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A

absorbent glass mat (AGM)
batteries, 123

abundance, of sunlight,
9-10

affordability, 10-11

agricultural operations, electricity
vs. solar, 141

agrivoltaics, 18
angle

roof, 47

tilt of panels, 57-58

assess site, readiness and
conditions, 259

asset management, 198
asset value, 266

attic ventilation, 71-72
azimuth, 58-59

bad-panel misconceptions, solar
power, 275

bankability, 196

batteries

adding storage, 114
capacity, 124, 226
characteristics, 226
dispatching, 226
duration, 226
gravity, 231

green hydrogen, 232
iron flow, 229

lifetime expectations,
126-127

lithium-ion, 123, 227-228
maintenance, 125
off-grid, 124

risks, 127-128

round-trip efficiency,
125, 226

sodium-based, 230
storage, 16
technologies, 227
thermal, 234

types of, 124, 226
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benefits
carbon emissions reduction, 265
energy independence, 266-267
energy price stability, 264

ESG scores and public
perception, 267-268

job creation, 268

local economic growth, 268
lower electricity costs, 263-264
modularity and scalability, 269
property and asset value, 266
with PV Systems, 52

silent and low-maintenance
operation, 268-269

tax incentives and rebates,
264-265

branding opportunities, solar
installation, 155-156

budgeting, long-term, 138
bureaucracy, 17

business type, solar installation,
135

buyers, 200, 202-204
emerging, 203-204
original, 203
payment, 200

request-for-proposals (RFP)
process, 201
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types, 202

utility-scale solar power, 202

C

cadmium telluride, 45
capability, solar, 145
commercial properties, 146
misconceptions, 276
open ground, 146, 150-151
parking lots, 146, 148-150
rooftops, 146-148
capital stack, 194
carbon dioxide (CO,) offset, 8-9
carbon emissions reduction, 265
carbon footprint, 8-9
carbon reduction, 139
carports, 148, 149
supporting structures, 151
clothes dryer, 75

commercial and industrial (C&l)
properties, 139

common use cases, 140

form and location, 140-141

operational characteristics, 141
commercial solar power, 157

annual energy production, 166

buy-in, 163-164



commissioning, 168-169
costs and savings, 162
equipment specifications, 167
groundwork for, 164-165
hiring EPC, 165-166

impact of, 162-163

internal rate of return (IRR), 163

modeling, 161-162

net present value (NPV), 163

pattern, 161

projects, 14-15, 161

project timeline, 167-168

property solar-ready, 144

proposals, 166
commissioning, 168-169

Community Choice Aggregators
(CCAs), 201, 202, 204

community engagement,
192-193

community solar, 32-33

compressed air energy storage
(CAES), 233

contractor, 91-94, 258
bid comparison, 92-93
commitment, 93-94
contract term, 201

cost, 92

equipment details, 92
experience and references, 92
incentives and financing, 92
inspection coordination, 91
installation, 91

interviewing potential installers,
93

outliers, 91

permitting, 91

project timeline, 92

site assessment, 91
system design, 91

utility interconnection, 91
warranty information, 92

working with, 94

cooling impact, of window

treatments, 71

cost. see also financing

calculations, 62-63

of electrical energy, 136-137
of energy consumed, 20
installation process, 83-84

misconceptions, solar power,
274

operational, 136-137
savings, 136

thermal battery technology,
234
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curtailment
dealing with, 208
drivers and responses, 208
events, 198

provisions, utility-scale PPA, 201

D

Database of State Incentives for
Renewables and Efficiency
(DSIRE), 102

DC and AC ratings, 60-61
debris, 112-113

debt, 195

delivery point, 201
dents, panel, 16
developer, 184
dishwasher, 75

dust, 42, 47

Earth-based solar vs. space-based
solar power systems, 212, 214

economics
benefits, 136
growth, 268
installation costs, 277

efficiency, solar panels
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appliance upgrades, 74-75
components of, 237-238
with everyday appliances, 74-75

