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PREFACE

This is the second of a three-volume set cqmprising the fina; report on the
study entitled "Investigatiqn of Storage System Designs and Iechniqués for
Optimizing Energy Conservation in Integrated'Utility Systéms"} The research
program was sponsored by the Urban Systems Project Office at National Aero—
nautics and Space Administration's Lydon B. Johnson Spacé Center {NASA-JSC)
and was performed by Battelle's Columbus Laboratories (BCL) under Contract

No. NAS9-14628. The volumes are entitled

e Volume I ~ Executive Summary

o Volume IT - Application of Energy Storage to IUS

e Volume IIT -~ Assessment of Technical and Cost
Characteristics for Candidate IUS Energy Storage

Devices.



INTRODUCTION., . & o 4 & « & &
BASELINE DEFINITION . . . . .
Baseline Concepts,

IUé Computer Model ., .
Load Profiles, . . . . .

Framework for Assessment

TABLE OF CONTENTS

Assessment Criteria and Scoring.

Net Relative Cost . .

Relative Fuel Utilization .

Safety. . . . .

.

.

Availability/Reliability/Maintainability.

Hardware Availability . . . . .

Environmentzl Concerns.

Energy Storage Density.

Expansion Capability. .

Transportabilitvy, . . .

Weighting Factors . .

IUS SYSTEM STUDIES. . . . . .

- No~8torage Baseline Performance.

Integration, Techniques .. . . . .

Eleétrical‘sforage .
Heat Storage . . .

Cold Storage . . . .

Mechanical "Storage .

12
13
i3
13
15.
15
15
18,
18
18
21
22
22
24
24

. 32

32

33



TABLE OF CONTENTS °
-(Continued)

1US/Energy Storage Performance ., .

Electrical Storage . . . .

Heat Storage ., . . + « 4+ « o =

Cold Storage . « « o o &+ o o
Performance Summary. . . . .

COMPARISON OF ENERGY STORAGE CONCEPTS
CANDIDATES. . . . & v & v & ¢ » o »

Inertial Energy Storage. C e

AND

SELECTION

Superconducfing Mapgnetic Energy Storage. . . .

Electrochemical Energy Storage .
Chemical Energy Storage. . « « .
Compressed Air Storgge e e e e
Thermal Energy Storage . . . . .

Water Storage. . +« + « « « o

Annual Cycle Ice Stoéorage . .

Thermal Wells., . « . «+ +« « &

Paraffin Storage . . . . + .

LI 2 I

OF PRIMARY

L} * LI ) .

Comparison of Alternative Thermal Storage Concepts . .

Selection of Primary Candidate .

L TR BT B

INTEGRATION CONSIDERATIONS FOR WATER STORAGE SYSTEMS. . ... . .

Gﬁi]_‘{i_‘ed;:w‘aﬂte; StOI‘age. « s ¥ 8 8 = i L L T T I

. xHot {‘Ia!:e_r "StOfégeo 4« ¢ 2 s ® v 2 2+ &8 & e @

Gpﬁbined Heat and Cold Storage . ..o + ¢ &+ o o « s s o o

ASSESSMENT OF WATER STORAGE SYSTEMS IN ALTERNATE CLIMATES .. . .

REFERENCES- " e ® 8 & T 2 & o o+

7

» ¢ * e @

61,

36
36

38

48
49
51
54

54
56
59
59

60

. 60

61

64-
66 ‘
66
69
71
73
78



TABLE OF CONTENTS
(Continued)

APPENDIX A

PROCEDURE FOR COMPARATIVE ECONOMIC ASSESSMENT OF ALTERNATIVE
STORAGE METHODS . . . & 4o 4 v 4 v o o ¢ « o o o o & » e e

) APPENDIX B

DESCRIPTION AND LISTING OF THE IUS SIMULATION COMPUTER PROGRAM.
LIST OF TABLELS

Table 1, ZEquipment Data for No-Storaée Baseline IUS. . . . .« .
Table 2. 1000-Unit Apartment Load Profiles—-Summer Design. . .
Table 3. 1000-Unit Apartment Load Profiles—Winter Design. . .
Table 4. Village Complex Load Profiles—-Summer Design. o« « «
Table 5. Village Complex Load Profiles~~Winter Design. . . . .
Table 6. Net Relative Cost Scoring Scale . . &+ v« v o « » & o »
Table 7. Relative Fuel Util£zation Scoring Scale . . . . . . .

Table 8, Safety Scoring Scale. « « v ¢ + &4 o + & « o & o + o &

Table 9. Availability[Reliability/Maintainability Scoring Scale.

Table 10. Hardware Availability Scoring Scale. + ¢« « v « « « &
Table 11, Environmental Concerns Scoring Scale . . . . . « . .
Table 12. Energy Storage Density Scéring Scale « « 4 4 v .« o
Table 13. Expansion Capability Scoring Scale . . « « « + + &

Table 14. Transportability Scoring Scale « « v « « o o o o o &
Table 15. Weighting Factors for Assessment Criteria. . . . . .
Table 16. Summary of Performance of No-Storage IUS . . . « . .
Table 17, Summary of électrical Energy Storage Capacities. . .

Table 18. Summary of Heat Storage Capacities e e e e e e e

.B-1

. 14
. 16

. 16

. 17
. 19
. 20
. 20
.21
. 23
« 35

. 37



*Table
Table
Table
Table
Table
Table
Tahle

Table
Table
Table
Table
Table
Table
iable
Table
Table
&able
Table

‘Table

19.
20.

21.

22.

23,
24,
25,

26,

27.

28.

29,

30.

31.

32.

33.

34.

35-

36.

37.

LIST OF TABLES
(Continued)

Summary of Cold Storage Capacities . , . . . .

Summary of Fuél ﬁsage,‘lobO—Unit Apartment . . ¢ . . . .
Summary of Fuel Usage, Village CompleX + . . + « o « « &
1000~Unit Apartment Design‘Day Cold Storage Performance. .
1000~-Unit Apartment Average Day Cold Storage Performance .
1000~Unit Apartment Design Day Heat Storage Performance. .
1000-Unit Apartment Average Day Heat Storage Performance .

1000~Unit Apartment Design Summer Day Electrical Storage
P erfomance - L] L] » - [ ] * L] » L) - - - L ] - * L) [ ] - - -» L] L] »

1000-Unit Apartment Average Summer Day Electrical Storage
Performance., . « o« o ¢ o o o « o o o s s « ¢ s s o s o & o

NRC of an Inertial Energy Storage System Installed in the

lOOO-Unit Apal'tment IUS- =B & 8 2 B e s ® = & w B & 4 * "

NRC of an Inertial Storage System Installed in the Villagé

COIRP].EX IUS. ’-. s = . LI } -« @ @ +—w—n s @ [ N e B e ) L] ..

NRC of an Advanced Inertial Storage System Installed in
the Village Complex IUS. . . . . . ¢ ¢ & ¢ & ¢ s o o & o &

NRC of an SMES Storage System Installed in the 1000-Unit
Apartment TUS. . . o o v & o v 4 v v 4 0 o e e e e e

NRC of an SMES Storage System Installed in the Village
Complex IUS. & v v 4 o 4 4+ 4 4 4 4 o 4 o o a s « s s + o s

NRC of Lead Dioxide~Lead Battery Storage System Installed
in the lOOO"Unit A.partment IUS e 4 & & & + 2w B w B & * *

NRC of Lead Dioxide-Lead Battery Storage System Installed
in the Village Complex IUS . + « ¢ v o o o 2 s o s o o s =

NRC of a SediumSulfur Battery Storage System Installed
in the Village Comp].EX IUs P Y I I T T T R I

NRC of a Chemical Storage System Installed in the 1000-
UnitApartmentIUS..........--.------'-

NRC of a Chemical Storage System Installed in the Village
Comp]_ex IUS. L ] L] LI . . LI } L] . *a2 s @ L] LI ) .« » @ . L] »

Vi

40

42

43

44

45

46

47

50

50

52

52

53

53

55

55

57

57



Table

Table

Table

" Table

Table

Table

Table

Table

Table

Table

Table

Table

38.

39.

40.

41,

42.

43,

44,

45,

46.

47,

48,

49.

Figure 1.

Figure 2.

Figure 3,

Figure 4,

LIST OF TABLES
(Continued)

NRC of a Compressed Air Storage System Installed
in the 1000-Unit Apartment IUS . . . +. « + . . .

NRC of a Compressed Air Storage System Installed in the
Village Complex IUS. . v v v« & ¢ 4 v v o o o s « o o &

NRC of a Water Storage System Installed in the 1000-Unit
Apartment TUS. . . + ¢ . ¢ 4 4 0 v v v v 0 v e e e e

NRC of Annual Cycle Ice Storage Installed in the 1000-Unit

Apartment IUS. .o v & 4 4 v 4 4 4 4 b e e e e e e e e .

NRC of a Thermal Well Storage System Installed in the
1000-Unit Apartment. + v v v v ¢ & + = o =« o o o o »

NRC of Paraffin Storage System Installed in the 1000-Unit
Apartment TUS. . . v +v ¢ v 4 v v s 4 o s v s s o o o o s

Summary of Scoring for Selection of Primary E/S Candidate
for 1000~Unit Apartment IUS. v . v v =« o « « o & o o o =

Summary of Scoring for Selection of Primary E/S Candidate
for Village Complex IUS. v &+ & « 4 & o o o o o« o « « = &«

Summary of Performance and Capacities for 1000~Unit Apartment

IUS in Alternate ClimatesS. o o 4 « o 5 o ¢ s o « s o o =

NRC of a Water Storage Svystem Installed in a Minneapolis
1000_Unit ApartmEIlt IUS- . . . . . . . - - . » - & - - .

-

NRC of a Water Storage System Installed in a Houston 1000-

Unit Apartment TUS . & & 4 4« v + o « ¢ s o o o & o o« &

Summary of Scoring for Water Storage Systems in Alternate
Climates . + & o 4 o ¢ & o o & s 8 s o v o » o o 2 & o s

LIST OF FIGURES

BlQCk Diagram Of NO"'StOrage IUSC * . - ] L] - L] - . . . .
1000-Unit Apartment Load Profiles. . + « ¢ « & « o« & &
Village Complex Toad Profiles. . « & ¢ « ¢ ¢ ¢ « ¢ « »

1000-Unit Apartment Baseline Performance {(Summer). . . .

»

*

. 58

62
62
63
63
65
65
74
75
z

77

10
11

25



Figure 5.
Figure 6.
Figure 7.
Fiéure 3.

: Figuré 9.

Figure 10.
Figure 11.
Figure lé.
Figure 13.
Figure 14.

Figure 15.

‘LIST OF FIGURES
{Continued)

1000-Unit Apartment Baseline Performance (Winter). . .
Village Complex Baseline Performance (Summer). . . . . .
Village Complex Baseline Performance (Winter). e e .
IUS/Energy Storage Integration Techniques. . . . « + + &

Typical Load Profile for IUS Utilizing Electrical Energy
S torage - » L] - - - - L ] L) L] L] - L L] - . L] [ ] L - [ ] - - - -

Chiller Capacity~--Storage Capacity Trade-0ff. . . . . .
Chilled Water Storage Type A Integration. . « « « « « .«
Chilled Water.Storage'Type B Integration. « « « « &« o+ o
Hot Water Storage Type A Integraqioﬁ. s s e e e e e e
Hot Water Storage Type B Integration. . . ' . « + + « .

Combined Hot and Chilled Water Storagé System Integrated
With IUS - » L] . - il L] L] L] L] L] L - * .- » .. L] - - [ ] L] L]

b

Page

. 26

27

28

. .29

31
39
67
67
70

70

;72



INTRODUCTION

The applicability of energy storage devices to any energy system obviously
depends, to a large extent, on the performance and cost characteristics of

the larger basic system. A comparative assessment of energy storage alterna-
tives for application to IUS must, therefore, address the "systems" aspects

of the overall installation. This second volume of the three volume series
describing the subject study emphasizes these system considerations in addition
to describing the overall framework for carrying out the comparative assess~
ment, Included are (1) descriptions of the two no-storage IUS baselines utilized
as "yardsticks" for comparison throughout the study, (2) discussions of the
assessment criteria and the selection framework employed, (3) a summary of the
rationale utilized in selecting water storage as the primary energy storage
candidate for near term application to IUS, (4) discussion of thelintEgration

aspects of water storage systems, and (5) an assessment of IUS with water

storage In alternative climates.



XEPRODUCIBILITY OF THE

ORIGINAL PAGE IS POOR

BASELINE DEFINITTION

The objective of the Baseline Definition task was to establish a benchmark for
compatrison of the alternative energy storage concepts as well as to devise a
framework for carrying out the gssessment and selection tasks. The approach

to this task involved the following subtasks:

(1) Conceptualization of IUS baseline systems for use
as a yardstick for comparison of energy étorage
alternatives ‘

(2). Development of an energy supply computer model to
assist in comparisons of alternative energy storage
schemes

(3) Establishment of reference load profiles based on
inputs from NASA-JSC '

(4) Establishment of a framework for the comparative

assessment including criteria and weighing factors.

Baseline Concepts
A 1000-Unit Apartment and a Village Complex were selected as the target develop-
ments to be served by the IUS baselines. These communities had both been
&
(1,2) at NASA-JSC and energy demand

profiles were available for each, In addition, the selection of these two

examined in detail in previoug studies

communities resulted in an indication of the effect of development size on
the applicability of energy storage., The 1000-Unit Apartment represents the
low end of the size range thought feasible for IUS due to the economics of
scale. The Viliége Complex, on the other hand, has electrical loads which are
approximately an order of magnitude higher than the Apartment application.
Both communities were originall& assumed to be located in a region with
climatic conditions simlilar to Washington, D.C. The effect of alternate
climates was later examined for the primary storage candidate utilizing energy

demand profiies corresponding to Houston, Texas, and Minneapolis, Minnesota.

% Numbers in brackets indicate references immediately following the last page
of text in this volume. .



The 1000-Unit Apartment consists of 40 separate buildings which house approxi-
mately 2400 people. Four separate building types are included--high rise
apartment buildings, low rise (3 story) single apartments and two types of low
rise family apartments. Distribution of utility services is by.means of a
series of trenchs which contain potable water lines, hot water supply and

return, chilled water supply and return, and electrical conductors.

The Village Complex is a composite of three identical neighborhocods and a
centralized village center which serves as a center of activity for the Village
Complex. The village center includes office buildings, retail business esta-
blishments, schools, and medium rise apartments. The neighborhoaods each contain
713 single family residences and 648 multifamily housing units for a total of

1361 families. Fach neighborhood also contains an elementary school.

Figure 1 is a simplified block diagram depicting the energy flow in the IUS
baselines. The performance characteristics of the specific equipment comprising
the system were drawn, wherever possible, from the results of previous NASA-JSC
studies. For example, the prime mover/generator sets for the 1000-Unit Apart-~
ment were assumed to be the same Fairbanks-Morse 478 kW diesel units which were
utilized in Reference 1. Likewise, the Nordberg 4415 kW diesel generator sets

recommended in Reference 2 were used for the Village Complex.

Tﬁe no-storage IUS supplies all of the electrical requirements of the community
being served via diesel generators (l.e., as if there were no tie-in with a
‘regional electricity supply grid). These units are equipped with heat recovery
devices and the recovered heat is utilized to supply space heating demands, hot
water heating demands, and cooling demands (through absorption chillers). The
recovered thermal energy is supplemented by a heat recovery incinerator an&,
when necessary, by an auxiliary boiler, When the fedovered thermal energy is
greater than the thermal demand, the excess heat is rejected to a cooling
‘tower. During periods when the cooling demand exceeds the capacity of the
absorption chillers, electric chillers are brought on line to satisfy the
cooling load.
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Table 1 gives details on the sizing and performance chéracte?istics of the
equipment utilized in the two IUS baselines. As mentioned earlier, much of the
performance information has been drawn from References 1 and 2. The sizing
information was based on the results of computer simulations described else-
where in this report. It has been assumed; for the purposes of this study,
that all of the electrical energy required by the baseline communities is
generated on-site and that power may be drawn from a conventional utility grid
only during emergencies. This assumption results in the necessity of installing
electrical generation capacity sufficient to meet the peak electrical demand,
In the extreme case, this assumption would also require the installation of
additional generators to carry the load when maintenance is being performed

on one of the primary generators; standby generators, however, are not included

in the Table 1 equipment summary.
IUS Computer Model

A computer model, TUSMOD, was developed to aid in the analysis of energy
storage imbedded in the IUS baselines. This program, which is described in )
more detail in Appendix B, is basically an energy flow simulation. It calcu~
lates the fuel required by prime movers and auxiliary boilers to supply the

electrical, space heating, space ccoling, and water heatiﬁg requirements of the

baseline communities,

Input required by the program includés the hour-by-hour demand profiles for

hot water heating, space heating, space cooling, and electricity. The performance
parameters for the various IUS components (boilers, chillers, etc.) are also
input, as well as the appropriate flags which describe the case being run,

Program output consists of the calculated fuel utilization, generator output,
chiller output, waste heat recovered, and energy to and from storage for each

hour of the period under consideration.

The TUSMOD computer program used is a relatively simple analytical tool intended
for preliminary sizing of storage schemes and rough estimates of the annual

fuel utilization of alternative IUS designs. Results of the program appear to
agree reasonably well with output from its more complex "parent" program, ESOP,

when similar input data are used.
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TABLE 1. EQUIPMENT DATA FOR NO-STORAGE BASELINE IUS

Item 1000-Unit Apartment Village Complex

Diesel Generators

Manufacturers . ) Faiébanks—Morse ) Nordberg
Rating, kW ) ' 478 4,415
Number Installed 6 8
Total Capacity, kW ' 2,868 ) 35,320

Absorption Chillers

Installed Capacity, Tons 450 3,400

COP - 0.6 0.6

Electric Chillers
Installed Capacity, Tons 1,000 6,200

COP 4.0 ' 4.0

Auxiliary Boilers

Rating, hp 250 500
Number Installed . 2 4
Total Capacity, hp 500 2,000
Efficiency, percent 80 80




Load Profiles

The load profiles for the IUS baseline communities were developed based on
information supplied by NASA-JSC. The profiles consisted of the hour-by~hour
demands for electricity, space heating, space cooling, and domestic hot water
heating, and they defined the energy loads which the IUS baselines were required
to supply. 1In addition, the quantity of thermal energy which was recoverable
from the incineration of solid wastes was estimated based on an assumed con-~
stant burn rate during daylight hours, Profiles for six day types were developed
representing a summer design day, a winter design day, and average days for
spring, summer, fall, and winter for both the 1000-Unit Apartment and the

Village Complex. -

Tables 2 through 5 show the load profiles for summer and winter design days#®
for the 1000-Unit Apartment and the Village Complex. The electrical and
cooling loads for the summer design day are showm graphically in Fipures 2 and

3 for the 1000-Unit Apartment and the Village Complex respectively.
Framework for Assessment

The objective of this task was the development of a framework for evaluating
the various alternative energy storage concepts. This task involwved the
selection of the various criteria for assessing the energy storage systems,
establishment of a scoring system, and assignment of weighting factors for each
criterion. The framework developed provides a means of summarizing the rela-

tive merits and shortcomings of the alternative schemes in a concise manner.

The framework devised is a modification to the method described by Churchman
and Ackoff in Reference 3. The procedure involves the assignment of weights to
each of the selected criteria according to their relative importance. The
various alternatives are then evaiuated against each of the assessment criteria

and a raw score is assigned. The raw scores are multiplied by the weights

* The design days are sometimes referred to as "2-Sigma" days, meaning they
represent days in which the weather conditions are approximately 2 standard
deviations higher than the average.
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assigned to each criteria and the weighted scores summed for each alternative.
The total weighted scores for the various alternatives may then be compared
and a relative ranking determined.

L.

Assessment Criteria and Scoring

The criteria which were utilized in assessing the relative merits of energy
storage alternatives were selected based on a review of the overall objectives
of the IUS program and discussions with NASA-JSC personnel. The selééted

assessment criteria are:

o Net relative cost

e Relative fuel utilization

e Safety

e Availability/Reliability/Maintainability
e Hardware availability

¢ Environmental concerns

e Energy storage density

o FExpansion capability

e Transportability.

The evaluation framework selected requires that- a system for assigning raw
scores to each of the energy storage élfernatives be established. The proce-
dure utiliged in devising this scoring system involved the evaluation of each
of the energy storage alternatives relative to the -no~storage baseline. A
scale ranging from one through nine was selected'apd the no-storage case was
arbitrarily assigned a value of five for each of the criteria.. If an energy
storage device was judged by the Project Team to yield a total system better
than the no—storé&é;case, a value greater than five was assigned. If inferior

to mo-storage, a value Yess than five was assiéned.
The criteria which were utilized in this sfudy are suﬁmarizeq in Tables 6 through

14, They are defined and their associated scoring scales are discussed in the

following sections.
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Net Relative Cost. WNet relative cost (NRC) is the ratio of the life cycle cost

of an IUS/energy storage combination to the life cycle cost of the baseline IUS
concept. The term "net" emphasi;es recognition of potential savings as well

as the additional costs incurred by the iIncorporation of an energy storage
device. The term life cycle cost is used here to indicate the properly dis-
counted sum of the first costs and the operatieg and maintenance costs over the
life of the project. It is not meant to include the developmental costs
associated with the initial prototypes for any of tﬁe energy storage systems,
The assumptions and procedures utilized in calculating the net relative cost of

the energy storage devices are discussed in Appendix A.

Table 6 presents the scale which‘was selected for assigning scores to each of
the energy storage candidates based on net relative cost. Notice that the
scale has been centered around the demarcation value of 1.0. Devices with
values of net relative cost greater than 1.0 will be less profitable than the
no~storage baseline while values less than 1.0 refer to energy storage systems
which improve profitability. . The increment utilized in this scale is 1 percent.
Thus, an energ& storage device which results in 2 savings of 1 percene of the
life cycle cost of the no-storage baseline will receive a score of 6. A device
which will increase life cycle costs by 1 percent (NRC = 1.,01) will receive a

score of 4.

Relative Fuel Utilization. Relative fuel utiliéation.is the ratio of annual

fuel consumption of the IUS/energy storage combination to the annual fuel
consumption of the no-storage baseline IUS. The fuel consumption scoring scale’
is presented in Table 7. As for net relative cost, the relative fuel utiliza-
tion scale is centered around a value of 1.0 with 1 percent increments. Thus,
an energy storage device which reduces the energy consumption of the IUS by

1 percent will be assigned a value of 6.

Safety. Safety is the relative freedom from eccidental system failures that
could endariger property and/or 1ife. Safety can be quantified in terms of
occurrences or consequences of uns afe system failures, i.e., incldents result-~

ing in property damage’ and/or personal injury. Commonly used indices are

13



TABLE 6. NET RELATIVE COST SCORING SCALE

NRC(a) .. Score

< 0,966 .9
0.966 — 0,975 ry8
0.976 - 0,985 'f7;
0.986 — 0,995 6’
0.996 — 1.005 5
1,006 - 1.015 4
1,016 ~ 1.025 3
1.026 ~ 1.035 2

> 1.035

p

Life cycle cost of IUS "with" energy storage
Life cycle cost of IUS "without" energy storage

fa) Net Relative Cost (NRC) =

TABLE 7. RELATIVE FUEL UTILIZATION SCORING SCALE

rry (37 Raw Score
< 0.966 9
0.966 -~ 0,975 8
0.976 -~ 0.985 7
0.986 - 0.995 6

0.996 - 1.005

3
1.006 - 1.015 4
1,016 - 1.025 3

2

1.026 - 1,035
> 1.035 1

Annual Fuel Utdlization of IUS "with" storage
Annval Fuel Utilization of IUS "without" storage

{a2) Relative Fuel Utilization (RFU) =
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(1) property damage value per unit interval of system operation and (2) number
of injuries and/or fatalities per unit interval of system operation. These
indices are measures of the "safety of a system" (as distinct from "system

safety" which has special meaning).

For the particular case of assessing the safety of the IUS or its variants
incorporating candidate energy storage devices, it was. recognized that attempts
at quantifying the safety of the systems would not be possible within the
constraints of the study. A qualitative scale was therefore developed and is

presented in Table 8.

