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iv.

NOMENCLATURE
Co incremental first cost
CFy incremental cash flow in the 1th year
DHW domestic hot water
Eg conventional system first year utility cost
Eg fuel cell/HVAC system first year utility cost
HVAC heating, ventilating and air conditioning
IRR after tax iInterual rate of return
NPV net present value of incremental cash flows at 15% discount rate
SPB simple payback period
ABS1 singie stage absorption chiller
ABS2 two stage absorption chiller
CIV Trane "Centravac"” electric chiller
FC fuel cell system
H hot side thermal storage
BOS ED Boston Edison (Boston)
CON ED Consolidated Edison (New York)
COMM ED Conmonwealth Edison (Chicago)
GEO PWR Georgia Power Co. (Atlanta)
NJPS New Jersey Public Service Electric & Gas (Newark)

§ CAL ED Southern California Edison (Los Angecles)
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EXECUTIVE SUMMARY

The overall objective of this project was to determine the best HVAC (heating,
ventilating and air conditioning) subsystem to interface with the Engelhard
fuel cell aystem for application in commercial buildings, To accompligh this

objective, the effects of several system and site specific parameters on the

economic feasibility of fuel cell/HVAC systems were investigated.

An energy flow diagram of a fuel cell/HVAC system is shown in Figure 1, The iy

A .

fuel cell aystem provides electricity for an eleckric water chiller and for

domestic electric needs, Supplemental electricity is purchased from the

I AL ] L L

utility if needed. An excess of electricity generated by the fuel cell systenm

can be sold to the utility. p
The fuel cell system also provides thermal energy which can be used for %
y
absorption coocling, space heating and domestic hot water, Thermal storage can i
be lncorporated into the system. Thermal energy 1s also provided by an g
auxiliary boiler {f needed to supplement the fuel cell system ocutput. %
i
4
Fuel cell/HVAC systems were analyzed with the TRACE computer program. TRACE ;
is an energy aud economic analysis program that has been developed by The ;f
:

Trane Company. Additions and modifications were made to TRACE in order to

simulate fuel cell/HVAC systems.

R st e 2 e o,
ks K e WA T L

Actual cogeneration electric rate structures for six different cities were

Future electricity prices were determined by applying

used in the analysis.

escalation rates from Trane Company projections. Natural gas prices are also

TR g RS - e SR « e - A
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vii.

from Trane Company projections. All of the results in this report are for

natural gas powered fuel cell systems.

The most important parameter affecting the economic feasibility of fuel
cell/HVAC systems was found to be the installed cost of the fuel cell system.
By varying the installed cost parametcically, a "break-even" cost was
deternined. The break—even cost was defined as that which yields a 15%
internal rate of return to the building owner. The break~even cost was found
to be & strong function of the elaectric rate structure, For the best
building, the break~even cost was about $650/KW with the lowest electricity
prices, and about $2000/KW witl the highest electricity pricea, The building
owner can afford a higher priced fuel cell when more expensive electricity is

displaced.

The current Engelhard estimate of installed fuel cell system cost, inflated
for 1985 installation is $980/KW. By comparing this value to the break-even
costs, it is concluded that fuel cell/HVAC systems can be economic in reglons
with medium to high «lectric rates. For application throughout the U,S.

however, the installed fuel cell system cost must be reduced below $650/KW.

Three types of water chillers were investigated for application in fuel

cell/HVAC systems: electric chillers, absorption chillers, and a combination
of electric and absorption. Electric chillers are more efficlient than é
absorption chillers and can be powered by the electrlc output of the fuel cell ' ;
system. Absorption chillers are lees efficlent but can be powered by the

thermal output of the fuel cell system.
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The combination of electric and absorption chillers was found to be the best,
The absorption chiller should be sized to match the thermal output of the fuel
cell system, When the absorption chiller cannot meet the cooling load, the
electric chiller 1is brought on-strcam., Systems with only absorption chillers
are less economical. When thermal energy from the fuel cell system is
ingufficient to power the absorption chiller at high cooling loads, natural
gas must be burned in the auxiliary boiler to power the low efficiency

absorption chiller. This results in a less economical system.

Applications of fuel cell/HVAC systems were Linvestigated for four building
types: a hospltal, an apartment building, a retall store and an office
building. These bulldings represent a wide range of thermal to electric load
ratios, The best bulldings were found to be the hospital and the apartment
building, These buildings have relatively high thermal loads. Applications
in the retail store and office bullding were considerably less favorable. It
was concluded that buildings with thermal te eleetric load ratios near unity
are the best applications for fuel cell/HVAC systems. Buildings with load
ratlos much greater than unity require a larger investment for a larger fuel
cell system and more electriecity is sold back to the utility at unfavorable
rates., In bulldings with emall load ratios, the thermal output of the fuel

cell system 1s not effectively utilized.

The optimum fuel cell system capacity was found to be a funetion of the
building's thermal to electric load ratio. For load ratios near unity (the
best buildings) the optimum capacity is about 80% of the average electric
load. At larger capacitles, the fuel cell system thermal output is not

effectively utilized, and a considerable amount of electric energy is sold
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back to the utility at unfavorable rates, A fuel cell system that provides

all of a byilding's electric load was definitely not economic.

The effect of location on economic feasibility was determinad by analyzing the

i

best bullding in six different loratlions. The effect of location was found to
be primarily due to changes in electric rate structures. Locations with high
electric rates yleld the highest Lnternal rates of return because higher
priced electricity i1s displaced by the fuel cell system, Weather hag a
secondary effect because the HVAC loads of commercial bulldings are generally

doninated by the internal loads.

The optimum operating mode for the fuel cell system was to operate
continuougly at rated capacity. Excess electricity can be sold back to the
utility., 1If the fuel cell system electric output is varied in regponse to Lhe
electvic load, the thermal output also varies. The fuel cell system then

satisfies a smaller fraction of the daily thermal load and more natural gas is

consumed for auxlliary heating.

The installed cost of the recommended HVAC subsystem for the hospital was
estimated by Affiliated Engineers, Inc. The incremental installed cost over a
coaventional system was $358/KW to interface with a 460 KW fuel cell system,
The total incremental installed cost, including $980/KW for the fuel cell
system, is then $1338/KW. Using che highest electric rates, the calculated

internal rate of return was 33%.

The results of this study show that fuel cell/HVAC systems can be economic in

some bullding types in certain locatlons. The f.dr most {fmportast
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requirements for economie feasibility ares

= applicatlons in bulldings with high thermal-to-electric load ratios,
-~ applications in localities with medium to high clectric rates,
- achievement of EFuel cell cost joals, and

~ the continued existence of PURPA.

Deviations from these requirements can cause a considerable reduction in the
internal rate of return. PURPA is necessary to guarantee that supplemental
electricity can be purchased at a reasonable rate. The sell-back provisions

of PURPA are not crucial since the optimally sized fuel cell will generate

small quantitics of excess electricity.
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INTRODUCTLON AND OBJECTIVES

The overail cbjective of this project was te determine the best HVAC
subsystem design to interface with the Engelhard fuel cell system. The
fuel cell system was defined, for the purpose of this project, as a system

which Lncludes the fuel cell stacks, reformer, inverter, and related

controls,

The work was divided into threc tasks,

TASK 1 - PRELIMINARY SYSTEM DESIGN

To comalete a preliminary assessment of fuel cell/

Objective;:
HVAC systems and to ldentify the most important
design parametets.

Report: "Fuel Cell/HVAC Interface, Task 1 Report”,

presented to Engelhard on June 8§, 1982.

TASK IT - DESIGN STUDIES

To extend and refine the analyses of the important

Objective:
igsues that were identified during Task 1.

"Heat Recovery Subsystem and Overall System
Integration of Fuel Cell On-Site Integrated
Energy Systems, Task II Report", presented to
Engelhard on March 9, 1983.

Report:

Task II results are Included in this Final Report.

TASK 1LL - IMPROVED SYSTEM DESIGN
Using the results of Tasks I and TI, to design

Objective:
the best HVAC subsystem and to determine its
petformance and installed cost.

Report: Task IIT results are included in this Final Report,
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I1. METHODS AND BASIS OF ANALYSIS

A

Syatems Analyzed

A schematic diagram of a fuel cell/HVAC system is {llustrated in Fig.
2. The fuel cell system provides electricity to the HVAC system and
for domestic needs. Excess electricity is sold to the utility.
Electricity is purchased from the utility 1if needed to augment the
fuel cell system output. The fuel cell system alse provides thermal
energy for domestic hot water heating, space heating and absorption
cooling. Thermal energy is provided by a conventic¢nal boiler 1if
needed to augment the fuel cell system output., Three primary system
variables were investigated: the type of chillers, either electric
or abgsorption; the capacity of the fuel cell; and the capacity of the

hot and/or cold thermal storage units,

Although Fig. 2 shows a combination of an eleectric chiller and
absorption chiller, aystems with only electric or only absorption
chillers were analyzed. Both two—stage and single stage absorption
chllers were considered. The thermal storage capacity was varied
from zero up to the capacity at which no further benefit was
realized. In most gystems, the fuel cell system operates
continuously at rated capacity. No allowance was made for down-time,
either scheduled or unscheduled. All of the results in this report

are for natural gas as the fuel for the fuel cell system.

Basis and Assumptions

Building descriptions. Four building types were analyzed: a

hospital, an apartment building, a retail store and an office

building. These are hypothetical bulldings with characteristics

BRI, .



FUEL

:

UTILITY
GRID DOM. ELEC.
| ELEC.
ELEC. CHILLER
FUEL CELL |—— = e 8
SYSTEM [HLFLUID
350°F
ABS
_ CHILLER
X %
\r
AUX
o = j Q- HEAT
THERMAL i 4 /
DUMP // — \ FUEL
| [
HX HoT | BX
STORAGE |
l |
\
5 — /
U

—

R,

Y

CITY WATER f DHW

FIG. 2 SYSTEM SCHEMATIC ELECTRIC & ABSORPTION CHILLERS

ALITYND ¥00d 40
£ #OVd TYNIDNO



conslstent with current bullding practice. The annual enmnicgy
consumption of these buildings with conventlonal equipment (no fuel
cell) 18 given in Table A for the Washington, D.C. climate. Note that
the ratlo of the electric to thermal loads varies considerably for the

four huildings.

Table A
Bullding Descriptions
Bullding Floor Area Annual Energy Usage
(m<) Electric Nat. Gas
(10 RuH) (10° KWH)
Hospital 18,300 4,93 5.80
Apartment 7,580 1.07 1,98
Qffice 6,210 1.40 .11
Retall Store 10,420 1.79 0.52

Economic Parameters. The estimated costs and the economic parameters

used in the analysis are given in Table B. The estimated costs are
for 1985 installation. 1985 costs were obtained by inflating 1982
costs by 7% per year.

Table B
Economic Parameters

Installed Costs (1985)

Fuel Cell System 5980/KW fuel cell capacity
Piping, controls $110/KW fuel cell capacity
Boller $33/KW boiler input
Storage-hot water $9.60/KWH

Storage~ice water $20.90/KWH



Table B (Cont'd)

Annual Costs

Property tax rate 1.0%
Insurance 0.5%
Maintenance 1.0%
Annual costs inflated at 7.0%
Platinum charge $27 /KW

Economic Variables
Income tax rate 487%
Investment tax credit 20%
Fuel cell welghted avg., life 10 years
Salvage value 12.5%

Discount rate 15%

Energy prices. Current electriclty prices were based on the

cogeneration vate schedules furnished by Engelhard and Arthur D.
Little. These schedules are shown 1in the Appendix. Future electric

prices were determined by applying the Trane electric price

projections to these schedules,

Current and future natural gas prices were based on Trane Company
projections, Table C summarizes the energy prices used In the TRACE

analysis. The escalation rates 1lnclude the effect of general

inflation,

1B
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Table C
Energy Prices

Escalation Rate
1985-1990 Beyond 1990

1%

1985 Price

Electricity (See Appendix) 10%

Nat. Gos $8.20/105 pTU 12% 9%

Fuel Cell Syatem Efficiency. For all system simulations, the fuel cell

system efficlency was assumed constant at the following values:

Electric 40%

Useful thermal 40%

Economic Critecia

Three economic criteria were used as a measure of the economic

feaaibility of fuel cell systems: the simple pay-back period (SPB),

the after-tax internal rate of return (IRR), and the net present value

of the incremental cash flows (NPV),

The SPB is based on the incremental first cost and the first year

No future costs or saviongs are considered. The

utility cost savings.

5P8 15 defined as
SPR = Co/{Ec - Ef)

where
Cy = the incremental first cost

Ec = the first year utility cost
of the conventional system

Eg = the first year utility cost
of the fuel cell system
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The IRR is determined iteratively. The IRR is equal to % when the

following equality holds.

20
S CF /(1)1 =

i=1
where
(1+x)* = the discount factor
CFy = the incremental cash flow for the
1th year
Included in CFy are energy costs, taxes, insurance, maintenance,
platinum charge, replacement costs, salvage value, depreciaticn

effects and tax credits, A 20 yesr period of economic analysis has

beaen assumed,

The NPV is based on a discount rate of 15%. The NPV is defined as
20

NPV = 5 CFy/(1.15)1 - ¢,
fal

The TRACE Program

TRACE is an energy and economlc analysis program that has been
developed by The Trane Company. Tt is used extensively to compare
various HVAC equipment and system alternatives in buildings. TRAGE
can be used to compute building loads, equipment loads, system

capacities, energy usage, utility costs and various economic

parameters.
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Computer code was written to allow TRACE to analyze fuel cell
cogeneration systems, The fuel cell system Is treated as a "black hox" with
specified electric and thermal efficiencies. The fuel cell system's electric

and thermal outputs are interfaced with the building's HVAC equipment.

TRACE computes bullding and equipment loads for four day types each
month. The four day types are Sunday, Monday, a weekday and Saturday.
The four day model is needed for buildings in which the occupancy is a
function of the type of day, such as retail stores and office
huildings. Monday is distinguished from other weekdays because of the
unique start-~up loads after a weekend shutdown or set-back. The
four~day model also allows off-peak electric rates to be used

throughout the weekend, typlcal of many electrie rate structures.