first to reduce system size and
cost, 256-257

real-life limitations, 238

space, 237

system size and cost, 256-257
electricity

averages United States usage,
29-31
billing, 110
accounting for anomalies,
26-27
appliance events, 27
billing quirks, 27
construction/renovation, 27
ledger, 25
lifestyle changes, 27
meter reads and usage, 21
monthly data, 25

regional ranges in
monthly usage, 30

service address and billing
period, 21

weather extremes, 27
commercial, 137

cost of, 53-54, 136-137,
263-264



cost savings on, 63

delivery and transmission
charges, 21

energy charges, 21
energy use data, 31-32
time-of-use (TOU) rates, 257
electric vehicles (EVs) charging, 54, 115
electrification, 139
energy, 20
affordable form of, 10-11
efficiency, 68-69
independence, 266-267
price stability, 264
usage data, 22-23
energy-efficient mortgages (EEMs), 105

energy management systems
(EMS), 250

advantages for grid, 251-252
at home, 251
for office, 251
platforms, 250
solar power with, 251
energy output, 61

engineering, procurement, and
construction (EPC) team

commercial solar power,
hiring, 165-166

partner, 193

selection and procurement,
193-194

utility ownership, 177

Environmental, Social, and Governance
(ESG), 136

corporate sustainability, 142
at schools, 141

scores and public
perception, 267-268

environmental studies, utility-scale
solar, 189-190

equity, 138, 195

F

Fannie Mae’'s HomeStyle Energy
mortgage, 104

financing, 194, 196
energy-efficient program, 104
on home-improvement, 104
options, 103
and system access, 106

fire safety and code requirements,
154

flexibility, 11

flooded lead-acid (FLA) batteries, 126
risks, 127

fluctuation, 225
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fog, 42
force majeure, 201
fossil fuel
power generators, 225
sources, 11-12
fountain, solar, 79-80

fuel, protection against price,
138

G
gravity storage technology, 231
green button initiative, 23

green hydrogen technology,
232

grid
accountability, 119
costs, 120
grid-tied setup, 33
integration, 207, 260
vs. off-grid system, 117
reliability, 272
ground-mounted solar arrays
advantages, 150
for businesses, 150
installation, 150

solar trackers, 151
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H

heterojunction (HJT) solar cells, 240
higher-stakes benefits, 136

home equity line of credit
(HELOC), 101-102

hospitals and healthcare facilities,
electricity vs. solar, 141

HVAC equipment, 75
hybrid approach, 146

improves net operating income
(NQOI), 137

independent power producers
(IPPs), 177

infrared lasers, space-based solar
power, 216

infrastructure viability and
lifespan, 154

inspections, 260

installation process
access characteristics, 154
business model match, 143
business type, 135

characteristics of property
use, 142-143

codes and regulations, 89-91



commercial evaluations, 143

component quality and durability,
83

connecting and monitoring, 85
contractor, 91-94

cost structure, 82-83
equipment, 84-85

factors to consider, 151-152
financing structures, 84

fire safety and code
requirements, 154

infrastructure viability and
lifespan, 154

interconnection feasibility, 143
inverter configurations, 85
lifespans and warranties, 84-85
open space (rooftop/ground), 142
overall cost effectiveness, 83-84
panel quality, 85

photovoltaic system, 86-89
practical constraints, 153-154
property ownership, 152-153
shopping, 142

structural integrity, 153-154
uninhibited space, 154

visibility and branding
opportunities, 155-156

interconnection, 191-192
inverter, 46, 109
microinverters, 57
options, 57
paired with central, 57
traditional string, 57
types, 56

iron flow battery technology,

229

J

job creation, 268

L

land and site control, 186

and community concerns, 18

hearings, 188

lease agreements, 186
local approvals, 187-188
permits, 188

securing site at right time, 187

vetting and reclaiming land,

187
landscaping, 76-77

laser technology, space-based solar

power, 216
lead-acid batteries, 126
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lease/leasing
agreements, 186

