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Table A9.3 Intermediate load center systems

Project Operational Array Inverter Buyback
Mead, Nebraska Jul *77 13.5 kW), Solarex NOVA 3 @ 10 kVa None
1.46 kW Sensortech
Bryan, Ohio Aug '79 15 kW Solarex DC None
Mt. Laguna, California Aug '79 49.5 kW, Solar Power DECC 75 kVA None
15.1 kW, Solarex
Natural Bridges National Jan "80 47.3 kW, Motorola Cyberex 40 kVA None
Monument, Utah 17.9 kW, Spectrolab
31.3 kW,, ARCO
Newman Station, El Paso, Dec "80 17.5 kW, Solar Power DC None
Texas
Mississippi Country Com- May '81 240 kW, Solar DECC 300 kVA 100%
munity College, Blytheville, Kinetics Parabolic
Arkansas Trough-Solarex Cells
Northwest Mississippi Junior Aug "81 50 kW,, UTL GaAs Windworks 300 kVA None
College, Senatobia, Mississippi 50 kW, Team 6X
50 kW« SKI-Solarex
I kW Photon Power CdS
Lovington, New Mexico Apr 81 100 kW, Solar Power DECC 2 @ 60 kVA None
(Continued)
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Table A9.3 (continued)

Project Operational Array Inverter Buyback
Beverly HS, Beverly, May '8} 100 kW,, Solar Power DECC 2 @ 60 kVA 100%
Massachusetts
Oklahoma Museum of Aug '8l 135 kW, Solarex Windworks 150 kVA 100%
Science & Art, Oklahoma (reflector)
City, Oklahoma
BDM Office Building, Junc "81 47 kW, SKI Parabolic Westinghouse None
Albuquerque, New Mexico Trough—ASEC Cells 62.5 kVA
Wilcox Hospital, Lihue, Aug '81 35 kW, Acurex Westinghouse None
Kauai, Hawaii Parabolic Trough— 62.5 kVA
ASEC Cells
Dallas-Fort Worth Airport Nov ’81 27 kW, E-Systems Jim Ross & Assoc. None
Linear Fresnel— 27 kVA
ASEC Cells
Sea World, Orlando, Florida Dec '81 110 kW, GE Parabolic Windworks 150 kVA None
Trough
Sky Harbor Airport, Dec "81 225 kW, Motorola PF Power Systems & None
Phoenix, Arizona Fresnel Controls 250 kVA
San Bemardino West Side Oct "8 35 kW, Solarex DECC 75 kVA 100%

Community Dev. Corp.
Concrete Plant, San
Bemardino, California
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a-Si:F:H, 208-210
a-Si:H, 208-210
AM]1 sunlight, 73
Absorption coefficient, 45, 204-207, 215
Acceptance angle, 98
Acceptor, 41
Air mass number, 21, 264
AlAs, 203
AlGaAs, 268-269
AlSb, 203
Ambient, effect on cells, 72
Amorphous materials, 73-75
Amorphous silicon (see Cell types, amorphous
silicon)
Annealing, 72, 76, 193-195
Anodization, 196
Antireflection coating, 70, 81-83, 196, 199,
212, 213-219, 264
Applications:
airplane, 137
alarms, 137
automobile, 174-175
cattle fence, 137
central power station, 136
communications, 136, 148-149
consumer electronics, 137
instrumentation, 286-287
imigation, 137, 146-147
lighting. 136, 143
navigational aids, 133
radio, 136, 139, 151, 286-287
railroad, 136
refrigeration, 137, 143, 286-287
remote, 147-150, 286-287
repeater station, 136, 149
residential, 139, 288
television, 136, 149
village power system, 136, 139-144,
286-287
waler pumping, 136, 143, 146-147
water purification, 136, 148
Array (see Concentrator)
Armay fabrication, 83
Auger recombination, 216
Automated processing, 90

Back-surface field (BSF), 65, 193, 264
Balance-of-system (BOS), 72, 138, 140, 158,
264