Availability/Reliagbility/Maintainability. System availability is the proba-

bility that, under specified conditions, a system would be ready for use upon
demand; it contains reliability and maintainability aspects. GSystem relia~
bility is the probability that a system would perform its functions when celled
upon to do so. It contains the random or uns cheduled dovntime element of
availability. Maintainability is a design characteristic of a system that
allows the system to be held in or restored to a state of readiness responsive

to demand. It contains the scheduled downtime element of availability.

A qualitative scale was selected as a measure of this combined criterion.

The scale ié presented in Table 9,

Hardware Availability. Fnergy storage system hardware availability is an

indication of the state of readiness of industry to produce a complete sub-
system to specifications, This criterion is coarsely measurable in terms

of the assembly/component/part that is most critical to the implementation

of the subsystem. " The qualitative scale for this criterion is shown in Table
10.

Environmental Concerns. Environmental concerns deal with the impacts of system

installation and operation upon the maintenance of environmental quality.
Tncluded are -resource utilization (e.g., land and water use) and environmental
contamination/pollution (chemical, noise, electromagnetic interference). The

qualitative scale used to score this criterion is presented in Table 1l.

15



TABLE 8. SAFETY SCORING SCALE

Score

Addition of energy storage device to IUS is judged to 7
improve safety of total system

Addition of energy storage device to IUS is judged to 5
neither improve nor diminish safety of system

Addition of energy storage device to IUS is judged to 3
diminish somewhat the safety of the system

Safety problem of a magnitude likely to impair . L
implementation of the storage device

TABLE 9., AVAILABILITY/RELIABILITY/MAINTAINABILITY SCORING SCALE -

Score

Addition of energy storage device to IUS judged to improve 7
system availability/reliability/maintainability

Addition of energy storage device not expected to improve R
or impair system availability/reliability/maintalnability

Addition of energy storage device judged to significanﬁly 3
impair system availability/reliability/maintainability

16



TABLE 10. HARDWARE AVAILABILITY SCORING SCALE

Score
e Hardware considered "off-the-shelf" 5
® Hardware not considered "off_the-shelf", but is producible 4
upon demand
e Hardware producible with technology judged to be within 3
the state of the art
e Producible with advancement in the state of the art 2
e Not producible without significant RDT&E 1
TABLE 11. ENVIRONMENTAL CONCERNS SCORING SCALE
Score
e Addition of energy storage device judged to reduce 7
the environmental impact of the system
e Addition of the energy storage device judged to 5
neither rediuce or improve the envivonmental impact
of the system
e Addition of the energy storage device expected to 3
significantly increase the environmental impact of-
the system
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Fnergy Storage Density. Energy storage density is the ratio of energy storage

capacity (kWh) to the volume of the storage facility. Since this characteristic
is intended to indicate the size of the energy storage device, care must be
taken in the definition of the storage facility. For example, the thermal

well storage concept (discussed in Volume III) utilizes qaturally occurring
aquifers as the storage medium, The volume of these aquifers is not chargable
to the energy storage device since it does not affect the size of the in~
stallation. For battery systems, the calculation of energy storage density

must include allowances for removal and replacement clearance which does effect

the size of the installation.

Table 12 presents the scale which was utilized in scoring emergy storage
density. The scale was defiped so that energy storage systems which are
approximately the same size as the prime movers they would replace are assigned
a score of 5. This is consistant with the philosophy of comparing all energy
storage systems to the no-storage baseline., Energy storage systems which will
require a volume approximately 10 times the volume of the prime mover replaced
are assigned a score of 3, and systems requiring 100 times the volume are

assigned a score of 1.

Expansion Capability. Expansion capability is a design characteristic of an

energy storage subsystem that allows significant incremental upgrading of sub-
system capacity. This involves the capability of adding duplicate units or
redesigning/reworking/replacing the existing subsystem. Modularity of the
storage facility is a key Fonceptual capability. Table 13 presents the scoring

scale for this criterion.

Transportability. Transportability refers to the compatibility of energy

storage equipment with modes. of transportation from assembly plant to in-
stallation site. Modularity of equipment eases handling and shipment. In
contrast, large inherently integral pieces of equipment could force signi-
ficant amounts of field fabrication. The qualitative scoring scale for this

criterion is Qresented in Table 14.

18



TABLE 12. ENERGY STORAGE DENSITY SCORING SCALE

ESD, kWh/m3(a) Score
3,500 9
1,750 - 3,500 8
350 - 1,750 7
175 - 350 6
35 - 175 5
17.5 ~ 35 oy
3.5 - 17.5 . 3
1.75 - 3.5 ' 2
0.35 - 1.75 ' 1

{a) Energy Storage Density ESD =

Energy withdravm from storage during complete discharge
Volume of storage system




TABLE 13. EXPANSION CAPABILITY SCORING SCALE

Score

Expansion capability of energy storage system judged
to be superior to baseline system

Expansion capability of energy storage system judged
to be approximately the same as the baseline system

Expansion capability of energy storage system judged
to be less than the baseline system

TABLE 14, TRANSPORTABILITY SCORING SCALE

Score

Commercial carrier delivery, SOA assembly/alignment

Specially constructed transportation equipment
required or significant field fabrication

Transportability problems expected to severely limit
application of the storage device
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Weighting factors. Table 15 presents the weighting factors for the assessment

criteria. These factors were selected by the study team and reviewed by
NASA-JSC personnel, They represent the best judgment of these researchers
as to the importance of each of the assessment criteria in the near term,
OFher weights and scoring systems may be more appropriate for energy stofage

applications other than IUS or as the importance of each criteria changes
with time.

TABLE 15. WEIGHTING FACTORS FOR ASSESSMENT CRITERIA

Criteria ‘ Weight
Net relative cost . 2.0
Relative fuel utilization 1.4
Safety - 1.2
Availability/Reliability/Maintainability 1.1
Hardware availability 1.1
Environmental concerns 0.8
Energy storage density ‘ 0.6
Expansian capability h . 0.6
Transpo;tability 0.2
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TUS SYSTEM STUDIES

Prior to initiating the detailed assessment of the individual energy storage
technologies, a number of investigations were carried out which can be classi-
fied as IUS system studies. The objectives of these studies were to (1) define
no-storage baseline performance in response to the load profiles, (2) identify
and assess methods of integrating enexgy storage systems with the IUS baselines,
(3) estimate the energy storage capacity, charge rates, and discharge rates
required and, (4) estimate the energy saving resulting from the application

of energy storage.

The procedure utilized in carrying out these system studies was to calculate
(via the IUSMOD computer program described in Appendix B) the energy require-
ments and operating parameters of the no-storage baselines and energy storage
options based on the load profiles defined in Task 2. Since these load profiles
represent particular service.requirements (the 1000-Unit Apartment and the
Village Complex) in a particular climate'(Washington, D.C.), the conclusions
dravn from these system étudies are strictly wvalid only for these or similar

TUS applications. The effects of alternate climates on a thermal storage
system applied to the 1000~Unit Apartment are addressed in a later section of
this report.

No-Storage Baseline Performance

The results of the computer simaulations for the n0rstoragé baselines are sum-
marized in Table 16 for the 1000—ﬁnit Apartment and the Village Complex.. An
important result of these computer .runs is the determination of the fuel ;eﬂ-
quirement. for the auxiliary boilers, The 1000-Unit Apartment consumes
approximately 70 m3 (18,500 gallons) of fuel per year for auxiliary hgatiné.
This represents approximately 2 percent of the total annual fuel consumptiom.
The Village Complex auxiliary boilers constme approximately 335 m? (88,400

'gallons) per year or about 1 percent of the total.
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TABLE 16. SUMMARY OF PERFORMANCE OF NO-STORAGE IUS

(A) 1000-Unit Apartment

Y

Day Type

. Winter Summer Winter Spring Summer Autumn
Item Design Design Average Average Average Average Annual
Total fuel consumption, thousands of gallons  3.159 3.367 2,390 2,188 2.642 2,200 860
Auxiliary bodler consumption,
thousands of gallons 0.975 0.0 0.206 0.0 0.0 0.0 18.5
Electrical energy generated, Mwh 28.6 44 .4 28,6 28,7 34.8 28,9 11,050
Peak electrical demand, kW 1,988 2,729 1,988 2,009 2,404 2,017 2,729
Absorption cooling, thousand ton~hours . 0. 6.72 0. 2,72 ‘ 5.46 3.36 1,058
Compression cooling, thousand ‘ton~hours 0. 17.9 0. 0.06 7.02 0.26 675
Peak compression cooling rate, tons 0. 974 0. 24 473 56 974
(B). Village Complex
Day Type
Winter Summey Winter Spring Summer Autumn
. Item Desipn Desdgn Average Average Average Average' Annual
Total fuel consumption, thousands of gallons  32.3 38.5 24.0 19.9 24.6 19.7 8,047
Auxiliary boiler fuel consumptionm,
thousands of gallons * 3.04 0. 0.88 0.10 0. 0. 88.4
Electrical energy generated, Mwh 441 . 580 348 299 371 296 115,900
Peak electrical demand, MW . 22.3 33.6 19.1 1.7.7 25:3 17.1 33.6
Absorption cooling, thousand ton-hours 0 56.6 5.97 15.8 36.4 17.7 6,960
Compression ceoling, thousand toun~hours 2.4 83.7 0,36 2,0 31.0 4.9 3,532
Peak compression cooling rate, tona 275 6,094 69 534 2,864 1,204 6,004
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The peak electrical demand for the baseline cases occurs on the summer design
day due to the electrical energy required for compression air-conditioning.
The 1000-Unit Apartment IUS has a peak demand of 2729 kW which requires 6 of
the 478 kW generator-sets selected for this application. The Village Complex
peak demand is 33,600 kW which means that 8 of the 4415 kW generator sets are

required.

The peak compression cooling load for the 1000-Unit Apartment is 974 tons while
the Village Complex requires a peak of 6094 tons.

Figures 4 through 7 are plots showing the hour~by-hour variation of several of

the important parameters for the winter and summer design (or 2-8igma) days.
Integration Techniques

An important task which was carried out early in the study was the identification
and assessment of possible methods of integration of energy storage devices

with the IUS baselines. Three of the methods identified appeared to be feasible
and are loosely referred to as "electrical storage", "heat storage", and "cold
storage". The locations of these integration concepts within the IUS are de-
picted by the ﬁashed-border biocks shown din ﬁigafe 8., The operational proce-'
dure, advantages, and disadvantages of each of these integration concepts are

discussed in the following paragraphs.

Electrical Storage

FElectrical* storage systems are charged by drawing electrical energy from the
IUS bus bar during periods ﬁhenithe generation capacity.is greater than the
demand. The devices are discharged during periods when the demand exceeds the
installed generation capacity. Thus, the storage system acts as. a "peak

shaving" device in that the peak demand which the genmeration plant must meet is

% ‘The term "electrical storage" is taken here to refer to the method of inte-
gration and not the form of the energy in storage. Flywheels, batteries,
and compressed air may all be treated as electrical storage devices for
integration purposes.
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reduced due to the addition of an energy storage device. The concept is
illustrated in Figure 9 for a typical electrical load profile, As illustrated
in this figure, it is assumed that the charging cycle would begin immediately
following the discharge cvcle and would continue at the maximum rate (as
dictated by the difference between the installed capacity and the electrical
demand) until the storage device is completely recharged. This procedure would
tend to provide a degree of stand=by capacity to satisfy unexpected power

demands. 3

The advantages of this mode of operation include the improvement of the load
factor of the generation plant. Load factor is defined as the ratio of the
average power output of a plant over a specified time interval divided by the
peak demand. Generally, improvements in the load factor of a plant result in
increased generation efficiency since the plant will be operating fewer hours
at off-design conditions. Another advantage is the possible cost savings due

to the reduced generation capacity required. It should be pointed out, however,
that cost savings will only aécrue if the installed first cost of the energy
storage device is less than the cost of the generating equipment being replaced.
This follows since it was found that the addition of .an energy storage device

in the selected IUS applications hag little effect on yearly fuel consumption.

It was originally thought that the "peak shaving" technique described above

would result in some reduction in auxiliary fuel required due to the imecreased
generator load at the off-peak hours when the thermal demands were greater.
Examination of the load profiles, however, revealed that '"peak shaving" electrical
storage would only be used significantly during the summer months when electrical
requirements are greatest. Since no auxiliary fuel is required during the

summér, it was apparent that no auxiliary fuel reductions would be realized.

Another mode of operation (referred to in this study as Mode-3 storage) utilizing
electrical storage was considered in an attempt to reduce auxiliary fuel
consumption., The Mode~3 concept hypothesized was to operate the prime mover/
generator in such a manner as to satisfy the thermal loads, while using the
electrical storage device to "balance" the electrical loads. During periods of

high thermal demand and low electrical demand, the prime movers would be operated
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at a high load (thereby increasing the recovered heat and satisfying the
thermal demand without consuming auxiliary fuel) and excess electrical energy
would be stored. When thermal demands are low, electrical generation would be

cut back and electrical energy would be drawn from the storage device.

It was apparent that the potential advantages of Mode-3 storagé would be realized
only during the winter months since during summer the operation is similar to
the "peak shaving" technique. Moreover, excess thermal energy is nearly always
available during the spring and autumn. During winter, auxiliary energy is
normally required and the question becomes one of whether it is more efficient
to éenerate this extra thermal energy via an augiliary boiler or by means of
the generator set/electrical storage combination. Analysis of the results of
the computer simulations reveals that, in most cases, conventional electrical
storage with an auxiliary boiler and Mode-3 storagé will provide the required
thermal energy with approx{mately equal efficiencies. However, the electrical
storage concept will not allow the replacement of the auxiliary boiler since it
will still be necessary to supply energy on the winter design days. It was,
therefore, apparent that this integration concept would not offer advantages
over the "peak shaving" concept described earlier and it was eliminated from

further consideration.

Heat Storage

Heat storage systems would be charged during periods when the thermal energy
recovered from the prime mover and the solid waste exéeeds the reguirements for
space heating, space cooling, and domestic hot water heating. The systems
would store théermal energy for use during periods when the thermal demand is
greater than reaqvefed thermal energy. Thus, a properly sized thermal storage
system would eliminate the necessity for supplying thermal energy via an
auxiliary boiler. The primary advantage of heat storage is therefore the

. reduction of the energy requirements of the IUS.

Cold Storage

The final integration concept which was identified as having possible appli~

cation to IUS is termed "cold storage". This type of storage system would be

charged during the hours when excess generation capacity is available. The
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‘xhess capacity would be used to power electric chillers and the excess "cold"
would be placed in storage. The stored energy would then be used at a latex
time to supply peak cooling requirements. The cold storage concept, like
électrical storage, is basically a means of shaving the peaks from the electrical
%emand profile. The same advantages (i.e,, improved load factors and reduced
generation capacity required), therefore, apply. éold storage has the addi-
tional advantage of increasing the coefficient of performance of the chillers

due to increased operation during periods of the day when ambient temperatures
are lower. The potential savings due to this increased COP could not, however,

be evaluated in this study because of limitations in the IUSMOD computer pro-

gram.

Mechanical Storage

A number of the energy storage concepts assessed in this study involved the
utilization of mechanical energy at some point in the storage process. In
particular, inertial energy storage (flywheels) and compressed air storage are
mechanical energy storage concepts. The possibility of utilizing the mechanical
'energy directly and thereby eliminating necessary conversions to and from
electrical energy was, therefore, congidered. It was determined, -however, that
attempts to integrate mechanical energy storage devices directly would not be
justifiable due to the difficulties involved in controlling the flow of
mechanical energy in a modular system such as IUS. For the purposes of this
study the flywheel and compressed alr storage concepts were, therefore, con-
sidered to be only "electrical" storage devices in that electrical energy is -

produced during discharge and absorbed during charge.-
IUS/Energy Storage Performance

Estimates of the capacity and the performance characteristics of the energy

" gtorage devices as integrated with the IUS baselines were required so that
technical and cost characteristics could be developed in the assessment tasks.
This was accomplished through the use of the IUSMOD computer program which was
developed during the study and is described in Appéndix B, .
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Electrical Storage

Table 17 summarizes the results of the electrical storage series of computer
runs for a range of round~trip efficiencies* which were thought to bracket
those encountered in practical devices. Examination of the data presented
reveals that the daily fuel utilization of the IUS is not affected to a great
extent by the addition of electrical energy storage. This is due to the
modular nature of the generation facilities ﬁhich permits high generation
efficiencies even at low load factors. In addition, an extra energy require-
ment is placed on the generation system as a result of the inefficiencies'

of the storage device. The net result is that the fuel utilization of the IUS/
ES combination is increased slightly due to the use of electrical energy
storage with the less efficient energy storage devices showing a greater
increase. I, therefore, becomes‘evident that this method of energy storage
will only be-feasible if the installed cost of the storage device 1s less than

the installed cost of the generator capacity which is replaced.

As indicated in Table 17, the energy which is withdrawn from the storage
devices ranges from about 1 MWh for the 1000-Unit Apartment case with 5 genera-
tors to a maximum of about 34 MWh for the Village Complex with 6 generators.
The actual energy storage capacity required will be greater than this by an
amount corresponding to the discharge efficiency of the storage device. The
energy supplied to the device during charging will differ from the energy
delivered during discharge by the round-trip efficiency. It should be noted
that the capacities given in the table for the 1000-Unit Apartmént, 4 generator
cases of 70 percent efficiency and below are based on supplying three consecu~
tive design days. For these cases, the amount of energy available fér charging
is not quite sufficient to rechgrge the storage device during a design day.

Storage capacity must therefore be inc;eésed to account for the difference.

* The round-trip efficiency of a storage device is’'defined as the ratio of the
energy delivered from the storage device dur:.ng discharge to the energy re-
quired by the device during charge.
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TABLE 17. SUMMARY OF ELECTRICAL ENERGY STORAGE CAPACITIES
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Case No. ZW =t =0 i e O p muwms HFUnM Z0M =0 M Do O mm QO
1000 Apartments
No Storage 6 2,868 - - - - - - - - - 3,367
05A 5 2,390 50 1,493 1,056 2,112 374 887 4 4 16 - 3,436
05B 5 2,330 ‘70 1,261 1,056 1,507 374 739 4 3 17 3,396
05C 5 . 2,390 90 1,113 1,056 1,172 374 633 4 3 17 3,373
05D 4 1,912 50 9,062 4,065 5,790 805 750 7 17 0 3,480
05E 4 1,912 60 6,761 4,065 5,790 905 750 7 17. 0 3,480
05F 4 1,912 70 4,878 ° 4,065 5,790 205 750 7 17 0 3,480
05G 4 1,912 80 4?542 4,065 5,086 905 750 7 12 5 3,433
05H 4 1,912 90 " 4,283 4,065 4,513 905 750 7 i0 7 3,394
village Complex
No Storage 8 35,320 - - - - - - - - - 38,469
07A 7 30,905 50 4,496 3,179 . 6,360 2,921 3,764 2 4 18 38,657
07B 7 30,905 70 3,798 3,179 4,537 2,921 3,083 2 3 19 38,546
07cC 7 30,905 90 3,350 3,179 - 3,530 2,921 2,075 2 3 19 38,484
07D 6 26,490 50 47,582 33,638 67,301 7,696 12,762 il 7 .6 40,506
07E 6 26,490 70 40,191 33,638 48,019( 7,696 12,675 11 6 7 39,325
07F 6 26,490 90 33,638 37,353 7,696 12,409 11 5 3 38,675

35,448




Heat Storage

Capacities required for heat storage systems were calculated utilizing the
IUSMOD computer program and the results obtained are summarized in Table 18.
The storage capacities shown were based on a single winter design day and an
assumption that the storage device was fully charged at the beginning of the
day. The heat storage capacity which is installed in a particular IUS appli-
cation would depend on a determination of the number of consecutive design days
which must be supplied. This determination was not performed in this study
since storage size was, for most thermal storage systems, dictated by the cold

storage requirement,

It should be pointed out that the data presented in Table 18 essentially repre—
sent energy balances on the storage system which do not account for such
variables as the temperature of storage or the flow rates required. An excep-
tion to this approach was that only excess high grade energy would be added to
storage. Excess low grade energy would be discarded. The reasoning behind

this assumption was that there are many hours when excess low grade energy is
available, but there is a simultaneous requirement for extra high grade energy
(due to tempe mture considerations within the IUS). Thus, the addition of low
grade energy to storage would not be possible. Energy from storage can, however,
be used to satisfy both high and low grade demands., This question will be

addressed in more detail in the integration section of the report.

Coid Storage

Capacities required for cold storage systems are based on the summer design
days and are presented in Table 19. As for the heat storage case, these capa-
cities were calculated from an energy balance viewpoint and do not take tem
perature effects into consideration. The 1000-Unit Apartment capacities were
calculated assuming the replacement of two of the six generator sets which
would be_requi;ed for the no-storage baseline. The Village Complex calculation
involved the removal of only one of the original eight generator sets. Further
reduction was not possible for this case due to the necessity of meeting the

peak domestic electrical demand.
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TABLE 18, SUMMARY OF HEAT

STORAGE CAPACITIES

T

1000-Unit Village

Item Apartment. . Complex

Storage Capacity,(a) GJ oo 117 . b_:3§9:1
(Millions of.‘BTU) (11r) .- - - (34D)
Maximum Discharge Rate, &) () 2.3 EEET-Y
{Milliions of BTU/hx) - (8.0) (3L
Maximum Charge Rate,(b) M) 1.2 2.5
(Millions of BTU/hr) (4.0) (8.7)

(a) Based on winter design day.
(b) Based on winter average day.

TABLE 19. SUMMARY OF COLD STORAGE CAPACITIES
lQOOHUnit(a) Village(b)
Item Apartment Complex
Storage Capacity, GJ 55 224
(ton~hours) (4,350) (17,700)
Maximum Discharge Rate, Tous 888 3,343
Maximum Charge Rate,_Tons 533 2,184
980 3,600

Compression qhiiler~capacity required, Tons
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Comparison of the chiller capacities required with capacity requirements for
the no-storage baselines (Table 1) reveals that only a minor reduction in capa-
city (from 1000 to 980 tons) is possible for the 1000-Unit Apartment. A reduc-

tion of approximately 2600 tons is possible for the Vill%ge Coﬁﬁiex.

The capacities for cold storage reported in Table 19 were calculated based on

the requirement that the storage be sufficient to supply cooling for continuous
design days. This requirement determined the compression .chillexr capacity
required since the chiller must recharge the storage completely each design

day. The possibility of reducing the installed coﬁ@ression capacity by means

of installing extra storage capacity was investigated for the 1000-Unit Apartment
case. It was assumed that, for the purposes of this trade-off study, storage

capacity should be sized to cover three consecutive design days.

The results of this investigation subtask are presented in Figure 10. This
figure shows the storage capacity required as a function of installed com-
pression chiller capacity. The sharp "knee" of the curve represents the point
beyond which further increases in the compression capacity do not result in the
reduction of storage capacity required. To the left of this point, a decrease

in the compression capacity results in a sharp increase in the storage capacity

required. The plot shows that a reduction of approximately 10 percent in
chiller capacity must be accompanied by a doubling in the storage capacity
required to satisfy the tﬁree consecutive day criteria. It was therefore
concluded that decreases in the chiller capacity over that required to recharge

the energy storage system fully during a design day would not be feasible.

Performance Summary

The fuel consumption values of the Garious IUS/energy storage combinations.aré
given in Table 20 for the 1000-Unit Apartment and inm Table 21 for the Village
Complex. It should be pointed out that the cases referred to as thermal
storage involve heat storage for autumm, winter, and spring days and cold
storage for the summer days. It is interesting to note that only thermal
storage gesults in the reduction of IUS annual fuel utili?ation. The magnitude
of this reduction is estimated to be about 2 percent for the 1000-Unit Apart-

ment and about 1 percent for the Village Complex.
i
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TABLE 20. SUMMARY OF FUEL USAGE, 1000 APARTMENTS

Fuel Usage(]‘), thousands of gallons
Day Type
Wintex Summer Winter Spring Summer Autumn
Case Design Design Average Average Average Average Annusa_l
-No Storage 3.159 3.367 2.390 2.188 2.642 2,200 . 860
Thermal Storage 2.186 3.371 2.186 2,188 2.632 2,201 840
(4 generators) L
Electrical Storage .
(5 generators)
1 = 90% 3.159 3.373 2,390 2.188 2.644 2,200 B60O
= 70% 3.159 3.396 2,390 2,188 2.644 2.200 860
1 = 50% 3.159 3.436 2.390 2.188 2.644 2,200 . 860
Electrical Sktorage
. (4 generators) ) )
= 90% 3.157 3.394 2.390 2,192 2,662 2.204 862,
1 = 70% 3.160  3.4801%) 2.394 2,199 2.705 2.212 868
1 = 50% 3.169  3.480%) 2,402 2.213 2.781 2.226 878

(1) Based on continuous days of each day type.

