the effective average part load over the year. The excess recoverable
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heat can be estimated from a graph of the heat demand and recoverable

heat for the hours when the recoverable heat exceeds the heat demand,

The ennuai fuel consumption for auxiliary heating is obtained by
dividing the auxiliary heat load by the efficiency of the high temperature

water generator (0,83 for an oil-fired system, from this volume, page 23).

Costs

The uniform annual cost of a TE system is the sum of the annualized
capital costs, the annual operating and maintenance costs, and the uniform
annual costs of the fuel over the system lifetime, The capital cost is
the sum of the capital costs of the four component groups: electric
generating plant; high temperature water generator; hot water transmission
lines; and air conditioning. The capital costs (including installation)
per unit of capacity as a function of installed capacity, for each compo-
nent group, are given in the figures in Appendix A, An example of the

derivation of capital costs is given on pages 71 to 76 of this volume.

The annual operating and maintenance costs for each component group
are also derived from data in Appendix A. An example is given on pages

76 and 77.

The fuel costs are obtained by estimating the fuel costs in cach of
the 25 years of the system life and calculating the uniform annual costs,

using the appropriate discount rate,

Comparison with Conventional System

The conventional system includes only two of the four component
groups: high temperature water gencrators and air conditioning. Capital
costs for these two equipment groups are given in Figures A-15 and A-21,
respectively. Annual maintenance costs for air conditioning are given in

Figure A-21,




The conventional system purchases electricity from a utility, and
purchases fuel for consumption on basc for space and water heating. The
annual fuel consumption is equal to the total annual heat demands divided
by the fuel efficiency of the heating system (0,83 for an oil=fired
system). The charges for electricity include a demand charge that is
based on peak eclectric demand, and an cnergy charge that is based on the
amount used. Estimates must be made of the fuel prices and the electric
demand and energy charges over the lifetime of the svstem.  The resulting
annual costs for fuel and clectricity are converted to uniform annual

costs using the discount rate,

Fuel Consumption Program

A computer program was developed to calculate the fuel consumption
of a TE system, A summary flow diagram of the program is shown in
Figure F~1. A more detailed flow diagram of the subroutines of the pro=-

gram is shown in Figure F-2,

Input Data

The fuel consumption program uses three types of input data:
(1) energy loads, (2) equipment capacities, and (3) system parameters

(i.e., cquipment performance characteristics),

The energy load data consist of the hourly electric, heating, and
cooling loads for five representative days of the year, The input data
for the energy loads include:

The number of days of the year which each of the five days
represents,

The peak electric, total heat, and total cooling loads for
each of the five days,
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* The hourly energy loads:

= Electric load as a percent of the peak electric for each
of the five days.

- Heat load as a percent of the daily heat load for each of
the five days,

= Cooling load as a percent of the daily cooling load for the
two days which have a cooling 1oad,

The input deck is composed of three groups of input cards: (1) pro-

gram data, (2) case data, and (3) load pattern data. The data deck set-

up is shown in Figure F-3, A description of the cards in each group is

given in Table F-1,

The first card in the program data deck gives the number of geographic
areas or type of load patterns to be run, and the number of days used to

represent all the days of the year, The next three cards give the peak

electric and total daily heating and cooling loads for each of the repre-

sentative days.

The first card in the case data deck gives a set of index numbers

describing the case, and an alphanumeric descriptor label., The second

and third cards give the capacities of each equipment element, and the
system parameters or equipment performance characteristics, The fourth

card gives the number of days of the year which each exemplar day
represents,
The load pattern data deck gives the hourly electric, heating, and

cooling loads as a percent of the peak electric or total heating or cool-

ing load for the day. Two cards are required for each 24-hour 1load

pattern. The code in the fourth column describes the type of load. The

electrical, heating, and cooling loads are grouped by type of day, and

must be read in the following order:




LOAD
Hourly Electiical Heatmg,

PATTERN
DATA angd Caaling Loads (24 ¢aed)
CASE Casie Descrptons, Capactties
DATA and Parameters (4 cards)
Number of Cawes
Print Flag
= = Summet Heat Loss [ acton
I‘-.
Peak Electoe, Total Heating and
PROGRAM Coolmg Load 8By Duay Type
DATA and Area

Number ot Areas and Doy Types

FIGURE F-3 MAKEUP OF DATA DECK FOR FUEL CONSUMPTION PROGRAM




Table F-1

FUEL CONSUMPTION PROGRAM INPUT DATA CARDS

Program Data

Card Card Program
No. Columns Variable Description

NAREA Ntmber of geographic areas (maximum of 5)
NDTYPE Number of day types (maximum of 5)

PKWE Peak clectric loads for each type of day
by area

THTG Total heating load for each type of day
by area

TCLG Total cooling load for each type of day
by areca

MAXCASE Number of cases to be read in this run

LPRINT Printing lag for intermediate outputs
(999 for maximum output)