Bandgap, 40, 206-207

direcvindirect, 46
Bandgap narrowing, 216
Barrier layer, 81

Battery, 115-116, 124-125

lead-acid, 124, 143, 145
redox, 125

Blocking diodes, 143, 145, 217
Bridgman process, 182-184

Butyl rubber, 197

Buy-back, utility, 141, 165-171, 173

Carrier:
majority, 41
minority, 41
Cathodic protection, 133, 137
CdS (see Cell types, cadmium sulfide)
CdSe, 203, 214, 220, 268-269
CdSe, 268-269
CdTe, 203, 204, 214, 220, 268-269
CdZnS/Cu;S, 214, 217, 220, 268-269
Cell, concentrator (see Cell types,
concentrator)
Cells, commercial availability, 129, 282-284
Cell types:
amorphous silicon, 9, 151-152, 192, 203,
204, 208-210, 214, 220, 268-269
cadmium sulfide, 85-86, 131, 192, 203,
204, 210-211, 220, 268-269, 289
cascade, 242
concentrator, 108-109, 227-235, 238-247,
289-290
dendritic web, 186-189
discontinuous junction, 226
edge-defined film-fed growth (EFG),
186-189, 197, 265, 268-269
flat-plate, 129-131
front-surface-field, 226
gallium arsenide, 9, 129, 131, 203, 204,
220, 268-269, 289
graded-bandgap, 233
heterojunction, 224
high-low junction, 230
induced junction, 225
interdigitated-back-contact, 230
liquid-junction, 227
MIS, 10, 209, 225, 265, 268-269
MOS, 10, 265
multiple pass, 227
multiple-junction, 227-230
n-on-p, 19
organic, 9, 203, 213, 214, 220, 268-269
photoelectrochemical, 8, 9, 192, 247-251,
266, 268-269
p-i-n, 209-210, 268-269
photoelectrolytic, 247-251
photogalvanic, 248
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Cell types (continued):
pn junction, 10, 79
polycrystalline, 9, 131, 134-135, 184-185

CulnSe,, 203, 204, 210-211, 220, 268-269
Current, short-circuit, 54
Czochralski (CZ) process, 77, 182-184, 264

ribbon, 9, 180
Schottky-barrier, 10, 196, 205, 212-213, Damage, 76, 193
224 Defects, 74, 186, 208

semicrystalline, 9, 268-269

silicon, 70, 129-131, 203, 204, 214, 220,
268-269, 286-250

spectrum splitting, 238-242

tandem-junction, 226

thermophotovoltaic, 9, 244-247

thin film, 8, 213-220, 268-269

Degeneracy, 216

Dendritic web, 9, 168-169

Depletion region, 50, 52

Developing nations, 86, 173-174, 265
Diffusion, 79, 201, 205, 217

Diffusion coefficient, 48

Diffusion length, 48, 205, 208-209, 215

V-groove multijunction, 230 Diode, 53
Chemical vapor deposition (CVD), 182, 191, Dipping, 85

212, 264, 268-269 Donor, 41
Chopper, 116 Dopant, 40

CLEFT process (see Epitaxy)
Collection efficiency, 56
Collector:
tile, 3§
tracking, 19-20
Concentration ratio, 96
Concentrator, 8, 96-106
compound parabolic, 104
fresnel lens, 103
holographic, 105
imaging/nonimaging, 97, 104
luminescent, 105
one/two-dimensional, 97
parabolic dish, 105
parabolic trough, 101 buy-back by, 141, 165-171, 173
truncated compound parabolic, 104 connection to, 118-121, 125, 169,
Concentrator arrays, 133, 139, 141, 149-150 171-173
Concentrator cells, 8, 9, 108-109, 129-130, Electrodeposition, 89, 192, 196, 268-269
132-133, 227-235, 238-247, 268-269, Electrodes, 81-82

Doping, 71, 79-80, 193
Doubling time, 15
Drive-in, 80

Economic feasibility, 133, 155-158
Efficiency:
of cells, 129, 157-158, 268-269, 271-275
collection, §6
conversion, 59, 60-67, 129, 157-158,
268-270
effect of bandgap, 60, 203
effect of intensity, 63, 108—109
effect of temperature, 61-62, 110
Electric utility:

289-290
See also Cell types, concentrator

Concentrator systems, economics of, 106-108

Contacts, 205, 213, 215
Cooling, 110-111
Copper sulfide, 85
Cost:
balance-of-system, 160-161
of concentrator cells, 11, 13, 129
of electricity, 158
incremental, 169
levelized, 159, 175
life-cycle, 165-168
marginal, 172
of solar cells, current, 11, 13, 129, 132,
140, 146, 158, 160-161
of solar cells, goals, 11, 13, 79, 91,
161-165, 197-199, 218-220
Cover glass, 83
Crystallinity:
of cell material, 9, 73
semicrystalline cells, 8, 9, 73
Cu;0, 203, 204, 220
Cu,S, 203, 204, 219, 268-269
Cu,Te, 203, 220, 268-269
CulnS/CulnS;, 203, 204, 214, 268-269