models for commercial solar,
159

vs. ownership, 158-159

power purchase agreement,
158

lithium-ion battery technology,
123, 227-228. see also batteries

lithium iron phosphate (LFP)
batteries, 126

risks, 127-128
load shifting, 256
loan, 103

maintenance

annual maintenance
checklist, 113-114

clean solar panels, 112
inverter checkups, 113
misconception, 273
operation, 268-269

physical damage, 112-113
shading, 112-113

at utility-scale solar, 196-197

manufacturing facilities, electricity
vs. solar, 141
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market exposure, 205

merchant projects

operational risks, 206

planning for market exposure, 205

risk-and-reward profile, 204
microgrid strategy, 141
misconceptions, solar power

bad-panel, 275

capabilities, 276

cost, 274

fad, 277

maintenance, 273

off-grid, 274

reliability, 272

space, 276-277

summer production, 275

sunlight dependence, 272-273

winter production, 275

Modified Accelerated Cost Recovery
System (MACRS), 160

modularity, 269
monitoring, 107-108
installation process, 85
system, 46
monocrystalline silicon (mono), 45

mortgages



EEM, 105
options, 105

multi-junction cells, 244

N

negawatts, 67

net metering, 99-100
rules, 261

nickel-iron batteries, 126
risks, 128

night time, 73-74

(0

obstruction, 109

off-grid system, 117
autonomy, 130-131
backup generators, 120
and batteries, 123-124
costs, 120, 128
daily energy use, 130-131
design, 131

energy-management hardware,
121

greenest, 121-122
larger battery banks, 120

vs. lithium-iron-phosphate
batteries, 121

misconceptions, 274

requirements, 120-121

safety, 121

surveying options, 122-123

system monitors, 120
offsetting emissions, 8-9

open space (rooftop/ground)
installation, solar power, 142

operations and maintenance,
utility-scale solar, 196-197

orbital mirrors, space-based solar
power, 211

challenges, 214
vs. infrared, 216

¥S. microwave transmission,
214

reflecting sunlight to earth,
213

orientation, roof, 47
output, 61
ownership
choice, 158
commercial solar models, 159
vs. leasing, 158-159
long-term return, 158
paying for solar vs. leasing, 158

through institutional capital and
infrastructure funds, 178
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P

PACE (Property Assessed Clean
Energy) financing, 104

panels, solar
bifacial performance, 241
costs, 244-245
DC and AC, 55
degrading, 47
distance from roof, 60
efficiency, 56, 237-244
manufacturing complexity, 241
recycling, 236-237

standout temperature
performance, 240

types of, 44-46
parking lot solar installations
construction process, 149
cost, 149
design flexibility, 149
ESG objectives, 149
row of solar canopies, 149
solar carports, 148, 149
payback
horizon and risks, 261
period, 64-65
peaker plants, 223
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performance
equipment choices, 55
factors impacting, 47
guarantees, 109-110
impacts on, 47
obligations, 201
and rebates, 97
tracking, 111
permission to operate (PTO), 260
permits

across agencies and
organizations, 188

environmental studies after, 189

local, 187

public hearings, 188

system design and trust, 190

timelines, 188

for utility-scale solar projects, 189
perovskite solar cells, 45

advantages, 238-239

challenge, 239
photovoltaic (PV)

anatomy of, 46

panels, 35

vs. thermal solar, 42-44
planning, 23, 54-55



policy drivers, utility-scale
solar, 206-207

pollen, 47

pollinator-friendly solar farms,
18

polycrystalline silicon (poly), 45

pool water warming, solar
power, 77-78

post-solar electricity billing, 110
power, 20

power purchase agreement
(PPA), 158, 177

definition, 200
mechanics of, 202
scope of, 200-201
unique elements, 201
virtual, 202
price cannibalization, 206
price structure, 201

production-based incentives
(PBIs), 97

property and asset value,
52, 266

property ownership, 152-153
public hearings, 188

Q

quantum tunneling, 241

R

racking and mounting, 46

rebates, 96-97
capacity-based, 97
forms, 97
performance-based, 97

recycling, solar panels

sustainable and built-in,
236-237

refrigerator/freezer, 74
reliability, 16, 52, 272

renewable portfolio standards
(RPS), 206

request-for-proposals (RFP)
process, 201

residential solar projects, 12-14
breakdown of electricity use, 29
categories, 13