SHLOSS Summer heat loss in transmission lines as
a fraction of winter heat loss

Case Data

Card Card Program
No. Columns Variable Description

ICODE(1) Index for area load pattern

ICODFE(2) Index for hase size

ICODE(3) Index for heat transmission line length
ICODE(4) Index for type of clectric system
ICODE(5) Index for type of fuel

NAN(1)~ Alphanumerical descriptor for case (30
(3) characters)

CELEC Electric generation capacity (W)
CABAC Absorption air conditioning capacity (tons)

CCPAC Compression air conditioning capacity (tons)
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Table F=1  (Continued)

Case hata - Continued

Card Card Program
No, Columns Variable Description
2 31-10 CAUX.. Auxiliary heating capacity (millions of
Btu’hr)
41=50 CHTRN Heat transmission line capacity (thousands
of Btu’hr)
51-60 CPUMP Pump power capacity for the heat trans-
mission line (kw)
61-70 HEATL Heat loss for heat transmission line in
winter (thousands of Btu’/hr)
3 1-10 HREC Heat recoverv rate from eclectric generation
(Btu 'kWh)
11-20 ABTU Energy requirement for absorption air con-
ditioning (Btu/ton-hr)
21-30 BKWH Energy requirement for clectric compression
air conditioning (kWwh ton=h1)
31-40 DENG Energy requirement for ensine compression
air conditioning (Btu’/ton-=hr)
141-50 FEFF Heating efficiency of auxiliary heat system
(fraction, e.g., .83)
51-60 HEATRT lleat rate for electric generation (Btu/kWh)
61~-70 HRCTUR Heat recovery rate from gas turbine with
supplemental firing (Btu/kWh)
71-80 SEFF Heating efficiercy for supplemental firing
of gas turbine (fraction)
9 1-5 NODT Number of dayv tvpes (should equal NDTYPE
above)
6-10 NDAY (1) Number of calendar days that first diurnal
loacd pattern (high heat) applies
11-15 NDAY (2) Same for second load pattern
16-20 NDAY (3) Same for third load pattern
21-25 NDAY (1) Same for fourth load pattern
26=-50 NDAY (5) Same for fifth load pattern (high cooling)
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Table F=1 (Concluded)

L.oad Pattern Data

Card Card Program
No. Columns Variable Description

IAR Area code
IDY Day type code
IL Load Type E: Flectrical; ii: Heat, C: Cool

Not read First (1) or second (2) card for load

TIN(1)- Hourly loads for morning as percent of
(12 daily peak or total

Not read

TIN(13)=  floi 1y loads for PV
(24)




Type of Dav Type of Load Data

High heating Flectric
Heating

Moderate heating Electric
Heating
Minimum heating and Electric
no cooling Heating
Mocderate cooling Llectric

Heating
Cooling

High cooling lectric
Heating
Cooling

An example of a card listing of the input data is given in Table F-=2,
This example is for a run covering two base sizes==10 MW and 20 iW--for a

Southeast type load pattern and a diescl clectric TE system,

Output

An example of the output of the fuel consumption program is shown
in Tables F=3 and F-1, The first part of the output describes the case
and repeats part of the input data, The five digits after CASE are the
index numbers for load pattern, base size, heat transmission line lengths,
electric generating system type, and fuel type. The next line is the
alphanumeric descriptor label. The case description block further iden-

tifies the case.

Next, the input data for the cquipment capacities are listed, These
include electric generation plant, absorption air conditioning, compres-
sion air conditioning, auxiliary heating, heat transmission line, winter
heat loss in the heat transmission line, and pump power for the heat

transmission line. (In the units, the M is thousands and MM is millions,)
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Tasle F-3

FUEL CONSUMPTION PROGRAM OUTPUT--10 "W BASE
SUMMARY TABLF - CASE 22112 JUN U7, 1974
10 md BASF IN ST, EAST CONV A C 50 PCT ABSORPTION

CASF DESCKIPTIUN
LOAD PATTERN 5. CAST
BASE SIZE 10 MW
LINE LENGIH STANDARD
TYPF IF SYSTEM OIESEL FL.
FUEL USED LIGHT OIL

EQUIPMENT CAPACITI{ES
ELECTRIC GENERATION (MW I7.
ABSORPTION AIR C. { TONS) 5100.
COMPRESSIUN A, C. (TUNS) 9100.
AUX, HFATIANG {MM=5TU/HR) 216,
HEAT TRANS CAP, {M=-BTU} 241700,
WINTER HEAT LU5SS {M=-RTU/HK) 3140,
PUMP PUWER (KW) 104,

SYSTEM PARAMETERS

ABSORPT [UN AIR COND. {BTU/TON-HkK ) 17987,
ELEC. CUOMPRESSIUON A.Ce (KWH/TON=-HR) 830
ENG ¢« COMPRFSSIUN A.Ce (BTU/TUN-HR) 0.
HEAT RECUVERY RATE (BTU/KWE ) 2900.
FUEL HEAT RATE (ELFC) (BTU/KwW-HR ) 10600,
AUX HEAT FUEL EFFICIENCY (PCT ) H3.

