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PV HISTORY: LESSONS FOR THE FUTURE

SPECTROLAB, INC.
“" E.L. Ralph

PV Program Characteristics
CREDIBILITY AT HIGH LEVEL
PRACTICALITY HAS BEEN EMPHASIZED.
LARGE SCALE APPLICATION PROVEN FEASIBLE
LARGE TECHNOLOGY BASE (INDUSTRY, UNIVERSITY, GOVERNMENT)
TERRESTRIAL INDUSTRY ESTABLISHED

PRIDE IN BEING PART OF IT

Early Planning and Goals

CONVENTIONAL SILICON TECHNOLOGY ~ sz/wp (1975 $)
ADVANCED SILICON TECHNOLOGY ~ SO.SO/HP y
FUTURE POTENTIAL ~ $0.30/W, "

MARKETS CHANGE AS PRICES DECREASE
ReEMOTE + LDC VILLAGES * RESIDENTIAL * POWER STATIONS

INDUSTRY MUST BE WELL ESTABLISHED
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PLENARY SESSION: E.L. RALPH

PV Program History

o DBASED ON STRONG SPACE TECHNOLOGY (60°s)

® STRUGGLING SOLAR ENERGY SOCIETY PROVIDED BATKGROUND
o “A PLAN" presentep to IEEE/PSC (1970)

o NSF/RANN proGRAM SET GoALs (1971)

o NSF/FEA PROJECT INDEPENDENCE BLUEPRINT REPORT (1974)

¢ ERDA 10 vear pLAN INITIATED (1976)

Ma;or Accomplishments

o FiRM PV REMOTE MARKET ESTABLISHED
° SlO/HP MODULE IN PRODUCTION
0 32.80/HP MODULE TECHNGLOGY READY

® o DICHLORGSILANE SILICON PROCESS DEVELOPEL AND BEING APPLIED
CosTs REDUCED FACTOR OF 3 AND CAPACITY DOUBLED

® o LARGE CZ CRYSTAL GROWTH FURNACES AVAILABLE
MELT REPLENISHMENT, AUTOMATION, 4-6 INCH DIA,

@ SEVERAL SILICON SHEET TECHNOLOG!ES DEMONSTRATED
¢ MOoDULE DURABILITY IMPROVED - FIELD TEST DATA AVAILABLE

@ SYSTEM STUDIES INDICATE PHOTOVOLTAICS CAN COMPETE

® ALSO PROVIDED SIGNIFICANT BENEFITS TO OVERALL SEMICONDUCTOR INDUSTRY
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PLENARY SESSION: E.L. RALPH
Lessons for the Future
® THE TASK AHEAD IS LARGE (HIGH VOLUME LOW COST)

; o TIME SCALE LONGER THAN PREDICTED (> 15 YEARS)
BUDGET CONSTRAINTS, CAPITAL INVESTMENT, MARKET GROWTH, OIL GLUT

] @ PLANS MUST BE MODIFIED AND BECOME MORE SELECTIVE
o OLD PROJECTIONS AND GOALS MUST BE REEVALUATED
! ¢  MAINTAIN CREDIBILITY AND RELEVANCE (BE PRACTICAL)

1 ¢  RESEARCH ORIENTATION PROBABLY APPROPRIATE |
ACCELERATED PROGRAM WOULD BE WASTEFUL

g o o AR < o e

133




PLENARY SESSION: E.L. RALPH

Research Objectives

INCREASE EFFICIENCY

LOWER MATERIA'. COST

AvolD DUPLICATION (GOVERNMENT AND INDUSTRY)

EMPHAS1ZE HIGH RISK/HIGH PAYOFF

Research Needs

o MAJOR ADVANCEMENTS FROM CURRENT TECHHOLOGIES
(20-25% EFFICIENCY SINGLE OR SEMI-CRYSTAL S1 OR GAAs)

MODELLING AND DEVICE DESIGN (INC. EFF.)
MATERIAL STUDIES

DEVICE/MODULE PROCESSES

ANALYTICAL METHODS

RELIABILITY PHYSICS

o ADVANCEMENTS FROM "NEXT STEP* TECHHOLOGIES
(12-172 EFFICIENCY THIN FILM POLYCRYSTALLINE MATERIALS)

MATERIAL sTuDlES S1, CpTe, ZNP, GaAs, InP, Cu!nSez
EFFICIENCY IMPROVEMENT

CRYSTAL BOUNDARY EFFECTS

STABILITY PHYSICS

o  ADVANCEMENTS FROM “LARGE STEP” TECHHOLOGIES
(25-50% EFFICIENCY ADVANCED CONCEPT CELL DESIGNS)

MULTI-BANDGAP APPROACHES
SUPERLATTICE STRUCTURES
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OF POOR QUALITY

UTILITIES PERSPECTIVE QM
ELECTRIC POWER RESEARCH INSTITUTE

R.W. Taylor

“WouLD YOU TELL ME, PLEASE, WHICH WAY
| OUGHT TO GO FROM HERE?”