Electrolysis, 8
Electron affinity, 215, 217
Electronresist, 71
Encapsulant, 90, 196-197, 217, 219
Energy:
demand, 11, 12, 163-164, 170, 279-280
efficiency of utilization, 11, 12, 15
Energy-band diagram, 42
Energy content, of materials, 87-88
Encrgy gap, 40, 203-207, 215, 275
Energy payback ratio, 72
Energy payback time, 15, 72, 79-80, 199
Energy storage, 8, 122-126
Energy use, 12, 153, 157, 260
Environmental effects, 73, 86-87, 144
Epitaxy, 265
CLEFT process, 190, 268-269
liquid-phase (LPE), 182, 190, 265
molecular-beam (MBE), 190-191, 265
solid-phase (SPE), 182, 266
vapor-phase (VPE), 182, 190, 267
Equation of time, 99
Equinox, 18
Etching, 83
Evaporation, 81, 191-192, 208, 268-269
Experiments, 271-275



f-number, 98

Failure (see Reliability)

Field-assisted bonding, 197

Fill factor (FF), §9, 265, 268-269
Fixed-charge rate, 159-160

Flat-plate cells, 9

Float-zone (FZ) process, 77, 182-184
Fossil fuel, 6, 11, 13, 86-87

Fresnel lens, 103

Fusion, 17

GaAlAs, 190
GaP, 203
GaAs or gallium arsenide (see Cell types,
gallium arsenide)
Ge, 203
Gettering, 193
Glass:
float, as substrate, 86, 89, 180, 192
low iron content, 84
Grain boundaries, 74, 86
Graphoepitaxy, 191
Growth:
of crystals, 77, 182-184
exponential, 15
logistic, 14

HEAT computer simulation, 281
High-level injection, 53

Hole, 40

Hydrazine, 83

InP, 203, 210-212, 214, 220, 268-269
InSe, 203, 214
Index of refraction, 74-75, 82-83
Indium-tin oxide (ITO), 196, 212, 213, 265,
268-269

Injection, carrier, 50
Insolation (see Solar radiation)
Integrated circuit (IC), 70-72, 265
Intensity, of sunlight, 6, 11, 157, 260, 280
Intermediate load center, 158-165, 289-290
Intrinsic carrier concentration, 41
Inverter, 118-121, 141, 288-289

and power grid, 118-121

stand-alone, 118
lon implantation, 72, 76, 193-195
I-V characteristic, 271-275

Junction, pn, 49
Kerf loss, 77

Langley, 260

Laser processing, 193-196

Lattice mismaich, 216

Leaching, 196

Lens, of camera, 82, 98

Less-developed countries (LDC), 86, 265

Levelized cost, 159, 175

Lifetime:

minority carrier, 46, 74, 76, 193, 195, 205,

275
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recombination (see Lifetime, minority
carrier)
Lightning, 140
Losses, 216

Maintenance, of PV system, 153, 158-159
Market fraction, 14

Materials, availability of, 72, 90
Maximum-power point, 59, 117

Mead, NB agricultural system, 138, 144-146
Merocyanine, 203, 214, 220, 268-269
MG-Si, 77-78

Microirrigation, 146-147

Microwave lifetime measurement, 76
Migration 86

MoSe,, 268-269

Mobility, 42, 205

Modularity, 11

Modules, 130-132

Navigational aids, 133

Ohmic contact, 81

Oil, 6

Open-circuit voltage, 58, 271-275

Optical absorption coefficient, 45, 204-207,
215

Organic solar cells (see Cell types, organic)