ANNUAL TOTALS - ELECTRIC

ELECTRIC PUWFR LOAD [MW-HR) 60170,
ELEC LUAD FUOR PUMPS {MW=-HR) 133,
ELEC FOR CUMP , AOC. 'MN‘H“' 59620

TOTAL ALL USES {MW-HR) 66315,

ANNUAL TIOTALS - AIP COND
ABSORPYION AIR COND (M=-TUN-HR) T174.
COMPRESSION AIR COND{M=-TON-HR) T1483.

ANNUAL TOTALS - HEAT

HEATING LOAD {MILLION-BTU) 153730,
HEAT LOSS-TRANS (MILLIUN-ATU) 2775¢6.
HEAT TO AIR C (MILLION-BTU) 129933,
HEAT REQUIRED {MILLION-BTU) 910719,
WASTE HEAY AVAILABLE (MM-BTU) 192314,
HEAT RECOVERFD {MILLIUN-RTU) 192314,
AUXTLTARY HEAT (MILLIUN-BTU ) 7184064,

FUEL CONSUMPTION

ELFCTRIC GENERATION (MM-BTU) Tu2342.
AUKTLIARY HEATING {MM-RTU ) B65947.
ENGINFE AIR COND. (MM-ATY) Je

TOTAL FUEL {MM-BTUY) 1568489,

115




Table Fe-1 4

FUEL CONSUMPTION PROGRAM OUTPUT--20 MW BASE

SUMMARY TABLE - CASE 23112 JUN 07, 1974
i
20 MW BASE IN SO. EAST CONV A C 50 PCT ABSORPTION 5
CASE DESCRIPTION
LUAD PATTERN SO. EAST
BASE SIZF 20 MW
LINE LENGTH STANDARD
TYPE OF SYSTEM DIESEL EL.
FUEL USED LIGHT 1L
EQUIPMENT CAPACITIES
ELECTRIC GENERATION (MW) 36,
ABSORPTION AIR C, {TONS) 10300,
COMPRESSION A. C. {TONS) 10300.
AUX. HEATING (MM=BTU/HR) 432,
HEAT TRANS CAP. (M=-BTU) 590300, 1
WINTER MEAT LOSS IM-BTU/HR ) 6900,
PUMP POWER (KW) 279,

SYSTEM PARAMETERS

ABSORPTION AIR COND. (BTU/TUN-HR) 17987,
ELEC. COMPRESSION A.C. IKWH/TON-HR) «830
ENG . COMPRESSION A.C. {(BTU/TON-HR) 0.
HEAT RECOVERY RATE (BTU/KnWE } 2900.
FUEL HEAT RATE (ELEC) (BTU/KW-HR ) 10300.
fUX HEAT FUEL EFFICIENCY (eCr ) 83.

ANNUAL TOTALS =~ ELECTRIC

ELECTRIC POWER LOAD {MW-HR) 120340.
ELEC LOAD FQOR PUMPS (MW=-HR) 270.
ELEC FOR COMP. A.C. IMW-HR) 11918,

TOTAL ALL USES (MW-HR) 1325217,

ANNUAL TOTALS - AIR COND
ABSORPTION AIR COND (M-TON=HR) 14355,
COMPRESSION AIR COND(M-TON=-HR) 14359,

ANNUAL TOTALS =~ HEAT

HEAT ING LOAD (MILLION-BTU) 1507460.
HEAT LOSS-TRANS (MILLION-BTU) 52134,
HEAT TO AIR C (MILLION-BTU) 258209,
HEAT REQUIRED (MILLION-BTU) 1817803,
WASTE HEAT AVAILABLE (MM-BTU) 384328,
HEAT RECOVERED IMILLION-BTUY) 3B4328.
AUXILTARY HEAT (MILLION-BTU ) 1433475,

FUEL CONSUMPTION

ELECTRIC GENERATION IMM-BTU) 1365028.
AUXIL TARY HEATING IMM-8TU) 1727079,
ENGINE AIR COND. IMM-8TU) 0.

TOTAL FUEL IMM-BTU) 3092106.
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The input data for the system parameters are also listed. These
parameters include the energy requirements for three types of air con-
ditioning (absorption, electric compression, and engine compression), the
heat recovery rate from the electric generation, the heat rate of the

electric generation, and the efficiency of the auxiliary heating system,

The output of the program gives the annual totals for the electric,
air conditioning, and heating loads as well as the total for annual fuel
consumption. The electric loads include the primary electric demand,
the additional demands for the heat transmission line pumps and the air
conditioning, and the total. The annual total ton-hrs of air conditioning
are listed separately for the absorption air conditioning and the vapor

compression air conditioning.

Th. next block of output gives the annual totals of each type of heat
load or heat generation. “he heat loads include the primary heat load,
.the additional heat loss in the heat transmission lines and the heat
load for the absorption air conditioning. The sum of these heat loads
is identified on the next line as "heat generated." This block also gives
the amount of waste heat available from the electric generation, how
much of that heat is used, and, finally, the additional heat required

from the auxiliary heating system,

The last output block gives the annual fuel consumption for electric
generation, auxiliary heating, engine driven vapor compression air con-

ditioning if used, and the total.