TRACE adjusts the COP nf the cooling egulpment to reflect part load
operation and changing ambient conditions. Also, the energy
consumption is computed for all of the accessories for each plece of
HVAC equipment, For example, 1f an electric chiller is specified,
TRACE computes the energy consumption of the chilled water pumps,
condenser water pumps, cooling tower fan, the controls and the chiller
o0il pump. The energy consumption of these items can be a significant

fraction of the total energy usage.
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IT1I. RESULTS AND DISCUSSION

Al

Effect of Fuel Cell System Cost

One of the most critical parameters was found to be the installed
cast of the fuel cell system. The Engelhard estimate 1s an
installed cost of $800/KW in 1982, which was inflated to $980/KW for
1985 installation, The effect of fuel cell system cost was
determined by simulating identical systems but with arbitrary
increages in fuel cell system cost, The results are shown in Fig. 3
and in Table D. Results are shown for the four buildings and for
two electric rate structures, Consolidated Edison has the highest
electric prices used in this study, while Commonwealth Edison has
the lowest. Incremental costs of the Interface piping, heat
exchangers, thermal storage and controls were also taken inte

account.

The results of Fig. 3 and Table D show that the NPV and IRR both
decrease substantially as the fuel cell system cost increases. Tt
is also seen that the electric rate structure has a strong effect on
the economics of fuel cell systems, This subject 1s treated in more

detail in a subsequent section of this report,

The results of Fig. 3 can be used to determine a “break-even” fuel
cell system cost. The break-even cost 1s defined as the fuel cell
system <ost that ylelds a 15% IRR, or a NPV of zero. An TRR of 1452
represents an approximate break-even cost to the building owner
relative to alternative investments or to the cost of capital. Of

course, the building owner will need an IRR greater than 15% 1in

order to justify the purchase of a fuel cell system.
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ORIGINAL PAGE 13

TABLE D OF POOR QUALITY

EFFECT DF FUEL CELL COST
1985 INSTALLATION

g

e g s

e

a2

FUEBL INCR, 1985
CRLL  INST!D, UTIL,
RUN  SYSTEM cOST  COST cos? SPR NPV
(8/KW) (s) (s) (YRS) (8)
HOSPITAL (400 KW)
CON. ED. RATES
7 CTV " - 741,500 - -
T FC/CTV/H 980 454,330 532,400 2,2 559,500
7 FC/CTV/H 1470 650,300 532,400 3,4 380,200
7 FC/CTV/H 1960 846,300 532,400 4,0 220,400
40 FC/CTV/H 2940 1,239,300 532,400 w157,400
COM, ED, RATES
10 CTV ~ - 528,700 - -
10 FC/CTV/H 980 454,300 444,700 5,4 =130,000
41 PC/CTV/H 1560 646,300 444,700 =488,600
41 FC/CTV/H 2940 1,238,300 444,700 w847,000
- - - L} - L L] [ [ J - - - - - - - -
APARTMENT (S0 KW)
CON, ED, PATES
20 CTV - - 192,800 - -
20 FC/CTV/H 980 58,450 171,500 .7 44,700
42  FC/CTV/H 1960 107,500 171,500 .0 =735
42  FC/CTV/H 2940 156,500 171,500 .3 45,140
COM, ED, RATES
43 CTV - - 149,300 - -
43  FC/CTV/H 980 58,450 138,700 5.5 =14,200
43  FC/CTV/H 1960 107,500 138,700 10,1 w=59,700
RETAIL STORE (65 KW)
CON, ED, RATES
28 TV - - 253,600 - -
28 FC/CTV/H 980 76,500 222,300 » 4 73,900
44 FC/CTV/H 1960 140,200 222,300 o5 14,300
44 FC/CTV/H 2940 203,800 222,300 .5 w4T7,200
COM, ED. RATES
A5  CTV - - 172,200 - -
45 FO/CTY/H 980 76,500 158,500 5,6 =23,400
45 FC/CTV/H 1960 140,200 158,500 10.3 =83,100
45 FC/CTV/H 2940 203,800 158,500 .9 «144,600
OFFICE BUILDING (85 Ku)
CON, ED. RATES
24 CTV - - 193,200 - -
24 FC/CTV/H 9R0 95,500 168,900 .9 “6,263
46 FC/CTV/H 1960 178,800 168,900 <3 =A5,300
46 FC/CTV/H 2940 262,100 168,900 .8 =159,100
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Table E ghows the estimated break-even fuel cell system costs. Apain, the
strong effect of electric rate structure is apparent. Comparison of

the breakeven costs to the Engelhard estimate of $980/KW leads to the
conclusion that fuel cell systems will be too expensive in reglons

with low electric rates, However, fuel cell systems can hbe

economically attractive in regions with high electric rates. 1In

order for fuel cell systems to be attractive throughout the U.S5., the

fuel cell system installed cost would have to be less than $600/KW.

Table E
Break—-Even Installed Fuel Cell System Cost
(5/kW) in 1985 (15% IRR)

Building Comm, Ed, Con. Ed.
Hospital 630 2550
Apartment 680 1810
Retail Store 600 1780
Office 910

Effect of Chiller Type

Three alternatives were investigated: electric chill=rs, absorption
chillers, and a combination of electric and absorption chillers. The
results for the hospital are shown in Fig. 4. Also shown on Fig. 4

are the effects of fuel cell capacity and thermal gtorage, which are

discussed in the next two sections of this report.

Fig. 4 shows that the systems that contain both electric and two-

stage abgorption chillers yield the highest NPV. The NPV is only
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slightly lower for the systems containing only electric chillers.
But systems contalning only absorption chillers are clearly less

economic than the other systems.

There are two reasons why '"absorption only" systems are less
economic. The first 1a that absorption chillers are mire expensive
than electric chillers, The second reason {s that absorption
chillers are wmuch less efficlient than electric chillers. The
congequence of the low efficilency can be seen by first considering a
emall capacity fuel cell. Since the absorption unit increases the
thermal load beyond the fuel cell thermal capacity, the gas-fired
boiler must supply heat to the absorption unit for a considerable
number of cooling hours, The low efficlency causes large quantities
of gas to be consumed, which increases the utility costs. To
minimize the usage of the auxiliary boiler, the fuel cell capacity
can be increased. This improves the economics slightly, ae shown on
Fig. 4. However, the large fuel cell capacity, coupled with the
lower electric load with absorption cooling, causes more electricity
to be sold back to the utility at unfavorable rates. The additional
first cost of the fuel cell cannot be justified on the basis of
sell-back electricity. All of these factors taken together result in
"absorption only" systems being less economic than the other

systems,

Figures 5-7 are similar to Fig., 4, but show results for the other
three buildings. The combination absorption and electric chiller Is

not shown for these three buildings because performance and cost data

14,
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were not avallable for low capaclty absorption units, Filgures 5-7
show again that systems contalning only absorption units are less
economic than systems containing electric chillers. The other

features of Figs, 5-7 are discussed in the next two sections,

Effect of Hot-Side Thermal Storage

Figures 4-7 phow the effect of thermal storage on the economics of
fuel cell systems in the four buildings. Systems with thermal
storage are {dentified by the letter "H". Thermal stovage by hot
water at a temperature below 212°F was considered. Storage at a
temperature high enough for two~stage absorption (350-400°F) was
Judged to be uneconomic. Hot water at 160-210°F is adequate for

gpace and domestic hot water heating,

Thermal storage was found to lmprove the economics of fuel cell
systems in all four bulldings. The largest effect was found for the
retall store where most of the thermal load is for daytime domestic
hot water, The smallest effect wag for the office bullding where

thermal loads are relatively small,

Effect of Fuel Cell System Capaclty

Referring again to Figs. 4-7, it is seen that the optimum fuel cell
system capacity depends on the type of HVAC system as well as the
bullding type. Systems that include only absorption chillers
optimize at larger fuel cell system capacities than systems with
electric chillers. Bulldings with higher thermal loads relative to

electric loads optimize at relatively larger fuel cell system

capacities.
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An attempt was made to generalize the optimum fuel cell system
capacity data from Figs. 4-7. 1t was found that the most significant
factor affecting the optimum fuel cell capacity was the hullding load
ratlo =— the ratio of the average thermal load to the average
electric load. Fig. 8 shows the optimum fuel cell capacity plotted
vs. the building load ratio. Optimum fuel cell capacity is defined
as the fuel cell capacity that maximlizes the WNPV. Fig. 8 includes
data for four system types in the hospital from Filg. 4, and data for
one systea type in four different buildings from Figs. 4-7. All of

the data can be fairly well represeunted by a eingle curve.

At high building load ratfos, larger fuel cell systems can be
installed because the fuel cell thermal output can be effectively
utilized, Systems with absorption chillers increase the building
load ratio, so that the optimum fuel cell system capacity 1is larger
than for systems with electric chillers, For a glven system type,
buildings with large load ratios optimize at larger fuel cell system
capacities (relative to the average electric load) than buildings
with smaller load ratlos. The significance of Fig., 8 is that one can
predict the optimum fuel cell system capacity of any building if the
bullding ivad ratio can be predicted. However, Fig. 8 only applies
to regions with electric rates comparable to those of Consolldated

Edison. Lower electric rates will cause the curve to shift downward.
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:
E. Effect of Building Type 2
Table F 18 a comparison of the four building types. The comparison %
is based on the game gystem, electric rate structure and weather for : 2

each building.

The second column shows that the building load ratio variles

considerably for the four buildings. The tabulated values of IRR

e e DR PTG T W et b BB Tt

and NPV correspond to the optimum fuel cell system capacity for each

building.

Table F
Effect of Bullding Type

FC/CTV/H System
Wash, D.C.; Con. Ed. Rates
$980/KW Fuel Cell Installed Cost

I

I O Ut | I NN S N e b L

Ratio NPV to 3

Building Load Ratio Max IRR Max NPV Avg, Elec. Load ;

(therm./elec.) (pct) (s) (S/KW) ﬂ

Hospi tal .92 36.2 578,000 1000 §

Apartment 1.38 32.5 118,000 900 :

Retail .23 32.7 81,000 390 {
0ffice .06 12.8 10,000 60

Based on IRR, the hospital ranks highest, with the apartment
building and retail store close behind. The office building 1s

clearly the worst application of the four buildings.
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A direct comparison of the NPV of the four bulldings is not
meaningful becausce the bulldings vary considerably {n size. 1In order
to make a meaningful comparison, the NPV numbers were normalized by

dividing by the optimum fuel cell capaclties for each bullding.

The NPV vatio i{n the last column shows more variation between

buildings than the TRR, Although the retall store yilelds a value of

IRR nearly as high as the hospital, the NPV ratio i3 coasliderably

lower. The reason is that the optimum fuel cell system capaclity Tor the
store 1ls nmuch smaller, relative to the average electric load, than Lt

le for the hospital., The fuel cell system then has a wmuch smaller

Llmpact on the bullding owner's owning and operating expense,

The NPV ratlos can be interpreted as a measure of the Impact on the
buf iding owner's owning and operating cost., For both maximum lmpact
and maximum TRR, {1t 1s concluded that the bullding load ratio should

be near unity.

The above information, along with the optimum fuel cell gystem capacity data
glven previously, could be used as {nput to a market study.

Knowledge of the number of bulldings and the building loads would

allow a market study to be made. However, a market study ls beyond

the scope of this project.
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Effect of Location

Table G compares the same fuel cell system in the sgawme building in
six different locations. The second and third columns show the
results using the actusl electris rate structure and weather for

each city, These results show a strong effect of locatlon,

The fourth and fifth columns show the results when the game wesacher
data is used for all cities, Only the electric rate structure
changes. This data shows that the primary factor is the electrie

rate structure rather than the weather.

Some effect due to weather can be seen by comparing the results i{n
the second and third columns to those 1n the fourth and fifth
columns, The northern cities (New York, Boston, Newark, Chicago)
show less favorable economics when Washington, D.C. weather is used
due to the lower thermal loads. The southern cities (Atlanta, Los
Angeles) show more favorable esconomics with Washington D.C. weather,
However, these effects are small when compared to the effects due to
electric rate structure. Tt 1s concluded that the effect of
location on fuel cell system econmies is primarily due to the

c¢lectric rate structure.

Ef fect of Taxes

Hospital income can be either taxable or non-taxable. Table H shows
that the effect of taxes is to lower the IRR. 'The primary reason ls

that utility costs are tax deductible expenses for the privately

TP T s e !w
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Table G
Effect of Location

Elec. Rate Actual City Washington D.C.
Structure Weather Weather
NEV IRR NPV IRR

5000) %y  (5000) (%)

CON. ED. (NYC) 609 37.6 560 36.4
GEO. PWR (ATL) 521 35.3 612 37.8
BOS. ED. (BOS) 516 34.8 431 32.3
N.J.P.S. (NEWK) 330 28.8 278 27.1
COM. ED. (CHIC) -32 13.1 =130 5.3
S. CAL. ED. (L.A.) ~-120 4.9 109 20.4

Hospital, 400 KW Fuel Cell System

$980/KW 4installed cost in 1985

v
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owned hospital. The utility cost savings achieved by the fuel cell systum
are, in effect, reduced by the tax rate, For typical tax rates, the

gavings are reduced by nearly one-half.

Some tax effects favor the fuel cell system: a 20% investment tax vredit

depreciation; and tax deductible expenses such as insurance,
maintenance and mortgage interest, However, tax deductlble utility

costy remain the dominant factor. The net effect 1ls a reduction iIn

IRR due to tax effects.

All economic comparisons in this report, other than Table H, assume
that the building owner's income is taxable. In this way, all

comparisons are made on an equal basis,

Table B
Effect of Taxes

Building Ownership Tax Rate NEV IRR
Hospital Tax-exenpt 0 $1,076,000 47.7%
Hosplital Private 48% $§ 495,900 35.2%

Washington, D.C., weather, Con, Ed. electric rates.