(2) Generator sets as operating at 100% full load at all times,

T TABLE 21, SUMMARY OF FUEL USAGE, VILLAGE COMPLEX -

Fuel Usage(]‘), thousands of gallons
Day Type
Winter Summer Winter Spring Summer Autumm .
Case Design - l?esign Average Avére}ge Average Average Annual
No Storage ' T 32.3 38.5 24.0 19.9 24.6 19.7 8047
Thermal- Storage - 29.3 . 38.5 23.1 19,9 24,7 19.7 . 7975
(7 generators} . ’
E.lectrica;t]. ,Storage
(7 generators)
gy = 90% 32,3 38.5 24,0 19.9 24.6 19,7 . 8047
g = 70% 32,3 38.5  24.0 19.9 24,6 - 19.7 --8047
oy = 50% 32,3 38,7 24.0 19.9 24,6 19.7 - 8047
Electrical Storage . )
(6 generators} - , tT M
TIRT = 90% 32,3 -38.7 24.0 19,9 24.6 - 19,7 _ . BDA&T -
Ty = 70% 32.3 393 24.0 19.9 24,6 49,7 8047
nRT = 50% 32,3 40.5 24.0 19,9 24,6 19.7 8047

(1) Based g‘n continuous days of each day type.
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The fuel use summaries in Table 20 azlso demonstrate the effect of round trip
efficiencies of the electrical storage devices on the annual fuel consumption.
Although low efficiency increases the consumption slightly for the summer
design day, the effect is reduced on an annual basis. This is due to the fact

that the storage devices are utilized only when the electrical demand is high.

To illustrate the performance of the various storage systems, sample computer
outpet has been included for the 1000-Unit Apartment IUS. Table 22 is for the
summer design day with cold storage while Table 23 presents data for the summer
average day with cold storage. Both cases involve an IUS with 4 generators
installed. The summer design day represents the second day of a comsecutive
design day run and storage is therefore partially depleted at the start of the

day. For the .summer average day, a full charge was assumed initially.

Tables 24 and 25 present data for a heat storage system for a winter design day
and a winter average day respectively. For both cases, it is assumed that
storage is initially fully charged.  For the design day, energy is withdrawn
from storage continually., ¥For the winter average day, energy is initially
withdrawn from storage but storage is replenished in the late afternoon hours.
Tables 26 and 27 present results of electrical storage runs for a summer design
and a summer average day respectively. A round trip efficiency of 70 percent
is assumed in this case with 4 generators installed. The summer design day
represents the second day-df a consecutive day run. Notice that the storage

is not completely recharged before discharge for the next day begins. Thus,
the generators are essentially running at 100 percent load at all times. For

the summer average day, an initial full charge was assumed.
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TABLE 22. 1000-UNIT APARTMENT DESIGN DAY COLD STORAGE PERFORMANCE

BIILEQ . PRIMI MOVIR ABSORPTION COMPDISSION ELEST FAR SENERATOR TOTAL H.G. HASTED

ENERZY IN

Y0.
—Hoye FUEL RWAHD.— - FUEL.RSID AIR COND ATR 30ND . . _GOMO AL SET JJTRUT . HEAT REZOV.— HEAT _ _STORAGE . SEN
AGAL 74} {GAL /HR} (1045 (T393) (Kd} 14} [+ {*} (TON=HR)
1 aM 0.0 , 155.0 223 s 958, % 42,2 16912.0 4,840 2.50% 551.2 4
—2 . AM 0.0 f 139.5 223.7 ! 950,10 A6l.2 1833.3 o635 2,635, .. 1023.2 &
1 &N 7,0 ! 127.7 " 201.5 a40.0 a6l.? 1677.3 he1R3 2e433 1520.1 &
—LAM Bat 1256.9.... 203.0 930.40 A61.2 1673.3. hol7h 2.5932 2039.1 L
5 AM .10 1763 201.9 950,0 86l.2 16553 %152 2.479 2572.7 iy
_5 AM [P 12%.3 492.9 980,.0 96%..2 1673.3 4174 2,282 2993,3% b
7 A9 © Ba0 135.7 1653 950.0 T ARL.2 1779.0 4,495 1.550 3258.8 LY
BLAM 0.0 =1u5.0 3340 Ahba.2 A23.7 ~1312.0 H.41] w151 3543.6 &
9 AW G.N 143.0 3462 : 997.0 %6la? 1/A5,1 9.33% « 039 3AN5.9 b
-0 A4 .08 138.4 L20.% 938.1 S61a2 1825.0 9165 2.024 B044.9 &
» 1174 n.0 139,% I74.5 94N.0 361e2, 18%1.0 9.211 1.078 4179.8 &
Nn0Y .0 140.2 371.3 _ _990.0 861ia2 163,40 9.233 1,019 4282.8 &

1 PH 0.0 139,.4 414.0 95049 Shh 4 1873.2 3.203 1.951 4395.6 4
L2 PM 0.0 135.3 41346, 893,45 7.90.5 1792 e 2,075 . — 1,960 . u3d5u6.__ 4
3 oM 0.0 139.8 399.7 365.5 330.9 1R42,7 9,716 1.579 4395.6 b
— b PN 0.8 I R Y TR 385.6 85040 361.2 1895, 0L 3.334% 1.1356 L W39%.0 . &

‘5 PN 0.1 165.0 409.6 at0.3 712.1 1312.0 g,611 1.453 42682.8 b
5_DY4 Nai 145,10 332,41 4575 02,1 1012,10 2.411 1.3L2 -3835.4 4
7 PM .0 - 145.0 337.1 159, 5 tafel 1912.0 3.410 «713 3155.0 4
[ 10 - 1 WU | T4 | IR % - 5 1. O ——— 154.2 R.0 a0 1997 a7 reere ST LT e 350 223240 &
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10 Py . Dal. — 1515, - £35.3 0.0 0.0 —.1987.7 54157 s &BTA S04.5 b
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. MILLIONS_DF_3TU _PER HOUR
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TABLE 23. 1000-UNIT APARTMENT AVERAGE DAY COLD STORAGE PERFORMANCE

TUTITTT T Te0tlER T RRIMET MOVER T TABSORPTION T COMPRESSIONTT  ELECT FOR T GENERATOR T TOTAL H.G. WASTED ~ 7 TEmncRoY TINT NO.

_HCUR_ __ FUtL RECO_ _ FUEL RERD__ ATR GOND  AIR GOND COMP A/G SET oUTPUT HEAT REGOV HEAT . STOPAGS GEN
(GALZHR) (GAL/HRY ~" ' T (TONS)® (TONS) (KH) EKH) *) =) (T ON= HR)

1 Ad 0sC 96,9 . ., L33 .y 175.9 155.6 122475 3647 1,50k L395,6 7

2OAM L Gel L Bk L 42747 14943 131.¢ 1109, 3 R 2,715 1.610 . 4355,6 3

3 an da 73,3 T 109.2 126.3 111, 0 927.1 2.339 1.254 4395.56 z

B T I T Y 10 ST 1. L 21 RPN U 111 S 0.8 _ _ 982.9 __ 2.274 1.265  4365,6 ?

5 A Lol erer 10543 77T 91,9 B0e7 BBl4ab 2.223% 1,244 439546 2
& B 0. 72.1 L iA04e3 s T - BTL0 137.9 950.0 _ 2.403 1.118 4305,6 2
7 AM 9. C o ‘370‘.5_"- =1 S - 256.5 224 1153.2 24852 Y-1% 4395,.5 3
BAM _ . Ced soaueb 0 PORGE L] 18B.t L1653 124746 7466 0.009 4395.6 3
9 A4 T Bed T et “T2uel.E T T 7 29049 255.7 1279,6 74768 0,800 4395, 6 3
A0 BM e 0.0 T . B2.5 . L BR2yh4 . 2909 __ . 255.7 L 12195  _ _ T.683  _ _ 1.154 __ 4395,6 _ 3 __
1t AT T Taae T T 95.6 Toa65e1 T T 36347 314.6 1299, 4 7.823 «285 4395 ,% 3
MOOW . @.07 . 4p0,2 . . . 1 30k e . .379.0_ . . 333.0_ 1320,9 TWBA3 _ .232 __ 43985.6 _ 3
T P4 - 0.0, TT9Es T 34345 ¢ - 352.20 0 139.5 13553 74834 11566 4305 .5 3

L2Pd 0.8 0hiz . 35ked - .7 363.7 __0  319.8 . A132L.4 N T L. L.228 435546 3
3Py gal. 7T T L3, 333.3 402,39 , - 353.2 1355.1 8,007 859 %395.5 3
homt o Get T 1055 | | 32746 _ 43246 38844 14040 . 84116 LYY 4185,6 3,
& P T T g 117J4 3591 395.7 3477 1547.6 8.399 1.23¢ L345,6 4

& PH * el 13948 3h2.0 L3790, . 333.0__ __ ' 1B42.9 _ 9216 1.233 ____ u3I%5.5___ &
7 P4 0.3 1i5.0 337.1 15945 140.4 1912.0 94410 .213 520445 %
g§PM - 0.T 181.5  _ 4S4e2 ., 0.0 . 0.0 198747 i 5.157 353 3E91 .5 4
3 'PH 0+ 0 1E1.5 C13tes 7 0.0 0.8 7 1987.7 5.157 RYY4 31714k b

10 P4 0. 151.5 .135.3 G0 6.0 _  1987,7 54157 W571 2690 0 &
1L Py 06 . 14550 166.7 29843 262.1 1912.0 Lo84 1,255 2715.5 4
HD=NT DG 165.08 - touit 74242 ;o B52.2  1912.0__ __ 4.8L0  _ 1,923 3296.2 4

TOTAL , ... DsC . 258145 539753 . _6097.8_ 5358.4 38092, 1 . 140,520 | 21,925

- - R . — Py - -

¢ MILLIONS OF 8TU PER_WOUR .
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TABLE 24, 1000-UNIT APARTMENT DESIGN DAY HEAT STORAGE PERFORMANCE

BOILER

i TPRIME MOVER ~ 'ABSORPTION  COMPRESSION ELECT FOR GENERATOR TOTAL HeG., —~ ~ WASYED FNERGY IN ~ 7 NO,
_HouR___ _FUEL REGCD,  -FUSL REQD _ _ AIR COND . AIR COND coue A/C SET QUTPUT WEAT RZCOVY HWEAT _ STOPAGE __ GEM
1GAL/HR) {GAL/HR} {TONS) {TONS) LKW) (KH) t*) (4] (")
1T A9 [Py RT.7 o 0.0 Ny 1069.3 T 2wsat 1343 258,099 3T
. 0.¢ _ 758 0.0 9.0 0.0 978.4 2.287 1,421 251.790 .3
3 AM O0.C £1.9 Do 0.0 0.0 81641 24031 1.122 244,859 4
bR 0.0 61,6 ... 0.0 0.0 8.0 812,14 2,020 _ L5823t m1Y 2
L 0.0 C 1.0 0.0 8.0 0.0 80ba1 1998 1.148 230.276 2
_b AM 0.0 £146 0.6 0.0 0.0 B12.4 . 2,020 w956 222.506 2
T84 €.t 7004 0.6 0.0 0.0 927.9 2,341 2219 2Lk 160 2
LN R P 8246 0.0 0.9 g.0 1082.3 7.200 0.000 . 208.178 3
9 aM 0. 7845 0.0 0.0 0.0 1023.9 74016 0.006 202.576 3
A0 AM e 0 Teeb 0.0 0.0 . Gel __ .. 9A3.8 _ 64805 _ __ 604 19¢.335  _ 3
i1 M 8.t 75.6 9.0 0.0 g0 979.8 &.360 p.gee 195.2¢8 3
NOON Lot 7651 _ 0.0 B0 0.®__ 997.8 . 6.AS3 _ 0.0LD __ to1.330 3 _
1 PH e 7645 Gel 0.0 0.0 993.8 6.915 2764 188,557 3
L2PM 0.0 LY U P R 0.0 0.0 1004.8 64945 .. «BL7T _ 18E,24A 3
3 Pu 0.l 7747 0.0 0.0 0.0 1011.8 64977 o513 183,624 3
L EPH et 7845 ) 0.0 . 0.0 0.0 1023.8 7,015 c.0ge 140,634 3
5 P4 0.0 ai.0 0.0 . 0.0 t.0 11299 7549 2670 178.802 3
& PM 2ot 11447 0.0 0.8 0.0____ .. 1509.9 8.288 L+836 177.712 A
7 £ . 13,5 0.0 0.0 0. 1771.9 9.017 .52 176,539 b
. IO Y 1€1,5 . 8.0 0.0 0.0 1987.7 S.157 »950 172,344 4
9 B 0o 151.5 0.0 0.0 ~ 0.0 19877 5.157 $L37 167,815 4
10 FM te0 15145 0t _ | 0.0 0.0 1987.7 5.157 #5714 163.509 &
11 PY 2. C 12544 8.C 0.0 T.0 1649, 9 4.110 «950 1584561 4
_Hb=NT . B L . 9546 0l 8.0 0.0 _ . 125%8_ . 3.eh 0 2.001 _ 153.0%9 __ 3
TOTAL . Eat 2188, . 0e0_ . . 0.0 0.0  _ 28643.7 | 125.494 15,683 ..

¢ __MILLIONS OF 8TU PER HOUR__

U %% MILLIONS OF BTY
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TABLE 25.

1000~UNIT APARTMENT AVERAGE DAY HEAT STORAGE PERFORMANCE

TTTTTTTTUTTGOILER T PRIMFTMOVER T TABSORPTION TTCOMPRESSION T CELEST FORT T GENERATOR T TOTAL HuGe T T UWASTED T ENERGY IN
_HOUR _ FUCL READ_ FUEL /EAD ___AIR COMD __  AIR COND CoOMP A/C  SET DUTPUT HEAT RECOV HFAT ___  STORAGE
. ¢ GAL /HRY { GAL ZHRY {TONS) (TONS) tKH) (KW =) [*} (es)
1 AW 0 B1.7" Y] (i P (LY 1069, 8 2.591 Te3u3 262.290
2 A bat . 75.% .. 0.0 _ _ . ._. 0.0 0ol a78s1 _ _ 2287 . tl.u21 _ 260.239
3 Am 0. . 61.9 g.0 0.0 0.0 8ihad 2,031 14122 257.524
L Be . EL6 I 1) D 0.0 Qe 812.1 2.320 1.158 250,599
5 A% Dat €1.0 ) 0.0 - Be0) 0.0 804,1 1.994 1.8 251,367
o6 AN - P 61,8 _Dag 8.0 0.¢ 812,14 2.023 +956 247,739
7 AR 0.0 70.4 0.1 0.0 0.0 927.9 T 2a301 +219 243,412
- g ﬁ_ﬂ e e, ge0 . - A2.6 - — 0.0 —— - 0.0 _ 0.0 1052, 3 . T.200 D.000 241.833
9 AH P 78.5 0.0 0.0 0.0 10239 7.016 0.000 241.278
A0 AM 0l Theb 0.0 Bed Do 953.8 6845 «B04  _ 243.573
11 A 0. L 756 0,0 0.0 0.1 879.8 64BBG 0.008 265,460
HCON 0.8 L THeL 048 0.0 _Be0__ __  9A7.8 G893 00490 2874646
1 PH DL 76,5 0.C t.0 ot 993, 8 f.915 764 251,289
2 .PM_ 6.0 _ __ 7?00 ___ . 0aD _ D0 _ Nekf 1001, 8 6. 9L5 N .817 255.315
3P Gel 77.7 00 0.0 8,0 1011.8 6.977 o413 259,1F8
_EPH _ . Qa0 78,5 DG ; 0.0 N 040 1023.8 7.015 G.000 2€2,395
5 PH Y Q1,0 0.0 0.0 Dot 119%.9 7T.5L9 30061 264,006
E _PH 0s [ 116,7 . 0.0 0.0 _ 00 _A50%9 __ _ _ B.288 ____ 8.9%4 _ 26L.000
7 PN Dl 134,54 0e0 043 Jel 1771,9 G.,017 3749 264,200
- G0 | o 1E1.5 et 8.8 . 0.0 . 19977 5,167 Leleshy 254,000
9' Py Cal 1¢1,5 0.0 8.0 0,4 1987.7 5.157 487 2E3. 70U
0P 0.0 154.5 0.0 0.0 0.0 1947.7 5.157 571 2£3,59%
11 P4 8.0 12%.1 0.0 0.0 8.0 1642, 9 ty110 +950 262,935
M« NT . B-U 95-6 'ncn — ﬂ-ﬂ_______ [/ [ e 125908 T 3.1‘0-'4“__ . . 1-301 s w___?El.IoQS
ToTAL _ 6.0 2185.4 Ge0_ . Da0 0.0 2EBB4T.7 . 125.496 2E.602

*¥ _HILLIONS OF BTU
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TABLE 26,

1000~UNIT APARTMENT DESIGN SUMMER DAY ELECTRICAL STORAGE PERFORMANCE

. BAITLER PRIME MDVEIR TOTAL ABCARFTIIN COMPRESSTON ELECY FOR GENERATOR TOTAL HaG. WASTED ND.
___HOUR EUSL REAN gueL_tcan EYEL_RCAD ATD_roNn AIR..CONTD CONB_AZD . SET_OUIPUYL HEAY-RECOY HEAYT . _GEN
(GAL/HR) (GAL/HD) {GAL/HR) tYONS) ITING) (£d) 1KH) (%} *)
1 A ) 0.0 145,10 145.10 223.4 563.0 546.0 19172.0 oAW1 7.508 4
2_AY [ P% 1%5.10 145.0 233.3 LIB.G 63%.0 19420 e o .. N ALD 2.719 . 4
3 a4 0.0 145,10 145,10 234.2 503 395.3 1912.0 Lo RGO 2.725 &
4% AM 1.0 155,10 148 .0 235,.3 423,13 372.0 1312.10 heBRD.. 2.760 .. % .
5 AM 0.0 145.0 145.0 235.3 497.5 3548,2 1312. 1 e SU0 2.766 b
5 _AY Na.0 145.0 155.0 225,2 515.7 £53.2 132,84 1Y) 22563 4
7 A4 e} tu5.0 145.0 1%2.6 (38,9 LIRS 1312.0 hae Ak 1.691 4
.8 AM Dal - 1h5.0 1%5.0 33%.0 55540 57540 $1312.0 S.410 RN 13 RSN
9 Av 0.0 145,1 16541 IGN.N0 709,5 62%.5 1312.0 9. 410 «470 4
.10 AM 0.0 145,10 14510 L32.Z 2.2 bo ke 635.5 1312.0 Qb 2,120 %
11 AM .0 145.0 145,19 34,5 A30.T T30.0 t3t2. 0 Q.410 t.1600 4
NO2M 0.0 155,10 15,0 3805 453,48 ZG3.1 1312.0 3.418 1.082 [
1 PM .0 145,0 145.0 479,3 B32.H T31.7 1312 N 9.619 2.036 L
—2.P4 1.0 1u5.0 145.0 L3luh 17B.13 772.3 1312.0 . J9.010 o L2.077 .. &
3P4 7.0 t65." 145.10 NG, b 35N 9 6180 1912,.n g.410 1.569 [
— b PM Dall. 165.1 14 5.1 IB7.1X F58.4 RS .0 1312,0 3 Gt 12217 4
5 P4 0.1 $L5.0 1450 %N9,5 922.1 19,3 1312.0 9.4i0 1,663 4
L | N..0 145, 0 1650 392,14 300.5 I .b 1312.0 f9.411 1.312 ']
7 PM ] 145.0 145.1 337.1 R25,.,5 T?5.4 1317.10 9,411 «213 b
—..B B Fal 145,0 145.0 135.% 343,83 B23.3 1912, 0. .. G340 eeem 303 .
9 PH 0.N 145.0 147544 115.2 A39,1 737 1312.0 LoRhD - 34l s
.1t oM .0 145.0 14%5. 8 113.% A51.2 7%3.0 1312.0 LaoBW0O.. .o 29 L h
11 PY Na7 13,9 14%5.1 160.7 750.9 6530 1312.0 e BYN 1.255 &
MO=NT n.q 148 .0 1550 19%.1 h25.4 5%3.9 1a12.0 L840 1.923 Y
JToTAL L 0.9 340,33 3499.3 Aa75.9 17550.9 15513.% 55849,0 ... 171.000 __ _..37.659 ... .
A3sFSTIn "ﬂﬂDD‘-‘EETﬂﬂ FTHDA“I:‘ l'l‘.‘\!'_'DAl'ﬂ, "}[,EDFV 1M
HouR ELIZ 2EMAND ELEDS D°4AND ELEC DEVAND SET QUTPJTY STIRAGE
—_ —IXH) (8:4"8] (%W} (") L LHAS
—_— _L_AH_________ ___“]qq 24 lnlllﬁ 0 k 4-¥,9- ] iﬂ|2,.ﬂ ,'-:‘;2_5'5___
? AM 97%.1 43%.0 436.0 1312.9 253047.9
344 S1h.1 34h.L3 539,7 112,09 26555.4
M 412,.1 37740 7273 1312.1 P71
—-5 AH .11 P 358,.2 A% P J 1312.0 27T61.Z
& AH 112.1 453,2 &4h.7 13i2.0 24302.%
mea? - BM 927.% 610, 370.0 1312.0 285128 ——
A AM 1naz.3 573.5 254.1 1912, ¢ 29425.0,
9. AM 1023.9 [k ) b3y 1312.0 FELIE P
10 AN 953,19 63h.5 3i1.h 13120 ?3307.19
=AY AM 379,18 230.4 282.2 1312.0 23475.2._
KON gay.® 730,11 165.1 1312.0 2331943
—_-1.P4 933.4 73L.L 186.5 1312.0 23770030
2 PM 1n01.2 172.% 137.9 1312.0 73905,7
3._0M 1013.2 812,40 32,2 $312.0 27938
L oY 123,41 AT 1.0 37.1 1912.0 793IA5,.5
— 52 =11499.3 A17.3 =93,.2 1112.14 298[%, 1.
6 PH 1609,1 791 .4 =389.3 17112.0 23u402,.9
— 7 PH 1771.3 725.4% =3858.3 1312.0 23703.3. .~
B PM 1097,7 A23.3 =205,0 1912.0 ?27571.3
T tuaz,7 73N 7 =465.14 1312,0 285850
in oM 1947.7 Th.0 -823,7 1312.0 265501.8
—11 o4 1543.9 A533.0 =336.9 1312.0 251270
MO=NT 1259,.14 5%7.9 102,2 1912.0 26212.5
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1000~UNIT APARTMENT AVERAGE SUMMER DAY ELECTRICAL STORAGE PERFORMANCE

TABLE 27,
-AOTLER PRIWF YOVER TOTAL ABSORPTLICN COMPRESSION ELECT FOR GENERATOR TOTAL HeG. WASTED NQ,
- HOVR_____FUSL REQD ____FUZL READ _ __EUEL REQD.____ AR COND_.. _ AIR COME ._. COMP A/C  _SET OUTPUT.  MEAT RECOY . _ _ MEAT _ _GEN
" {GAL/HR). {GAL/ZMR) (GAL/HRY " (TONS) {TONS) {XH) (KW) t*) (*}

1 A4 04 0 7.8 92.8 * 133.6 17646 155.2 1223.7 3.045 1.543 3
—2 in Dok __hn. 2, 54e2 L12701 L 45,0 _ cAR%eb | 1105.8 . . 2,704 .. 1,605 3.
3 v 2a ¢ £9.8 69,8 10843 120.9 .115,2 920.5 Pe324 1e284 2
SN S Dol FAat ___ - BB.1 ce 10742 . 9%.9 _ ...,  87.8 . _ B98¢h | 24258 . 1.259 2
5 1M Co €6.7 66,7 . - 10446 87.8 7741 879.9 2.207 1.233 2
6. Ge 0 T1e7 Tis7 103.7 . 153.2 136, 7, Bu5,7 2439¢ felil 2
7 M [P R7.1 8741 B2.5 252.9 2z2.2 1148,€ 2.838 637 3
L . e Bee3 B8R GBBTWS 18247 _ . 18045 1243.5 . 746K _ __ .. 0.000 . 3
9 A4 £ef 95, 9 T 96.9 -1 T S 24748 252.9 12774 7.762. 9.008 3
10 aw 8, € 62,2 . 92.2 3u1,9 _ 2484 L 253a6 0 124EeD, L _ | 7.593 ___ 4,150 .. %
11 AN tel LETE! 9841 304,3 35847 315.2 1293,9 TWADT - .279 3