Program Listing

The program listing for the fuel consumption program is given in

Table F-5. The table begins with the listing for the master program,

followed by the listings for six subroutines,




Table F-5

FUEL CONSUMPTION PROGRAM LISTING

PROAGRAM FUEL TRACE

PROGRAM FUEL (INPUT,OUTPUT, TAPES)

COMMON/ NDATA/ ICONE(Y( ), HRECs ARTUsRKWHsDENGoNONTe NDAY(S)

? o HL(24) s EL(24)9CLI(24)s HEATRT, FEFF«LPRINT¢SHL 0SS
3 ¢ FRAB, cELEcoCAaAc.CCPAc.CAuxh.CHTRM.CPUMP.HEATL
COMMOM/PAS/ DKNE(S.S)cTHTb(SoS)oTCLG(ScS)oDTFL(So?A)oDTHT(Sc?C)
2 ¢ DTCL(Se24)¢SIZFAC(4) e TSAVLPsISAVEZ

NATA HCAS/ /e1SAVLP/O/

DATA ((DTCL(Ied)oTz103)9J21024)/72%0./

973 FORMAT(BIS)

95 FORMATY (  I54154F5,2)
9rg FORMAT ( 20F“ )

® o &
ALY LY Y READ PROGRAM DATA ==PEAK LNADS AND PROGRAM PARAMETFRS
REAU an3yNAREAWNDTYPE
READ 97he ((PKWE(TeJ) s Ja)sNDTYPE) o Tml g NARFA)
PEAD Q06 ((THTG(TaU) s 1 oNDTYPF) ¢lam) s NARFA)
REAV 9r6s ((TCLG(ToJ) v UM yNDTYPE) o I=1,NAREA)
RPEAD 9175¢ MAXCASEL.LPRINT+SHLOSS

OO0

C
S0 NCAS=NCASe]
CALL CASIN
TFINCAS +EQ,1) GO TO 90
C CHECK DT DATA FCR CHANGE FROM LAST CASE
IF(ICODE(1) .EQ.ISAVLP LAND. ICCDF(2) JEQL,ISAVSZ) GN TO j4n
C REAnD DIURNAL TABLES

9¢ CALL MEWDTS(NODT)
149 CCONTINUE
C LONP TARU DIURNAL TARLES TO TOTAL AMNUAL ENERGY USAGF
N0 20~ IDY =1, MODT
CALCULATF ENERAY USAGF
CaLL ENERGY(IDY)
CUMULATE AnNNUAL DATA
CALL ANNTOT (MDAY(IDY))
2 0 CONTI~UE
ISAVLP=ICODEI(Y) b ] I1SAVSZ=TCONE (2)
C #& ®#e we CALCILATE FURTHER ANNUAL DATA
CALL SUFFIX
C *® & @
C PRINT SUMMARY TABLF
CALL TAHWOUT
C END OFTHIS CASE
IF(NCAS +LT, MAXCASE) GO T0 Sn
CALL FXIT
EMD

(@]
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SURRQUTINF NEWDTS TRACE

SURRQUTINE NEWDTS(N)
COMMUON/ NDATA/ ICODE(10) HRECsABTHJ9RKWHNENG«NODTe NDAY(5)
2 v HL(24)s EL(24)9CL(24) 0 HEATRTY FEFF+LPRINTISHI 0S
s ACA, CELEC+CARACsCCPAC)CAUXHoCHTRN9CPUMP ¢ HEATL
COMMOMN/PAS/ PKWE (5¢5) s THTG(5¢5) ¢ TCLR(S595) oDTEL (S924) oDTHT (S04 24)
2 o DTCL(Se24.¢SIZFAC(4)91SAVLPISAVSZ
DIMENSION TIN(24)
NATA STZFAC/04591euU02eCo4.0/
9n]1 FORMAT(1X92119AleaXe12( 2PF6.1)/8Xs12( 2PF6,.1))

902 FORMAT (//% [0AD DATA OUT OF ORDER ®olhe® THAg ®4A)/
. 1X921492X0AYy 264FS41)
9r3 FORMAT{//# PCT DATA DOES NOT MATCH CASE CODF®4149® THAs ®4A)1/
. 1X0214 92X 981 24FS,.1)
12=1CNDE (2)