400 KW Fuel Cell, $980/KW in 1985,
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Effect of Fuel Cell System Operating Mode

In 81l of the cases discussed {n prior sections of this report, the

fuel cell syatem operates continuously at rated capaclity. When the fuel
cell electric output exceeds the electric load, electriclicy Ls sold

back to the utiiity, Since seli-back rates are considerably lower

than purchase rvates, the effect of allowing the fuel cell to track

the electric load was investigated. No savings duc to electric
sell~back would be realized, but less natural pgas would be needed to

operate the fuel cell,

The effect of a load~tracking fuel cell was determined for the
hegpltal and the apartment bullding, It was assumed that the fuel
cell ratio of electrle to thermal output remalned constant as the
fuel cell electric output varied, and that the fuel cell efticioncy
remalned constant. The results are shown 1In Table 1. The economics
of the load tracking fuel cell ave compared to those for the fuel
cell operating contlnuously at rated capaeity., VFor both buildlngs,
the load tracking fuel cell caused a decrease {n the IRR.  The veason
i3 that the load tracking fuel cell satisfies a swmaller fraction of
the thermal load. More natural gas ls required for auxiliary

space heating and domestic hot water, The additional gas cost and
the loss of the sell-back electrlcity exceeded the gas cost savings

from reducing the fuel cell output.

1t is seen from Table I that the load tracking fuel cell causes a

greater reduction in [RR for the apartment building than for the

H
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Table I

Effect of Electric Load Tracking Fuel Cell System

Building Mode

Hospital Continuous at
Continuous at
Load tracking
Apartwent Continuous at
Continuous at

Load tracking

FC/CTV/ABS2/H System

rated

rated

rated

rated

F.C. Rated

gggpcit
(kW)

440
520

520

110
135

135

Washington, D.C. Weather; Con. Ed. rates

$980/KW Fuel Cell installed

in 1985

IRR

[63)

35.0
33.4

3.6

31.8
29.5

18.7

NPY
($000)

655
645

552

114
114

16

27.
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hospital, The reason is that the apartment building has a higher
thermal-to-electric load ratio than the hosplital, {(1.38 vs. 0,92).
Therefore, the reduced thermsl output, as the fuel cell tracks the
electric load, has a larger detrimental effect on the apartment

building.

Fuel Cell Heat Qutput Temperature

All of the previous analyses assumed that all of the fuel cell
thermal output was at a high temperature - approximately 350F,
Subsequent information from Engelhard Indicated that B9% of the
thermal output would be at 350F and the remalnder at about 200F. An
analysis was then made of the effect of temperature level on the

economics of fuel cell/HVAC systems.

The high temperature thermal output is only needed for lnput to
absorption chillers. The space heating and DHW loads can he
satisfied by 200°F thermal energy. The effect of temperature level
could then be analyzed by varying the installed capacity of the

absorption chillers.

The results of the analysis are chown on Table J. The four entries

correspond to varying percentages of heat at 350F:

a) The most optimistic;
b) the current best estimate;
¢} the worst case, and

d) a previous run without absorption chillers
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It was found that the percentage of thermal energy at 350F had a

relatively amall effect on the economics., As the percentage is

decreased, less cooling is provided by absorption., However, & larger
fraction of the space heating and DHW loads are then satisfied by the

fuel cell, 1In fact, Lf all of the thermal energy from the fuel cell system
were at 200F, the economlics are still favorable as shown by the last

entry in Table J. This entry corresponds to a fuel cell system with

only electric chillers. The economics of this system are nearly as
favorable as the gystem with a comblnation of absorptlon and electiic

chillers, as was shown in sn earlier section of this repcrt,

1t is concluded that the economics of a2 fuel cell system with 897 of lts
thermal ocutput at 350F will be negligibly differeant from the fuel

cell with 10ui at 350F.

Table J
Effect 0f Fuel Cell Thermal Qutput Temperature

Fuel Cell Thermal Qutput CTV ABS 2

Capaci.ty @ 350F @ 200F Capac. Capac. NPV IRR
(KW) (%) (%) (108 Btun) (106 Bruh)($000) (%)
460 96 4 4,6 1.5 655 35.0
460 B9 11 4.7 1.4 649  34.9
460 48 52 5.4 0.7 615  34.7

440 0 100 6.1 0 573  34.6
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Effect of Cold Side Thermal Storage

The use of cold side thermal storage reduces the electrie demand
charges during peak periods. However, cold storage can also be
applied in a conventional system as well as In a fuel cell/HVAC
system, Since the optimum fuel cell capacity is generally less

than the average electric load, the application of gold storage
provides about the same benefit to the conventional system as to the
fuel cell system., The following results therefore apply to both

systems,

The econcmics of cold storage were analyzed for the four bulldings,
The analysis is given in the Appendix., Costs of cold storage were
determined by Affiliated Engineers. The analysis given in cthe
Appendix was modified, taking into account the cost estimate by
Affiliated Engineers, to yield the results shown in Figure ¢ and

Table K.

Figure 9 shcws two cost curves. One 1g for the cost of cold
storage., The other includes a cost savings due to a reduced chiller
size. With cold storage, a smaller chiller can be installed that
operates for more hours to produce the same total amount of cooling.
Fig. 9 showys that the optimum storage capacity for the hospital Is
about 200 KWH (1200 tons~hrs), with a simple paybeck period of 4.3
years. A similar analysis for the other three buildings is shown on

Table K.
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Table K.
Effect of Cold Side Thermal Stovrnpe

Butlding ~Storage Capacley Sdmple Payback
(KWIL) {(Ton-lrk) (yrs)
Hospital 4200 1200 4.3
Apartment, 1800 500 3.4
Office 2500 700 35

Retail 3500 1000 4.0
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33.
Recommended IVAC Subsystem Deslgn '
The recommended HVAC subsystem design is shown on Fig. 10. The
design incorporates a combination of electric and absorption
chillers and thermal storage as recommended i{n the previous sectlons "
of this report, All of the nececessary components, including heat ”

exchangers, pumps, interconnecting piplng and controls, are shown on

Fig. 10.

v

For compariscon, a conventional HVAC system 1s shown on

Fig., 11, The systems were designed and speclfied for a 460 KW fuel

cell in the hoapital. This work was performed by Affiliated a

Engineers, Inc.

Fig. 12 shows how the components would f£it into a mechanical room.

A large part of the floor area is occupled by the chilled water

atorage tanks, TIf ice were used for cold storage, the floor area

for storage would only be about one-fourth of that shown.

Supporting informatlion on system components, controls, and system

operation are glven in the Appendix,

HVAC Subsystem Installed Cost

Affiliated Englneers estimated the installed cost of the HVAC o

subsystem shown on Fig. 10. These costs are given in Table N for

the hospital. The costs are incremental costs over a conventlonal

system, The total incremental costs for the HVAC subsystem with the

460 KW fuel cell reduce to a cost of $3S8/KW.
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TABLE L.

ADDITIONAL FUEL CELL HECHANICAL SYSTEM COST
ABOVE CONVENTIONAL SYSTEM COST

CHILLED WATER SYSTEM COST
a

ELECTRIC COSTS

MISCELLANEGUS COSTS

. Chlller Cost DIfference $ 5,000
b. Chiller Bypass {one chlller) $ 700
c. Controls $ 500
BUILDING HEATING SYSTEM
a. Boller Cost Difference ${21,000)
b. Water Storage Tank $ 3,600
c. Tank Bypass & 3-Way Valve $ 700
d. Recovery Loop (includes pump, valves, piping) § 3,400
e. Controls $ 1,200
DOMESTIC WATER HEATING SYSTEH
a, Storage Tank $ 2,400
b. Steam/Water HX $ 1,300
c. Tank Heater $ (1,400)
d. Recovery Loop (includes pump, volves, piplng) § 3,400
e. Controls : $ 700
HEAT TRANSFER FLUID SYSTEM
a. Heat Exchangers H%-1,2,3 $ 8,000
b, Pumps P-1 through P-6 $ 25,000
c. Coollng Tower €T-2 and Sump $ 5,200
d. Piping, Valves, Expansion Tanks $ 18,500
e. Controls $ 5,900
a, Motor Connections $ 7,700
b. Paralleling Gear $ 98,000
c. No Emergency Generator $(35,000)
a. Additional Mechanical Space ($30/sq.ft.) $ 30,000
b, Exhaust Stack, Inlet Duct, Natural Gas Pipe
for Fuel Cell $ 1,500

TOTAL ADIMITIONAL COST

{ )} Denotes a credit

37,

$ 6,200

$(12,100)

$ 6,400

$ 62,000

$ 70,700

$ 31,500

$164,700



J8.

The coet estimate of Table L was done in more detaill, and is more
accurate, than the cost estimates used in the economic analyses (Task
II), The estinmate of Table L is gomewhat higher as shown on Table M,
However, when the fuel cell asyatem cost is included, the total system
cost is only 5% larger than the Task Il estimate. There is only a
small effect on the economice, as is also shown on Table M.
Therefore, all of the previous cconomic¢c results are slightly

optimistic, but the conclusions do not change,
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Table M,

Effect of Refined Cost Estimate

1. Installed Cost
WVAC over conventional
Fuel cell system @ $980/KW

Totel

2. Economics
Net present value

Internal rate of return

FC/CTV/ABS2/H System
Hogpital, Wash., D.C.

460 KW Fuel Cell, Con., Ed. rates

Task 11 Refined
(Table N)
$133,600 $164,700
450,800 450,800
$584,400 $615,500
5655,000 $615,000
34.6% 33.0%
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CONCLUSLONS

Type of Chiller. The most economical system contains both sn absorption

chiller and an electric chiller. A system with only elactric chillers i
nearly as good. Systems with only absorption chillers ace clearly less

economic than the other two system types.

Fuel Cell System Capaclity. The optimum fuel cell system capacity was

found to be primarily a function of tha Wwilldfing “oad ratio -~ the ratlo
of the average thermal load to the averaga electric loads Pai buildings
with a load ratio near unity, the fuel cell rystem cspacity ghould b

approximately 80% of the average elcetvii iund.

Type of Bullding. The hospital represents the best application for fuel

cell systems of the four bhulldings studied., The apartment building was

the next best of the four. The retall store can yleld an internal rate

of return nearly as high as the hospital and apartment., However, the

impact on the building owner's owning and operating cost 38 less because 1
the optimum fuel c¢ell capacity is relatively much smalle.. Fuel cell

syntem applications in office bulldirgs are not economically competitive

at current estimates of installed fuel cell aystem cost.

Location. The primary variable is the electric rate structure, Weather |
has a secondary effect because the coijiing loads of commercial buildings

are dominated by internal loads.
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Thermal Storage, The use of thermal storage for domestic hot water and

space heating lmproves the economics for most systems and buildings. The
largest improvement was for the retail store, where most of the thermal

load {8 for daytime domestic hot water.

Taxes, A tax exempt hospital will yield a higher futernal rate of return

than a privately owned houspital. The main reason is that utility costs
are tax deductible expenses for the privately owned hospital, which in

effect reduces the utility cost savings by about one-half,

Fuel Cell System Cost. A comparison was made between the maximum

allowable cost to yield a “"break~even" internal rate of return of 15% aund
the current Eogelhard cost estlmate. 1In regiusy with low electric
prices, such as Commonwealth Edison, the Engelhard estimate exceeded the
break-even cost. This conclusion holds for all building types, However,
in regions with high electricity prices, such as Cousolidated Edison, the
Engelhard estimate was abour one-half the break-even cost for the
hospital, apartment and retail store. For the office building, the
Engelhard estimate exceeded the break—-even cost for all electrie rate
structures. These results show that the allowable fuel cell cost depends

strongly on the electric rate structure and the type of building.

Fuel Cell Operating Mode. The most economical coperating mode for the

fuel cell system is tuv operate continuously at rated capacity.
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Fual Cell System Thermal Output Tomperature. A fuel cell system with 89%

of the thermal output at ISOF and 11X at 200°F yields values of IRR and

NPV very close to those for a fuel cell system with 100X output at 350F,

Cold Side Thermal Storage. The applicatlion of cold side thermal storage

to fuel cell/HVAC systems yilelds about the same benefit as for
application in conventional HVAC systems. GCold side thermal sterage can
yleld a sinple payback period of 3-4 years in localities with

Conpolidated Edison clectric rates.

Fug)l Cell Condenser Heat Utilizatlon. Systems that utilize fual cell

condenser heat to heat domestic hot water can yleld short payback perlods

and are recommended for a fuel cell/HVAC systen.

Goneral Economic Feasibility. The four wost important requirements for

the economic feasibility of fuel cell/HVAC systems arve:

- applications in builldiungs with high thermal to electric
Load ratlos;
- applications in locallties with medium to high elactrie
rates;
- achigvement of fuel cell cost goals; and

~ the continued existence of PURPA.

N T (T TR s SCh P L
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PURPA 18 necessary to guarantee that supplemental electricity can be
purchased from the utility at a reasonable rate. The sell-back provisions
of PURPA are not crucial since the optimally sized fuel cell will generate

gmall quantities of excess electricity.

Figure 16 illustrates qualitatively the effect of the above factors on the
market in commercial bulldinga. The largest market penetration will occur
at high electric prices, at medium to bhigh load ratios, and at the fuel
cell system cost goals., Deviations from these three requirements will
decrease the market penetration. The total fuel cell system market would

be represented by the volume under the surface.

PROJECT FINANCIAL SUMMARY & SCHEDULE

Estimated Actual

Project Costs
(to 4/30/83 175,932
Final Report 706
Total 178,133 176,638
Project Schedule

Task 1 6/7/82 6/8/82

Task II 2/7/83 3/9/83

Task 11X 4/4/83 4/30/83

Final Report 7/15/83
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CON _ED COGENERATION RATES

(From Engelhard)

Energy Charge

1982
8 a.m. - 10 p.m., weekdays 6.7¢/KWH
All other hours 5.7¢/KWH
Demand Charge
Oct. 15 - May 15 $ 9.68/KW
May 15 -~ Oct. 15 $24,28/KW
Back-up and Reverse Distribution Charge
(Installed fuel cell KW) X $1.77/Mo.
+ (Peak sell-back XKW) X 1.77/Mo.