HoeH sl _99.8 99,8 303,5 3r3, 9 328.5 1315.2 74067 »225 3
1 pH tet aq,5 9845 348,8 3u7.7 " 305.6 T 1298.2 T 7eR19 1,160 3
2 pm s 3ed 10040 19040 35307 c¥leb T8 __ 1318.5 . —~ 74876 _ __ . 1.224 3
3 PN feC 10%.1 103.1 334.5 39646 3485 1359.3 7.991 +353 3
LoPH _0.¢ 104.3 106.3 . . %22.2 . 43943 378.L . 1601.0 ______ 8.107 _ S 1 3.
5 PH Go D 1174 1171 358.6 372.3 3447 1543.9 8.389 1,232 4
_& P Be 139.6__ . 13945 3e2.9 374,3 328.9 1840.0 9.294 1+229 b_
7 PH £et 145,80 ° 14549 337.1 LT 3,2 T f912.0 9,410 213 4
.8 P D4 g 165,0 14£ 40 135.4 52445 __ BA0.9 o L 191240 __ &.%40, . A08 4
9 Py Sat 10340 14540 115.2 531.6 457.1 191240 4y 800 o34k “
10 PH LD O 1L5.9 P £ 1194 _ _ . un2.8 4L3x.0 1912.0 44R40 — 423 4
11 PH [ L5, 0 145,00 160,7 2659,3 235.8 1912.0 L840 1.255 A
MD=NY 060, 145,19 155 .0 19441 157.2 13641 1912,9 LeBHO 1,923 b
~ TOTAL 0.0 __ ___ 25%6.4_ 2C5ha4 - 533944 L TI50.9 . 628T9 . 3IT0L.3  ____ 139,463 . 21,419
~ DO4ESTIC COMPRESSION STORAGE GENERATOR  EMERGY IN
HOUR ZLEC DEMAND ™ ELFC DZHAND ELEC DEMAND  SET OUTPUT  STORAGE
-~ (KU} (Ku) (KM ARMY Lt {KHH)Y
1 AM__ 106¢.8 153.2' _b.2 1223,7__ __ 30906.0_
2 AW 97 8at 12744 0e 1105.8 3003840
- 5.1 816,14 1062 0, 0 920.5 30000,0
4 AM 81 2.1 8T8 G 0 89840 3000C.0
S AM __ 4D 4,1 77el 0.0 _.879%.9 ___ . 303J00.,Q
& AM B12.1 1347 e 945,7 3030040
7 A4 927 .9 22242 04 0 1148.5 ____ '30300.0
5 AM 1582.3 16046 - ge 8 124345 300094 0
g Ay 1£23.¢ 25249 . . L 127744 30990.0_
10 AM 963.4 25344 0i0 “1216.0 Jo000.C
£1 AY Y798 3152 0.4 1293,9__  -30300.0
HOOM Y47 .8 32A,5 ol 1315.2 3020040
1 Py 933.8 305446 . 0 1298.2 ___ _ 30000.C
2 PH 1601.8 317,48 Ce 1318.5 3000940
3 P 101t.8 34445 0. ¢ 1359.3 109000 _
4 Py 1£23.8 37841 [N 140140 30000.0
5 P 1199.9 Fhi, 7 o 0 1543.9 . 30003,¢
6 P4 1503.9 3z4,9 0. ¢ 184040 30300.0
7 PM, 1771.9 ko2 __=164s1  1912.0 _ _ 29833.9
8 P 1937.7 L62,9 ~53E.6 191230 29162.5
_a ey <1G87.7 £57.1 =542,8 1912.9 28513,8
iC PH T1987.7 633,10 “E08.7 1912.0 27335.8
11 puo 1549.9 2359 264 L19812.0 - = 27927.A
MD-NT ~ 125¢.8 133,14 Sib.t 1912.8 28357.9



* COMPARISON OF ENERGY STORAGE CONCEPTS AND SELECTIOﬁ

OF PRIMARY CANDIDATES
\

The energy storage concepts which were é@dressed in this study were classified
into six categories for the purposes of/aﬁsessing technical and cost character-

istics., These categories were:

e Inertial Energy Storage

e Superconducting Magnetic Energy Storage
® Electrochemical Energy Storage ‘

e Chemical Energy Storage

e Compressed Air Energy Storage

e Thermal Enexgy Storage.

A seventh category, pumped hydroelect&ic storage, was not treated in this study
since it was felt that the special siting requirements for these systems would

be too restrictive for widespread IUS application.

The assessments of energy 'storage concepts in each of the energy storage categorie:
werejcarried out by study team members who were knowledgable in the areas of
technology appropriate to each category. The assessment procedure which was

followed for each category can be summarized in stepwise fashion as follows:

(1) Identification of candidate energy storage concepts
~ or alternative implementationé in each categor§ based
on a review of the literature as well as discussions
with contacts in the energy storage field. -

{2) Preliminary assessment of each of the identified con-—
cepts to select those which appear to be most applicable
to IUS. )

(3) Generation of the technical and cost characteristics

of the concepts selected.

The technical and cost characteristics for each of the energy storage'cohéepts
were developedubased'primarily on information drawn from the iiterath;e supple-

mented by discussions with equipment manufacturers and researchers. -
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The details of the assessments in each of the energy storage categories are

presented in Volume III of this report. TResults of these assessments are

briefly summarized below.
Inertial Energy Storage

Inertial (i.e.,:fiywﬁeel) enérgy storage (IES) systems store mechanical energy
as a rotating mass. A.feasibié inertial storage system must, in addition to
the wheel itself, include equipment to effect the transfer of energy between
the JUS bus bar and therflywheel (power conditioning, a motor/genmerator, and

a coupling/gearbox) as well as appropriate bearings, vdcuum enclosures, and
sealslfeédthroughs. This assegsmenf task has resulted in the identification
.-and evaluation of alternatives for each of these components and a conceptual
designxéf.a near-term inertial energy storage system applicable to TUS has
evolved, Technical and cost characteristics of the .preférred design were

developed for comparison with other energy storage concepts.

The conceptual inertial storapge’ system design which was identified consists of
2 modular arrangement with a gang.of‘several wheels connected to a common trans-—

mission and generator. The wheels. are mounted with a horizontal spin-axis and

are located in underground vaults for safety purposes. The wheel design

selected cousists of a multi~rim design utilizing composite materials (fiber~
glass or kevlar). gThe near-term system must use ball or roller bearings which,
unforfunately, ﬁill require fepiacement.at about’ one~year intervals—-at a
congiderable expénse. Advanced béaring gystems offer the ﬁotential for in~
creasing the overhaul period by a factor of 10, but are not likely to be available

for near-term systems, ’ -

The calculations of net relative costs of near~term inertial storage systems
are summarized in Tables 28 and 29 for the 1000-Unit Apartment and the Village
Complex respectively. The data in both these tablés were developed based on
repiacement of a single geﬁerator sét. in addition, the cost estimates used
cérrespond to the low end of the range reported in Volume ITII, Thus the

net, relative costs calculated should be viewed as optimistic estimates.
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REPRODUCIRILITY OF THE|
ORIGINAL PAGE IS POOR

TABLE 28, NET RELATIVE COST OF AN INERTIAL STORAGE SYSTEM INSTALLED
IN THE 1000-UNIT APARBMENT IUS
Cost Discounted to Installation Date,
Cost Thousands of Pollars
b (a) (a) (a) ()
Item Thousands of Dollars  Case A Case B Case € Case D
Installed Cost of Storage System 280
Credit for Gemerators Replaced -~108
Credit for Bollers Replaced 0
Net First Cost of Storage 172 172 172 172 172
Het Annusl Fuel Cost olyr
Net 0&M Costs 16/yx 163 100 163 100
Life Cycle Cost of Storage System 335 272 335 272
Life Cycle Coat of "No Storage" Option 8960 6710 10,850 7,560
Net Relative Cost 1,037 1.041 1.031 1.036
Score 1 1 2 1

(a) Case A ~ 7-1/2 percent per year discount rate, no fuel esecalation.
Case B ~ 15 percent per year discount rate, no fuel escalation. .
Case C ~ 7-1/2 percent per year discount rate, 5 percent per year fuel escalation.
Case D - 15 percent per year discount rate, 5 percent per year fuel escalation.’

* (b) One generator set replaced,

TABLE 25. NET RELATIVE COST OF AN INERTIAL STORAGE SYSTEM INSTALLED
IN THE VILLAGE COMPLEX IUS

t

Cost,
Ttem Thousands of Dollars
Installed Cost of Storage System 1124
¢redit for Generators Replaced  -~768
Net First Cost of Storage ) ‘ 356
Net Annual Fuel Costs ) ’ 0
Ket O4M Costs 49/yr

Life Cycle Cost of Storage Syatem
Life CycYe Cost of “No Storage" Options
Ret Relative Cost

Score

Cost Discounted to Instaliation Date,
Thousends of Dollars

case® & case®p C.gie(a) c C_'a_ge(a) D
356 356 356 356
499 306 499 T30
855 662 855 662

62,300 33,600 66,800 55,800
1.014 1.012 1,013 1.012
4 ) 4 4 4

{(a) Case A - 7~1/2 percent per year discount rate, no fuel escala}ion.
Case 3 - 15 percent per yzar discount rate, no fuel escalation.
Case € - 7-1/2 percent per year discount rate, 5 percent per year fuel escalation.
Case b - 15 percent per year discount rate, 5 percent per year fuel escalation,

(b) Ome generator set replaced.
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A major cost itém for near-term flywheel storage systems will be the frequent
replacement of bearings. It was therefore desirablelto assess the cost savings
which could be realized 1f advanced bearing systems could be developed. The
net relative cost for advanced bearing flywheel systems is shown in Table 30
for the 1000~Unit Apartment. While the net relative cost is reduced for ‘the
advanced system, it is apparent that the- improvement is'not sufficient to make

flywheel storage systems competitive with the no-storage baseline.
Superconducting Magnetic ‘Energy Storage

:The essence of a superconducting magnétic energy storage system (SMES) is a
superconducting magnet whicH'iS‘éniglectrémagnet wound with conductors con~
-taining zero resistance components capable of sustaining the desired conductor

. currents under the operational,cdnéitions so that no ohmic loss is experienced

in steady state current operation., SMES could be relatively compact and

efficient as the energy is stored directly as-electromagnetic energy.

As dn the inertial energy storage assessment, technical -and cost characteristics
of SMES systems were developed based on a conceptual design which appeared to

be applicable to IUS. The device consists of a solenoidal coil configuration

with cold reinforcement. It should be pointed out that SMES systems of the
size under consideration have‘nbt been built and a significant amount of
research and development 'is required before these syséems may be implemented.
Cost projections indicate that these systems are better suited to much jarger
energy storage capacities than are required for IUS and they do not appear to
be cost competitive with other energy storage concepts for this application.
Tables 31 and 32 summarize the calculation of net relative cost for SMES
systems as applied to the 1000-Unit Apartment and the Village Complex respec-
tively. Both tables correspond to the replacement of one generator set which

represents tﬁe most ' favorahle case for -SMES,
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TABLE 30.

REPRODUCIBILITY OF THE
ORIGINAL PAGE IS POOR

VET RELATIVE COST OF AN ADVANCED INERTIAL STORAGE SYSTEM INSTALLED
IN IHE 1000-URIT APARTMENT IUS

Cost Discounted to Installation Date,

Thousends of Dollars

Item 'mousanggsgi' Dollars _Cﬂ?.(a) A case(a) B C.gsa(a) c Case(a’) D
Installed Cogt of Storage System 280
Credit for Generators Replaced(b) -108
Credit for Bellers Replaced 0
Net First Cost of Storage 172 172 172 172 172
Net Annual Fuel Costs 1]
Net 0L Costs 16/10 yr 1.8 4.0 7.8 4.0
Life Cycle Cost of Storage System 180 176 180 176
Life Cyele Cost of "No Storage".Options 8960 6710 10,850 7560
Net Relative Cost 1.020 1.026 1.017 1.023
Score 3 2 3 3

(a) Case A ~ 7-1/2 percent per year discount rate, no fuel escalation.
Case B - 15 percent per year digcount rate, ne fuel escalation.
Case C ~ 7-1/2 percent per year discount rate, 5 percent per year fuel escalation.
Cage D - 15 percent per year discount rats, 5 percent per year fuel escalation,

(b} One generator set replaced,

TABLE 31. NKET RELATIVE COST OF AN SMES STORAGE SYSTEM INSTALLED

IN 1000-UNIT APARTMENT IUS

___Cost Discounted to Installarion Date,

‘Thousands of Dolliars

Item Thousang:szi Dollars Case(a) A Cg.ga(a) B qa_arse(a) c 'Qs_,__sre(a) D
Installed Cost of Storage System 1130
Credit for Generator Sets Replaced(b) ~108
Net First Cost 1022 1022 1022 1022 1022
Annual Fuel Savings ~ Ofyr 0 1] "0 0
Net 0&M Costs ~ 0 [+ 0 Q 0
Discounted Life Cycle Cost of Storage 1022 1022 1022 1022
System '
Piscounted Life Cycle Cost of "No 8950 6710 10,850 7560
Storage” Baseline e
Net Relative Cost 1.114 1.152 1,094 1,135
Score 1 1 1 1

(a) Case A - 7-1/2 percent per year discount rate, no fuel escalation.
Case B ~ 15 percent per year digcount rate, no fuel escalation,
Case C — 7-1/2 percent per year discouant rate, 5 percent per year fuel escalation.
Case D - 15 percent per year discount rate, 5 perceat per year fuel escalation.

{b) Ome generator set replaced,
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TABLE 32, NET RELATIVE COST OF AN SMES STORAGE SYSTEM INSTALLED IN THE
VILLAGE COMPLEX IUS .

T T T T 3 m

\Gost Piscounted to Installation Date,
Thousands of Dollars

Item Thouaﬂg;s:% Dollars CEae(a) A Casa(a) B c.g_qe(a) c Cg_gg(a) D
. Installed Cost of Storage System 2550
Credit for Generator Sets Replacad(b) ~768
Net- First Cost’ 1782 1782 . 1782 1782 1782
Annual Fuel Savings N 0
Net Annual O05M:-Coats . [
" Discounted Life Cycle Cost of Storage B . 1782 1782 1782
Discounted Life Cycle Cost of "No N
Storage" Baseline . o 62,300 53,600 66,800 55,800
Net Relarive . ° . 1.025 1.033 1.027 1,032
Score I o - . . 2 2 . 2 2

(a) Case A ~ 7-1/2 percent per year discount rate, nmo fuel escalationm.
Case B.-~ 15:percent. per ycar discount rate, 'no fuel escalation.
Case 'C = 7-1/2 percent per year discount rote, 5 percent per-year fuel escalation.
Cdse'D. — 15 percent per year- discount rate, 5 percent per year fuel escalation.
(b} One.generator set replaced.

- T Lo

TABLE “33. }TET‘:R;ELAT;VE COST OF LEAD DIOXIDE-LEAD BATTERY STORAGE SYSTEM INSTALLED
: INTHE 1000-UNIT APARTMENT TUS -

Cost Discounted to Installation Date,
Thousands of Dollars

Item .m_olmﬁﬁ"i% pollars ‘case’™ & Gase’™ 5 case™ ¢ Gase™ »
Installed Cost ) 163
Credir for Gen Set Replacemant(b) -108
Net First Cost 55 55 55 55 55
Annual Fuel Savings : 0 :
Replacement Costs (5-yr intervals) . ) .
at 5 yr | S 49 35 49 35
at 10 yr 50 ’ 24 12 24 12
at 15 yr . 43 15 5 15 5
Life Cycle. Costs . o T 143 . 107 143 107
Life Gycle Cost of 'No Storage" Baseline 8960 6710 10,850 7560
Net Relative Cost = . 1.016 1,016 1,013 1.014

Score ) . ) 3 - 3 & 4

{a) " Case A ~-7-1/2 pexcent per year discount rate, no fuel escalation.
Case B - 15 percent per year dlscount rate, mo fuel eacalation,
Case C - 7~1/2 percent per year discount rate, 5-percent par year fuel escalation.
Case D - 15 percent per year discount rate, 5 percent per ysar fuel escalation.

(b) Ome generator set veplaced.

-
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Electrochemical Energy Storage

Electrochemical storage installations for 1US appiicatinn‘would consist of (1)
power condit%oning equipment and (2) rechargeable batteries arrayed as the
energy storage device, Fquf électroéﬁeﬁicél stéraée éysté&é’wefe selected for
assessment. They are (1) lead dioxide-lead (or lead~acid), (2) zinc-chlorine
hydrate, (3) lithium-metal suifide, and (4) sodium-sulfur systems. Of these,
only the lead dioxide-lead systems. are available for near-term applications.
Tables 33 and 34 sumﬁarize the calculations for net relative cost of near-term
‘Pbozle battery systems applied to the 1000-Unit Apartment and the Village
Complex respectively. It is appropriate to note that, for battery systems,
replacement at apﬁroximately 5 year intervals is required. The replacement
costs are included in the calculation of NRC. Scores of 4 and 5 have been

assigned to the 1000-Unit Apartment and the Village Complex, respectively.

It is apparent that the near term lead acid battery systems will not be cost
competitive for IUS application. It is appropriate, however, to estimate the
economic profitability of advanced battery systems, Table 35 gives estimates
of the net relative cost of sodium-sulfer battery systems applied to the
Village Complex. From the resultls of the calculations, it would appear that
these advanced battery systems will result in a slight reduction in the life

cycle cost of IUS installations over the no-storage baseline.
Chemical Energy Storage

In the electrochemical energy storage devices discussed in the previous sectiop,
energy was fed_into an energy converter, namely the battery, in which the
chemical states of the reactants were changed.. These "active" materials were
then stored within the battery until it was necessary to recover the energy.

The reactants .then reverted to their previous state. Electrochemical energy
storage is thus & special case of chemical energy storage in which (1) electrical
energy is stored and released, and (2) the energy converter is also the energy

store,
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TABLE 34. NET RELATIVE COST OF LEAD DIOXIDE~LEAD BATTERY STORAGE $YSTEM INSTALLED
IN THE VILLAGE COMPLEX IUS ’

Installed Cost
Credit for Gemerator Raplacement(b)
Net First Coat
Annual Fuel Savings
Replacement Costs (5-yr intervals)
at 5 yr
at 10 yx
at 15 yr
Life Cycle Coats

Life Cycle Cest of "No Storage" Baseline

Net Relative Cost
Score

7T

L T

Cost Discounted to Installation Date,
Thousands of Dollars

'Ihousancd::sg% Dollars case® 4 c_qie(a) B Caseca) c case'® p
638
-768
~ 70
0 ~70 70 =70 -70
212 7 105 47 105
152 74 37 74 37
129 44 16 &4 16
195 88 195 88
62,300 53,600 66,800 55,800
1,003 1,002 1,003 1,002
5 5 5 5

(a) Case A - 7-1/2 percent per year discount zate, mo fuel escalation,
Case B - 15 percent per year discount rate, no fuel escalation,
Case C - 7-1/2 percent pek year discount rate, 5 percent per year fuel escalation.
Case D - 15 percent per year discount rate, 5 percent per year fuel escalation.

(b) Ome generator set replaced.

TABLE 35. NET RELATIVE COST OF A SODTUM-SULFUR BATTERY STORAGE SYSTEM INSTALLED
IN THE VILLAGE COMPLEX s

Ttem

Cost Discounted to Installation Date,
Thousands of Dollars

Installed Cost of Storage System
Credit for Generators Replaced
Credit for Boilers Replaced

Net First Cost of Stoxage

Het Annual Fuel Costs

Net O&M Costa (Replacement at 5-yr
intervals)

Life Cycle Cost of 'Sturage System

Life Cycle Cost of, “No Storage" Options

Ket Relative Coat.
Score i

Thous_a_n_igsc':% Dollars case® A Gase(a) B C_gse(a) c case(® p
368
~768
0

~400 =400 400 -400 ~-400

0 0 0 0 o

101 58 101 58

-299 -342 209 -342

62,300 53,600 66,800 55,800

0.995 0.9% 0.996 0.994

6 [ 5 6

(a) Case A = 7-1/2 percent pex year discount rate, no fuel escalation.

Case B - 15.pexcent per year discount xate,
Case C - 7-1/2 percent per year discount ra
Case D ~ 15 percant per year discount rate,

(b) One generator sat veplaced,
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Chemical energy storage devices utilize electrical energy for the production of
a fuel (e.g., hydrogen). The fuel is stored until the storage system is called
upon to produce power and the fuel is reconverted fo-electriéal eneréy. While
the overall process is recognized to possess low efficiency, chemical storage
concepts were examined in order to assess the possibilities of attractive cost

characteristics.

The assessment of chemical energy storage systems concentrated on the three sub-
systems required; (1) production, (2) storage, and (3) convertion. A near-term
configuration was identified which consisted of a water electrolyzer for the
production of hydrogen, a high pressure steel tank storage system, and a fuel )
cell conversion system. Calculation of the net relative cost for the near term
chemical storage systems are summarized in Tables 36 and 37 for the 1000-Unit
Apartment and the Village Complex respectively. The estimates are based on the
replacement of one generator set for each application.

Compressed Air Storage

The compressed alr storage concept is a functional modification of the open-
cycle combustion gas ‘turbine which involves the separation of the compressor
from the remainder of the gas turbine cycle. . Off-peak elec;rical energy is
utilized to oﬁerate the compressor and the compressed air is stored. The
stored compressed -air is then utilized at a later time allowing the turbine
portion of-the'gas‘gﬁrbine cycie to utilize essentially all of its shaft power

for the productioh .of electrical power.

The assessment of compressed air storage technology which was carried out in
this study has resulted in the selection of a hard rock storage cavern as the
preferred -storage éoncept for near term application to IUS. The net relative
costs for this preferred compressed air storage system are summarized in Tables
38 and .39 for the .1000-Unit Apartment and the Village Complex, respectively,
Both tables refer to the replacemént of one of the diesel generator sets. It
should be pointed out that, for the case of replacement of more than-one
generator set, the economics of coﬁpreésed‘air storage=becomeé less favorable

due to the increase in the storage volume required.
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TABLE 36. NET RELATIVE GOST OF A CHEMICAL STORAGE SYSTEM INSTALLED
IN THE J000-UNIT APARTMENT IUS

Cost Discounted to Installation Date,
Thousands of Dollars

Cost,
Item - Thousands of Dollars Ga_s_re(a) A Cﬂe(a) 3 case®® ¢ gage(® D

Installed Cost of Storage Syséem 417 )
Credit for Generator Sets Replacedm ~108 N
Net First Cost 309
Life Cycle Cost 309 . 309 309 308
Life Cycle Cost of "No Storage" Opticn 8960 6710 10,850 7560
Net Relative Cost 1.034 1,046 1.028 1.041
Scote . 2 1 ‘2 oo 1
(a) Case A - 7-1/2 perceat par year discount rate; no fuel escalation.

Case B - 15 percent pexr year discount rate, ne fuel escalation,

Case C - 7-1/2 percent per year discount rate, 5 percent per year fuel escalation.

Case D — 13 percent per year discount xate, 5 pexcemt per year fuel escalation.