CHECK FOR SIZE CMANGE ONLY = SAMF LOAD PATTERN
IF(ICODE(1)+EQ.ISAVLP)IN6D
(] LOAD PATTERN CHANGE = NFW AREA
30 CONYINUE
SFaSIZFAC(12) / SIZFAC(1SAVSZ)
C ADJUST LGADS Tn MEW SIZE
DO S~ JsleN
DD 5 131424
DTEL(Jel)=DTEL (Jo1) ®SF
DTHT(JeI)=DTHT (Jol) ®SF
DTCL(JeI)SUTCL(Jo 1) *5F
S0 CONTIMNUE
RETURMN
60 CONTINUE
C MUST READ NEW NATA FOR HOURLY TABLE = NEW LOAD PATTERM
ne 2~n NT=1 N
C READ ELEC LOAD
READ 971e JARGIDYWILO(TIN(I) e]Im1024)
1HA= 1 HE
IF(IL.NEeIHA) GO YO 300
IF(IARNELICODE(1) LORe IDYNESNT) 60O TN 330
no 12> I=1.24
120 NDTEL(MTel)3 TIN(]) @ PKWE (TAReIDY)®STZFACI(ID)
C READ HEATING RFQUIREMENTS
PEAD 9r1y TARGIDYILW(TIN(1)elx1424)
IHAZ 1 HH
IF(IL.NEeIHA) GO TO 300
1IF(1ar NELICONDE()) .OR. IDY.NE,NT) GO TO 33n
DO 14 Iz1426
140 DTHT(1Tel) = TIN(TI) ® THTG(IAR.IDY) # SIZFAC(1I2)
c
IF(NT,LTe4) GO TO 200
CCOOLING REAUIREMENTS ARE REAN FNRP DAY TYPES 4 AND S ONt Y
C evewsssssses N_H, POSSIBLE ERROR IF N IS LFSS THaAN §
READ 9nte TARCIDYoIL o (TIN(I)eIx]1024)
IHAZ\HC
IF(IL.NEsIHA)Y GO TO 300
IF(IARP.NE.ICODE(1) OR. IDYJ.NEL.NT) GO TO 330
no 16 151,24
160 NDTCL(FTel) = TIN(]) @ TCLG(IAReINY) # SIZFAC(I?)
270 CONTINUE

QETURM

Ing PRINT Qn2e NToIHAGTARGINY s IL (TINIT) eIm)024)
caLL FxIT

330 PRINT 903y MToIHAZIARGIDY o IL o (TIN(I) o I=1024)
caLL FXIT
FEND
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SUBROUTINF  ENERGY TRACE

SUBRNOUTINE ENERGY (ND )
COMMON/ NDATA/ 1CODE(10) s MREC ABTUBKWH4DENGINODT ¢ NDAY (5)
o HL{24)9 EL(24)9CL(24) s HEATRT, FEFF«LPRINT¢SHILOSS
» FRAB, CELECsCABACoCCPACICAUXHICHTRN ¢CPUMPHEATL
COMMON/STOUT / YFEGoYFAH.YFACoYELPQYAUXoYHPEoYABSOVCVPoYHLToYETD
sYNET +DHET DELP«DAUX NARS ¢NCMP 4DHLToDETP
sDBPTYBPTeYCDT9FRPTFCDTy HRCTURIDHRE +NEACIYEAC
oDHSF o YNSF oFGTSeSEFF ¢yHRECSFeYHAC
oDEL o YELoDHL o YHL oDCLoYCL
COMMQON/PAS/ PKUE(SOS)oTﬂTG(SvS)oTCLG(SOS)'DTEL(5o?§)ODTHT(SOZQ)
o DTCL(S50¢28)¢SIZFAC(4) e 1SAVLPs1SAVSZ
LERO DAILY TOTALS
DELP'200 NAUXa0,0N DCMPEN . 0
DHET=NA .0 DABS=0,0 DML TEg.N
DETP3n,0 DHRE=0,0 NHSF=0,.0
08PT=xr,0 EBPan, HSGT=0,0
DEL ®3r.n DHL =0,0 DCL ®n.n
DEACs~ 0

NO 10 1s1,24

EL(]l) = DTEL( NDy1) ®1cC0O0.
ML(I) ® DTHT( NDeI) @ 1000.
cL(l) = OTCL( NOoIY®l000,
CONTINUE

T4nICODE (4)
.o

LOOP THRU DIURNAL TABLE BY HOUP
DO 1np 131424
A.,Co CAPACITIES FOR ZERO A.Ce CASFS
1F (CABAC®CCPAC.LE.N.) 11015

CONTINUE
HABAC=9, HACEHO0, 3 comMpaCan,
Go T0 20
CONTINUE
HABAC sFRABaCL (D)
1F (HARAC+GT ,CABAC) HABAC®CABAC
HAC® ABTU ® HABAC/1000.
COMPAC = CL(])= HARAC
EAC® BKWN ® COMPAC
20 CONTINUE
HEAT (0SS IN TRANSMISSION o HP
HPas HEATL $ IF(ND,5T.2) HPaHP#SH|.NSS
TOTAL HEAT o HT
HT 3 HL(I) oeHPeHAC
POWER FOR HEAT TRANSMISSION PUMPS oy EP
Ep'o.
IF(CHTRN.LE,0,) GO TO 23S
IF(ND.GT.2) GO TO 30
WINTER
EPa((HT/CHTRN) ®®82 ,96) 4CPUMP
GO TO 3%
saasaeNO HEATING DAYS
3J CONTINUE
EPm((HT®] ,33/CHTRN) #®2,96)*CPUMP
35 CONTINUE