Ownership, of PV system, 153

Oxidation, 71

PERSPEC computer simulation, 277-279

Phase diagram, 183

Photoconductor, §7

Photodiode, §7

Photoelectrochemical (PEC) cells, 8, 9, 192,
247-251, 266, 268-269

Photoelectrolytic system, 247-251

Photolithography, 71, 77, 191

Photon energy, 42

Photoresist, 71-72, 266

Photosynthesis, 81, 213

Photovoltaic cloth, 186

Photovoltaic effect, 6, 8, 39

Photovoltaic shingle, 150, 288

Plasma deposition, 192

Plasma etching, 71

Polycrystalline materials, 75, 181, 191-192,
196

Polymethylmethacrylate, 84

Polyvinylbutyral, 196-197

Power conditioning, 114, 121-122

Power, maximum, 271-274

Predeposition, 79

Printing, of contacts, 219

Production rate, of cells, 10, 13, 88-89, 90,
201

Properties, of semiconductors, 74, 204-207,
221

Pumped hydro storage, 125-126

PURPA, 196

Pyrheliometer, 24
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Pyranometer, 23, 24
shading-ring, 23, 24

Quad, 11, 259
Quarntzite, 77

Rapid-quenching process, 185, 187~190,

268-269

Recombination, 46, 76, 86, 186, 216
Auger, 48

Recombination center, 48

Recrystallization, 195-196

Rectifier, 53

Reliability, 138, 140

Residential lighting, 136

Reverse saturation current, 51

Ribbon-against-drop growth process, 192

Ribbon cells (see Cell types, ribbon)

Ribbon, self-supporting, growth of, 185-190

Ribbon-to-ribbon regrowth (RTR), 188-190,

266
RTV, 84

SAMICS computer simulation, 197, 218-219,
279
Satellite power system, 251-254
Schottky junction, 53
Schuchuli, AZ project, 142, 287
Semiconductor, 40
intrinsic, 41
Semiconductor grade, 77-78
Semiconductor-insulator-semiconductor (SIS),
212
Series-parallel connection, 84, 144-145
Series resistance, 65-66, 81, 109, 216-217,
227-232
Shingle, photovoltaic, 150, 288
Short-circuit current, 54, 271-275
Silicon (see Cell types, silicon):
metallurgical grade (MG-Si), 77-78,
184-185
semiconductor grade (SeG-Si), 77-78
Silicon carbide, 209
Silicone, 84
Silicon-on-ceramic, 187-188, 192, 266,
268-269
Silk-screening, 81, 196, 199
Simulation, computer, 144, 164—168, 197,
218-219, 276-281
(SN), polymer-semiconductor cell, 212-213
Solar altitude, 21
Solar breeder, 195, 199-200
Solar concentrator (see Concentrator)
Solar constant, 18
Solar flux (see Solar radiation)
Solar noon, 19
Solar power satellite (see Satellite power
system)
Solar radiation, 20-34
AM1, 22
geographical distribution, 28-34
map, U.S., 28, 30, 31

map, world, 32, 33
measurement, 23-26
seasonal variation, 29, 34
Solar simulator, 85
Solar spectrum, 23

AML.5, 262-263
Solar tracking, 19, 28, 99
Soleras project, 139, 141
Solidification, 181
Solstice, 18
Space power system (see Satellite power
system )
Space-charge region, S0
Specification sheet, 134-135
Spectral response, 56
Spectrum, solar, 262-263
Spectrum splitting, 238-242
SPICE computer simulation, 281
Spraying, 196, 199, 212, 219
Sputter deposition, 89, 192, 208, 212
Stability, of cells, 210
Stepanov growth process, 186-187
Storage, battery, 143, 144, 172
Sun, -earth motion, 17-20
Suppliers of cells and PV components,
282-284
SUPREM computer simulation, 277
Surface recombination velocity, 51, 65, 226

Tandem cell, 242-244

Tax credit, 156

Temperature effects, 217, 271, 275

Texturing, 83-84

Thermal activation, 181-182, 201

Thermal conductivity, 205

Thermal energy, 110-111

Thermal expansion, 205

Thermophotovoltaic (TPV), 9, 244-247, 266

Time-of-day pricing, 175

Tin oxide, 212

Total energy sysiems, 139, 149-150, 153

Tracking (see also Solar tracking):
maximum-power-point, 114-118, 116-118

Transients, power line, 172

Trap, 48

Trichlorosilane, 77

Tunneling, 217

Uninterruptible power supply (UPS), 146
Units, 259-261
Utilization factor, 159-160

Voltage regulation, 143

Wafering, 77-78, 180
Winston collector, 104
WSe,, 268-269

Zn,P,, 203, 204, 220, 268-269
ZnP,, 214
ZnTe, 203