“THAT DEPENDS A GOOD DEAL ON WHERE
YOU WANT TO GET TO.”

Lewis CARROLL

Weekly U.S. Electric Consumption
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PLENARY SESSION: R.W. TAYLOR ORIGINAL DAL 1S
OF POOR QUALITY

The Solar Equation

Load Forecasts

Energy Displacement

Caoacity Displacement OPERATIONS -
Mix Reoptimization

vy

System Reljohrility
Reserve Margin
Maintenonce
Dispatch

Weather Forecasting

Plant Construction
TaD Construction

Financing Performonce Characteristics
Incentives Solar Power Device
Environment Interface Components
ownership Existing System
Sofety Cost
PV Value Analysis Comparison
] _] OIL
2 7] coaL
NN NUCLEAR
ENERGY 15 4
DISPLACED
101U Z
KN
4 10 1 /
/ %
| / | /
7“7 7/
\ 7
\
CAPACITY NPS/spp FPL MEES N LAWP NC  E  F
FACTOR 258 224 1.7 158 2.0 185 23,3 15.8
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PLENARY SESSION: R.W. TAYLOR OF POOR QUALITY

E B i 4 e R

1985 Load Profile and Fuel Mix: Reference Case
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1998 Load Profile and Fuel Mix: Reference Case
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PLENARY SESSION: R.W. TAYLOR OF POOR QUALITY

Regional Electric Generation by Principal
Energy Sources (by Percentage of Total)
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PLENARY SESSION: R.W. TAYLOR

Conventional Plant Characteristics (1982 $)

COAL OIL
(Subcritical S00MM) (Combined Cycle 250MM)

TOTAL CAPITAL REQUIREMENT $1113-1246/KN $496-653/kN
FIXED Ogh $14.9-19.5/KN-yr  $6.2-8.7/KN-yr

; VARIABLE 0aA $0.0024-0.0054/kh  $0.0014-0.0021/kih

j HEAT RATE 9970-10410 3600-8685

_; FUEL COST $1.50-2.60/10° BTU  $6.00-8.00/10° BTU

REAL ESCALATION 1z/yr 0-32-vr

| INFLATION 8.5L/yr DISCOUNT RATE 12.5%/yr FCR = 0.18
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PLENARY SESSION: R.W. TAYLOR OF POOR QUALITY

Range of Costs for Two New Generation Sources

m -
5 -
2 4
LEVELIZED
15 4
ELECTRICITY
COST
(¢/xih) 10 1
S
Puel ond
Varisble
Odit Omly
0 Y T T T Y T 1

0 0 Y| b 1] 0 D €0 n
CAPACITY FACTOR

Additional Sources of Competition

New BaseLoap Capacity

Increasep RecionaL Power PooLin
CONSERVATION AND LOAD MANAGEMENT
STORAGE
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PLENARY SESSION: R.W. TAYLOR Gk PIOT 3
OF POOR QuaALITY
Critical PV S stem Parameters

SvsTeEn EFFiciENCY - /? MoowLes X ?ms
Svsven Cost - [ Moowes + $80SD[ + Inntrec] + $02N
SYSTEM VaLue = F (UriLity, PERFORMANCE)

Project Cost by Cost-Account Categories
of Current Experiments

poasfct ws [ we, Juomsia Jwor an | wen s Jscr. s s
COST CATEGORY wd U s, Qo [ s Psed [ s, Lol [, [snd [ s, [snd ] w,
Ensimseaine 593 |10.56 | 329 3.9 %] 1LB] S0jsalg Wil ¥ Le
M Meswss 576 110,25 [ 1050 (34,8 | e fae3s § s H 7s Lags | s

SraucTuns w1 s|[26] u|lew] wlok] wlee] 2|22
Fowmation mloen]zz|{in] njesn] nlisfinalia]l nlse
Civie Vees sajes ] ] ] . s|iw] wlzs] mjae]is 1.
fuscTaicaL nsfsml wlen] sjrael sl misw] n)os
o, Com. Crme. J 208 {3 Jaus}ann] )25 10[220) 150238 %] 0
Mipims SAl0% § (D] 18] W Rnjow njon] |
TOTAL 112 30,08 J2069 12300 ] 1536 [25.28 | 195 {29.%5 ] 1975 N0