T T R S A — s —_— T

C TOTAL FLEC POWER LOAD FOR HOUR, ET
ET = FL(I)e EP o EAC

(¢ Mo

AUXILTIARY HEAT
RETSHREC®ET/1n00.
HAUX s HTe RETY
IF (HAUUX oLT, 040) HAUXEN,.0
C ACTUAL WASTE HEAT USED ¢ AREC
ARECSPET s IF(RET.GT, HT) ARECEHT
GO TO (60940¢50) T&
c YT YT GAS TURBINE
40 HSGTaHTeRET
IF(HSATGLTe0s) HSGTa0,
RECOVE (HRECSF=HREC)®ET /1000
IF(HSGT.GT.RECOV)HSGTs RECOV
HAUXS HT=HSGT~RET
IF (HALIXeLTenN,) HALIXB 040
60 T0 60

SH CONTINUE
c STEAM TURBINE OPERATION
IF(ICODE(4) ,NE.3) GO TO 6n
IF(HT4GE,RET)S52+53
52 EBP=ET
GO TO 6n
S3 ERPs (HT/HREC )*1000,
60 CONTINMUE
IF(LPRINT ,GT, 989) PRINT 9939 T9EL(I)IEACIEPCETIHLI(I) sHACIHPHT
2 PET9AREC HAUXoCL(TI) 9HABACsCOMPALR
993 FORMAT (1 X0 1202F9eNeF6e112F1NeNsF9eNeFT,092F10.09 &FQ,0)

c

C DAILY TOTALS
NELPsNELP ¢ ET
NAUXSDAUX ¢ MAUX
DCMP=NCMP ¢ COMPAC
NDEACSNDEAC ¢ EAC
DHREsSNHRE ¢ AREC
DHETaNHET ¢ HT
NABSSDABS ¢ HaAC
OHLTsNHLT ¢ HP
NETPanNETP ¢ EP
DRPTaNRPT ¢ ERP
DHSFENHSF ¢ HSGY
DEL =nEL + EL(D)
DHL =NHL ¢ HL (1)
DCL sNCL ¢ CL(D)

170 CONTINUE

IF(LPRPINT LT, 91n) RETURN

PRINT 990+ NDo (ICODE(I)eIm),S)

PRINT 891, DELPNAUX¢DCMP ¢ OHET ¢ DABS 4 DHLTsNETP 9 NRPT ¢ OHSF
990 FORMAT(//® DAY NO,#eI393%Xe511)
991 FORMAT(/1Xe BF15.,2)

RETURM

END




SUBROUTINE ANNT

neesnN

oT TRACE

SUBROUTINE ANNTOT (ND)
COMMON/STOUT / YFEG.YFAH.YFAC.YELP.YAUX.YHREoYABS.vcmp.vuLT.veTp

YELPsYELP
YAUXBYAUX
YCMPsYCMP
YHETsYHET
YHRE=YHRE
YEACsYEAC
YABSsYABS
YHLTsYHLT
YETPSYETP
YBPTsYRPT
YHSFeYHSF
YEL sYEL
fHL sYHL
YcL svyCclL
RETURN
END

> 6 & 5 & 606 & * O 60 0o o

s YHET+DHET DELP+DAUXY DABS¢DCMPyDHLT4NETP
sDBP Ty YBPToYCOTIFBPTHFCDTy HRCTURNHREWNEAC YEAL
oDHSF ¢ YHSFoFOTS9SEFF ¢ HRECSF ¢ YHAC

oDEL s YELoDHL o YHL#DCL o YCL

NELP & ND
DAYX # ND
DcMP & ND
DHET & ND
DHRE ® ND
DEAC & ND
DABS ® ND
OMLT # ND
DETP & ND
DRPT & ND Py
DHSF # ND
DEL ® ND
DHL & ND
OCL * ND
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SUBROUTINE SUFFIX TRACE

SUBROUTINE SUFFIX
COMMON/ NDATA/ ICODE(10) HRECOlBYUOBKVH!DENG.NODT. NDAY (8)
* HL(24) s EL(24)sCL(24),s HEATRTYT, FE’F.LPRINTOSHLOSS
o FRAB, CELECOCABACoCCPICoCAUXHoCHTRNoCPUMP.HEATL
COMMON/STOUT / YFEG!YF‘HOYF‘COYELPOYAUXOYHRF!YABSOVCMPOY”LT!YETP

N

2 sYHET ¢DHET, DELPoDAUX, DABS+DCMP4DHLT4DETP
. 'DBPToYBPTsYCDToFBPT4FCOT, HRCTURNDHRE ¢ DEAC o YEAC
4 ODHSFoYHSFOFGTSQSEFFQHRECSFQYHAC
é S sDEL W YELsDHL s YHL o DCL s YCL
C ANNUAL MWFaAT RECOVERY aAND ABSORPTION AC
YHMAC=YABS/1g0n,
YAB8S = (YABS/ABTY )
CALCULATE FUEL USAGE * MILLIONS OF RTU