Sell-back Rates

May 15 - Oct. 15, noon - 6 p.m. 11.0¢/KWH
8 a.m. -~ noon &
6 p.m. - 10 p.m. 5.3¢/KWH
Of f~Peak 3.5¢/KWH
Oct. 15 - May 15, B a.m. - 10 p.m. 4.1¢/KWH

Qf f~-Peak 3.3¢/KWH

48,

13.16

33.02

2.41

2.41

15.0

7.21
4.76
5.58

4.49

e g



BOSTON EDISON COGENERATION RATES

(from Engelhard)

1982

Energy Charge

July 1 - Oet, 31 7.1¢/KWH

Nov, 1 - June 30 6.8¢/KWH
Demand Charge

July 1 - Oct. 31 $4.93/KW

Nov. 1 = June 30 $3.91/KW
Back-up Charge (applies up to fuel cell capacity)

(Installed fuel cell KW) x $2,40/Mo.
Seli-baclk Rates

July 1 - Oct. 31, 11 a.m. - 5 p.m. 6.82¢/KWH

weekdays

Other times

3.97¢/KWH

9.66

3.26

9.28

5.40

49.
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80, CAL. EDISON COGENERATION RATES

(from ADL)
1982 1985
Energy Charge
On-Peak 5.72¢/KWH 7.78
Mid-Peak 5.39¢/Kutl 7.32
Off-Peak 5.04¢/KWH 6.85
Demand Charge
On~Peak $5.05/KwW 6.87
Mid-Peak § .65/KW .88
Off-Peak 0 0
Back-Up Charge
(Installed fuel cell KW) x $1.00/Mo. 1.36

Minimum Demand Charge

25% of maximum on-peak demand charge
during previous 11 months

Sell-back Rates

Same as "buy" rates except the net energy
demand cannot be less than zero.

Definitions:
On-Peak: May 1 - Oct. 31, | p.m. - 7 p.m. weekdays
Nov. 1 - Apr. 30, 5 p.m, - 10 p.m., weekdays
Mid-Peak: May 1 - Oct. 31, 9 a.m. - | p.m. & 7 p.m. - 11 p.m. weekdays
Nov. 1 - Amt. 30, 8 a.m. - 5 p.m. weekdays

Off-Peak: All other times



COMMONWEALT!! EDISON COGENERATION RATES

(from ADL)

1982
_On-Pesk _  Off-Peak

Enerpy Charge - Tirst 6000 KWH 36,50¢/KWH  5.36¢/KWIt

Next 24,000 KWH 5.57 4.43
Next 70,000 KWH 4.97 3.83
Mext 400, 000KWH 4.68 3.53
Remainder 4,24 3.10

On-Peak: 9 a.m. - 10 p.m. weekdays
Of f-Peak: All other hours

Demand Charge

June | - Sept. 30, First 1000 KW, $7.546/KW
Next 9000 KW, $6.,77/KW
Oct. 1 ~ May 31, First 1000 KW, $5.88/KW
Next 9000 KW, $5.26/KW

Minimum Demand Charge

Oct. } - May 31: 75% of highest summer demand charge

during previous 23 months.

sell-back Rates

June 1 - Sept. 30, 9 a.m. - 10 p.m. weekdays 5.69¢/KWH 7.
All other hours 3, 11¢/KWH 4
oct. 1 - May 31, 9 a.m. - 10 p.m. weekdays 5,54¢/KWH 7.
All other hours 1.61¢/KWH 4

5l.

1985
on-Peak  Off-Penk

8.84 7.29

7.58 6.02

6.76 5,21

6.36 4,80

5.77 h.22 «

|

10.25 |
9.21

8.00

7.15

74

.23

53

.91



GEORGIA FPOWER COGENERATION RATES

(from ADL)
\982
Lnergy (and demand) Charge -—
For KWH consumption less than 300 X demand:
First 3000 Kwi 11.36¢/KWH
Next 7000 KWH 10.26¢/KwWt
Next 190,000 KWH 8.20¢/KWN
Over 200,000 KWH o 6.73¢/KWH
For KWH consumption over -4H07X demand:
First 3000 KWH 11.00¢/KWH
Next 7000 Kwil 9,90¢/KWH
Next 190,000 KwWH 7.84¢/KWH
Over 200,000 KWH 6.37¢/KWH

Sell-hack Rates (estimate)

6.37¢/KWl

1985

15.45
13,95
15,15

9.15

14.96
13.46
10.66

8.66

8.60



NEW JERSEY

PUBLIC SERVICE ELECIRIC & GAS

(from Engelhard)

Encrgy
1982
7 a.m. - 9 p.m,, weekdays 6.67¢/RWH
7 a.m. - 9 p.n., Saturdays 6.46¢/KWl
Other times 4.5¢/KWH
Demand
June - Oct $7.59/KW/Mo.
Nov - May 6.60/KW/Mo.
Sell-Back
June - QOct
7 am. - 9 p.m., weekdays 8.00¢/KWH
7 a.m. - 9 p.m., Saturdays 3.67¢/Kul
Other times " 3,69¢/KWH
Nov - May
7 am. - 9 p.m., weekdays 8. L4 /KoY
7 a.m. - 9 p.m., Saturdays 6.01¢/KWH

Other times 4.86¢/KWH

33.

8.79

6.12

10.20

8.98

10.88

7.71

11.07
8.17

6.61
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COLD STCRAGE ANALYSIS
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CHILL STORAGE

Chill storage systems for commerclal buildings are increasingly being
investigated as viable means of reducing peak electrical demands. This
results in cost savings both to the utilities, by deferring the capital
cogts of increasing capacity, and to the customer, by favorable utility
imposed rate structures. As part of our contract with Engelhard on

Fuel Cells, the economics of chill storage was lnvestigated using
TRACE.

The strategy used in TRACE for simulating chill storage simply actempts
to take advantage of the ou-peak to off-pesk energy charge
differentials. MNo attempt 1s made to reduce peak demand charges and,
in fact, these charges may actually increase when the system is
controlled in this mamner, Another problem with the TRACE method of
simulating chill storage is the lack of any means to include tanl. loss
terms. Actual chill storage systems will require increased energy
utilization due to heat gains into the tank as a result of the
temperature difference between the tank contents and its environment.
Furthermore, all of the chill which is stored in a tank 1s not useable
because mixing inherently takes place, resulting in a portiom of the
storsre attaining unsuitable temperatures.

In an effort to more therjughly avaluate the potential of chill storage
in the buildings analyzed in this project, two new computer programs
have been written. These programs assess the performance of chill
storage with more optimum control stractegies. Two programs were
written to allow comparigons for two different types of utility rate
structures, The programs use, as input, the air conditioning and
electrical loads which are computed and output from TRACE. Provision

18 algo made to allow input of user specified tank loss terms which
result from mixing and heat gain.

GROSS PROY .AM DESCRIPTIONS

The first program was written to optimize control for Consolidated
Edison's electrical rate structure as summarized in Table I. This rate
structure has very high demand charges, especially during the summer
months when the bulk of air conditioning is required. The difference
between on-peak and off~peak energy charges is only 14%Z. The greatest
amount of savings through the utilization of c¢hill storage thus comes

about through minimization of the peak demand for a given storage
capacity.
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Figure i shows the electrical demand vs. time of day for a hospital in
Washington, DC on a weekday during August. The shaded areas show the
times when 1500 ton-hours of chill storage are being charged and
utilized. Besides reducing the peak demand by 134 KW, a portion of the
energy utilization 18 shifted from on-pea’ i off-peak. The shaded
area under the charging portion of the curve .. greater than the shaded
area under the utilization portion due to lusses assccliated with the
storage system. In this case a 10X logss was assumed due to heat gain
as a result of temperature differences acroge the tank and associated
plumbing during charging of the tank., Thus 1650 ton~hrs of coocling
must be generated to fully charge the tank to 1500 ton-hrs. An
additional 10X loss was agsumed associated with mixing during
utilization of the tank storage. This results in only 1350 ton-hrs of
the stored chill being usable for air conditioning., The total increase
in energy utilization associated with the steorage system 1s thus
(1650/1350~1) or 22% of the astorage capacity.

The second computer program was written to optimize control for
Southern California Edison's Electrical Rate Structure as summarized in
Table II, This rate structure has a high peak demand charge during
on~peak periods, a very low peak demand charge during shoulder periods,
and no peak demand charge off~peak. The difference between on-peak and
off-peak enargy charges 1s 12%. The greatest savings in the
utflization of chill storage comes about by minimizing the peak demand

during on~peak times. This also shifts the stored energy charges from
on-peak to off-peak rates.

Figure 2 shows control of the storage system for the same loads used in
Figure ], but under the Southern California Edison rate structure. The
1000 ton-hours of storage in this case reduces the peak demand during
the on~peak period by 160 KW. 1In addition thisg load is shifted to the
of f-peak energy charge. Again 10X losses are assumed both for the heat
gains due to temperature differences and for mixing in the tank,

PARAMETRIC ANALYSIS

The economics of chill storage have been examined for four commercial
building types using both the Con. Ed. and So. Cal. Ed. rate
structureg. Table III summarizes the bullding types examined, showing
thelr relative sizes and the magnitudes of thelr electrical loads and
air conditioning costs. Each of these bulldings were in turn simulated
over a range of chill storage capacities for both utility rate
structures.

Tables IV and V show the results of this analysis for the Con. Ed. and
So, Cal. Ed. rate structures, respectively.

The increases In annual electrical energy requirements with increasing
storage capacity reflect the losses asgociated with chill storage. The
annual peak electrical demand typically occurs during an August
weekday, so the effect of chill storage capacity on this peak is
highlighted., The eiectrical costs include demand and energy charges
and are calculated using the 1985 projected rate structures.
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Figures 3 and 4 show the relative savings on air conditioning costs for
each bullding as a function of the storage capacity. Cost savings of
over 50% are achievable under some clrcumstances.

The installed cost of chill storage may vary over a considerable range.
The actual cost will depend on such things as the type of storage used,
such as water vs. ice, the type of tank construction, local
construction costs, and an assessment of the value of the space taken
up by the tank and additional assoclated equipment., In an effort to
provide genaeral data for easily computing economical chill storage
capacities, Figures 5 and 6 have been prepared for the two utility rate
structures. These curves plot the annual savings per ton-hour of
storage capacity as a function of the storage capacity. For example,
if the cost of chill srorage in a hospital is $80 per ton-hour, and a
five-year payback is acceptable, the annual savings per ton-hour of
capaclty must be $16. Figure 5 shows that this savings can be achieved
with an installed capacity of 1100 ton-hours, under Con. Ed. electrical
rates,

A factor which can significantly reduce the installed cost of chill
gtorage 1s credit for reduced chiller size. Depending on the amount

of storage installed and the building air conditioning load proefile,
chiller capacity may be reduced as much as 50Z. This can offset a
substantial part of the added costs of chill storage. Figure 7 shows
the estimated installed chiller costs as a functlon of the chiller size
in 1985 dollars. The actual chiller size reduction in a chill Estorage
application will be a2 function of the HVAC designer and the assessment
of storage system reliability. All computations presented were made
with full gize chillers.

CALMAC Manufacturing Corporation is a manufacturer of ice storage
modules for chill storage applications. They estimate the installed
cost of thelr storage system at $60 per toon~hour. Based on this cost
number, simple paybacks were calculated for the four buildings examined
over a range of storage capacities. The results of these calculations
are presented in Tables VI and VII for the two utility rate structures.

Besides the computations which include estimated system losses, the
payback was projected assuming an ideal system with no increase in
energy usage. This serves to emphasize the affects that loss estimates
can have on chill storage economlic analysis.
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CONCLUSIONS

Chill storage, when properly controlled, -has.the capability to
significantly reduce the peak electrical demands for commercial
buildings. For utility rate gtructures which have high demand charges,
this translates into substantial annual operating ccst savings, Simple
payback analysis have shown that paybacks of leas than 2 years are
attainable for small amounte of chill storage under Consolidated
Edison's rate structure, if the incremental cost of the storage is

agsumed to be 560 per ton~hour. Chill storage thus appears to be
economical in gome parts of the country,
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TABLE 1. CONSOLIDATED EDISON

ENERGY CHARGE

8 a.m, ~ 10 p.m., weekdays

All other hours

DEMAND CHARGE

Oct. 15 — May 15

May 15 ~ Oct. 15

ELECTRICAL RATE STRUCTURE

1982 1985
6.7 £/RWH 9,14/KWH
5.7¢/KWH 7 .84/KWH
$9.68/KHW $13.16/KW

$24,28/KW $33.02/KW
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TABLE II. SOUTHERN CALIFORNIA EDISON ELECTRICAL RATE STRUCTURE

ENERGY CHARGE

On~Peak
Mid-Peak
Orf-Peak

DEMAND CHARGE

On~Peak
Mid-Peak
Off-pPeak

MINIMUM DEMAND CHARGE

1982 1985
5.724/KWH 7.784/KWH
5.394/KWH 7.324/KWH
5.044/KWH 6.854/KWH

$5.05/KW $6.87/KW
$0.65/kw $0.88/KW

0

0

60.

25% of maximum on-peak demand charge during previous 11 months.