(b) Ome.generator set xeplaced,

-

TABLE 37. WNET RELATIVE COST OF A CHEMICAL STOTBAGE SYSTEM INSTALLED
IN THE VILLAGE CQMPLEX IVS

Cost Discounted to Installakion Date,
Thousands of Dollars

. Item - mmggsgi Dotlars  Case’® 4  case® 3 caee™ ¢ case® p

Installed Cost of Storage Sysizem : ' - 3014

Credit for Generator Set Replaced(b) ) . -768 - )

Net First Cust - - ’ 2245 2246 2246 2246 2246
Annual Fuel Savings i . 0

Life Cyecle Cost 2246 2246 2245 2246
Life Cyc¢le Cost of “No Storage" 62,300 53,600 66,800 55,800

Alternative
Net Relative Cost 1,036 1,042 1.034 1,050

Score 1 1 2 1 '

“{a)} Case A - 7-1/2 percent per year discount rate, no fuel escalation,
Case B -~ 15 percent per year discount rate, no fuel escalation,
Case C - 7-1/2 percent per year discount rate, 5 percent per year fuel escalation.
Case D - 15 percent per year discount rate, 5 percent per year fuel escalation.

(b) Ome .generator set replaced,
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TABLE 38. HNET RELATIVE COST OF A COMPRESSED AIR STORAGE SYSTEM INSTALLED

IN T™HE 1000-UNIT APARTMENT IUS

OF THE
18 POOR

Cost Discounted to Installation Date,
Thousandg of Dollatxs

Item 'ihousandc:sg% Dollars Casa(a) A Case(a) B Case(a) c C_ase.(a) D
Installed Cost of Storage System 122
Credit for Generators Replaced(b) -108
Credit for Boilera Replaced ) 0
Net First Cost of Storage 14
Het Annual Fuel Costs ~ 0
Net (&M Costs ~ 0
Life Cycle Cost of Storage System % 14 14 14
Life Cycle Cost of "No Storage" Options B360 6710 10,850 7560
Het Relative Cost 1.001 1.002 1,001 1.001 -
Score 5 5 5 ‘s
(a) Case A - 7-1/2 percent per year discount rate, no fuel escalation,

Case B

15 percent per year discount wate, no fuel eacalation.

Case C ~ 7-1/2 percent per year discount rate, 5 percent per yoar fuel escalation,
Case D ~ 15 parcent per yesr discount rate, 5 percent per year fual escalation,
(b) One generator replaced. ) ’ U .
TABLE 39. NET RELATIVE-COST-OF A COMPRESSED AIR STORAGE SYSTEM INSTALLED.
IN THE VILLAGE COMPLEX IUS
Cost Discounted to Installation Date,r'
Thousands of Dollars
: : Sosts @ (@) 5 casa'® OF
Item iJthousands of Dollars  Case A __ Case B__ Case G Case D
Installed Cost of Storage System . 651
Credit for' Generato;s—RepIacad(h) . ~768" - -
Credit for Boilers Replaced ‘ : [
Net First Cost of Storage . . =117 =117 -117 =117 -117
Net Annual Fuel Costs VA . :
Het O&M Costs. .- ~ 0,
Life Cycle Costlof Storage System - - -7 -117 117 -117
Life Cycle Cost of ‘™Yo Storage' Options ° £ " ’ 62,300 53,600 66,800 55,800
Net Relative Cost T 0.998 © 0.998 0.998 0.998
Score . . 5 ., 5 5. 5
(a) Case A - 7-1/2 percent-per year discount rate, no fuel escalation,
Case B ~ 15 percent per year discount rate, no fuel escalation.
Case € = 7-1/2 percent per year discount. rate, 5. parcent per year fiel eacalation.
Case D -

15 parcent per ysar discount rate, 5 percent per year fuel escalation.

{b) One generator replaced,
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Thermal Energy Storage

Thermal energy storage systems may be defined, for the purposes of this study,

as storage systems which are charged and -discharged via the transport of

thermal energy across the storage system boundaries. This definition includes
both the heat and cold‘integretion concepts discussed in earlier sections of

this report. The aetuéy energy’content of a thermal storage system may mani-

fest itself as a change in Ehe itemperature of a material, as a change in the
physical state of ‘a materiai, ot as a change in the chemical composition of a
system. Thermal energy storage (TES) systems may be viewed as consisting of a
thermal storage material, a vessel for containing the TES material, and a means
for transporting thermal'energy'to and from.storage. A fourth area for considera-

tion is the method of integrating the thermal store within the IUS.

During the course of the asdessment task, four thermal storage concepts were
identified which appeared to be particularly applicable to IUS., These were
water storage, annual cycle ice etorage, thermal wells, and a paraffin-water
"hybrid" system. These concepts will be discussed briefly in the following

paragraphs.

Water ‘Storage

Water ‘storage systems appear to be particularly well suited to IUS application.
Water can be used to distribute thermal energy throughout the complex or ‘ ‘
community beiﬁg served thus simplifying the integration of the thermal storage
system.with the IUS. Moreover, water is readily available and inexpensive and
a con31derab1e amount' of engineering experience exists on its use, Water
storage systems have the additional advantage of being able to store chilled

water during the summer months as well as heat during the winter.

The water storage system utilizes the sensible heat of water to store
thermal energy. The water is contalned in a tank which operates at etmospherlc
pressure, thus limiting the maximum temperature of opetration to about, 367 K J
(200 F), Due to - the large storage volume which will be requlred for IUS water
storage systems, it 1s_de31rab1e to locate the, storage tank underground, w;th_
conc:éﬁe'being the preferred tank material. . ‘
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Anmpual Cycle Ice Storage

Recent studies carried out at Oak Ridge National Laboratories have revived
interest in a concept which utilizes ice for the storage of energy on a sea-
sonal basis. The concept is known as Annual Cycle Energy Storage (ACES) and is
normally envisioned as a means of reducing the energy requirements of resi~
dences or commercial buildings which are serviced by conventional utilities, A
variation of the ACES concept which would be applicable to Integrated Utility
Systems utilizes a heat pump to supply auxiliary heating requirements normally"
satisfied by aﬁxiliary boilers. The heat pump evaporator withdraws energy from
a specially constructed water tank, causing the temperature of the tank to drop
until the water begins freezing. The freezing process continues throughout the
heating seasons so that a considerable amount of ice will accumulate., The ice
is stored until the summer months when it is used to supply a portion of the

cooling requirements of the IUS community,

Thermal Wells

The thermal well storage concept involves the injection of pressurized hot

water into an aguifer, The injected water will be less dense than the native
groundwater due to its higher temperature, and will displace the colder water
downward. The hot water/hot porus rock combination acts as a thermal storage

medium which can be discharged by reversing the flow of water from the well.

The thermal well concept i1s viewed as a means of storing energy on a seasonal
basis. The storage would be utilized to accept otherwise unusable high-grade
heat during the fall and spring seasons when heating and cooling loads are low.
This heat could then be recovered during the winter months to supply the
auxiliary heating requirements of the IUS. It should be pointed out that the
thermal well concept would act only as a heat storage system and would not
enable the replacement of generator capacity required to meet peak cooling

loads.
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Paraffin Storage

The paraffin storage concept can be considered to be a hybrid system combining
a paraffin storage material with a water storage system, The paraffin would be
sealed in suitable containers and these containers would be placed inside a
water storage tank. During winter operation, the temperature of the storage
tank will be maintained above the melting temperature of the paraffin at all
times and the system will operate exactly the same as a "conventional" water
storage system. During the summer months the tank will be used to store
chilled water and at the fully charped condition, its temperature will be 280 K
(45 F) which is below the freezing point of the paraffin. As the storage
system is called upon to supply cooling, the temperature of the water in the
tank will rise and the phase change material will begin to melt thereby ab-
sorbing its latent heat of fusion from the water. The net effect is an apparent
increase in the specific heat of the water contained in storage. Since the
chilled water storage requirement normally dictates the size of a water storage
tank for TUS applications, the paraffin storage system offers the possibility

of substantial reduction in the volume of the storage system.

Comparison of Alternative Thermal Storage Concepts

The results of the assessment of alternative thermal storage concepts reveal
that the water storage concept is superior to the other thermal concepts
investigated. Water storage appears to be particularly attractive due to the
relatively well developed technology available for utilizing this system. In
addition, the energy savings associated with water storage systems are equal to

or greater than any of the other storage concepts.

The primary advantage of water storage systems, ﬁowever, igs economic. Tables

40 through 43 summarize the calculation of net relative cost for each of the
concepts as applied to the 1000;Unit Apartment. Water storage scores consistantly
higher than the other concepts for all of the economic cases ‘examined. This

is primarily due to the combined advantage of significant energy savings as

well as savings in first cost due to the replacement of generator capacity.
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TABLE 40. NET RELATIVE COST OF A WATER STORAGE SYSTEM INSTALLED
IN THE 1000-UNIT APARTMENT IUS

Cost Discounted to Installation Date,
Thousands of Dollars

Item _ Thouaanggsc::E Dollars C—aae(a) A Case(a) B Case(a) c Case(a) 1]
Installed Cost of Storage System ‘ 154
Credit for Generator Sets Replaced(b) i =216
Credit for Auxiliary Boller Replaced - 48 .
Wet First Costs ) ~110 -110 ~i10 ~110 -110
Annual Fuel Savings =7.2/yr - 74 - 45 -108 - 60
NKet O8M Costs . ofyr 0 0 0 1]
Piscounted Life Cycle'Cost of Storage - =184 - -155 -218 ~170
Systen
Discounted Life Cycle Cost of "No Storage . 8960 6710 10,850 7560
Baseline
Net Relative Cost ) "0.979 0.977 0.980 0.977
Score ) . ‘ 7 7 7 7

(8) Case A — 7-1/2 percent per year discount rate, no fuel escalation.
Case B - 15 percent per year discount rate, no fuel esecalation.
Case C -~ 7-1/2 percent per year discount rate, 5 percent per year fuel escalation.
Case D - 15 percent per year discount rate, 5 percent per year fuel escalation.

{b) Two generator sets replaced.

lTABLE 41. WBET RELATIVE COST OF ANNUAL CYCLE ICE STORAGE SYSTEM INSTALLED IN THE
1000~UNIT APARTMENT I1US

Cost Discounted to Installatiocn Date,
Thousands of Dellars

Item Thouaanggsgf Dollars Caae(a) A Gaae(a) B casa(a) C tZ'.aae(a)I D

Installed Cost of Ice ‘Storage System 460

Credit for Gemerator Sets Replaced b ., -108

Credit for Ba:l.ler_a Replaced - 48 -

Net First.Cost . °~ 304 304 T304 304 304
Annual Fuel Savings ~5.6/yr =57 -35 -84 -47
Life Cycle Cost of Storage System 247 . 269 220 257
Life Cycle Cost of “No Storage™ Option 8560 6710 10,850 7560
Het Relative Cost . 1.028 1.040 1.020 1.034

Score 2 1 3 2

(a) Case A

- 7-1/2 percent per year discount rate, no fuel escalation.
Case B - 15 percent per year discount rate, no fuel escalation. .
Case C - 7-1/2 percent per year discount rate, 5 percent per year fuel escalation.
Case D - 15 percent per year discount rate, 5 percent per year fuel escalation.

(b} One generator set replaced.

bz



TABLE 42. NET RELATIVE COST OF A THERWAL WELL STORAGE SYSTEM INSTALLED
IN THE 1000-URIT APARTMENT INTEGRATED UTILLTY SYSTEM IUS

Cost Discounted to Installation Dage,

Cost, Thousands: of Dollars
Irem Thousands of Dollars Casel®/.A Casel8) B Caseld) C Case'd/ D

Installed Cost of Storage ) -100

Credlt for Auxiliary Boiler Replaced ) =48

Net Pirst Cost(®) 52 52 52 52 52
Annual Fuel Savings ~7.2/yr -4 ~45 -108 =60
Life Cycle Cost c;f Storage System =22 7 ~56 -8
Life Cycle Cost of "No Storage" System 8960 ) 6710 10,850 7560
Het Relative Cost ’ 0.997 1.001 0.995 0,999
Score e 5" 5 & 5

(a) Case A - 7-1/2 percent per year discount rate, no fuel escalation.
Case B - 15 percent per yzar discount rate, no fuel escalation.
Case C =~ 7-1/2 percent per year discount rate, 5 percent per year fuel escalatiom.
Case D - 15 percent per year discount rate, 5 percent per year fuel eacalatiom.

{b) Concept does not allow replacement of generator sets.

TABLE 43, NET RELATIVE COST O.F PARAFFIN STORAGE SYSTEM INSTALLED
IN 1000-UNIT APARTH'ENT INTEGRATED UTILITY SYSTEM

Cost Discounted to Installation'nate,

. Cost, Thousands of Dollars
Iten Thousands of Dollars Casel@’ A Casel®) B Casel®) C  Caseld) D

Installed Cost of Storage 297

Credit for Generator Sets ~Replaced(b) =218

Credit for Auxiliary Boiler Replaced -48,

Net First Cost -33 33 33 33 .33
Annual Fuel Savings’ .. =7.2/yr ~74 =45 -108 ~60
Life Cycle Cost of Storage System -41 -12 -75 -27
Life Cycle Cost of "No-Storage' Option - 8960 6710 10,850 7560
Net Relative Cost - 0.995 0.998 0.993 0.996

Score ] 5 6 5

{(a) Case A -~ 7-1/2 percent per year discount rate, no fuel escalation.
Case B — 15 percent per year discount zate, no fuel esealation.
Case C - 7-1/2 percent per-year discount rate, 5 percent per year fuel escalation,
Case D - 15 percent per year discount rate, 5 percent per year fule escalation.

(b) Two generater sets veplaced,

™
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0f the remaining concepts, the paraffin system offers the potential for re-
ducing the size of the storage tank required but the cost of this system

appears to be excessive unless low cost paraffin containers can be developed.
Selection of Primary Candidate

The results of the assessment tasks were utilized to arrive at the selection
of water storage as the primary candidate for near-term application to IUS.
The rationale for this selection can be demonstrated by reference to Tables 44

and 45 which summarize the scoring for each of the energy storage categories.

As indicated by the scores for the net relative cost criteria, water storage

is the only storage concept examined which exhibits significant dollar savings
on a life cycle basis. The scoring scale for this criteria was based on in-
crements of 1 percent. A score of 6 for net relative cost would therefore indi~
cate a savings of about 1 percent of the life cycle cost of the no-storage
baseline IUS. A score of & indicates that the IUS with energy storage costs

1 percent more than a no-storage IUS. Water storage systems can therefore be
expected to reduce the life cycle cost of IUS installations by approximately

2 percent.

Water storage systems also scored high in relative fuel utilization. Other
storage systems (i,e., paraffin storige and thermal wells) .could equal the
energy savings assoclated with water storage, none was found to exceed it. As
indicated earlier, the application of "electrical" storage devices do not re-

N

sult in the reduction of IUS fuel consumption. -

Water storage systems having the additional adwvantage of utilizing present day
technology., While (1) further development work is required in several areas
(e.g., efficient baffling techniques and methods of minimizing pumping require-
ments), and (2) water storage systems are not considered off-the-shelf items,
successful water storage systems similar to those which would be required for

1US have been constructed.

Disadvantages of water storage systems can be attributed to their large size,
their somewhat limited expansion capability, and the extensive on-site con-

struction effort which is reqﬁired.
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TABLE &4. gSyMMARY OF SCORING FOR SELECTION OF PRIMARY E/S CANDIDATE

FOR 1000-UNIT APARTMENT IUS

Energy Storage Alternative, raw score

Criteria Weight § tﬁt'age Electrochemical  Chemical Comﬁzssed Inertial _ SMES Themmal
Ket Relative Cost 2 5 4 2 5 2 1 7
Relative Fuel Utilization .4 5 5 5 3 5 3 7
Safety 1.2 5 3 3 5 3 3 5
Availability/Reliability/ 1.1 5 3 5 5 3 7 5
Haintainabilicy :

Hardware Avallability 1.1 3 3 3 3 3 1 G
Environmental Concerns 0.8 5 5 5 3 5 3 5
Energy Storage Density 0.6 5 3 3 1 3 4 2
Expansion Capability 0.6 5 5 3 5 3 3
Transportability 0.2 5 5 5 3 3 3 3

Total Rew Score 45 38 36 33 32 30 41

Total Weighted Score 45 36.2 33.2 7.2 30.6 28.6 47.3

TABLE 45, SUMMARY OF SGORING FOR SELECTION OF PRIMARY E/S CANDIDATE

FOR VILLAGE COMPLEX IUS

Fnerpy Storage Alternative, raw score

No Compressed

Criteria Weight Storage Electrochemlcal Chemical Adr Tnertial SMES Thermal
Het Relative Cost 2 5 5 2 5 4 2 7
Relative Fuel Utilization 1.4 5 5 5 5 5 © 5 [
Safety 1;2 5 3 3 5 3 3 5
Availability/Reliability/ 1,1 5 3 5 5 3 7 5

Maintainability

Hardware Availability 1.2 5 3 3 3 3 1 4
Environmental Concerns 0.8 5 5 5 3 5 3 5
Energy Storage Density 0.6 5 3 3 1 3 4 2
Expansion Capability 0.6 ) _7 5 3 5 3 3
Transportability 0.2 5 5 5 3 3 3 3
Total-Raw Score 45 35 36 33 34 k) 40

45 38.2 33.2 37.2 34.6 30.6 43.9

Total Weighted Scoze

65



INTEGRATTON CONSIDERATIONS FOR WATER STORAGE SYSTEMS

Water storage has been selected as the primary candidate for energy storage in-
conjunction with Integrated Utility Systems. The original work statement and
study plan defining these investigations called for a detailed consideration
of the integration aspects of the primary candidate. During the course of the
investigations, however, it was determined that the assessment of energy
storage in climates other than Washington, D.C., would be of greater value and
the time and resources were allotted accordingly. It is appropriate, however,
to discuss several of the integration considerations which were identified and

addressed throughout the study.

One of the advantages of water storage systems for IUS application is that
these systems have the ability to function in the heat storage mode during the
winter months as well as in the cold storage systems during the summer. Since
each of these storage modes -obviously will require different integration

techniques, it is desirable to address each of the methods separately.,

Chilled Water Storage

Integration of a chilled water storage system with IUS is dependent on the
characteristies of the chillers and the chilled water distribution system. For
the purposes of this study, it has been assumed that chilled water is distri-
buted to the wvarious buildings-being sarved at a temperature of 280 K (45 F)
and is returned at 287 K (57 F). Control of the system is assumed to be by
variable flow rate. That is, for part load operatiom, the chilled water flow
rate 1s reduced and a nearly constant return water temperature is maintained.
The 280 K (45 F) send-out temperature is maintained by varying the number of
chillers which are on line, The chillers are assumed to be in parallel such

that each machine operates between the same supply and return temperatures. .
A number of schemes for integrating the chilled water storage tank with the

1US have been identified and two leading possibilities are presented in Figures

11 and 12. These two systems are identical during charging when excess 280 K
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(45 ¥) chilled water is routed into storage while warmer water in storage is
withdrawn and blended with return water. The two systems differ, however, in
the way that the storage is discharged., For the concept shown in Figure 11
(which is referred to as a chilled water Type A integration), return water

ig diverted into storage and chilled water from storage is mixed with the re~
maining return flow, the net result 1s that thé temperature of the return water
which is supplied to the chillers is reduced. Since the send-out temperature
remains constant, the chillers will now be able to handle a greater flow rate.
This procedure has the advantage of being able to use neérly.all of the stored
energy without regard to the temperature of the water drawn from storage (pro-
vided, of course, that sufficient flow rates can be maintained). The system is
undesirable, however, due to the fact that the lower. chiller inlet temperature

will decrease the COP of those machines.

The integration concept shown in Figure 12 (referred to as a chilled water
Type B integration) is discharged by diverting return water to storage while
supplying chilled water directly to the supply main of the distribution system.
Thus, a portion of the return water bypasses the chiller completely. The
chillers may therefore operate with their design temperature ﬁrop and design
flow rate resulting in optimum performance. The disadvantages of this concept
is the fact that, as the tank is discharged, its average temperature will rise.
If this rise in tank temperature is reflected in an increased storage discharge

water teﬁperature, the water drawn from storage will eventually become unusable.

The disadvantages of the second system could be overcome by providing a method
of preventing direct mixing of the inlet and outlet flows. From a thermal
standpoint, a two tank arrangement would be desirable in which the tanks are
alternately filled and emptied. A two tank approach would, however, be prohi-
bitive from a cost standpoint. Alternately, a series of tanks or a baffling
system could be used to approach the performance of a two tank arrangement.

The exact method of obtaining the necessary stratification has not been deter-
mined in this study and further investigations in this area are recommended.

Tt appears, however, that adequate techniques can be developed and the integra-
tion concept presented in Figure 12 is, therefore, suggested for application to

IUs.
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Hot Water Storage

The hot water distribution system operates with a send-out temperature of 367 K
(200 F) and a return temperature of 333 K (140 F)., As for the chilled water
system, a variable flow rate arrangement is assumed for control of the return
temperature. The integration of heat storage systems with the IUS is compli-
cated by the fact that heat recovery takes place at several temperature ranges.
Lube o0il recovered energy is assumed, for this study, to take place at a
temperature of 355 K (180 F) while high grade energy is in the form of 394 K
{250 F) steam, Since the send-out temperature of the distribution system is
367 K (200 F) it is obvious that some high grade energy will always be required.
In order to account for lube oil heat exchanger effectiveness of less than 1, a

maximum lube oil heat exchanger output temperature of 350 K (170 F) has been

assumed.®

A possible integration arrangement for hot water storage systems is shown in
Figure 13. The arrangement (which is referred to as a hot water Type A inte-
gration) is similar to the suggested (Type B) cold storage scheme in that the
storage is essentially in parallel with the heat sources. Thus the temperature

of the water entering the lube oil heat exchanger is maintained at a low tem—

perature during discharge promoting efficilent heat transfer.

Difficulties with this system can arise, however, due to the variability of the
sources and demands for thermal energy. TFor example, it has been observed that,
under certain conditions, there is ample low grade emergy available to preheat
the return flow to the maximum low grade heat exchanger exit temperature of

350 K (170 F), but that the quantity of high grade energy available is not suf-
ficlent to bring the flow to its final temperature of 367 K (200 F). 1In order
to make up the deficit in high grade energy, storage must be utilized. Imn the
hot water Type A integration depicted in Figure 13, a portion of the return
water would be diverted to storage thus reducing the flow of water through both
the heat exchangers. This results iﬁ an increase in the amount of low grade

energy which must be discarded--an obviously undesirable consequence,

% This assumption is consistant with previous IUS studies (1 and 2).
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The difficulties described in the preceding paragraph can be overcome by pro-
viding a means of utilizing some of the excess low grade emergy to preheat
the water which is diverted to storage during discharge. A method of accom-
plishing this is shown schematically in Figure-1l4. This arrangement {which
is referred to as a hot water Type B integration) has the capability of being
charged or discharged either upstream or downstream of the lube oil heat ex-
changer. Therefore, during those periods when ample low grade energy is
available but extra high grade energy is needed, the storage tank will be
discharged by .diverting water to the tank after it has been preheated in the
lube o0il exchanger. The added flexibility of the hot water Type B system
makes this arrangement the preferred method of integration for hot water

storage in connection with IUS,
Combined. Heat and Cold Storage

The water storage tanks will be required, for economic reasons, to operéte at
atmospheric pressure. Pumps will therefore be installed to withdraw water from
storage and raise its pressure to line pressure, For ease of presentation, the
previous schemati@s depicting integration concepts have showm separaﬁe pumps
for both chargipg and discharging. By appropriate piping and valving, however,
the same pumﬁ.méy be ﬁséd‘for both functions, Figure 15 is a schematic diagram
of a water storagé’system integrated with an IUS showing the piping and valving
required for both winter and summer operation. The storage pump has been shown
as discharging at points of low pressure in the distributiocn system in order

to minimize both the energy requirements for pumping and the pump capacity

required.

An important consideration for combined hot and cold storage systems will be

the procedure for switching from one mode of storage to the other. Fortunately,
the changeover process can be a gradual one occurring during the autuwm and
spriné wﬁég éxcess heat is available. Absorption chillers can utilize this
excess heat to bring the storage tank to its charged state prior to the start
of the cooling season while excess recovered heat may be'used to charge the

heat storage system prior to the heating season.
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ASSESSMENT OF WATER STORAGE SYSTEMS IN ALTERNATE CLIMATES

Water storage was selected as the primary .energy storage candidate as a result
of analysis of IUS baselines with climates similar to Washington, D.C. The
effect of alternate climates on the performance of water storage systems was
assessed through the use of load profiles for a similar (but not identical)
1000-Unit Apartment in Houston, Texas, and Minneapolis, Minnesota. Since

the profiles for identical community models were not available, direct site-
to-site comparisons to the Washington, D.C. case are not possible. The re-

sulting trends are, however, considered meaningful,

The results of the computer runs are summarized in Table 46. The data for
annual fuel consumption are of particular interest and the results indicate
that a water storage systém will reduce energy consumption for a 1000-Unit
Apartment located in Minneapolis by about 3 percent but will slightly increase
the energy consumption éf a Houston installation. This result is as expected
gince the Houston IUS no-storége baseline does not require auxiliary heating on
winter average days and only a small amount is required on winter design days.
It is apparent that storage for the Houston IUS will only be useful as a
result ofhthe replacement of gemerating capacity which would‘otherwise be

necessary to satisfy peak cooling demands during the summer months.