YFEG = YELP o HEATRT /1n,0eg,
YFAH = YAUX /FEFF /1000
YFAC = YCMP ® DENG /1ne0eg,
14=ICODE (&)
GO TO (40+2n930) 14

C ®en sese GAS TURBINE

2V YHSF=YHSF/1p00,

FGTSs YWSF/SEFF
GO Ton 40

(d STEAM TURBINE
30 YCDT= YELP - YBPT
FBPTIYBPT'HEATRT /10,00,
FCOT=YCOT#HRCTUR /1n.%%g,
YFEG=FCNT+FRPT
40 CONTINUE
C ADJUST UNITS
YCMP=YCMP /1000,
YETPaYETP /1000,
YEACaYEAC /1900,
YEL = YEL /yn,%e3,
YHL sYHL /1000
YAUXSYAUX/1n00.
YELP = YELP/1000.
YHET=YHET/1000 .
YHRE=YHRE/1000.
YHLT=YHLT/1n00.
RETURM
END




SUBROUTINE

TABOUT

N nerenN w N

[ VIR SR 2 ]

TRACE

SUBROUTINE TABOUT
COMMON/ NOATA/ ICODE(10)9 HRECsABTUIRKWHIDENGINODTs MDAY(S)

» HL(24) s EL(24)9CL(24)9 HEATRYTs FEFFsLPRINToSHLOSS
9 ACAy CELECICABACICCPACeCAUXHICHTRNCPUMP ¢ HEATL.

COMMON/STOUT / YFEGoYFAMsYFACIYELPoYAUX9sYHRE s YABSosYCMP o YHLTIYETP

COMMO
COMMO
COMMO
DATA

OATA
’

C ovscscce

100

120
200

caLL
11s1C
14 ®]

PRINT
IF(LP
PRINT
PRINT
PRINT
0o 12
IF (MO
IME]a
PRINT
CONTI1
PRINT
CONTI

TwHAS
TOTFs
IF(le
)

PRINT
PRINT
PRINT
PFEFF
PRINT
PRINT
PRINT
PRINT
PRINT
IF(1é
PRINT
IF(la

sYHET ¢OHET DELPDAUX DABSeNCMP oDHLT4NETP
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N/PAS/ PKWE(S5e5) e THTO(S595) ¢ TCLG(S505) oDTEL (S024) 10THT (5424)
¢ DTCL(Se26) oSIZFAC(4)o1SAVPeISAVSZ
N/NAM/NAMLP (S) yNAMBS (4) o NAMLL (&) sNAMST (3) ¢ NAMFU (4) o NAMDY (5)
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NAMOY/10HHIGH MEAT +1nHMOD, MEAT o+10MMIN HeC o
10MM0D, COOL o1nHMIGH COOL /
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PINT +GT. 900)100¢200

901+ (JTCODE(T)oImioS)e IXoelIXA

9089 NAMBS (12) oNAMLP (11) ¢ (NAMDY (1) o131 4M0ODNT)
909

~ Imle24

N(le6) ,EQe.1) PRINT 9]n

1

911 IMe(DTEL(Jol)e DTHT(JeI)sDTCL(Je1) eJm oNONT)
NUE

913¢ YELeYHLoYCL

NUE

HREC®YELP/1000,
YFEGeYFAHOYFAC
+EQe 2) TOTF = TOTFe FGTS

90le (ICODE(TI)el®195)e IXelIXA

912¢ NAMBS(T12) oNAMLP(TI1) oMNAN

9n2e NAMLP (T11)oNAMBS (T2 )oNAMLL(I3) ¢NAMST (T4) ¢+NAMFUI(TH)
a)00,9 FEFF

9n3e CELECe CABAC, CCPACe CAUXHeCHTRANGHEATL oCP:IMP
9N4y ABTUy BKWHe DENGe HRFCe HEATRT,®FEFF
90SsYELIYETPoYEAC,YELP

9159YABSeYCMP

90T oYHLe YHLToYHACIYHFET o TWHAYHRE 9 YAUX

+EQe2) PRINT QuT1lys YHSF

9n6e YFEGe YFAM,y YFAC

«EQe2) PRINT 9nb2s FGTS

155

/

/
)

Lkl el

o e

e

5 b




1F(1a,EQ.3)
RRINT 9063,

PRINT 9n61,
TOTF

FRPT.FCOT

C 0000008 0 0 0. 0000006060 00 soes T TN
c L
c

971 FORMAT (1H]1y ®SUMMARY TAALE « CASF ®,511¢ 2nx, 2A107)

902 FORMAT (#0CwSE DESCRIPTION®/10X, ®_0A0 RATTERN ®02-X9410/ 10X,
? ®HASE SIZE®y31X4A10/10X, ®LINE LENGTH®020X4A)10/10X,@TYPE OF SYS
3TEM *425X9A10/10X,@FUEL USED ®#+30X,A10 )