DEFINITIONS

ON-PEAK: May 1 - Oct. 31, 1 p.m. — 7 p.m., weekdays
Nov. 1 =~ Apr. 30, 5 p.m. - 10 p.m., weekdays

MID-PEAK: May 1 ~ Oct. 31, 9 a.m. - 1 pom. & 7 p.m. = LI pom.

weekdays

Nov. 1 - Apr. 30, 8 a.m. - § p.m., weekdays

OFF-PEAK: All other times
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TABLE III. DESCRIPTION OF BUILDINGS USED FOR
CHILL STORAGE PARAMETRIC ANALYSIS

Annual
Annual Alr Conditionin Costs
Size Electricity Req. Con. Ed. So. Cal, Ed
Building (£t5) (KWH) 3 $
Hospital 197,000 4.9 » 106 84,513 62,152
Apartment 81,600 1.1 x 106 23,941 15,591
Office Bldg, 66,800 l.4 x 106 23,633 12,701

Retail Store 112,000 1.8 x 106 57,897 34,921



RO T
LR W e R i Ty gy i e

A T I E TR e e

RIS

A R L S tr A IVIENN

R TR TS

TABLE IV.

Building

Hoapital

Office

Apartment

Retall Store

Storage
Ton~Hrs

0
500
1000
1500
2000
2500

0
150
300
500
700
850
950

0
250
500
750

1000
1200
1400

0
500
1000
1500
2000
2450
2700

Annual Energy

(KWH)

ANALYSTS OF CHILL STORAGE FOR FOUR TYPES
OF COMMERCIAL BUILDINGS OPERATING ON CONSOLIDATED

EDISON'S UTILITY RATE STRUCTURE

62,

4,915,219
4,944,623
4,965,401
4,981,009
4,989,541
4,990,362

1,420,971
1,427,518
1,433,146
1,439,050
1,442,884
1,444,870
1,445,246

1,064,513
1,075,132
1,081,648
1,086,577
1,089,717
1,089,717
1,089,717

1,810,016
1,837,644
1,856,426
1,871,175
1,880,940
1,881,645
1,881,645

Avg., Peak Elec. Cost
(RWH) ()
838 609,778
767 595,627
733 592,130
704 590,134
701 589,640
701 589,687
329 199,199
304 194,085
291 191,292
277 188,706
263 187,042
257 186,812
257 186,846
259 146,801
208 138,713
194 137,962
194 138,141
194 138,257
194 138,257
194 138,257
451 255,232
400 245,677
366 240,271
333 235,911
299 232,732
291 232,362
291 232,362
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TABLE V.

Building
Hospital

Office

Apartment

Retall Store

Storage

Ton-Hrs

0
500
1000
1500
2000
2500
3000
3300

0
150
300
500
700
850
950

0
250
500
750

1000
1200
1400

0
500
1000
1500
2000
2450

Annual Energy

(KWH)

63.

ANALYSIS OF CHILL STORAGE FOR FQUR TYPES OF
COMMERCIAL BUILDINGS OPERATING ON SOUTHERN
CALIFORNIA EDISON'S UTILITY RATE STRUCTURE

4,915,219
4,944,714
4,972,230
4,990,872
5,007,338
5,018,884
5,022,304
5,021,809

1,420,971
1,429,043
1,436,342
1,445,196
1,451,720
1,455,044
1,457,177

1,064,513
1,079,254
1,092,148
1,099,619
1,105,768
1,109,711
1,111,265

1,810,016
1,839,511
1,868,605
1,889,730
1,903,644
1,909,315

Avg. Peak Elec. Cost
(KWK) ()
838 424,215
738 419,276
678 418,159
617 417,293
555 417,088
553 417,503
553 417,654
553 417,617
329 134,840
298 132,959
274 132,771
257 132,207
257 132,451
257 132,639
257 132,788
259 102,213
183 100,112
166 100,444
166 100,751
166 101,032
166 101,224
166 101,313
445 172,419
377 169,145
317 168,422
269 168,518
269 169,067
269 169,335



TABLE VI. SIMPLE PAYBACK ANALYSIS FOR
CHILL STORAGE USING CONSOLIDATED
EDISON RATE STRUCTURE

Storage Savings ¥ Payback *#
Building (Ton-=Hrs) ($) (Yrs)
Hospital 500 14,151 2.1 (L.7)%**
1000 17,648 3.4 (2.7)
1500 19,644 4.6 (3.5)
2000 20,138 6.0 (4.4)
Office 150 5,114 1.8 (1.5)
300 7,907 2.3 (1.9)
500 10,493 2.9 (2.4)
700 12,157 3.5 (3.0)
Apartment 250 8,088 1.9 (1.6)
500 8,839 3.4 (2.9)
750 8,660 5.2 (4.3)
Retail Store 500 9,555 3.1 (2.4)
1000 14,961 4.0 (3.0)
1500 19,321 4.7 (3.5)
2000 22,500 5.3 (4.2)

*Assumes 10% Mixing Losses, 10% OT Losses
**Aggumes $60/Ton-Hr
k**payback with no losses



TABLE VII. SIMPLE PAYBACK ANALYSIS FOR
CHILL STORAGK USING SOUTHERN
CALIFORNIA EDISON RATE STRUCTURE.

Storage

Building (Ton-Hre)

Hospital 500
1000
1500
2000

Office 150
300
500

Apartment 250
500
750

Retall Store 500
1000
1500

Savings ¥

($)

4,939
6,056
6,922
7,127

1,881
2,569
2,633

2,101
1,769
1,462

3,274
3,997
3,901

*Agsumes 10% Mixing Losses & 10% OT Losses.

**Aggumes $60/Ton~Hr.
k*kpayback with no losses.

Payback #**
Yreg
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ZLECTRIC CHILLER PEMAND CONTROL
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BEAT TRARSFIR FLUID TESPIAATUAL CONTADL
The haat transfer F1uid pumps Pl ond P- shall b Inferloched with the Twal call, satacior swltch shall determing shich punp will aperata, Should thy
selaciad pump Tol), the olhar pump shall be started thru pratsura pultch Fiel and 30 sacond delay on mehe rolay 160, & slqnal*shall be sant (o an slam
penct to Indlcate tha pump faflure,

B T
Temperature (esnimbitar TT-1 shadl transmit tha heat tronsfer Tluld tamparatura antering (ke fusl col) 10 Cemparatues controtlar TEef, which shall do the TO TT ° @~
folloulng 10 malntain 330 F return THuld tempersture:

1. PModulets [ha abgorptien <hiller ihinosway bypats valvs ¥e) from full bypest 10 Ao bypsss a3 the heat trensier fluld teaparatura vines from Jb ¥ ta
NI F. Matle relay 3R=) will chonge & 3ok psl algnel te & J-13 psi sipnal. Ravaraing reloy MY-0 raversns the 3o0) psl signal 1o a 13-} pol vigral,

2. Svart Inject]on puty Pe) thru ML+ 10 whan the fluld Lomparagury rusches 318 F ond madulate twoeway tontrol ealwe ¥ob from fully cloved ot 127 F 1o
fully woen ot JH 7, Ratle raley M3 will chinge o 6-9 pol signal 0 8 313 pii signal. Prausatic switching relay PR=1 wlll ¢loga wolve ¥-4 grd
turn oft ponp Pol whw the Lanparsturs [n (ha domastic wetar sTavage tonk riser 10 100 F, oy sensed by aquatiat M-10.

5o Start Infectien pup Pob thru Picll when (b fluld tomparaiuse cloas 8 3)) F ond apdulste tws-way tontrol valve ¥5 from fully closed ot JN0 F 1o
fully spen at 331 F, Bstie roloy AR-] ull) chanpa o 9-12 pol nipgnal to @ J-1) pal slgnal, Pacwnstic rwitching relay Mod wlil close valve -5 jod
stop pump Fob whan the Lowperature [0 the heating watar starsge tank rlses (o 200 F, as sansed by squastat AQ-H).

&, Send s rajection sigaal, thru PE=11, 1o o) low the sbsarption chillar te cool the gatlry chilled water storage tank to &S T when tha Fluid Lemparyture

risas to 334 1. TO IWAY CONT
5. Start the towr water pumy thiv Pol) wiin L (loid towpargture rises t8 115 F and modulnie Jway control valve ¥=} from fully closed st 335 F 10 NVOLME \els

fully spen 4t JH £, Ratio relay Aok will chonge o [2=1% pal slgnal 1o & 3=1) pa) slgnal.
TOVEA VATIR IYSTEN
The tomtr mater pump shall ba yarted thru PL=13 whan (e byt fransTar TTUTT temperatire rlses to 335 F, & salactar smitch soal] detaraine shethar Fo5 o
P-b ul}] operste. Shculd the selectud pump fall, 1ha othaT g shall start and on slarm will ba sounded (n the tome mennar ot the Pel, P2 control, Toe
v positien towtr byrits valve Vob shall be hald apen thiu prowsatic switching relay M=) whinsver the miter (omparature loaviig HX+3 In balaw JO F &8
sanjed by squasiat AQ-1l. When the temparaturs rlses shove 70 F, PRe) shall switch and vol shal) close, The cooling tesar fan shatl be interieched with P-%
and Prd pnt stal]l be siarted thru PEelS whentver tha tomparaturs in [he towns boip rasthes 05 F 23 sensad by squastat AQ+15,
SOWESTIC UATIR WEATING SYSTEM
Circulating pung P+7 shal] operate continvoutly and rachaim heat thiu MR+ never Iy To avalishle, The domesilc water tank wibi be hasted te 100 F by tonk I

[

haster Ti=l, Stesa/uater comwaetor C<2 shat) maintsin & 190 F witer tomparators for the hitchen Fot water supply.

I ImE HIATING 3YSTIM
Checulating pump P=0 shal] e started theu PE-Ih whanevir 1 wita7 tomparaturs on Che wutlat of NI-7 I above 180 F, a1 determioed by TTel and TCol2,
ontrel valve ¥eu thall ba sodulated 10 maintaln 200 F leaving Wi=1, as datermirsd by TT=| and TC+1.

Tha resaindar of ihe Nesting systea shal) eperate ldmtical to & comventional system. P28 or P-10 shall operate contimmusly, &4 datarmined by & voledinr
talgeh,  The tenparsture leaving convarior C=) shyll ba rasel based on O.A. ool shall cantrol J-way Lok bypass valva V=9 ond the tes-miy §1een contrel
valvas In saguence Lo majntaln 401 Touperature, Aetal sthedule shall ke as follows: 140 # hot wster temgrraturs ot 15 F ovisida tampurature and Wlow,
100 F ot water Lesparaturs st 70 F oulbide teaperature sad sbove.
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EQUIPMENT SCH
MARK DESCRIPTION

P-1, P-2 Heat transfer fluid pumps, 320 GPM @ 25 psi and 38 §5U, sultable for 350°F, 20 hp m
P-3, P-i HX=1, HX-2 injection pumps, 50 GPM @ 25 psi and 38 SSU, suitable for 350°F, 5 hp m«
P-5, P-6 Tower water pumps - CT-2, 107 GfM @ 75' head, 61% efficiency, 3,1 BHP, 5 hp motor.:
P-7 Domestic water circulating pump, 50 GPM @ 25' head, 45% efficlency, 0.5 BHP, 3/4 hy
P-8 Heating water reclalm pump, 50 GPM @ 40' head, 50% efficiency, 1.0 BHP, 1-1/2'" hp m
P-3, P-10 Heating water pumps, 425 GPM @ 50' head, 70% efficiency, 7.5 DHP, 10 hip motor, 81/
P-11 CH-2 evaporator pump, 600 GPM @ 40' head, B81% efficiency, 7.5 BHP, 10 hp motor, 7:}
P-12 CH-1 evaporator pump, 250 GPM € 40' head, 72% efficiency, 4.0 BHP, 5 hp motor, 7-[£
P-13, P-14 Chilled water secondary pumps, 425 GPM @ 50' head, 70% efficiency, 7.5 BHP, 10 hp ﬁ
P-15 CH-1 tower water pump, 450 GPM @ 45' head, 68% efficiency, 7.0 BHP, 10 hp motor, Bé
P-16 CH-2 tower water pump, 900 GPM @ 45' head, 81% efflciency, 12.5 BHP, 15 hp motor, g
cP-1 Duplex condensate pump, 60000 EDR, 9 GPM @ 20 pst, 3500 rpm, 14 gallon recelVEflj
CH-1 Two stage absorption chiller, 125 tons, coel 250 GPM from 57-45 with 450 GPH of to@
CH-2 Electric centrifugal chiller, 300 tons, cool 600 GPM from 57-45 with 872 GPM of tgﬁ
CT-1 Alr conditioning cooling tower, cool 1350 GPM From 96°F - 85°F @ 78°F W.B., twin ce
CT-2 Process cooling tower, cool 107 GPM from 120°F - 90°F @ 78°F W.B., counterflow typi
HX-1,2 Domestlic/heating water reclaim, heat 50 GPM of water from 140~200 F with 95 GPM ofg
HX-3 Fuel cell thermal dump, cool 80' GPM of multitherm PG-1 from 350-265°F with 107 GP}
DR-1 Packaged deaerator, 36" x 72" receiver, duplex pumps - 20 GPM @ 125 psi, 7-1/2 hpi
B-1, B-2 150 psi steam boiler, 3000 MBH input, 2250 MBH output, natural gas firing rate 300
C-1 Heating water convertor, heat 425 GPM from 120-140°F with 2 psi steam, 4250 MBH, 4
c-2 Domestic water convertar, heat 22 GPM from 110-180°F with 2 psi steam, 770 MBH, 79
TH-1 Domestic water tank heater, heat 1000 GPH from 50-110°F with 2 psi steam, 500 MBH

CHS Storage Tankg

ASME steel tank, nominal 25,000 gallons each, (4) required, stamped and tested fok

DHS Storage Tank

ASME steel tank, nominal 7500 gallons, stamped and tested for 125 psi, provide w/g