The economics of waéer storage systems were examined for both Minneapolis and
Houston IUS installations and the results are summarized in Tables 47 and 48,
respectively. The analysis shows that water storage systens will be economically
profitable in both locations but the profitability will be greater for the
Minneapolis installation due to the added benefit of substantial fuel savings

coupled with a slightly smaller storage requirement.

It should be pointed out that, in order to be consistant with other storage
cases, the economic data for the Minneapolis case include a credit for re-
placement of auxiliary boilers. It may, however, be desirable to retain some

boilers since the storage system (which has been sized based on the summer
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TABLE 46. SUMMARY OF PERFORMANCE AND CAPACITIES FOR 1000-~UNIT APARTMENT

TUS IN ALTERWATE CLIMATES (&)

item Minneapolis Houston
Annual fuel consumption, m3
(thousands of gallons)
No-storage 3217 3399
(850) (898)
Water-storage 3111 3410
(822) {901)
Cold storage required, GJ 36.5 44,7
{ton-hours) (2880) (3531)
Heat storage required, GJ 113 13
(millions of Btu) (107) a2)
Compression chiller capacity, Tons
No-storage 662 751
Water-storage 700 850

() Four, 478-kw generator sets assumed for storage cases.
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TABLE 47. NET RELATIVE COST OF A WATER STORAGE SYSTEM INSTALLED IN A
WINNEAPOLIS 1000-UNIT APARTMENT IUS

Cost Discounted to Installation Date,

Cost, Thousands of Dellars

Item Thousands of Dollars Caseld) A Casela) B Casel?/ C Caseld) D
Installed Cost of Storage System 104
Credit for Generators Replaced(b) ~216
Credit for Boilers Replaced =48
Credit for Chillers Replaced
Ner First Cost of Storage =160 =160 ~160 =160 =160
Net Annual Fuel Costs =10.2 ~104 ~-64 -153 -85
Net 0&M Costs
Life Cycle Cost of Storage System =264 -224 =313 =245
Life Cycle Cost of "No Storage” Options 8960 6710 10,850 7560
Net Relative Cost 0.971 0.967 0.971 0.966
Score 8 8 8 8

(a) Case A = 7-1/2 percent per year discount rate, no fuel escalation.
Case B ~ 15 percent per ycar discount rate, no fuel eacalation,
Case C -~ 7=1/2 percent per year discount rate, 5 percent per year fuel escalation.
Case I = 15 percent per year discount rate, 5 percent per year fuel escalation.

{b) ‘Two generator sets replaced.

TABLE 48, NET RELATIVE COST OF A WATER STORAGE SYSTEM INSTALLED IN A
HOUSTON 1000-UNIT APARTMENT IUS

Cost Discounted to Installation Date,
Thousands of Dollars

Cost,

Iten Thousands of Dollars case(® _C_gse(a) B case™® ¢ case® p
Installed Cost of Storage Systenm 128
tredit for Genmerators Replaced(b) =216
Credit for Bollers Replaced - 48
Net First Cost of Storage =136 =136 =136 =136 -136
Net Annual Fuel Coats ~ 0
Net O& Costs o 0 )
Life Cycle Cost of Storage System =136 «136 ~136 ~136
Life Cyecle Cost of “No Storage" Options 8960 6710 10,850 7560
Net Relative Cost 0,984 0.%30 6.987 0.982
Score 7 7 [ 7

(a) Case A - 7-1/2 percent per year discount rate, no fuel escalatfon.
Case B ~ 15 percent per year discount rate, mo fuel eacalation.
Case C - 7-1/2 percent per year discount rate, 5 percent per year fuel escalation.
Case D - 15 percent per year discount rate, 5 percent per yeax fuel escalationm,

() Two generstors replaced.
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design day requirements) will satisfy the heating load for only about 2 conse-
gutive winter design days. Retaining all of the auxiliary boilers would increase

the net relative cost of the Minneapolis system slightly.

Table 49 presents a summary of the assessment criteria scores for the water
storage systems in Minneapolis and Bouston, The results demonstrate that a
Minneapolis installation will be preferred over a Houston water storage in-
stallation. For the Houston case, it appears that the advantages of reduced
net relative cost are offset by reduced hardware availability, energy storage
density, expansion capability, and transportability and that water storage

systems should not be recommended for a Houston location.
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TABLE 49. SUMMARY OF SCORING FOR WATER-STORAGE SYSTEMS
IN-ALTERNATE CLIMATES '

Criteria Weight No-Storage Minneapolis .  Houston
Net Relative Cost 2.0 5 8 7
Relative Fine Utilization 1.4 5 8 5
safety ' 1.2 5 5 5
Availability/Reliability/ 1.1 5 5 5
Maintainability

Hardware Availability 1.1 5 4 4
Environmental Concerns 0.8 3 5 5
Energy Storage Dénsity 0.6 5 2 2
Expansion Capability 0.6 5 3 3
Transportability 0.2 5 3 3

Total Raw Score 45 43 39

Total Weighted Score ﬂ 50.7 44.5
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APPENDIX A

PROCEDURE FOR COMPARATIVE ECONOMIC ASSESSMENT
OF ALTERNATIVE STORAGE METHODS

The economic profitability of energy storage devices imbedded in IUS‘is deter-
mined by calculation of the net relative cost of the storage device. Net
relative cost is defined as the ratio of the life é&cle cost of the IUS with
energy storage to the life cycle cost of the no-storage IUS option. ‘This may

be expressed in equation form as

NRC = (LCIUS + AES)/LCIUS

where
NRC = Net Relative Cost
1CTUS = Life cycle cost of no-storage IUS
AES = Incremental life cycle cost due to the addition of

_ energy storage ‘to the no-storage IUS.
This equation reduces to .

NRC = 1 + AES/LCIUS
where the symbols are defined as before. .
Although the absolute economic profitability of energy storage systems can be
determined from tﬁe calculation of AES alone, it was‘felt that this number
would not be meaningful unless compared to the costs of the entire IUS, Net
relative cost was therefore defined in an attempt to normalize the economic

" profitability of energy storage devices,

Assumptions

The .assumptions.which were utilized in carrying out the .economic comparisons

are summarized below.

(1) The analysis was carried out in constant 1975
dollars

A-1,
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(2) All coéts were adjusted to effective prices for July,
1975 S '
(3) Labor rates for Washington, . D.C.-area were used
where applicable -
.(4) Discount rates of 7.5 and 15 percent were used
for the present value analysis
{(5) A twenty year life was assumed for IUS
(6) TFuel price (No. 2 Diesel) was assumed to be 36¢/
gallon
. (7) Fuel price escalation of 0 and 5 percent per year

(8) Taxation effects were not considered.

A number of these assumptions will be discussed in further detail in the fol-
lowing.sections. )

" Inflation

The results of a bresent value analysis are not affected by inflation so long

as all costs are subject to the same Inflation rate. Since it was not reasonable
to predict different inflation rates for the different IUS cost elements over

the assumed 20 year IUS lifetime, an inflation rate of zerc was assumed for all
costs addressed with the exception of the fuel costs. Fuel price is addressed

in greater detail in the next section.

Fuel Price

Bdth IUS baselines considered in this study utilized No._Z diesel fuel. The
cost of the fuel is, of course, an important parameter in carrying out:the
economic assessment of alternative energy storage systems. Projections of fuel
price increases over the assumed 20 year TUS life are highly speculative as
petroleum prices will continue to be ét;ougly influenced by political considera-
tions, and unforeseen political decisions could significantly alter any assumed
scenario. Preliminary studies indicate, however, that the wholesale price of
fuel 611 in constant 1975 dollars can be expecte& to increase from a present

cost -of a50u¢,29¢1ga1 to 36¢/gal, by 1979, In an attempt to bracket the effect
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of possible fuel price increases after this date, fuel price escalation rates
of 0 and 5 percent per year were assumed. It should be pointed out that (since
the analysis is carried out in constant 1975 dollars) these escalation rates
correspond to current price increases of to (0 and 5 percent above the

general inflation rate.
Taxation

The tax status of IUS installations has not been clearly defined. Early
installations will be of a demonstration nature and will probably be funded
through government agencies. It is hoped, however, that IUS will eventually
become a private operation subject to taxation by local, state, and federal
governments, The difficult question of tax status was-not treated in this

study and the economic comparisons are considered to be before taxes.

Present Worth Factors
The present value analysis procedure utilized in this study converts all of
the costs of a system over the assumed 20 year life to an equivalent cost at
the time of installation through the use of present worth factors. This can

be expressed via the equation

Net Present T,

An
Value of = (=
Method A Z (1+1)

where

An = net cost for period, n

i = discount rate
L = life of project
n = period.

If costs or benefits are uniform over the life of the project, uniform series

présent value factors may be used.



Bet Present

Value of . et o
Uniform i (1+1)L
Series

where i and L are as before and
A = annual net cost assumed to be uniform over the life
of the project.

If costs or benefits are assumed to increase at a uniform rate over the life

of the project (e.g., fuel costs), the following equation may be used.

Net Present

Value of I
Uniform = Ao i%_-i- (-%—:—i—)
" Gradient

Series

where i and L are as before and

1+r
2=1H
v = escalation rate
Ao = net cost subject to escalation for first yvear of project.

The series present value factors utilized in this study are summarized in Table
A-1,

Baseline IUS Costs

The life cycle costs of the IUS baselines utilized in the study (LCIUS) are
required in order to calculate the net relative cost of the energy storage
systems under consideration. These costs were taken from References l-amd 2

and were adjusted (using the Wholesale Price Index) to 1975 levels, In addition,
fuel costs were adjusted to reflect the assumed 36¢/gallon fuel price. Table
A-? summarizes the data utilized. It should be pointed out that the costs for
the Village Complex‘were aésumed to be one eighth of the costs for the "option
TI" costs reported in Reference 2, Optién I1 consists of 7 Village Complex

IUS installations and a Central Business District IUS. The error introduced

by the approximation is thought to be well within the accuracy of the cost

estimates.
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TABLE A~1. SERIES PRESENT WORTH FACTORS USED IN
COMPARATIVE ECONOMIGC ASSESSMENT

Present Worth

Discount Rate, percent Escalation Rate, percent Factor{a)
7.3 0 10.194
15.0 0 6.259
7.5 5 15.015
15.0 5 8.379

(a) 20 year life assumed.



TABLE A~2. COST INFORMATION FOR 1IUS BASELINES

Item 1000-Unit Apartment Village Complex

Capital Cost, $ 2,708,000 & 29,870, 000 )
Fuel and Lube Cost, $/yr 214,000(3) 627,000(b)
Other O&M Costs, $/yr " 221,000 979,000 ®
Capital Cost, 1975 $ 3,141,000 39,692,000
Fuel and Lube, 1975 §/yr 315,000 921,000
Other 0&M Costs, 1975 $/yr i 256,000 1,301,000
Life Cycle Cost,(c) Millions of $ 8.96 62.3
Life Cycle Cost,(d) Millions of $ ___;.71 53.6
_Life Cycle cost, (%) Millions of § 10.5 66.8

Life Cycle Cost,(f) Millions of $ 7.38 55.8

(a) Reported in Reference 1.

(b) Reported in Reference 2 and adjusted.

(¢) Fuel escalation rate of 0%, Discount rate or 7.5%Z.
{(d) TFuel escalation rate of 0%, Discount rate of 15%,
{e) Fuel escalation rate of 5%, Discount rate of 7.5%.
(f) Fuel escalation rate of 5%, Discount rate of 15Z.



Energy Storage System Costs

The absolute economic profitability (AES) of the alternative energy storage
devices is calculated on an incremental basis. That is, the costs associated
with an energy storage device are treated as net costs and are computed by
taking credit for fuel savings and equipment reduction relative to the baseline
no-storage system. The factors which are included in the calculation are all

discounted to the installation date and are defined below:

(1} First Cost - those costs which are associated with
installation and startup of the energy storage system
ingluding capital equipment land, construction and
one time startup costs.

(2) Fuel Costs ~ Net cost of the fuel consumed by the IUS
system with energy storage relative to the no-storage
baseline,

(3) Other 0&M Costs - Net cost of operation and maintenance
of the energy storage system excluding fuel costs.

(4) Replacement Costs — Net cost of replacing unusable
equipment at a specified future date,

(5) BSalvage Value - Net credit received due to the disposal

of equipment at the end of the assumed economic lifetime.

Since the calculation of AES involves taking appropriate credits for equipment
replaced, the costs of this equipment must be estimated. The following cost

estimates were uged for this study.

Diesel generator sets
1000-Unit Apartment (478 kw) - $108,000 each
Village Complex (4415 kw) - $768,200 each
Auxiliary boilers
1000~Unit Apartment (250 hp) - $24,200 each
Village Complex (500 hp) - $37,000 each.
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Example Calculation

To illustrate the procedure utilized in calculating the net relative cost of
an energy storage device, a numerical example is presented below. The case
examined is for a water storage system for application to the 1000-Unit

Apartment IUS. Appropriate cost data for this case are as follows:

Installed cost of storage system — $154,000
Credit for generator sets replaced - $216,000
Credit for auxiliary boilers replaced - $48,400
Annual fuel savings - $7,200

Net salvage value - ~0

Net other 0O&M costs - ~0.

The net first costs (NfC) are calculated as
NFC = $154,000 - $216,000 ~ $48,400 = ~$110,400 .

The negative sign indicates that there is a net savings in first costs due to

the installation of water storage.

The fuel costs (FC) must be discounted to the installation date using appro-

priate series present worth factors.

FC (7.5% discount, 0% escalation) = -7,200.(10.194) = -$73,400
FC (15%, 0%) = -7,200 (6.259) = -$45,060

FC (7.5%, 5%) = =7,200 (15,015) = -$108,100

FC (15%, 5%) = -7,200 (8.379) = -$60,330.

Again, the negative sign indicates a net savings due to the emergy storage
device. Since there are no replacement costs associated with the water storage
system (20 year life expected) and the net O&M and salvage values have been

assumed to be zero, AES may be calculated as

AES = NFC + FC

or



~110,400 -73,400
~183, 800

AES (15%, 0%) = —-110,400 ~ 45,060 = ~155,460

AES (7.5%, 5%) = =110,400 ~ 108,100 = -218,500

AES (15%, 5%) = -110,400 - 60,330 = -170,730.

AES (7.5% ﬁiscount, 0% escalation)

The net relative cost is then calculated as

NRC = 1 + AES/LCIUS

ox

NRC (7.5% discount, 0% escalation) = 1 - 183.8/8,960
= (.979

NRC (15%, 0%) = 1 -~ 155.5/6,710 = 0,977

NRC (7.5%, 5%) =1 - 218,5/10,500 = 0.979

NRC (15%, 5%) = 1 - 170,7/7,380 = 0.977.

It should be noted that, although the absolute profitability (AES) for the
system varies considerably for the different discount and escalation rates,
the net relative costs vary only slightly. This is because the assumed dis-

count and escalation rates also affect the life cycle cost of the baseline

system (LCIUS) in a similar manner and variations tend to cancel. Thus, net
relative cost appears to be somewhat insensitive to discount rate and fuel

escalation assumptions.
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APPENDIX B

DESCRIPTION AND LISTING OF THE IUS SIMULATION
COMPUTER PROGRAM

The purpose of the IUS simulation computer program IUSMOD is to enable the
comparison of alternative energy storage devices on the common basis of annual
energy consumption of IUS/energy storage configurations. In addition, the
program allows the determination of the capacities of IUS equipment (including
energy storage equipment) required to satisfy input load profiles. The program
IUSMOD, which is written in FORTRAN, is basically a modification of the ESOP
computer program utilized by NASA-JSC. Tt calculates the fuel required by
prime movers and auxiliary boilers to supply the electrical, space heating,
space cooling, and water heating requirements of the baseline communities. The
program in its current form, TUSMOD, treats heat storagé, cold storage, and

electrical storage.

Input required by the program includes the hour-by-hour demand profiles for
hot water heating, space heating, space cooling, and electricity. The perfor~
mance parameters for the various IUS components (boilers, chillers, etc.) are
also input, as well as appropriate flegs which-describe the case being run.
Program output consists of the calculated fuel utilization, generator output,
chiller output, waste heat recovered, and energy flow to and from storage for

each hour of the period under consideration.

The program is a relatively simple analytical tool intended for preliminary
sizing of storage schemes and rough estimates of annual fuel consumption of
alternative IUS designs. Results of the program appear to agree reasonably

well with output from the ESOP progfém when similar input data are used.

Program Description

’
-

The Integrated Utility System Simulation program, IUSMOD, developed in this
study contains a main program, BIUSS, which reads input data, prints results,

and controls the logic flow. BIUSS is modular in nature with different sections



‘of the main program devoted to performing the calculations required for dif--
ferent energy storagé arrangements., Currently the BIUSS program will treat any
one of four configurations dependihg on the value of the input flag MODESTO.
Included are the no-storage configuration (MODESTO = 1), thermal storage
{MODESTO = 2); electrical storage to match thermal demands (MODESTO = 3), and
electrical'storage for peak shaving (MODESTO = 4).‘

The main program calls the subrgufine HEAT, which calculates the excess heat
available or tha.auxiliary-ﬁéat,required after satisfying space heating and
domestic hot water.heéting loads. HEAT, in turn, calls the subroutine GENRAT
which caleulates the fuel consumption and the quantities of high and low grade
heat production .of the prime movers given the electrical demand. GENRAT
utilizes data which is contained in the block data routine GENDATA. Subroutine
ELECSTO calculates the energy flow to and from electrical storage systems
taking into account charging, standby, and discharging inefficiencies.
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i _E IGEH = TYPE OF GENERATOR TD BE USED e e .
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. T ____QHWD _ = HIURLY JO0HMESTIC HOT WATER DEMAND (ATU/HR)
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c
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.G ___._ TNINMAX = MAX. STIPAGE INPUT RATE ~ COLY AATER tTONS)
45 c THOTHAX = MAX. ST3IFAGE JUTPUT FATE =~ CO.J HWATER L TONS)
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C EFFCHG = EFFLCIENCY OF CHARGING
c eFFSAY_ = EFFICIENCY OF STAND=BY
C EFFNIS = cFFLCIZNCY ‘OF DISCASRGE
. ¢ . N — - _—— -
63 e TS TEXTRA INPUT DATA FOR ZOMST, LOAD ELECT. STORe ~ [MODESTO=41
.G N ¥¥¥ YSE SAME AS TOR MODESTO=3 PLUSZ . ]
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c ' .
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€7 77T T T aABS = HIGH-GRANT HEAT YSCD FOR ABS A#S (BTU/ZHR)
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% WFUGON{13)SHIFCLL 3) o INSEX(L3) yHHIRH (13D, DFCONYIL3) ,0RCY(13), -
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NBCHJ(13!.NBuL0!13)'FH>FG(13!gFMHJllSI.FPEX(13|.FHLDIlJﬂ.

[
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163 T1aB T eRINT 1325 T
90 190 I=142% —_—

ORINT 1926, INUM(IT,QUHOC(TII,GHETDIT) s TONDTTY JDECHLIY ¢ AUXKHITY,
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IZOTIFZIZRR (L #AIXKH (1)
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202 I F{DFLTAY 2307250, Eu) B
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EﬂDLD CeEpin Trom o . - - - -
INIII=2S0NCH
GD TO 253 T . T
285 2au SEIMEW=CEN(I)+D,5%*ANS(CEDC 1) ~CEDOLD)

SEI6LD=CEDITY
CFICIY=CZDNEW

26, TTIZ=ITIRe1 S me e e e e s
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210 SENT 1391, 14DEiTA;CEIOLD WSEONIH;TONT(IY = —- -—

50 TD 150

260 WSTAIT)V=QOICELI)
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TGO TO 28D
- o _Deessyessssss ABS A/C IS SUFFIGIENT, CALCULATE HEAT HASTED
. 215 272 TONAC(TY=TONDTLY
TONG IT1=u .8
MASSTIICTONA(II 72 0PA¥1Z0C ] o0
_ Q4STD{T1=0AAOS(II-QAASLI)0O0ILALT) o o
Eorvonasseane CALCULATE FUEL USHGE AND DAILY TOTALS
224 280 PHFUTL LI }=HRE () *GENKHLI FFY
g IFJELLIY=0BOIL LI/ (F V*BEF™)
APYFL L= PMFUEL +P4FUELL TY
FTINREOTOHA+TONA{ITT
DTINC=ITONC+TONGLI) .
Z25 "I6Z0=FCEDPCENIT) oot
D3 IHKWZDGENKH HGENKHLL) .
ITARCY=2TORGV+TIROVITI) —
TF (MODESTO.5T.1) 50 TO 30)
AREJEL=N8F0E. vBFJEL LTH
23  ONASTE=0QWSTO®AWSTOLIY Lol o _ L
BITNT 1352, IAUMUTY o DFUZLTIN 4PHFUEL LTy (BFUZLUIN ¢PHFUELCIN )y
LB TONALT) o TONCIT ) 4CZ00L) s GENKHIIY s TARCVIIY OWSTOLT) 4 NGLTY
350 SONTINUE
IF_(HODeSTO.EQ2) 50 TO 405
235 P3THT 1653 -
. PI?INT 1954, BBFUIL,DPYFUZ. s (DOFUEL+DP MFUELY, OTO4A, DT ONG, DCED,
w - H BGENKW,BTARCY s LANS T
- . . RCINT 1901 e e s
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2“0 c'—#ll##!-‘!lll"l.l!l&!!.!l.'!‘#ll!"
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3T (iv=PCTIFIL*STOHAXH
e . IF (ICAY.6T.L1) S3STOL1)=STILAST
TS ST T Y AL0ST=PSTLSTHASTIIMAXH T T s e mmmmo e TSR memr S
253 _ N3 460 I=1424 o
ATY=0HSTOLI}=-Q0TILALTY T 7 moTmRee T T o
IF (DIN +GT. DINYAXH) QIN=QINMAXH
Aaat=oraTLATY
_ . __TIF (QOUT .GT. QOTHAXH) QIUT=00T HAXH
255 STO(I+1)=STOCIY ¢2IN-(QOUTHALOSTY — - T
. IF (STOUI#1)} LGT. STOMAXH) GO TG 420
IF T(STOCI+1} oL¥e DaG) 33 TO &35 7~ 7777 77 -
ST =NUSTD (I} =AIN
AFSTL IV E0ROIC IV =dolT
263 50 TO 4510 e

e T T T S TO(IY 2 OHSTOCEY =QIN T

L26 STO(I+1)=STOMAXY

QI 4=STOMAXh=STO(T)

AMOIL(I)=NROIL AT} -00UT

G0 TO &53
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%35 sT2{I+D1=J.0

nUTsETDIIY

AWSTOLI)=0NSTOLI) =T N
QRITLATI=QROIL(T) =Q0UT

274

275

T
460 SOMTINUZ

MMASTO=0AWSTO+QHSTO( I
BEJEL(IY=QPOX_(IV/(FV*BEFFY

RAFUEL=0BFUEL+RFJIEL(T)
PRINY 1957, INIMUI}BFUEL(T) +PHFUSLIIN »TONAITYTONCITY,CEGLTY,

GcNKd(I!:TQRCV(I!|QHSTDII’.ST&(I+1| NGLI)

280

T STOLAST= srmzs:‘ TUTTTmomTm o rmomeT o e s

SHINT 1958

PnINT 1959, D3RUZ LuﬂPMrU:L'DTDNAoDTDNC|DCEn|DGE1(H.DTQRCV'DQHSTD
S3INT 1931 .
3RINT 1902

5N YO 14]

Teememmams=ns suu*ﬁ.a—t COLD WATZR STORAGET
500 P2INT 1940

cas

3TAL1)=PCTIFIL*STOMAXE - T e
IF (IDAY.GTeL) s_Tutn_-SI::_;.AsT_“

N0 S6L I=1,24 N T S T T e

ITzR=l

28F

g~

510 GLUKKITI=CED(IV#IENL) ~~ ~7 777 o oToTomeT e

.-QOL"~G-J
SEOMI)=TONCMAX/CIPCY3. 515

Co-..-.-...-. FINO ITERATIVZ SOLUTION TOTGOHP AsC, "GENZRATOR LOADSy ANDG
_c..llllll'..l ABS A/c BALANJE

295 _

IF (GENCHIT) o«LEe {GRLENJSGENYY GO 7O 515

GEIKHLI V= GRIYNUMSEN

|
IF IDEOII) oGT. 3ENKWIINY  GENKH (D) =DED(T) . :

GLJ(I!=GENKH(II-JEU(11 : ‘
IF (CEDIMI) LT« Lau) EJ(I3=0.0

TALL HEATC(IY O TTTTT e e e
TONA (I)=QAABS (I) *COPA/L200u. D

309

Cesvsnncanses CALCULATE ZNERGY FLOA INTO/0UT QF "STORASE

305

310

TOUCAT Y =CEOCTIT*CIPCr 5iB45 -
IF (ITER.GTL.d) 350 D 552

TOIIN=TONALE ¢ TONCIT» =TOND {1}

IF (TAKRIN GT. THINMAX) TONIN=TNINMARS ~—
IF [TCHIN LT, (~TNOTHAX)}) TONIN=-THOTMAX

STOUTFLISSTOCI +T ONIN-PCT_STU¥STOMAXE

IF (STO(T 1} WLV, Q.0 33 TO 542

IF (STOtI+1) ,Lc. STOMAXZI 50 TO 55077 e -
TONIN=STOMAXS=STI (L)

STOUI+2)=STOLI)+TONIN-PLTLSTCXFSTOMAXC™
30 TO 353

550 TF (CEDMI) +LE. 1.9y GO TO 570 77

315

550 TONIN==5TO(I)

STO{I+1)=0.0

VELTASTONOCIY+TONIN-(TONAL I) #TONC (I))

IF (APSIDELTAY SHiT4 2,00 7760 TO 5807
TF INELTAY) 535,590+56]

SEETCIINENEZED (1) <05 *AISTSEOUIISCETOLOY
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320

SEBID
SEILIV=CEDNEN

SEJOLD=E

G0 To 565
560 TEINCW=CEDIDI +0.5*ABSISEO IV ~CEDOLDY

CEIOLE=CED L)
SZJ1 Y1 =CENNEM

. 325

365 IF (CEMID N P8 1)
ITER=1TI3¢1

i Ceol DE0.0°

IF (17= RoLE.26V 7G0T TS 59§~

330

BRINT 1691, 2,05LTA.CEDOLY+CEONEHTONIN

— K0 TO 15
570 TONA{TI=TONCII)+TONIN

MASSTII=TONACL) /0PA%12403 07
NMSTOCII=0AAGS{I) -QABSII)

IFIQWSTOC(I) .6T.<Ls) 6O TO 575
PoINT 1995, 2WSTILI)

335

GO To 150
© 575 QFTRATI=QWSTRLI) +#Q0TLACTY

TONZ CId=l.E
0TIIN=0.D

3410

G0 TO 585
588 1H3TUII|'002LA(I!