Nores: (1) Meoe-Mounten. (2) Convmon Lecaten In Aresication Buitdins. (3) Meos-fountsa, Misces Cast.
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PLEMARY SESSION: R.W. TAYLOR

ORICINAL FAGE 3

OF POOR QUALITY

Central-Station Balance-of-System Cost Summary

{December 1982 $)

_lﬂc FLAT PLate
L[
ARRAY STRUCTURE 28.6
MobuLt INsTALLATION 7.1
Foumparion 5.3
LaxD 1.0
S17E PREPARATION 8

Roaps, Femces, Otver Civie 1.7

DC Sussysten
Power CompiTiominG
AC SuasYSTEM
SwiTCHYARD

Station Power 0.3
INSTRUMENTAT ION 1
GrROUND ING 0.9
Surce ProTECTION ]
ToraL BOS Fiewp Cost 58

L]
3
12
14

143

*ARRAY STRUCTURE & TRACKING IncLuDED wiTH MoobuLt Cost

Balance-of-System Efficiencies (%)

Iven

MoouLe DeGRADAT ION
DIRT AccumuLATion
MoDuLE MisMATCH
INTERARRAY SHADOWING
DC Sumsvstem

Powtr ConDITIONING
AC SupsySTEM
Sw1TCHYARD

" 7108 Power

T0TAL

FLATPLATE

%
%
9
9.5
9.4
9%
9.5
9
9.9
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CONCENTRATOR
e 00
13
)Y
2.6
15
2.9

3
93
15
18
0.8
3.5
1.3
A -
60 195
CONCENTRATOR
%5
95
97
9,9
m [ ] 9
95
99
9
9.9
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PLENARY SESSION: R.W. TAYLOR

Operating and Maintenance ($/m2-yr)

I3, ] ELATPLAIE CONCENTRATOR
OPERATORS 0.54 0.4
PLANT MAINTENANCE 0.9 1.36
ARRAY CLEANING €~1/mO0) 0.51 0.51
MoouLe Repracement (0.21/vR) 0.27 0.28
.28 2.69

Indirect Costs

Owner's Costs 62
(EXCLUDING LAND)

A& E Fee 62
(MINIMAL MODULE CHECKOUT)

ConTINGENCY 202

Interest During ConsTRuUCTION 122

(3 YR CONSTRUCTION PERIOD)

o~ -, .
e .

OF POUR GuAkicY
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PLENARY SESSION: R.W. TAYLOR

Flat-Plate Cost-Efficiency Tradeoff

REQUIRED BRET 20¢/Knn
ACITY FACTOR 0.2
BOS POn.R COSTS  $143/KN
5¢ M COSTS $2.20/n%yr
AVG PEAX DESOLATION 1000 w/m?
S EFFICIINCY 0.91
INDIRECT COSTS 0.50
0 o o I L g T v
0 50 100 155 200
MDULE COSY
($/n2)
.. EroI s
ORiGES - -
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0 OR QUALITY
PLENARY SESSION: R.W. TAYLOR F POOR Q

Concentrator Cost-Efficiency Tradeoff

Sysren
Mope 257 50 50 00
- m‘?
v 51 N-T T/
* o3 & 0
o1 —dl BOS AREA
; 2 '“.r E COST ($/kd)
‘ 5t /
S 0t REQUIRED BBEC 15¢/x0n
0 01 CAPACITY FACTOR 0.34
3 10 % / BOS PONER QDSTS sus/lu
§ 0w  COSTS 389/--!1'
, 5| AVG PEAX INSOLATION S8l
y S ¢ BOS EFFICIENCY 0.80
/] OPTICAL EFFICIENCY 0.84
INDIRECT COSTS 0.50
0 0% — * * ($/WN)
21 1
5 J GEOMETRIC
3 CONCENTRAT 10N
10° 1 Ratio
2 10
3 5 W
Receiver  10% | \ 50
: ) 00
($IN}R) 2 %
y S <
1 101
] ) J 090
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PLENARY SESSION: R.W. TAYLOR OF POGR QUALNTY

Comparison of Typical Efficiency Ranges

THEORETICAL PossIBLE Q)

3
‘ LABORATORY ProTOTYPE CELLS - R O N
Fiew TriaL ProtoTYPE CELLS N 0)

ComeRcIAL CELLS ©
ComeRciaL MobuLes @)

AM 1, 28°C EFFICIENCY (X)

Daily Performance of Lovington Array During 1981
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