HWS Storage Tank ASHME steel tank, nominal 5500 gallons, stamped and tested for 125 psi, provide w/§
u C7-1 Indoor Sump Steel taok, nominal 2500 gallons, vertical style 3
CT-2 Indoor Sump Steel tank, nominal 500 gallons, vertical style
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1 FOOR QUALITY

e e

MENT SCHEDULE
REMARKS

1le for 350°F, 20 hp movur, U7% efficiency Viking, MRhEI1ZUV

ale for 350°F, 5 hp motor, 58% efflciency Viking, Khil2hv

3,1 BHP, 5 hp motor, 8-5/8" impeller, stuffing box seal, 1750 rpm Bell & Gossett Series 15104-1/2"88
lency, 0.5 BHP, 3/L4 hp motor, 5-1/2" Impeller, mechanical seal, 1750 rpin Bell & Gossett Series 80-13xiix7
» 1.0 BHP, 1-1/2" hp motor, 6-1/2'"" impeller, mechanical seal, 1750 rpm| Bell & Gossett Sevies 80-1ix1ix7
BHP, 10 hp motor, 8-1/2" impeller, mechanical seal, 1750 rpm Bell & Gossett Series 1510~-3''AB
. BHP, 10 hp motor, 7-1/2" impeller, mechanical seal, 1750 rpm Bell & Gossett Series 1510-hBC

BHP, 5 hp motor, 7-1/4" impeller, mechanical seal, 1750 rpm Bell & Gossett Series 1510-2-1/288
ency, 7.5 BHP, 10 hp motor, B8-1/2" impeller, mechanical seal, 1750 rpm| Bell & Gossett Series 1510-3"BB
0 BHP, 10 hp motor, 8-1/4" impeller, stuffing box seal, 1750 rpm Bell & Gossett Series 1510-3"'BB |
+5 BHP, 15 hp motor, 8'" impeller, stuffing box seal, 1750 rpm Bell & Gossett Series 1510-5"BC ;
j; I4 gallon receiver, 1/3 hp pump motors Domestic GZCC _— %
45 with 450 GPM of tower water @ 85-98.3°F, 350°F concentrator temp
45 with B72 GPH of tower water @ 85-95°F, 0.7Q7 kw/ton Trane CVHE~25F~AA-2K-2604DA 12DA-7 3
'F @ 78°F W.B., twin cell, crossflow type,2 fans @ 10 hp each B.A.C. CFT (2) 2Me é
ETB" counterflow type, 5 hp fan motor B.A.C. VX-45 %
=200 F with 95 GPM of multitherm PG-1 @ 350-281 F Tranter UX-016-UJ-26 5
350-265°F with 107 GPM of tower water @ 90-118.1°F Tranter UX-016-UJ-26 ?
@ 125 psi, 7-1/2 hp each, two compartment design Domestic .005¢cc/!iter package g
| gas firing rate 3000 ft3/hr, forced draft fan - 2 hp Cleaver Brooks MAHP-3000 K
s{ steam, 4250 M8H, 4381 #/hr, 125 psi design pressure Bell & Gossett SU-1hl4-2 é
;} steam, 770 MBH, 724 #/hr, 125 psl design pressure Bell & Gossett SU=-8L=4 ?
;_psi steam, 500 MBE, 515 f/hr, 125 psi design pressure Bell & Gossett TSC 1036 3
tamped and tested for 125 psi, provide w/12" transfer pipes 11' diameter x 36' long %

125 psi, provide w/h" transfer pipes 8' diameter x 20' long ,3
I125 psi, provide w/8" transfer pipes 8' diameter x 15' long f
i: 6' diameter x 12! high i

4' diameter x 6' high E
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ICE STORAGE VS. WATER STORAGE COMPAR | SON
(Based on 1200 ton-hrs of storage - pressurlzed water storage system)

1CE STORAGE WATER STORAGE
Mech. Space Req'd. 900 Sq. Ft. 2320 Sq. Ft.
Cost {$30/Sq. Ft.) $27,000 569,600
Storage Volume Req'd. 4370 Ft? 13,333 Ft3
Cost $55,000 $95,000
Primary Cooling Equip. (3) 100 Ton Water 300 Ton Centrifugal
Cooled Condensing Units Water Chiller
Cost $95,000 $81,000
Cost of Additional $20,000 50

Refrigeration Accessories,
Piping and Controls

TOTAL COST $197,000 $245,600
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FUEL

CELL

RUN BYSTEM cosT

(8/K¥W)
HOSPITAL (400 KW)
CON., ED, RATES

T TV -

7 FC/CTV/H 980

7 FC/CTV/H 1470

7 FC/CTIV/H 1960

40 FC/CTV/H 2940

COM, ET, RATES
1¢ C1v -
10 FC/CTV/H 950
41 FC/CTV/H 1960
4t FC/CTV/H 2940
- = = = = i - =
RPARTMENT (50 Kw)
CON, ED, RATES
20 CTY -
20 FC/CTV/H 980
42 FC/CTV/H 1960
42 FC/CTV/H 2940

COM, ED, RATES
43 CTV -
43 FC/CTV/H 980
43 FC/CTV/H 1960
RETAIL STORE (65 KW)
CaN, ED, RATES
20 cCtv -
28 FC/CTV/H 980
44 FC/CTV/H 1960
44 VC/CTV/H 29490

COmM, ED, RATES
45 CTV ©
45 FC/CTV/H 980
45 fC/CTV/H 1960
45 FC/CTV/H 2940
OFFICE BUILDING (B5 Ki)

CON, ED, RATES
24 TV -
24 FC/CTV/H 980
46 FC/CTV/AH 1960
46 ¥FC/CTV/H 2940

TABLE F1{

INCR,
INST'D,
CosT

(s)

454,330
650,300
845,300

1,238,300

454,300
846,300

1,238,300

58,450
107,500
156,500

5R,450
107,500

76,500
140,200
203,800

76,%00
140,200
203,800

95,500
178,800
262,100

1905

UTIL,

COsT
(8)

741,500
532,400
532,400
532,400
532,400

528,700
444,700
444,700
444,700

192,800
174,500
171,500
171,500

149,300
138,700
138,700

53,600
222,300
222,300
222,300

172,200
158,500
158,500
158,500

193,200
168,900
168,900
168,900

EFfFECY OF FUFL CELL COST
1985 INSTALLATION

-~ U~

5P8B
{YRS)

2,2
3,1
4,0

5.4

w O~

NPV
(8)

L
559,500
380,200
220,400

-157'400

=130,000
“4881600
447,000

44,700
=735
45,140

-14,200
=59,700

13,900
14,300
”47,200

=23,400
-93'100
»144,600

=6,263
-85'300
=159,100

IRR
(PCT)

36,4
26,2
20,6
12,0

oo U
o QW

1 Oh

‘ ’

85,
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4R
46
4R

32
54
54
54
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|
TARLE r? OF POOR QUALITY

EFFECT OF FUEL CELL CAPACITY

HOSPITAL (PRLV, OwNFD),
CON, ED, FLECTRIC RATES
$980/KW FUEL CELL COST IN 1985

WASHINGTON,DC

FUFL INCREM, 1985%
LOAD CrLL INST'D UTILTYYY
SYSTFM  PROFILE CAPAC, COsY COST L1 ] NPV
(KW) (Kw) (s) (s) (YRS) (8)
cTy - - 741,500 - -
FC/CTV J8T(R) 400 436,000 544,400 2.2 495,900
ST9(A) 590 643,100 490,400 2.6 493,100
855(P) 940 1,024,600 494,800 4,2 =104,700
FC/ARS1 393(m) 400 517,400 621,000 4,3 =76,600
S53(a) 520 648,200 560,500 3.6 83,600
T96(P) 700 Rd44,400 503,400 3.5 137,200
FC/ARS2 3%6(B) 400 553,600 565,300 3.1 247,300
S44C0) 520 6R4 400 514,700 3.0 334,500
1718(P) 700 R0, 600 469,500 3.2 s13,800
FC/CTV/ABS2
J44(R) 400 506,500 510,000 2.2 609,600
S14(A) 520 643,600 476,300 2.4 602,300
TR&(P) 700 k51,900 451,000 2.9 443,100
FC/CTV/N 3R (H) 400 454,300 532,400 2.2 559,500
460 519,700 512,800 2.2 572,900
520 5A%,100 496,500 2.3 %67,200
579(A) 590 661,400 4R1,800 2.3 535,500
FC/CTV/ARS2/H
J44(R) 400 15,500 503,800 2.2 644,800
440 $61,000 488,500 2.2 685,000
480 607,900 473,300 2.3 654,900
S14(CA) 520 652,600 4/0,600 2.3 +#45,000

86,

IRR
(PCT)

38,2
3o,1
11,7

10,2
16,2
19,0

24,0
24,7
22,6

35,5
ja,.vu
25,17

3o, 4
34,0
3a.¢
30,5

36,0
35,0
34,2
33,4
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TABLE F? OF POOR QUALITY
EFFECT OF FUEL CELL CAPACITY

HOSPITAL (PRIV. OWNED), WASHINGTON,DC
CON, ED, FLECTRIC RATES

$980/KW FUEL CELIL COST IN 1985

FUFL,  INCREM, 1985
LOAD CELL  INST'D  UTILYTY )
RUN  SYSTEM PROFILE CAPAC,  COST COSsT SPB NPV IRR
(KW) (KW) (%) (s) (YRS) (8) (PCT)
2 CTY - - 741,500 - - -
2 FC/CTV 397¢(8) 400 436,000 544,400 2,2 495,900 35,2
S5T9(A) 590 643,100 490,400 2,6 493,100 30,1
855(P) 940 1,024,600 494,800 4,2 «104,700 13,7 t
4 FC/ABSL  393(B) 400 517,400 621,000 4,3 =76,600 10,2 :
SS3IC(A) 520 648,200 560,500 3.6 83,600 18,2 }
796(P) 700 844,400 503,400 3,5 137,200 19,0 !
5 FC/ABS2?  396(B) 400 553,600 565,300 3.1 247,300 24,0 ;
544(A) 520  6R4,400 514,700 3,0 334,500 24,7 |
TT19¢P) 700 880,600 469,500 3,2 313,800 22,6 !
31 FC/CTV/ABS? :
344(R) 400 506,500 510,000 2,2 609,600 35,5 3
514¢A) 520 643,600 476,300 2.4 602,300 32,0 H
184(P) 700 #51,900 451,000 2.9 444,100 25,7 d
L - - L] - - L] - - - »- - - - - - - - - - - ::‘:
3 FC/CTV/H 3B7(H) 400 454,300 %32,400 2,2 559,500 36,4 §
48 . 460 519,700 512,800 2,2 572,900 34,0 4
48 520 585,100 496,500 2.3 567,200 32,8 s
AR 579¢(A) 590 661,400 481,800 3,3 635,500 30,5 g
FC/CTV/ABS2/H 1
32 344(B) 400 515,500 503,800 2.2 544,800 36,0 ¥
54 440 561,000 488,500 2.2 655,000 35,0 3
54 480 607,900 473,300 2,3 654,900 34,2 g
54 514(A) 520 652,600 460,600 2,3 645,000 33,4

A XS




ORIGINAL PAGE (B

TABLE F3
EFFECT OF SYSTFM TYPF

; OF POOR QUALITY
; WABHINGTON, DC} COUN, ED, ELECTRIC RATES
; 8960/KW FUEI, CELL COST IN 1985
: FUEL  HaT INCREN, 1985
BUTLDING CELL  S8TOR, INST'D  UTILITY
RUN SYSTEM CAPAC, CAPAC, CnNST COST sPB
| (KW) (E6 BTU) (#) (8) (YRS)
t HOSPITAL (PRIV, OWNED)
2 CTV ~ - - 741,500 -
2 FC/eTy 400(B) 0 436,000 544,400 2,2
3 FC/CTV/M 400(B) 6,5 454,300 532,400 242
33 FC/CTV/H/C 400(B) 6,5 554,400 519,000 2,5
31 FC/CTV/ABS2 400 (B) 0 506,500 510,100 242
32 FC/CTV/ABS82/H  400(B) 3.2 515,500 603,800 2.2
52 FC/CTV/ABSY 400(B) 0 485,300 540,000 2.4
$2 FC/CTV/ABS1/H 400(R) 2,0 490,900 534,800 2.4
5 FC/ABS2 520(A) 0 684,400 514,700 3,0
35 FC/ABS2/H 520(A) 6,4 702,400 500,800 2,9
4 FC/ABS1 700(P) 0 #44,400 503,400 3.5
APARTMENT
19 CTv - = - 192,800 ~
19 FC/CTV 135(A) 0 147,200 138,600 2.7
49 FC/CTV/H 135(A) 1,4 151,150 135,900 2.7
21 FC/ABSI 235(P) 0 283,500 135,300 4,9
36 FC/ABS1/H 238(P) 4,2 293,300 125,800 4,4
RETATL STORE
27 CTV - - - 253,600 -
27 FC/CTV 65(B) 0 70,850 228,100 2.8
28 FC/CTV/H §5(B) 2,0 76,%00 222,300 2.4
29 FC/ABS) 300(P) 0 381,200 201,600 7.3
36 FC/ABS1/H 300(P) 3,8 391,900 192,100 6.3
OFFICE BLDG
23 CTV - - - 193,200 -
23 FC/CTV 85(8) 0 92,650 169,200 3.9
24 FC/CTV/H 85(8) 1,0 95,500 168,900 3.9
2% FC/ABSY 165(A) 0 195,900 151,100 4,6
37 FC/ABS1/H 165CA) 0,2 199,400 150,600 4,7
FC = FUEL CELL
CIV = ICENTRAVAC! ELECTRIC CHILLER
ABSY = SINGLE STAGE ABSORPTION
ABS2 = TWO STAGE ARSORPTION
H ® HOT SIDE THERMAL STORAGE
C = COLD SINE THERMAL STORAGE
8PB = SIMPLE PAYBACK PERIND
NPY =& NET PRESENT VALUE (15%)
IRR = INTERNAL RATE OF RETURN (AFTER TAX)

NPV
(s)

-
495,900
559,50v
593,700
604,600
644,800
439,200
455,600
334,500
410,600
137,200

101,300
114,920
«80,500
-25,400

39,570
«277,100
225,200

87.