585 PHEUFL(I)SHRE (TVFGENKW{T) /FV
ICJEL(IY=QUOIL (I /IFV*BEFF}

a5

64

T J3TUEL=03FUEL #BFJELCID
_DPYFUEL=DPNFUSLFPHEUZLAL)

NTONA=JITCHA+TOMNAC I}
ATINC=0NTOHCPIONS LI

-2 .

AsI0=rcio+CIi D)
IGENKH=DGEMKH+GINKH ()
NTIRCY=NTQRCV ¢ TQACVII)
NONSTR=DAWETIHAWSTOLT}

3

e m——— i —————— =

POINT 1961, INU4CI) 4BFUEL(IY s PHFOELTI Y s TONACT) #FONCTI 8 SEDUD,
GE NKM(I!.TQRCU(II-QJSTD!I)ySTO(ItilvﬂGtI)

395 oONTIAUE
PIINT 1958

355

2eINT 1959, DIFUIL,DPHFUSC,0TONS,OTONG, yDCEDy BGENKA sDTQREY 4DQRSTD

PPINT 1921t
STILAST=STO(25)}
50 TO 140

363

ELLOYRICAL ENZRGY STORAGE OPTION

PRINT 1965, ITIT.2

PRINT 1951
10 686 I=124%

365

"l'!l"!l‘t‘l.‘l"9‘.'—!"““‘##

{HODESTO=3)

‘.l".l.“#"i'l“.l“"'."'l.'l-

GINKW (LY = GRT* NURSEN
CALL HIZAT (DD

TONAASTAABS(I)*CIPA/L2000. 0
DZ.TA=TONO () =TONAA

379

IF (NLLTA oGLs BeC) GO TD 650

ITIe=g

SENOLDESLNKELTY
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PROGRAM BIUSS 73773 gar1=2 FTN 4. 5¢R406

01/09776
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GENKH (T)=0.5%GENILD -

Casvossenense FIND MAX GEN OUTPJT AT WHICH ALL HASTE HEAT CAN BE USED
615 SALL HEATLI)

375 . . TCMAA=OAABS(IV*CIPA/22080.C

T DELTASTOND{ I} =TONAR
.. IF {APS(OZLTA+143) oLT. 1.0) 60 T9 650
TF (DELTA41.3) 5204654625

P T4 - - -

223 STNNEWIGENKH (11 =) 3% ABS (3ZNKN (1) “GENOLD)_ _
3INOLD=SENKHIT)

. 380

SENKN (T)=GENNER
30 170 by

I . B25 57 mr.H-.._NKHllHJ.S'ABS{G NCH(T) =GENOL DY |
i SENOLD=GENKHIT)

385 . SEHKMITY=GEWNEW
530 IF (GENKW(T) LT, 'TT0) ™ 50710 T6hd

ITZR=TTER +1

) TF (1T LLe250 G0 10 615
. < BPINT 1991, 3,D£-TA,GENOLD \GeNNEW
3490 50 T0 150

B4l GENKMLTI=1.T o
"IALL HEAT (1) -

NAIS(IY=TONMLI)/ZOPA*12000.0
TONA(II:TONDILY

__393 TANC(TI}=d.6 _ I o —_ _—
30 TO €82

650 TONA(T)=TONAA
1435 (T)=0AARSLT)

T . TONE (T3=T ONDLI) ~TONA L1)
= Lk TTIELTORLOIY SLT 3.3 TONTOTEILT

B6G CALL FLECSTO(I,IJAYY | . ___
IF (IPAY,GE.0} 30 TO 70

PINT 1991, 4sDIM(9) 4GENKALLY |
21 TO t52

505 57C PRINY 13852, IﬂUﬂtI)'BFJhL!IioPHFUELtIIe(BFU.L(I‘*PHFUEL(I)Iv
T ORI T, ToNG LI Y s GBIV BENKRCT T FaRCV (I T, GHSTI(IT 4 NGTTD
e .. BBO SONTIMJE e e ——
F2IRT 1953 .
.. TOINT 1954, DBFUELQDPHFQE-!(QsﬁygﬁtgﬁﬂfggglsDIO!ﬁcPTPNggqpﬁgv
1D 3 DGENKW,.DTQRCV,04WST2 ™ —~ 77 )
I0INT 1903
AEIHT 1056 , -
Y 69 I=1.24 R I
o SRINT 1997, INUM{IISED (Y SSEO [TV ySEN LI SEENKRCL) o STRHILY ™7
. > 3 599 IONTINUZ . _
s T/ T T STAHMLETeS IKH{RY) - — 77— "TT T T n T o TTrT T e mem mme
G0 TC Luj
c-u;;u"‘#‘o"i_&s!llonu&v;;“‘ﬁ"t‘“l"“l"‘l“"ﬁ"‘i‘“ﬂ“‘ll—ill
c COMSTANT LDAD SLECTRICAL ENERGY STDRAG‘ IPTION C(MODESTO=4) —_—
TTTTTTT2y TTTTTTTTL O B s 4 k4 x k8 ox 8 ATETRTATETE & 8T 'ETE ¥ B B £ B BB K B XY -
L T0d PPINT 19.8, ITITLZ

asinT 1451 e a [ o wn ‘- w—

26 7RG I=1.2h
AIVKWITY s GERAVE

400d §1 THVE TVNIDIE0
L 40 ALITIEIoNAoddEd
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9

425

GALL HEAT(IV
 TONACT}=QAABS(J)*COPA/12000,0

TDNB}I):TONU(I!*TONAITI
IF (TONCUI) +GEs Bad) 6J T3 720

39

TONG T =1 W8
TONA(TI=TOND(I}

720 AA3STIY=TONALI) ZS0PA¥E2TE0 240
CALL ELECSTOIILIJAY)

IF (IDAY«GE<D) 30770 T4
SFINT 1991, 5,0U4 (91 +GENKA (1}

35

50 t071310
740 ARINT 1952, INUMTI),BFUSLATY PHFUELTI ), {BSUELIL) ¢PHFUELIIN Y,

T TONA(II.TO“G(I?'«tﬂlli-G:NKH(I)-TQRCV(I!vQHST)(Ii-NG(Il
760 TONTINUZ

440

PIINT 1553
SPINT 1354, ORFUEL,DPHTUEL 4 (DBFUELIDPHFUCL )y DTONA, DT ONS, OCED,

i BGEMEW, DTARCY, DAWSTD
PINT 1931

P2INT, 1966
W or7f I= 1,24

Wis

"PRINT 1967, INUMCIV,DEQCTY 4SED(T) (SED (T1,GENKHLIY, STKH LI
770 SONTIMUE

STRWLSTES TRWIZAT
50 TO tad

453

939§ PSINT 1992

STIP [l
9395 DPOINT 1993

- 9999 STIP

"A815 FORMAT(L4IGY - T T/ T T

STIP (2

1800 FORMAT(BALGY

1313 FOIMATIBELD.d}

%60

915 ENIMAT (IS 8X6AL0)
1930 FOIMAT(1HL 16X A¥ v s rnuae 2 8415, s¥ssnervany)

T 1341 FORMAT(z=#/2=25%¢* ~TMILLIONS OFf 8TY PER HOUR#) ~~ '~~~ ~——— ——— 70T/t

1302 FOIMAT (#g#5x2** MILLIONS OF BTU#)

1305 CORMATULH= Y 2HIDESTOAIX LI GEN T £NUNSENZI2 X2 FV L2 REFFFONZCTPAE” T
£ OX#COPCZOXZTLIZIXATHOT 210X 2THS2/w6 X2 (ATU/GAL) 238X+ 31LDX2LSY£) /

465

470

T TX410. 208X, 15V B TFO T, alaXFo.3)7 3 ek, Fas2))

1910 FORMATILH=-,uX#STIMAXHZ5L25 TOHAXS 26X 2D TNHAXHZGX 2AOT MAXHLZ X 2TNINMAXE

T BXPTINOTMAXAEXZTONCUAXET Y2ICTIFIL25X#PCTLETHESXEPS TLST C2/6 % Tmem e T
__f 2AFTUY 2OX2{TON- HDU’SD:SKiISTJIHthEKSldTUIHR!t1x,3(7x:(TONSlt)!
3

12X e LPE10. 31 4 3ITXLPF3.1} 4 3LBX.F5.2)) ) -
1315 FORHATUAH~ WX 2SEIMAXCAGXZS cOMAXD 2OX2STKHMAX L7 X2STPCIN£LPY LEFFOCHGATX

“19cu FORMAT(2-2/2=-HOJRLY IHPUT DATA SOR 26ALJ/LH:+10X2I0AY =£I5,5%

T 1928 FORMATILLXZGINAVS =£FLi.22 KWZ) - T

TREFFEBY 2TREIFFITSE/TXALCHUT FORZ (KW 2B X2 AKHHI 27305 FIL 492 18X F 9. LT
LILY,FO9,31)

MR

£ £IS.SUN =£15,3%X21 =£I3)

1325 FOIMATULLH-,A5X2IINESTIL HIT25X2SPACE HEATING26X2ATR COND, 28X

T POUMISTICAORZAUNTLIARYZBRZDTAER HEAT 276 X2 HOUR TS REWATE R DEHANDZ
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PROGRAM ITUSS 73773 OPT =2 FIN 6,5¢R406 04709776 16.22,27

PAGE 19

T GXF0LMANDELLXZDENAND 28K 7ELECT DEMAND#SX#ELECT DEAANDZT X
T #RECOYEREDE/18XZ (BTU/HTI 2IXEIBTUZHR) #10 X2 CTONS) £1 2X#(KH) £13%

&80

] ZUIKHY212X2 (AT I/HRY2/)
1926 FOIMATIEK (AByOITXWLPELZ.50 )

L85

195G EN9MAT (Z1OUTOHT FOR Z+6A10 y1l0K£<NO STORAGE OPTIIN» %2}

_ 1951 FOIHA™ (3H~,12X#BIILERZE (LI RIHE MOJERZGX2TOTAL 27X 2ABSORPTIONL3X
ZCOMPRESSION#MXLELEDT TORZGXEGEMERATORZSX2TOTAL HeG.25X2HASTEDE ©
4XEND W 2/ 3XEHDIRZL X, 3 (4N #FUCL PEAD2) 4 2U6X7 AIR JONDZ£),.6X

3lSKi(GAL/HQitl,Z(SKi(IONSllis2(9X1(KH)&)-Z(&DX!{‘I:!II

TT1353 FORMATUEY 43 (5N#=mnn- ---2)|11.3(5¥=--------$I,SXS---"'--#1X$

1952 EOIMATIZXTAS, 5, T 7. 102 (aX F7a1),1%, 317X, FTe1) 46X FTats1Xy

f

3 y e —
T3 200M7 A/CE4XE3ET OUTPIT 2yX2hZAT RECOVLEXEHEAT 2GX#GENL/ T Xy

i3

3 26X =tPFT743),3X, I3

.

f 215XEmmmmmmmnt))

1954 TOINATIRX2TATALZYX, F&-lv?l5K|F3-£lolXo3(6m'F8-1lok!o‘gtlvixs
R 215Xy-€FF3,.3))

%95

1955 FOEMRAT (210UTOUT FOR Z,5013710¥ < THIRMAL STORAGE’ oPTiON>2F
1956 FORMAT (LHe,12X7/3DILERZSNLOKIHNE YOVER L X2 ARSIROTION£3IXZCIMPRE SSIONE

GXEFLECT FURE4XESENERATORZo X2 TOTAL HeGa 23 XZHASTED2SXLENERGY IN2
LU ZND, £73XZHOIRELNH 2 (X FFUEL PENDZ)Y ,2(BXPAIR JOND#),6X .
2COMP A/CZuX23ET QUTPUTY 24X EHEAT REBOJ#BK#H‘AT:TX:STORAGnt:X
:G‘N:/?l.ZIEX#(GAL/HQI2ipZ(BK!(TO“S)#I,Z!QXZ(KH!#!.Zilﬂxtt*ltig

5ad

505

e v e

FUEEILASETS N
(1357 FOIMATIZX AG5Ke 741 90X aFT el sl Xy 3 (TXaFT7a1) 45X FTol ol Xy

T 315%,=BPFT 314X, I3 e e
1958 TNSURT(5X 2 (5K Emmmmmmmn 2] g 3Ky 3 (BXZmmommmoe?) (BXEmmemenmn s
T o2in¥feme—-- -t})

1959 COMATI2XETOTALZ4XsFBaly 5K oFSads IXa3(BXIFB1Y 1 4XsEDeLedX,y

w;
Lowt]
Y=

)

2 Use,=BFEFRL3Y T T T
L 1330 rﬂﬂnAT(1H-.1’!¢GBIL=R1:X!’EIHE MO YSREL X2ABSORPTION#3I X #COHPRESSIONZ

wX?ILECT FORZ4XZSENZRATOIZEXZTOTAL HaGe 25 X2WASTED 25 XLENERGY INZ
LYENG . 2/3X 2HD T £1 X4 2 (4X#FUEL REQDZ} +2(6X2£AIR TONJZ},6X

515

5

3 —
3 2COMP A/G2uX232T CUTPUTZ6X#HIAT RECOVEBXAHEAT2TXLSTORAGEZSX

T th»tI?KuE(54:IQEEIHR1=].Z€8(1(TSNS)t!oE(?Ki!KHI:) 22010%£1%2),
¥

BXZITON~HR) 2/)
__ 1961 =O7HAT(2K'A5|DX| TeboBX s T slodlXe307XaFT7oL) odXsF7alulXy

T 2LEXs=BPF/, 3!|6X|UPF?.1;hK|I3) -----
__.13965 FOPMAT(ZL0UTPUT FOP 296A10413X2<ELECTRICAL STORASZ JDPTION»#)

TTT1966 FOIMAT (1HLLI2XFIOMESTIT 3 #S0HMPRESSION #5 X251 ORAS E£5X#GENERAT OR#G X
) ZEFERGY INA/IX2ZHOURE2K, SUINFILEC UCMANDEY ,IX2SIT QUTPUTZGX

523 -

T 1401 FNYMAT{#+=3I23 ERROR =~ MIPE THAN 25 IToRATIONS REQUIPED ZIZES2s ™7

=rroahsgzr=x.1ciax:txw1r1.9&:(Ku1:9x=t<wu::/1 -
L1YBT FOIMATIZX G AS, Ty E 701 2¢7K  F7ad 1 2(5X,F0010)

“1use FA<MaT(#LOUTPUT SOR ¢|9A1J|10K¢<F0NSTANT LORD ELZZTRICAL STORAGE ¢
b 20PTION>2)

i S Tha 4{SXWIPZ1L. 304

525

1542 FHRNAT (25 “‘"ExNOR "IN BUFFER=0UT OPLRATION =T
1993 FOHAT (2 ERROT IN THPUT ESZS:ISIEZsed

1995 FNFMAT [£=3 ner? = INSUFFICIZNT COOLING CAPATITY
I3 10X70HSTO = 24PELLW32 ITYSHPE)
zND T . ; T
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SUBROUTINE HIAT

73773 OPT =2

FTIN_ &4.54R406

D1709/76 16.72.27 PAGE i

SUBROGUTINE HEAT(IY

== EUBROUTTNG WEAT TALSULGTES THE WEAT AVAILABLE
AJC AFTER SATISTYING 40T WATER AND SPAGE HEATING REQUIREHENTS

DOO[O

SOMMON /IN/S STO025),Q3DTLT2%) 4 QAARS{20)Y yORRIV (24}, OHHD (24D,

10

JGENKHI20) ,SED(24) o TLO, THOT, THS

15

IF {TLO +GTe {THIT#+10.0))

“QGAK=GHRD (117 (THIT=TWSY *[TLO=1040-THS)
IF(OILENEI) LT.Q3HK) GO T3 10

CA_L GENRATIGENKA ,PHORIV4RELTH0ILCQY
TQRCV (I} =PHAICY LI} +0QRIVLI)

¥ uorLu(zu:.oox.n:au:.PHJRGV(Zui.QHwnotzun.ToR:Vlzu).unBSteai.'
3 ONSTI124),0I.30025) 4 PHFUZL(24) ,SFUEL (241, CED {24 ), DEDL24)4

T TONA{ZL),TONG {249 5 TONDI 24) 4 SHETO
3

“F O3 ABSORPYTION

lahiuHRE(Zh)'hUXKNIZQ).UEKQ!?@)

QHALO LT = QAMD (T} -QCHK
0ILW (T3=QCHK

10

50 TO &b
NOTLAIII=040
HHAG L) =CHHI (T} ~OILCOLT)

DOTLAI) =0ILEQ{I) -nOILM (T T~

26

50770 60"
THAAO(TYZOHWZ (T3 =0TLCOLLY,

2%
30

IF(QVWADITYY 4G.30,3C
ANILALTI=0.0

00ILWII) =0ILCA(T)’
S0 TQ 60

RSP ZSHETD (IT +ORAAD (T
IFLQNSPY 53,50,+9)

TASILM (I =QHHN{TY +SHETDLT)
A0TLALI)=~ONSO

NALBSLII=TORCV (I}
1) IL{IISLLE

, 76
4

B0 T LEL
ARI4=TNRCV(I) -QHAAQLTY

QWID=SHETD(I) =QREM
IF(ONTDY 70,7348

NAARSII)=-0GNID
AR2ILIIi=l.1

89

45 9L

"o 70 {20
9BOILIIV=ONED

NAABS(I)=u.)
50 70 t2C

0PI M=TARCY (I ~QNSF
AGILHITI=0ILCaL])

100
5i

ROLCACLYEINT
IF(QREM) 110,188,100

QAASS{T}=NREH
QROILIINI=D.0

110

50 To 120 ~ T °
NMITLIIN==ARIH

AMABS(IF=d.T
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T 20 RETURN T o
53 2L R

r
— —— . ot =y e e . mr— m h ALAA i e m— = i -
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SUBROUTINE GENRAT 73773 027=2 FTN 4.5¢+R4DE 01709776 316.22.27 PAGE 1

SOIROUTINE GENRAT (KW GRGyHRIs I,0ILCAY

a0

TEUGROUTINE GSWRAT CALZJLATES PRIMZ HOVER FUOEL REQUIREMENTS AND
HASTE HEAT RECOVERY STVEN THE ELECTRICAL DEMAND (KW}

[91ie]

COMMON FINGEN/ GRLIGENNIMGEN,NGI24Y_

CAHYON /SPECS/ PIRX{13) (HATJIY {13 ) ,EXY(L3),RADY (L3} ,BHPXIL3Y S
BHFY(lS)v‘GV(13)'LHIY(13)|BHPT!13'-RADT(IS)r'KHT(l3I.KHLOAU(l3’

C SFUCON{13),BN3FCIL3), INZLX (L3} » 2IHHIL3) ,DFCONYI13)40RCY(L3),

10 LOY{13),BTFCON (13} 3TZ4HT (130 » WAUK {13}, HAUKOI(LIY, HAUKLO{L 3L, .

_ NBCWIT1314NBC.0(13)+FM5FS [13) $FMNJ (13D FHEX AL 3 4 FHLOC13 ),

CAY ’3!133,CATHG(iB).CATLDIl?!cCJlSFC(13l'CaLSLOI‘3),C31r H{L3)

i3
3
T
T NBFGUN 13 TUBEYTILT  H3TI €131 NILD (430, N3CFCIL3 Y, NBCEX (131,
t
3
T oFQEBIX(13)+FI58LI{13)+7958WIIL3)+FIOAFCIL13H4544(12)

15 IIMENSION KWIZ24) 4 HRZ (201, IILL01243,27C (240
REAL_KWLOADLHVY, LOY sHBSEX (NSGFG , NIBLO pNECH] 4 NBEXT ;NBFCON,NBLD,

T NBHJ, KM -

NGTUI)=KH{II/GRL+) . 839
20 TIF (NGI1}.G6T.0) GO TO 5

PRINT 90ds N3C(D)
STIP 11

S IF T(NGIIY 6T, NUMGEN) N3 (L) =NJMGEN
SLIADEKA (LY ZNGLT)

25 PIIRL=GLOAD/GRL
IF (PEn3L «GTe 1.20Y GO TO 790

o e ——— - . - ——

50 TO (£0423,35+4C0:50,60,70580,30,100,410,120) LSEN
= (em==- o ———— 4563 KM VDR:B,Qu JIE SEL

Tu CALL INTERP{PEPX, DFCUNY,PIRRL,ARETIN
30 CALL INTERPIPZRX,QGACY»PEIL,YY

QRICTY=Y*NG{I}*1000300C.
CSALL INTERP(PERX, LOY»?ERR. Y}

OILCOCII=Y*NG(I)*1603000.7
RETUSN L

35 B e e SR u i T p 5K WAUKESTAT Y IESEL
_ 20 CALL INTERPIPEPX,WAUK,PEIRL,Y)

HRECTII=Y* 1000
CALL INTERF (PERX, HAUKOR yPERRL,YY

ARICIVISY*NGIII*1070303.7
49 CALL IMNTERKF{PZRY.WAUKLO,PZRAL.Y)

DI ENITISY*RGIIF+ 20000V
. 3TTURN

Cueimmmmmemmer 2200 KW NORDBIRG IIESEL
.33 ALL THTERPIPEPX ) ANAFC4PEIRLHRELINY

45 SALL IHTERF(PzPX,BNIEXs PIRRLY)
ARPZIII=Y*NGIE}*13J00du.0

;ALC‘INTERPtPERx;euaNH.PEQREtib
T COLII=Y NG(TI *235000D.)