903 FORMAT (#0EQUIPMENT CAPACITIES®/

1 InX, ®ELECTRIC GENERATION (MW)®¢  DOX4F1n.n/

2 1nX, ®ABSORPTION AIR C, (TONS)®, 20%XeF1nen/

3 10Xy #COMPRESSION a, C, (TO''S)y®e  20X4F10.0/

4 1nX, #AUX, HEATING (MMeBTU/RR)®y  2nX4F10,.0/

] 1oXy ®HEAT TRANS CAP, (MeBTU)®, 20X,Fl0.0/

. 1nXy SWINTER HEAT LOSS (MeBTU/HR)®y  20X4F10.n/

6 10Xe ®PUMP POWER (KW)®y  20X9F10,07)

@04 FORMAT (#0SYSTEM PARAMETERS e/

2 1/ Xe®AHSORPTION ATR CONO. (RTU/TON=HR) ®4 15X4F1n.n/
3 1 X9®ELEC. COMPRESSION A.C, (KWH/TON=HR) ®¢ 165X4F10,3/
4 1" X9®ENG , COMPRESSION A.Co (BTU/TONSHR)®, 15X,F10,0/
S 1"X9®HEAT RECOVERY RATE (BTU/KWE )®y 185XsF10,.0/
6 1 Xoe®FUEL HEAT RATE (ELEC) (ATU/KWeHR ) #, 18X,F)(, A/
7 1° Xo®AUX HEAT FUEL EFFICIENCY (RCT )@y 185X4F10,0)
9¢S FORMAT(//e ANNUAL TOTALS e ELECTRIC®/
2 L X,y *ELECTRIC POWER LOAD (MWeHR) ®, 2nXx, Fl1040/
S 1-Xo ®ELEC LOAO FORr PuMPS (MWeHR)®, 20X, Fl0.0/
4 1 X *ELEC FOR COMP, a,.C, (MWeHR)®, 20X, F10,0/
4 1 Xy * TOTAL AL USES (MWeHR)®, 20X, F10,n}
915 FORMAT (//# ANNUAL TOTALS « AIR CONN @/
4 1 X, ®ABSORRTION AIR COND (MeTONeHR)®, 20X, Flo.n/s
5 1-Xy #COMPRESSION AlR COND (MeTONeHR) ®, 2xX, Fl0.0)
976 FORMAT(//% FUEL CONSUMRTION ®//
2 17Xy ®ELECTRIC GENERATION (MMeBTU) ®, 15X, F]5,0/
3 1 X *AUXII TARY HEATING (MM=RTU)®, 20Xy F10,0/
4 1nXe ®ENGINE AIR COND. (MM=HTU)®, 20Xe F10,n)
9761 FORMAT(10Xs ®BACK PRES TURR INE (MMeRTU)®, 2nXs Fl0,0/
2 10Xy ®CONDENSING TURBINE (MM=RTU)®, 20X, F1p,n)
9762 FORMAT(]10Xe ®GAS TURB=SUPP FIRING (MMeRTU)®, 20X F10,0)
9n63 FORMAT(10Xs TOTAL FUEL (MM=ATU)®, 20Xs F10,0}
80T FORMAT(//# ANNUAL TOTALS « HEAT®/
2 1 Xo *HEATING LNAOD (MILLION=ATU)®, 24X, Flp.0/
3 1°-Xo *MEAT LOSS=TRANS (MILLION=RTU)®, 20X, F10.0/
4 1°Xe #HEAT TO AIR C (MILLTON=BTU)®, 20X, F10,0/
5 1 X, ®HEAT REQUIRED (MILLION=RTU)®, 20X, F10.0/
6 10Xs ®WASTE HEAT AVAILABLE  (MMeRTU) ", 20X, Flo.0/
3 1' Xy ®HEAT RECOVERFD (MILLTON=RTU) &, 20Xe Fln,0/
8 1 % ®AUXTILTARY HEAT (MILLION=RTU 1%, 20Xy Flp,.n)
9171 FORMAT(10Xe ®HEATeSUPP FIRE GAS T (MMeBTU)®, 20Xe F1na.n)

9r8 FORMAT! /5 X¢®HOURLY LOADS FOR #4A5,# BASE IN ®sA1n//
F ] IXe S5(BXeA1",8X) )

909 FORMAT(1HN92Xy S(3Xe® ELEC HEATIMG
2 3Xe S(IXe® (Mw) MM=RTY{)

910 FORMAT (1H))

911 FORMAT(1X,12,

912 FORMAT( 3IXeaS,®

AC | 0a0%)/
MeTONS ®))

S(FR.3s FI,14F9,1))
BASE IN ®#4A10+5X93410)

913 FORMAT(////# ANNUAL LGADS FOR BASE®/10Xs®ELFCTRIC 1 040 *F2n0,17
2 LYXs®HEATING LOAD ®9F20.)/10X4*COOLING LOAQ *F24,1)
RETURN
END
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