IRR
(PCT)

35,2
36,4
33,6
35,5
36,0
31,8
32,
24,7
26,2
19,0

28,6
29,5

3,9
12,6

W D
oo i
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TABLE F4

EFFECT OF LOCATION

HOSPITAL (PRIYV, DOWNED),
$980/KW FUEL CELL COST IN 1985

FLEC.,
UTILITY

CON, ED,

GEO. P“Rl

A0S, ED,

NQJ.P.S.

coM, ED,

S0,CAu,ED,

SYSTFM

cTV
FC/CTV/H

CcTV
rC/CTV/H

¢TV
FC/CTV/R

¢TVv
FC/CTV/H

CTV
FC/CTV/H

cTy
FC/CTIV/H

INCR,
INST'D,
COSsT

($)

A54,330

454,330

454,330

454,330

454 ,33n

454,330

400

ORIGINAL PACE 1§
OF POOR QUALITY

KW FUEL CELL

1985
UTILITY

COST

(8)

741,000
524,200

682,700
478,600

£78,100
475,600

632,100
465,800

561,000
461,200

513,500
422,100

5PB
(YRS)

2.1

NPV
(%)

607,800

521,000

516,400

329,600

~31,870

=119,900

SBI

IRR
(PCT)

4

v
kS
¥
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i1
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9

10

89.

ORIGINAL PAGE IS
OF POOR QUALITY

TARLE F$
EFFECT OF RATE STRUCTURE ONLY

ALL CASES FNR WASHINGTON, OC CLIMATE
HOSPITAL (PRIV, UWNED), 400 K¥ FUEL CELL CAPACILTY
$980/KW FUEL CELL COST IN 1985

INCR, 1985
ELEC, INST!D, UTILXTY
UTILITY EYSTEM COST CUST 5PB NPV IRR
(8 (82 (YRS) {(8) (PCT)
CON, ED, TV o 741,500 . - -
FC/CYV/H 454,330 532,400 2,2 5%9,500 36,4
GEO, PWR, cTV - 701,000 - - -
rC/CTV/H 454,330 482,500 2.1 611,500 37,8
BOS, ED, TV - 677,500 - " -
FC/CTV/H 454,330 491,600 2,4 430,700 32,3
N.JDPUS' CT‘! - 6329600 - - -
FC/CTV/H 454,330 474,600 2.9 276,200 27,1
50,CAL,ED, CTV - 580,600 - - -
FC/CTV/H 4%4,330 453,300 3.6 108,700 20,4
CO“. ED. CTV ~ 528,700 - - -
FC/CTVY/H 454,330 444,700 5.4 =330,000 5.3



RUM

SYSTFM
cTV
FC/CTY

cTy
FC/CTV

TABLE Fb
EFFFCT OF TAXES

HOSPITAL, WASHINGTYON, DC
CoN, ED, ELFRCTRIC RATES
400 Kw FUFRL CELL CAPACITY

2

90.

AL MAGE 9

OF POOR QUALITY

£980/KW FUEL CELL COST IN 1985

INCR,
TAX INSTID,
OWNERSHIP RATE cOST
(PCT) (8)
TAX=EXEMPT 0 -
TAX=EXEMPT 0 436,000
PRIVATE 45 -
PRIVATE 48 436,000

1985
UTILITY
COST

(s)

741,500
544,400

741,500
%44,400

8PR NPV TKR
(YRS) (8) (PCT)

2.2 §$,076,000 47,7

2.2 495,400 3%,72
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NAT, GAS
ELRCTRIC

NAT, GAS
ELECTRIC

EFFECT OF ENERGY PRICE F8CALATION RATE

HOSPITAL (PRIV, OWaNED), WASHIMNGTON, DC
CQN, ED, ELECTRIC RATFES

8980/KW FUEL CELL CUOST IN 19€5
FC/CTY/H SYSTEM, 400 KW FUEL CFLL

ENERGY PRICFK ESCALATION

1985~90 AFTER 1990 5Ph NPV
(PCT) (PCT) {YRS) (s)
12 9
9 7 2,2 559,500
12 9
12 9 2,2 669,500

91,

IRR
(PCT)

36,4

3,6



s

e e

E,

SAMPLE TRACE OUTPUT SUMMARY
(Selected Pages)

92.



v ¥
e e =
e -
L A T
(€ 1% .
FATIAT

AU

croay

T\ - . - -
LTl f Ale - -
ol - . - .

. -
- .
- -

SLtL Y ALFR PRY FULD .

»E . . . . . -

LT Y AR pRv ouLR

FAELGY CONSLYPTION

rite FLEC Gacs
o= Kee T~FOp
nEax U EFPx Efax
1¢e73V4%,. 2€240° . Ce*C.
1EI 2T 1 THE 20, BEEBS o
1272400 12720, c25P e
17 e, SCETDT, 12C3Te
FES 20t 2ITN2. 127840 .
LA L 223=17, TN
Sl ko FLES .0 clde
2an 2l e 2rihaa. w15 e

jernr, PR

JEFEAe,,  FRutaty
S O O R - T

T 2

S - -
Dunna T, DegTre .,

Fa€- v FERSLAYTII

.
E=%e 5
1wt 7,

aln
cexr
walr
L £.8
Cw |N
sl
L BN
oA

LSRN
voage

cw IR

as¥ =
1¢90 G
FEAKR

114,

117,

L
~
-

CFeanl

L
cfax

7C1.

7i1C.

Tar 4

e Itnel

cilaG

STSTEM

4
.

’]

La wa

L~ = L ]

. & .
I
X%
PO
: .
Ce
‘e
£ .
i e
1*1a.
1 .
.
y ow
’, A\l

-~

L

It

rade

Avnd H0o0d 40

Bl 3uvd TVIICIHO

‘€6



. R B B i
5 3t T
L v B
CFe = TCTAL - . - - . - AN
€XIN
CH L = T LTEI A Aln - - - . MATM
[ B RO L - - - - . - [N 1N
v 1N
€ 11, SULYLY AlF CRY FULE - LR B
TRIN
CEATINS VEM . L] - . - - LN N
SETM
AT €LY Y A0 DRV oSuL - MiAfEL
oK N
wre T LY TAFRGY CONSLVYPTICH
T e FLEC Gas
LR Ky THERM
NE A OFFFK PEAKXK
JAa4 1£771%. 2C397% . IRt Sl
Fros 161727 17AE L. IHEES .
AT L 127582, 16372P. cPSE} s
L=t 1 1ToHe, PCETDT. 12C35.
MAY FLS2at 2172, 10730
L) 219, 22205107, R I
JrLy cEerlE, FtEST.D. AR BT t
aus 2045l 20544 « $752.
TFOT 1a7rss, 2A0473. GuENn.
LT Praris, 21, 11744, F
bt 17720, 184 7)%. 157 10 a H
oFn 160075, Z113Y40. ZUTF .
TirTAL DaAnaT?, P Treld. Isuned. IV
PR L X I § P R S FUIL A P | IR
Q=+ LE CRET SV CORSLAFTEON = Tar> i,

weT ER
1690 G
FEAK

114.

STYSTEM

1onZa, & . G 1C¢e% .0

c. 0.0 Ca2

e} 40 11400 .0 Z«Ca2

na L9 2311 et

[ ) .0 C.C

1%, 2.0 tf.C

Ce 0.0 C.9

213a IR TN ) 2xt .2

Ca J.0 D )

[+ e G e

Ne ‘1 a2 L."
CFwanLl
LAY
[~ -% 4
€c2.
.
7Cle
TiO0a
TaC .
L
Y17.
Pun .
Trta
r.r.
L S
it
vy,

S FEEEER LR I I LALPRER R B GRS
T o, CoMTIT I B Sanahd

ALIVYND ¥00d 40
Bl 39Vd TYNIDIHO

L I )
LETEAR B

‘L6



94.

ORIGINAL PAGE 19

OF POOR QUALITY

cnnaas]

i)wi

P

1

P -

ag >
e .08

“ucf

- e

=y i
LR}
TN eall

dan

walsis

7 s 7 R e . ot Tear £ N}

&5 kL IRETR N ¢ .
*3vdl sG22Il *QRLgwE *Lulnall
“ra *u Sl *0USRS1
®e 3 L L SR | LI P4
L . *te 18 L T |
e RO T bl LR "D242%
-2 g L L “NIIIZT  *QTLI?
“J4 LAl B4 1 ®3ITeTT CLawed
-, -..oh-ﬂ lﬂq.ﬁ -n lC.un,.-
ey b B4 B I *3I02  *JdJés
"L *2 spusral *uulict
=lp b cud il to=dlel
“la 3 *oa=221 *cudcsl
e ) >0 * 00" sl 0ol
»w 74 =343 ¥ads n¥ i3
LEETY 4% “m 4% =
“{*4D N4V D) EREE S NI 2

r sy 09 5en

R | e s “® Do v*C

3% 0*2 (TR v'o

(PRl B | LT STz gtz

2°0 o v v (TR ¥

%% RS Q5% 0" %

[ A 0*3 cro b RS |

24232 3°42 1*1:z2 [

ITRN ** 2°32: S*0dwas S*0=v

=Rg g c*0 c*o e

$*922371 0*%<331 Q°CCees 4°wulO}

L] i z 1

H/ZSPY/ PLD/>3 M 0%

i 1 3 |

el

Wvic
9 €O
LR VS

N = NllieaYanis AR -] 3.7 9%
yr3..2 2 WIlBeetiaNTd A iz INILTIAN
3 *dd IvER *uSlaie "Jiunld Ivied
. *idednrl *wJviat B {1
M *ees 9l A) e
Tyl *Gleuwl L3
*Idvad *1is®d2 “*léicrwl LessS
*3C1sC c3gce *wliel? v
Rl ST *HF e *g=rlal ACAr
*)nsliee *cacanl *CIvres? r.aor
*396ce *MILANSL *deldal A%
*siact *tevill “voraal Slods
*wlide *alwecil “lewasll nliwm
*3%35L *t2esL bl bl A | taa
*D.40W" L1051 *tIuadnl tel
uv 33 3345 Y. .d
Il maa4l ix 8]
LN L7 JaVs 2330 oA
%)l ldarizwld Adm dvd AVl b
Nl =
wlén - A Aoy @iV Alculs Sriliiad
Nl vy
wiv.a - - - - - - s DNLA: 4
wlins
vivaw * 303 AN alv aloIS NGV
Nlas
Miwva = =+ * - - * S%IL USNLYLID
“lva & = - - die i3l ) = 32
wins
Niwa * - - L = * WATL = w2l
a3l-A%
1% Ad Hed Ve "Se= aNARL I 2g e W



95.

ORIGINAL PAGE 18
OF POOR QUALITY

Wity

sTesanl 8

~551s

sge™s

*gIsa

b £ 0

“eiFel

bl Al T 4

az228

“rats

“$31s

ONvyenid

ere"nt

"I
T
“1iw?

ATwNIINTYs

.9 B = i ey 8 °< & |
-3 -1 -9 -5 *
4 -4 -0 ) .3
.5 . .5 “3 .y
o ‘o -0 *0 %
-n -n .- .s .r
0 -n -3 n gy
0 -n -0 o 0
L s < -3 -3 b
bt | o -0 “0 e
.g .¢ g .y .3
) .0 .3 .3 .
-2 e .o bd | b )
ALldwsed 93) A™=3ud 2> Y43 AN Y 3l 112
L - ‘ 0 s
. wry s CPcde L3 o . 0 s
L ] ¥ 7 J0%a2 s b - L] b <
1 MY 7 2L"3e . "o s of s
i Lo I L P ¥ ol - P °S L]
FRA L A ETE N R Wili 43I0 Linla wnalliloue
s eyl
31w Muer Y NIV
NI L4diwes *Jla
FNPINT NI VI xvi

23wl la NITA®l D Y0 T

walsis Isve

-

~oL
~J1
~IL
w il

RGC "3

ala*s
80> *C
L.
433*d
L TR ™
3w aA

sgleTal § *za.wlw $ Wil
*salas hlre 1 7 AN s <
*¥:T31 * .71t A5
“ycur. *ealBe 453
*9stt *ald e dc3s
L5582 *Tcide Sfe
“y*Ce * %S¢ A
e P E T *virve Nl
“40cE ‘e leeat At ..
ca-+31 *ediet =
*o9lzal o212 e
*l1anc? *L6T=Z ias
*Clevwd *edlix LLES
“vd Ji=irini Lot ]

SYY 130 ST O ASID) ALTTIAY ATNeei™ T

SWwioa
LA Bt | .
# £%9 1] £
s G6*0 . Fe
z ©°0 s 1
1540 1Sals ALt AS
] SVWALleed 45 iTad
bt SIAY: BWL d«laNl
3 4%z DT Ll
$pdavl Alr__ o
- SCJINEPL S AN_J~. 2
1 245 iediel 9wt d-uei
cs 2aalV L% 4~



96.

E19

OF POOR QUALITY

L PAQG

ORIGH

caZedicr

“flii=ea1}

“qerwiel

sheRnsl

“pleCe=l

suPeneLt

sZiea?l

*an AL L

(DAL A

sgfwgnn

canT] 5

AT AL L

eFan'ra

sr2wi i

a1

“reaez?

“ri%nEYd

ol - LY 3

ceZ0uNw

" Il%e

bR P

123443
004 M3YD

bt

“3

2

*2

-9

o

*3

e

"2

"0

0

-2

-3

b |

bt

=

2

-3

*d

3

*2

b

3

.3

.

*2

2

3

-C

|

-

b

-3

*o

233 Xyl
SIS CIRFLEED]

.r

“p

*n

=9

el

L1 9

*5

-%

.r

ISNTad 3
1%% W 0

*C

*0

33D
1we Nl

3neda G2

*c

*J

0

.3

-0

*0

*d

.