energy usage at home,
28-29

sizes, 13
revenue optimization, 198
rooftop solar power systems
access, 152
age of, 152
flat roofs, 148
orientation and structure, 259

planning, 152
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rooftop solar power systems
(continued)

subtle performance anomalies, 250

solar modules, 46

roof age and condition, 148 space-based solar power, 211

roof weight, 152

shading, 148

structural integrity of, 151
timing and roof conditions, 148

useable space, 147, 259

S
scalability, 11, 269

seasons, 42
self-consumption, 100-101
shading, 47, 59, 109, 112-113
size calculations, 62-63

smart home integration,

advantages, 213
barriers, 219-220
capacity, 218
challenges, 213
elements, 212
impacts of, 217-219
infrared lasers, 216

large-scale optical/electrical
systems, 212

microwave transmission
approach, 214

orbital mirrors, 213
overbuild, 218

250-252 questions, 220
smog, 42 satellites position and, 212
snow, 47 space, misconceptions,
sodium-based battery technology, 276-277

230

sprinkler, 80

software tools, 247 storage, 221

designing, 248 compressed air energy, 233

irradiance data, 249 fluctuation and, 225

long-term asset management, 250 frequency regulation, 225

operations & maintenance,

grid values, 223
249-250

. : . importance of, 222
string configurations, 249
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shifting supply and, 223

time-shifting, 224

types of batteries, 226
structural integrity, 153-154
subsidies

cost savings, 100-101

incentives, home-operated
businesses, 99

net metering, 99-100
property tax exemptions, 98
rebates, 96-97

researching options, 102

tax-deductible home equity
loans, 101-102

tax incentives, 98
types of, 95-96

summer production, solar,
42,275

sun, 35
air mass (AM), 41
clouds, 41
controlling sunlight, 70
at equator, 39
at high latitudes, 39

hours of daylight across locations,
40

infrared, 37

longer wavelengths, 38

at mid-latitudes, 39
morning/evening hours, 41
nuclear fusion, 36

path of, 39

photons, 38

shorter wavelengths, 38
solar noon, 41

solar radiation versus sunlight,
37

sunlight intensity, 41
ultraviolet, 37
visible light, 37

sustainability, 8, 138, 139,
155-156

system performance
monitoring, 107-108

system size, 53, 54

T
tandem cells, 242-244

tax equity, 195-196
tax incentives
for business, 160
credits, 257-258
qualifying for, 98

and rebates, 257-258,
264-265
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temperature, 47

thermal battery technology, 234.
see also batteries

thermal solar, 42-44
tilt angle, 57-58

time-of-use (TOU) pricing,
137-138

timing, 16

tunnel oxide passivated contact
(TOPCon) solar cells, 241

advantages, 242

manufacturing equipment and
materials, 242

voltage and overall cell efficiency,
241

U

utility-scale solar, 15, 183

approvals, permitting and local,
187

benefits, 175-176
buyers, 202-204
categories, 174
characteristics, 174, 186
commercial side of, 199

common site control
arrangements, 186

curtailment, 208
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definition, 173-174
developers, 184
development lifecycle, 185
grid integration, 207

independent power producer
ownership, 177

jobs, 176
land and site control, 186

local compatibility and
acceptance, 182

local revenue, 176
market exposure, 204-206
merchant projects, 204-206

operations and maintenance
at, 196-197

ownership models, 176-177

policy drivers recognition,
206-207

power purchase agreement,
200-202

project location, 179

proximity to transmission
infrastructure, 181

public hearings, 188
securing site, 187

solar resource potential,
180-181



transmission impact, project W

iability, 181
VIabiity warranty, 109-110

etting and reclaiming land,
v 1;37g 'ming water heater, 74
water purification systems,
V solar-powered, 72-73
versatility, 11 winter production, 275
virtual power plant, 252 wiring, 46
virtual power purchase agreement Y
(VPPA), 202

visibility, solar installation, 155-156  Yardlighting, 75-76
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