. —— e i i mma

PETURN
50 [e=r=w==smeaee 1750 Ky VORDEERG JITESEL

4o SALL IMYCRPEPERX,NOFCON,PIRRL s HRE (15
CALL INTERPIPERX,NaZXT+PIRFL,Y?

g Qb IYEYFNG (LI ¥1020000.T
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SUBROUTINE SENRAT

73773 oPT =2

FIN 4.5+R406

yi709/76_ 16.22.27 PAGE 2

SALL INTERPIPERXWN3AJIERILGN)
e SALL INTERPIPERX NOLOGPERILSYY _ . _
JILCOLIN= (XeYI*NGLTII#15002L060
RTTUFN

(mmmm- dTm S5 4305 KA NORIIERE ITISEL

e .. _ B0 3ALL INTERF(PERXNBCFJsPZELyHRE(IN)

B0 ) CALL INTERP(PERYNRCEXsPIRRL, Y}

ARSI TY=Y*NGIII*1)1506340

T T TTTTTTTOT TT ZALL THTERPIPERXANBIWJ PERRL, X} o

. SALL TNTERP(PIRX,NBILOyPIRPL,Y)
NILCOQIIY=IX+I*5(T1%2033000.0°

.. b5 . , RETURR

[reeememe————

- 473 KW FAIRBANKS-MORSE OIESEL ~ 7
— " 60 TALL INTERPIPERY,FHUSFC,PzRRL4HRILIY)

CALL INTERPAPZRN,FHIY,PERIL X} T

SALL INTERPIPEPK, FHNJWPERRL,Y)
2RTATI= AR+ HSIII*L05 03040

71

. CALL INTZRF (PERX,FULO,PERIL,Y) .
SILSQUTI=Y*NGIII *1uduuided
RETUPN

Crmmmwrmanrac

473 KW SATERPILLAF JIESEL
75

70 3ELL INTERF(PERX.LATSFSPIRRLLHREILM)
S8LL THTEPE(PZRX, CATHGPERFL, Y}

e CORILDYI=YEHGITI*LY0003%.) e e e
SALL IWTERPUPLR,CATLONPIRRLy Y}

L AILIOtDI=YANG (1) FL03050 0.

83 RETUPN

Cmmmme—e e

- Slu KW JALUKzS+44 3ITSEL
80 TALL INTERF(PERX.ZGYPERIL WYY

o AN=GLGAD/ (Y .75} ,
BIRFL=GLOAD/ {Y*GIL) -7
GALL THMTERP(RHPY,LHJIY,PO,¥}

QIN=Y*FO M
SALL THTERFIPERXSHAT JY,PSRFLLPOKJ)

~ALL INTERP(PLPL,BH3Y,3T7| ,PBHPT

914
|
!

SN, - -

. _SALL TNTERPIPERY,EXY +PERFL,PEX)
] T DALL IHTESPIPIRA,CADY,2IR5L,PRADY
ATt o~tPCHI+PIAP+PEX+PRADY
TTTT (=ROWJ*OIN*NG (I} - -

Y= 3EXFCIN*NGLI)
ITLCR{TI=PLO*QINTHGIIY ™™™ 777

95 . 2T{I1=X+D.55%Y )
HRICIY=QIN/KHLID) et
2= TUH

315 KW SATZRPILLAR 2IessL ~° 7 ° °°7 7
9] JALL TNTcRF(PZRN,CIL5F2,PIFALLHIELTY)
167 AL INTERPIPEZRNLCILSIMTPERRLTYY ™

. ARS(TI=YFNGLTI*1140300.d
T JALL INTERF(PERX,C3L15L047ERRL,Y)
NI.CNLTI=Y*N3CII*1030033.)
RETURN - s
105 Cemwammncnm=ans 953 KW FAIRBANKS~MORSE DIcSEL
TBE SALL "TNTERPIPERXFI63FLPIRRL, HRE(IN

X

0 AL

L ﬁ?galom@ﬁ&ﬂﬂ

#00& 8§
fiHd



SUBROUTINE GENRAT 73773 0PT=2 FTH 4.54R406 01709776 1642227 PAGE 3

SRLL INTERP(PERYN,FIGBEXPZRIL» XV
CALL INTERPUPERA,F958WJ,PERRLY) e e
QRIEII=2CX+YI*NGLIV*Lu0d 00) 0

SALL INTERER(PERX,FI68LD,PERRL,Y)

[ T

115

mmcmme=a 400 KK AIRESEARCH TURBINE
} CALL INTERPPERY,EXHT,PERRL K]

ELCO (Y=Y *NGLI}* {00 00T 34D
FETYURM

CALL INTLCRPIPLRX:RADTHPERRLIRAD)
CALL TWTERP{PERX,BHPT,PEIRL,BHP}

BACLTINTERP{CHLIADSFUCON, 3L0AD, YT
AIN=Y¥NG (T}
QRCIIV=X*QIN*0.55
OTLCO(TI=OIN® {1, )~ (X+RAD+3HP))
HRILII=2IN/KHLIT)
RITURK

Crmmornea - LA KR 9T A, TURBTHRE

129

CALL INTcRF(PERX,BTFCON)2IRRLHRE(IN)
SALL TNTERP(PERX, BTEXHT (PR, Y)
ARCLTI=Y*NGLTI*1433304.0
OTLCOUII=0,23%HG(I) *153000C.0

QETUPN

“agn
915

T 4TIP 12

PRINT 910, NZ(I).PERRL

FORMAT {2-%sv8% EQRDX IN N3 =#T13¢ sevrsgy ~ ~°
FOIMAT(2-*+e+eezI3¢ GENZRATORS_OPZRATING OVER 4R20% OF RATED LOAD #

135

3 TRSSTPERRL TSFESLEE svReey

END

- J . T T e = a e wee— . ——— = . e e e e ——— ——————— e ——
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SUBROUTINE INTERP 73/73 0PT=2 FIN 4,5¢R406

01709776 16.22.27 PAGE i

SUIROUTINE INTERF (X, Ys+XEsTED

"SUPROUTTNE INTERD TS5 USED TO LINGARLY INTERPOLATE BETWEEN

VALUES IN T42 ARRAYS (X AND Y) TO FIND THE VALUS YE AT XE

06 €

DYMENSION X{131,Y(L13)

TIF{XELRELX(1)) G2 TOD 2
OBINT 99

10

ACENNH
50 TO 7

Z J=3
3_IF (XE<X(J)}B15r%

[ EFLT

15

IF{JeLe13) 60 T2 3 -

S YEzy (Y
30 10 7

20

6 YEZVIJ=1 1+ (V(IF =Y (=101 7 (R (I =X (=11 ¥ ¥ (KE=X{J=17}
7 RETURN .

NI

99 FORMATI£-x27re THE INDEPZNOSNT VARIABLE IS QUT JF RANGE Y¥rv%2)




SUBROUTINE SLECSTO 73/73 grI=2 FIN 4.5¢R036 01709776 16.22,27 PAGE 1

i SUSROUTTNE ELECSTOTILI0AY) - '

SOMMON /IN/_ST0(25),QBITLI2Y), QAABS (24, 0QRIVI2Y1 4 QUHDI2K),
) DDTLHIZQ)'QUI.A(Zh)vPHJRGVIEQl.0HHAD(2#!,TQR:V(2#),0&95[2&’1
*  OWSTD(26),0il30(24),PHEUSL (26 ) 4OFUEL {261y CEDL24), DEDL2E),
i
8

TOHAC2 0] s TONG 2500 § TOND 261 9 SHETO (2 ) y HRE (241 o AUXKH (247 4 DERW (2T
»GENKHU2L),SED{204) 4 TLO, THOT 4 THS

SOMMLN ZMISC/ FV s BEFF ,LOPA 450PC, DBFUEL JOPHFJEL,ITONA , DTONC,03ED,
5 DGEMKW,DTORGV, ONWSTDy STOMAXC, SEDMA XDy STKAKAX, STPEIN,ZFFCHGy _ . _

2 SFFSBY 4£FFDIS»STYHLE Ty 3ENLOAD , OUML
0 DEMENSIOY STKH{ZW)

SOJIVALENGCE tSTI12Y,STRHI

€777 CALLULATE STORAGE C4ARGE/OISSHARGE RATE AND AMOUNT OF ENERGY
c _ IN_STORAGE | e e
i C

SEJUTY=TONGIIN/CIPC*3.515

SED{IV=GENKHTTI=(OLO(IY #ZDIIY )
IF (SELI) 5T« SEOMAXCY SED(I)=SSOMAXC . —— e — —

IF (SEO(I) LT, (-SE0MAXD)} SED{Iy==SEOMAX)
20 IF IT.6T41) G0 TO $20
IF (IPAY.GT.L) 30 TO 113

STIREKW=STFCIH*STKNYAX

G T0 122
110 STIREKW=FTRMLST i B

Z5 59 T0 133 - T
120 3TIEEKW=STRHII-L) o
130 IF (SREO(INY 1oDe450,15)

Cassasavensss NISCHARGE
160 STLWIIt=E FFSAY*STOREKH#SED (LY / EF FOLS

30, . IF (STKA(D) JGE. Ged)_ GO_TO 163 _ |

3T LTI=D.0

SEI I =-EFFSIY*EFFOIS*STOREKH

50 TO 162
c----uooo---- CHAQGE
KE] TEL TS TEH T SEFFSIYFSTORERAFCF- CAG¥SZO(TY
IF {STIKAC(IY «LE. STKHHAXE 6O TO 163
T I 3TEH (T =S TKHMAX T - -

TINS5 TKHYAX-ZFFSBY*STIREKHI/EFFCHG
16u GENLOAP=SLDUIN43IRCDI+DED(TY 7
40 IF (ABSIGINKW{I) ~GENLOAD} JTe 2400 GO TO 210

ITER=L

FIMO ITERATIJZ SOLUTION TO GOMP AsC, GENIRATOR LOAD. AND
APS A/C BALANCE

173 GENKH(I}=GENLOAD

TE {ITEX.LEa25) GO 19 18]
s e IDAY=M L

3ZTURN SrmTTT S T T

50, 180 GALL HZAT(I)

TONAASUAARS{E)*CIPAZL200D4D
IF (TOHAA ,LT. TOND(IN} 50 70 198
AAIS(II=TONDITY/720PA*L20UT 40




SUBRQUTINE £

LECSTOQ 73r73 OPT=2

FIN 4.54R406

01/09/76 16422427 PAGE

2

TONATTY=TONDTIY
55 o GEItDY=0eG
50 'TO 204 *
190 7495 (1)=0AANSLT)
TONALT)=TONAA
_______ } _ TONGLII=TONDCI)=TONALIV_ o e e e i e ——————
60 TEZICTY=TONGIII/CIPC*3,515
200, GENLOAD=CED{IY+SEDCIV+0EOLTY .. s __
IF (ARS(GENKA{I)=GENLOADY ,LT. 2403 GO TO 210
ITED=TTE2 4L
G07Y0 i7)
65 210 NASTOt D = 0AAUS LD =0ARS DY M QOTLA LT e e e v e s e e
OMTYEL (L} =HRZ (I) *GENKAII FFY
L 3FJEL(II=NBOIL (L} /{FVeBEFS} _
D3TUEL=CAFUSL+8FJEL(T)
NRMFYE LD PHFUELCPUFUELTT)
70 DTINAZOTONA+TONATIV
- OTUNC=DTONCATONS(I) _ N
K 05 B=DCEN +CeD{T)

AGENKH=DGZNKH +GINER{T)

NTIRCV=DTQRCV+TARCY (T}
AMMETODANSTOPGASTO (T}

RETORRT T
END

v}
1
o - S e - —_ p—
o
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73773 QPT=2 FTN &4e54RL06 01709776 16422427

PAGE

SLOCK DATA GINDATA

.

[

i P SUOCK DATA GENDATH

BLOCK DATA "ROJTYTNE GENJATA INITIALIZES T4E ARRAYS WHIGH
CONTAIN THE >ROPERTIZES OF THE VARIOUS GENECRATORS

C
c
[+

_ SOMMOM /SPeGS/ PIRACLIY »AATIY (13) ,EXY (13),RADY (13} +BHFX(1375
BHEY (437 4EGY (L3} o LHYY(L3) 4 BHPT (131 JRADTAL 3N JEXHT {13}, KNLOAD LA D
_oFUCONTL3) 4 BNAFCLL3) 9 SNIEX (130, BNIWH (13} ,DFCONY(13),0RCYL{13),

1]

TTLOYILE) JATFCON(L3 ) 4BTEXHT (1304 WAUK (133, HAUKOR (13} , KAUKLOCL3Y,
NEFCOMEL3) yN3EXT(13) yNBHI(L131 oNILO {1314 NSCFCLLII4NBCEX (23,

15

NBCH S 13T NBC. DALV S FMSTFI UL I YFNAI €13) 4 FHEX (13} FHLO(L DY,

CATSFCL13) ,CATHG (134 ,CATLO(13},0325FC(13),C315L0{13),CILEINILIN
TTAFYBBEX {13} oFO58LO{L15) 1 TOBEHIILINyFOIBEFLLLIILIKNIL2)

355L KWL OADSLHVY,LOY \NBCEK yN3TF3 yNICLO NOCHS o NBZ KT 4 ¥3FCON, NBLO,,
NFWJ

JATA

¥

_OATA

_DATA
74TA

JATA

:RYID.ETS'D 255!0.2“4100235100233|0 230+0422546%0.,220/
FADY /0,051 0atB8,30d836009,5e098,0209543%0a084)a1043%0a147
AHPX/7260ads3)Uaby350s Gottd0su 4450050009155 0e0r630404650000

FERX/Ta0r0elt0s210030baligbaBs0ab1CaTy(atyleads1, 0,101 ,1027
HATJY!a.S?.J.h?.a.hlt.e.375.9.355.0.3#9.9.3&%.3.3k.nt335!

ua33+3%0,32/

3

25 B

Ty

L IATA
IATA

RATA

BHAY /0ol 0etuelel7?31042250042620002940431540433904335,0432L
EGYZ0e0yde)y0e?Ty B-BHS-D-BSE‘J-BSGpB.8?6.u.391.0.90k GoIlisy

T PRy - T P Y

34,29/

0292+84324049L7

Luvvflipﬂt-uolludu-0.10350-u.9890.3.9#50-0.8975.0'Bu00.0'

1z-4

3
3

v

2t 0807500080000 s 79750 0475975.09 797507
JATA FHPT/GedsCe OZ'J.LT.E.LBE.B-115.0.13,0.1%5'3.15?.0.1?9.0.135,

Deiobs0s1854)4186/

DATA FADT/Ga4B8400428404-3353104371034920.33+04315, 5-3 0.29,3.28,

Se27 9302741427/

FATA EXHT/ZL et4T ool 0ot Is1L%0.507

FATAT KWLOADZ) LG50 TR 0.T515 00,2000y 25513"35U'U"330"n-5'5]0.01
_ MATA FUCON/usls348E5,4a2354407E01 5. Zn619-?E6,6.2-5.6.75”6 TeIEG,

7e7udeledZ697a3Z8474 3557

IATA
JATA

U '

NATA

JATA OFCY/(edsBe38r0475¢20ldrlabliole?d1495,20 22;2-4?92.?3|3‘3-001

JATA
JATA

NaTA BMBFC/5%¥9973.uy 9527, 3v972u-0v9f30.0:93“0-003‘9350.0/

PHNRC X /541423512525 41.83+2415542.U6,3%2.847
BNOWH/G* a33203.035444730,0,87:049543%1,63/

“OFCONY/D%1u20%e 041300 Led,3%99300043%9950.0/

L3VIJ-J.J.1?;u-34.J-:u.J-BS.G ?T Logigl 0%.1.15.1 32.3’1 k&f
CTFCON/Qals 4%%0uid0ads 3050L.0427706L03,256008,2641C040,23000.0,

3*2735%.0/

DATA
IATAT
T4ATA
JATA
TATA

© DATA

JATA

MATA

ATEXHT/0 o3y RelyB8u37B8e6480519+%3:9.27¢955,3.935,1C. +5593%11.5/

HAUK/S5*11, 2301’ 9?.13 Tiv1dab5920.33,104235,3%1 0.2/
HAJKOF /5% ua53ed o 7Ysle99e1e8001a27010tedy 3*1,5)/
HAJKLO/9% o) 740409400 114001350415,0.1743%0:4187
IﬂFuDN/"'iDJﬂb.ﬂ.?h:J.4.921u.a.9ﬁ?ﬂ.a.8995-3'BQBD.ﬂ.3*097u.DI
FAZXT/dalUsdattby0alorl alBsledBeteb7¢1e97 420284206420 93,3%3.27/
ROHIZDed9de280045530eB8301a8 9129 103belataBoladu,1483,3%2,.02/

HOLO/LY9BalB0de32s00ud5006090477 000980 L1501V W301.74,3+2,T%7


http:93,3-3.27
http:L.36.L.67
http:g,1.1It.27,i1.44
http:272?3,33.00
http:3,J,78C,0.B?.0.95,3'I.63
http:r/6l123,�.525,I.83.2.155.2.46,32.84
http:48,0.49.l0*G.50
http:0.,D.92,0.Li
http:R1PX/6.4,33u.0,350.e.400.du
http:B;G.J9,.98,0.095,3u.2B.J.�G,30.i4

SLOCK LATA GENDATA

13773 QpPT=2 012089776

16422.27

PAGE

2

DATA
JATA
TATA
JATA

———B .

FIN 4454206

NBGFC/5% 100020 ,9450+ 099250«0+90500,53664),895040,3%8953,0/
N“'EX/S‘S.&Z.%.Z.:.a.5.8.6-6.?-#.3‘8.2l

MICHJ/S5*2.75430 025 3etr0p30 700 bs15,4460,3%5,087 v
M3SLO/5%1451 38494926402 2095+3060 9 bet0s3%501i/

JATA
e _ NATA

63

J4TA

FFchfﬁ'1L371-J'1U59J-U 1337507310239, U L0375, 0s1050907
FMRD Z0adsDadbtiy0ed83y0us133,0el77:060220+0425340e 285|003ZJQ

WeIBIeDauwdDeDalebuyGa352E/

FMIY /LBty 0al83,Lel33¢04L774C0 ZEE 0-3:5.00509|015251
0471090481 0409500401007

EVLU/Q-J'u-J7D|0-195|L¢23L|U|

JATA
T

DATA
IATA
i
d4TA
JATA

65

9e31390:398, 04455+ 00541,0,603,
00605'0 720y 0o BlusCaQuils N
CATSFC/56%1250d4uel22950dy 1115730411540 093142040 ,43%12400407

CATHG/ 0401042755 002541085114125¢ 1042501 46254149259242024594
2e7 928754340557

CETLO/D443: 05 Uelyua1500024042254342755,6%3437
CIL5F0/3%12598,04123) Leur 11950000 14050.0,7912407407

73 JATA
OATA
JATA

L.l JATA
JATA
JATA

DATE

ce-4

C315L0/3’U-¢3uJok?>13057|0 664da73,15 B500ad%0049853%1,137
CI3LBEN/De1)a25404543e6,0.95,1. 5251142254 2atbsleB75,1.9, 3‘2.07’
LEEY- TS FA LS G- T I & I T - S I R -1 1 Laboled7y3%1.75/
F°53L0f3' .nZ,J.o?vu-73 0059 1. U9|101“'1 23 1-W5|3‘£obf
FO5 80/ 3 243540, 39'U|k“gUoD|ﬂoD?vbaehlu-72|ﬂo315'3'ﬂ|91f
F958F6/3‘1359’.;12:3.0'11350-118715011L3000vLJlCﬂ-;E*iﬁﬂGﬁ./

G(4f15§u-9|1~30u|2’aﬂ D,l?sﬂ.;,kle.E.*?B Dste75. E.:UﬁoEy
3155935840400 29120 ued/
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BEST SELLEIRS

rrom NATIONAL TECHNICAL INFORMATION SERVICE

Fire Safety Aboard LNG Vessels
ADA-030 619/ PAT 295 p.

Solar Energy Heat Pump Systems for Heating and
Cooling Buildings, Proceedings of a Workshop
Conducted by the Pennsylvania State University

College of Engineering
June 12-14, 1975

COO0-2560-1/ PAT 240 p.

Data Encryption Standard. Category: ADP Operations.

Subcategory: Compuler Security
FIPSPUB 46/ PAT 20 p.

Criteria for Evaluation of the Health Aspects of Using
Flavoring Substances as Food Ingredients
PC$5.50/MF$3.00

PB-257 184/ PAT 109 p.

Fundamental Aspects of Nuclear Reactor Fuel

Elements

TID-26711-P1/PAT 625 p.

PC$9.25/MF$3.00

PC$8.00/ MF$3.00

PC$16.25/MF$3.00

Patrol Force Allocation for Law Enforcement: An

Year 1975

PC$3.50/MF$3.00

ADA-033 210/ PAT

Introductory Planning Guide
N76-24084/ PAT

51 p. PC$4.50/MF$3.00

FAA Statistical Handbook of Aviation. Calendar

158 p. PC$6.75/MF$3.00

Neutron Cross Sections. Volume |1
BNL-325ED3V2/PAT

519p.  PC$12.75/MF$3.00

A Study of Hospital Patient Injury Prevention Programs
PB-260 733/ PAT

200 p. PC57.50/MF$3.00

NiQSH Analytical Methods for Set N

PB-258 433/ PAT

56 p.  PC$4.50/MF$3.00

Ocean Carrier Service Image and Marketing Practices
PB-261 181/ PAT

150 p. PC$6.00/MF$3.00

Manual of Methods for Chemical Analysis of

Water and Wastes

PB-289 973/ PAT

317 p. PC$9.75/MF$3.00

HOW TO ORDER

When you indicate the method of pay-
ment, please note if a purchase order is not
accompanied by payment, you will be billed
an additional $5.00 skip and bill charge. And
please include the card expiration date when
using American Express.

Normal delivery time takes three to five
weeks. It is vital that you order by number

or your order will be manually filted, insur-
ing a delay. You can opt for airmail delivery
for $2.00 North American continent; $3.00
outside North American continent charge per
item, Just check the Airmail Service box. If
you're really pressed for time, call the NTIS
Rush Handling Service (703)557-4700. For a
$10.00 charge per item, your order will be
airmailed within 48 hours, Or, you can pick
up vour order in the Washington Informa-
tion Center & Bookstore or at our Springfield
Operations Center within 24 hours for a
$6.00 per item charge.

METHOD OF PAYMENT
[ Charge my NTIS deposit account no.

O Purchase order no.

[0 Check enclosed for §

NAME

You may also place your order by tele-
phone cr if you have an NTIS Deposit Ac-
count or an American Express card order
through TELEX. The order desk number is
(703} 557-4650 and the TELEX number is
89-9405,

Thank you for your interest in NTIS. We
appreciate your order.

[J Bill me. Add §$5.00 per order and sign below. (Not avail-
able outside North American continent.)

ADDRESS

[ Charge to my American Express Card account number

CITY. STATE. ZIP

Card exprration date
Signature

£ Airmail Services requested

Clip and mail to

MNTIS

Nattonal Technical Infarmation Service
U.S. DEPARTMENT OF COMMERCE
Springfield. Va. 22161

{703) 557-4650 TELEX 89-9405

Quantity
ltern Number Paper Copy| Microfiche Unit Price* Total Price’
(PC) (MF)
All prices subject to change. The prices Sub Total
above are accurate as of 6/77 addimonal Charge
Enter Grand Total

Foreign Prices on Request
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http:PC$16.25/MF$3.0O
http:PC$6.00/MF$3.00
http:PC$5.50/MF$3.00
http:PC$4.50/MF$3.00
http:PC$3.50/MF$3.00
http:PC$7.50/MF$3.0D
http:PC$12.75/MF$3.00
http:PC$8.00/MF$3.00
http:PC$4.50/MF$3.0O
http:PC$9.25/MF$3.00