0

=

*2

*0

S4uvwl
AL i Jae

834 Wilaed 3D

v

D

*d

v

bl )

*3

-9

*9

-9

.0

bl 4

-c

*2

-0

“C

o |

45
Medlinita

W31lSAS 3SVY2

152)

*2

*d

"0

*

<

153D

s 13N

XoU0*st

iv 1542

*Cuals

*laelaw

*ErLww

*HlLIT
*iiEng
*tadi
e Pt T4
*"fi0es
*Ualsl
*oavee
*LNAce
*tzct?
“LaH5t
e L |
*Leetl
L T ] |
*tilesl
“Crevl

PR
A%lva

3104) 3417

*eswart [ 9
*cwlivie cl
*sel2ici 3 ]
LS = T a1
*ervivisd «1
*Josliwl =l
*odl s Ll |
Ceeubil 2 il
*atrisel i |
*Lcitisl 18
*Lewvsl el
AEEN PR | "
*lalewntl .
®*renavi !l 4
*weilicl .
IS R
SiwilsCl .
*LrCive *
*J* cvar &
Sid ik dé i
da..d ovaA
ALi uL"

cYils 305 aisy



97.

ORIGINAL PAGE 19

OF POOR QUALITY

LT

*ZTeLNn .

bt A L

b AL L 4

*e2001

1St

bt -l |

bl B o |

15

*ses

s te™

*iIs2

*arar

Cewm 12

S22 252

i & ol
"da
e P T

erqIn~

IINTNVINI Y

sag3? $ *iicm=-
L L e
- ® g
! 1 4 3.
sl v ofa-
s rem]-
i m-
s ge “e s~
“p2= L. .
a2 g~
L & L
*t12 L LY RS
e Ty
ALIDVYAYY) D03 a® + ;0%
s
. NI 7 LOceT
. L TR TN
L ML 72 CrCe
1 L W L I

IINPN LN

INITY L ivaas
INY W3 TNIME Y T

.
i
-
1

Twi N

ER NS

"3 3 *“n s G
. 828 g -
il 5 3 | " et
*nast -~ 0
*0¥1 .3 o
b r 2 | bt «d
L) t.r— .ﬂ ....
.,GJ- ‘J .c
'R 3 | e bl ¥
"0t 0 .3
Rl | b | -9
*23I1 -0 .2
bl B | "2 *0
) na LA IR 8 e
el - 1- 4 R 1 “23CIvs
“0 ¥ ‘e
“d 13 L
“J L] o
*C21 5 ] *L2otlas
L3 L34 4 TenJl aiudv

avy
MIue e ! TelwiVII

L B

vl
Tod da NITAWD Y 9003}

Walsis N/YSAV/AL1D)03 MoKy

-

"1

*alwed

b’ 7% 2

Sav1i)l wi

NI /4 %0
NJL £ 2%
Nab /4 0°0
. £ I°%5
4507 isvla

L TERCR Y |

L R

t B R |

8311

AVS"Ce

LR |

Suv A L

saim Coiue

*aee il iYL
Tivas b et
bl 2 T Al w
*Ises 40
*verd : e iy
"ot sive
bl 1 IR a LI’
*isly PR By
S da s alvy
Tiea? eV
T Wt
*93 € &3
" des N
Hrada’iz e als

L300 ALIVWILY AVeslvin

L

S mil

.

-

~

<

i
e .lA>
sWilewd s L*_ )
Y ] sel _«.J) %
b X AL ILE N
s idNl AR w3
b= BUFL NN SO I & PR |

13 2348 avwilcda

STyt i b

caald



98.

wd
o
.

!

OF POOR (

ORIG

IALITY

L 2 2 T By

*LLSLel

ETEI L]

122t

“eRr2ial

*ocsivOl

*Colses

*ew 3393

ermEa

Ll ]

esany2d

"G ~%,

L T L

L2209

*2Ts 0w

e Pl

coir>ag

b - ]

sgnre 2y

M AR ]

IS ERNE
A4 wne)

L %ad

“L7vi3

*LZTviE

24 I

*IT%c»

*t2wi=

*t2vs@

*e Tt h

o B J o

*§ ey n

it Ladk .

*IZH I

“rve e

b W |

LE R TR

rree

i L]

.2 P30

w9 a

Tinnesyg

*lidrs

“33307

R ELE

S ewe,

L

b i L g

e*zo7s

"t

A LT

SR £

¥vl

NITLel Dm0

A Pl )

-y

-0

iR ¢ e b

33x3Jou
TIY N i

L |

e

*2las

b Y B

b T

sxlry

153
BT ERER}

Pav.uk D2

“lesadl

e B ¥ 3 |

o Gl

*3Ileal

*sinwel

"aren

=101

T

Caul'h

supe3

MR

L]

«3

e

aluwy
ALMAt 12

I3 Wilevd 3C

Sue 28

*il 2y

*eviiw

S 3%

el T

b b Lo IS

2150

*feaatl

g B2 |

*iICes

3l

*xz 121

"

S T

*Td.0®

4532
Tl 1] el

wal1sas H/2sSV/ALD/D4

L1370 xboc*s!

Tl

“aewil

*Luawd

*acteog

! B

*Lozee

Tavtwe

*Tilew

*uiluls

*3d5ua

L T3

*dhe=S

*22331

ik BEE

sl

*sided

*iv0S?

TaluD

L I Y- |

"Wl dP

L3352
1% 1sipul

v 41S.))

*wrglel

b PR R B

"C1I501

*ulels

*vlush

*lullg

"Rty

‘el

"uivsd

b &4 B O )

"Citles

*slels

*HLEe

L rev

*SEdl v

*TLwdlw

*eS9il

3T3a4) 341N

® .0 S ee

"tL.lt v

i N |
*ee.ddd

- r %
kau? .
alliNan

’ s 'y *a

el

1

el

S1

L |

¢l



9"

OF POOR QUALITY

ORIGINAL PAGE (8

Yee®utm . e e Bee g 3 e~ s sl 2% JA "a o & o je, mlt o Av] NI AIVuAWC
sn=e "y s Seay b LR
*ars bt e B bl P v i
*=tit *Yli. 8w *sdelic
RIS | . " g L e N T
*3IVAT *ed® L™ L S R T
sny > L L R *fWivci
*wjar LE TR AL P4 *32enlc
L Y sld, Tug *siavis
- XL R TS E *Jisfie .
WL Bd B *deactedl "z dlw=-
cagny *lserdl?® *rteez
& LI P TN | *anistd
L BV | e Javgnl *ESLale
Ll A g *a3 1301 sgense
speenT L2 - i | Ll B LS T
"QrT e *saoecl *LledL2
srpa™ g W72ER *lwdS)
*L3y sravlzs *Lis230
seyif L P AEL 4 ol LT R
L FERTY | T EL R L

anaytYIc=

FINIA 33412 L5 4303 HSYDY dIvaa2ta9ld
138l 3 WNART C1L *T N AL A9 VoA LUl PR o
“wEW) AP

-0 s 5 oW R e e A E e e e R SR E s RE ® 4N imA441C alWNLJ LT Bt

“ oW AL @ =B E AR S E S e« ®« » »a 8 ® ®» » & ®» s ® o Fowsp asall 43JY 3VN2aAD ITIn

T 1] R SHCTRCEE TS SR T B T R T LE€I VY wuw) IviviaTalsl s =NIsA 1°%5%a3"0 A4aN

b b e LI 2 g e R BSOS RN ST e e A, O JATLyS3Vi0e - 2 EATAF¥ 0 Me) DV iz ¥aald 4TS Aol
Wi . S aT=SwINLIT 2" R ke L S oavtavss Y

s \ 2 | . ' - .

t



,

AL YTF 2T IVE a

desfi /ETYZXSSI¢Q*
AT 2TV
N Aty £F Fort 710 cata 1 I 3 4
I* TTALLED €I 87 n. St it L{rsCC. LEZLCCa
T ITY CLET (FIPST vyLra) 7T L. wh Ll . LR B LN ELILIv.
UTILITY CLT1 (FINAL wEFrn) Inyat i, e fe te CrIMLT. PeLerel.
AT TERANTE CCET (Rl yraT) 1e 40 LIS L & B Lol Jeltz2.
LIFr CYTLF "I an? " lt. leEe fmme BRI S N R 2351 3.
CC“e A& w1 SCH o OF f CCANC v 1 C C A TA
inTernBAL
FILST L %T DEAYNHALK L T el St PATE LF
CIFF{%chCE FLRICD VALUE KMETLiN
[ 8] {6t () tx)
AL TE2LATTIVE 2 == ALTEHRATIVE 1 v
=el1CCCa e .- TE3C 2 ra AT.E7
ALTELANAYIVE 3 —-— ALTERNATIVE B
Oo
faT592. 1. Fa Fil21u. 2712 ?759
38
ALTEINATIVE 4 =~~~ ALTCFRNETIVE 1 82
IR
[ - 3+ B oY £ « 1t BILIOL 2£ .39
[y
Al TS RATING 3 == ALTE-RATLVFE D = éf
. g2
ar+3C. 4. cTeLs . 26 oSy 3_:.
A TERNATIVE 6 —— ALTIRANATIWE 2 .
Q1€J0. 4. arfzil. 25.4¢C
—= ALTEHEt4aTIVE
S B TN - 1" . duar 2

‘00T



i o s ’ N : . - 7 e S Rl S R, €8 T EEE R SR e e
YT . FoRTEAHT,

T R o T e "‘""E"“"E?"’W
AR )
B

k

ExAmPLe
Dot L Lfaf%f) F%E?DFWL.£E£S

PEE I mTERLAY
LRI TA o FLsC FlLOBMILES X2 1T R Y i vt AT ek *~E¥ FLEC
S0 LAY ATG LLALC CHLE LZAD {r1k t Ll LCAC LAa) res LE LA hr JLCTIE  LoAD RECLIRED
HL LT [ AL ] [ (T KsS) (TLAS) (M) (4F 1) {s>tr) [P Y B R | () (A wr) (KamM)
1 | 1€~4 . 1™ C. Foe. [1 Je jag™ LA 2t 1. -E%G,
2 1c. 2d°9a. 17 . C. Tau?a 0. T T. e Inl. -4
z 172, 2171 . 12. ", e 8a Ca Ja - - 35 ~£ES.
L) 17. 2cAE . 12. C. EcE. O» Ca e Ja el -2 e
2 1l 219a., 11. C. 2L 2. a. €- c. Ca 2. -r5.
[ Day o, of 2 Ca 1054, O. €. Je L. gl al,
7 23 2771 . 23. €. 1Ca4. Oa 2. D Je L e 120,
< 1. o7, 1. C. 1170, G . e Co {Lve. 21t .
S A 7. rTTR. 17. C. 2ate. Do T J . f+ % LAV Fla
11 15. 3nTaa 15 0. 22, C. O C. 0. LI % 27.
11 148, A, 1a4. Q. 2iila De n. L G £%7. [
12 19, AT . 15 C. 1¢2¢., Ce Q. U . Je te27. 27 .
13 17. Icle . 17. [ 4711 0. Oa D Ca -4 2 8t
14 1+, Tafrt, 1°. Ce L R Na Je ~a Ca ter. [0
1= 24, 1217 E£3 . C. C. Ca I Ca o il 1.
1€ aAv. 1137, a4k, L “+Z . [+ T <. Ca €3 . Ssa
17 0. P Y 22, [ et Q- j1 38 . Jae Leta &L .
Ve 3. 17205 an . C. Pl. c. C. e O 1. 12%. —
1% 18, 12¢Fa ~a, 0. 1046 . 0. . Je e t76. 126. i.’
27 T, 1274 . PN Ce GFe €. G [ [ = Y A IS live Ea
21 L. 107, 2. C. SO0 n, 2. [ [’ L1~ 1ic. =
» 2 ?h. 1536, 2. c. 12, 0. 0. Q. T st €. ==
23 17. 1741 37 . C. 43¢, O. Ca C. [+ ] 334 . -t - ?.
ra 15, 1“7€a TS 0. Lt Y 0. T Je Ca 254, —££.

ALITYND 8004 40

&i IBV

*T10T

N L. S P -~ .
.Mmﬁ——;.m:&:‘,x!ﬂjm LT S N T ol T o i W s et e




102,

NAL PAGE 19

ORIG!
OF POO

LITY

#
;

r

1

it £
."v
151
= |
el
eIl
*Ric
Y 24
“Jaz
el B 4
*2az
222
“iv2
“ie*
*ezz
b 1
*Yee
L 4
o T4
O°ﬂ|
-
e
bl
ol | |

(<4nn)
UMy
IIVE 1

L]
L F Y
lh- \l
35
Ll Y
‘2
et
Ll ¥
H
A Y
ey
“3N
“yen
123
L R D
e B
"2t
-.\ »
ot ¥ 2
ldu"
LI
“iew
*"3Iew

fanw)
Cel1
bRRE]

-9
-n
or
-n
-,
“n
b
i
it
-
ol 4
-p
L

-
.

bt -
-n
-
.0
=3
-r
.
-9
-

- -

f4.a)

" daUd.v s

1% e

-2

(345200
vl
SEERY ]

.Nn lﬂ-
.u O°
.ﬂ. lU
0 bl <
.J .U_
s 4 “c
.S e
-9 -2
.ﬂo .e
IH— -u
i *w
"0 bl ]
“2 b
'" .c
*0 o
IrJ In
"lewl .0
bt S | -
LB 1 Y 2
b ] il | )
e 1 £ b |
~hdd g
LT -0
L] lﬂ.
(rge) LE TS ]
.l I
[

*2

.
a4
"h
.“.
“Tal
et |
b 1 |
b 1 |
* sl
*1,22
*avic
*5431
*wd2l
*Oudl
*351
-3

-3
.2
e
.2
-
-3
be?

- -

(muw)
v 20

*3W ve 28 & gV 0t R E

SAVIOxS VM

ERALZ2E

e

s s m. smEm-----

(5w
IEIT S04 IWIT 9V Jwld

(-NY%)

dana T

L

(< a)

Ny

. -

bl 24
® sy
5>
“dic
*232
b1 |
"ol
*El1
s

*rel
LS N |

el

-T2

= r M »

A LB U BRSO A S LU R S )

Lanll

(SR )

)

- e B s " o et ee

-

L |



103.

F. SAMPLE LOAD PROFILES
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