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Adsorption enhanced CAES, 55
Advanced adiabatic CAES
cooling demand, 57
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bidding/offering strategy,
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mathematical modeling, 58
schematic diagram, 55
Agricultural energy hubs, 137–138
Air-conditioning systems, 103, 104

B
Battery electric vehicle (BEV)
tank-to-wheel assessment, 239
well-to-tank assessment, 238–239
Bi-objective optimization model
economic objective function, 427–428
electrical model
DRP model, 431–432
electrical demand, 430
electrical, gas and water networks
model, 432–433
HSS model, 430–431
renewable resources model, 430
environmental objective function, 428
thermal model, 429–430
Boiler model, 429
BONMIN solver, 122–126

C
CAES, see Compressed air energy storage
system
CHP, see Combined heat and power
CHP-based district heating systems, 3
Combined cooling, heat and power (CCHP)
system, 31–32, 134
Combined heat and power (CHP)
planning
CPLEX, 298
district heating scheme, 298
in electricity markets, 298
system
boiler gas consumption, 441
electrical generation, 440, 441
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model, 429
thermal generation, 440
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boiler, 272
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Compressed air energy storage (CAES) system
(cont.)
advanced adiabatic CAES
cooling demand, 57
IGDT based risk constrained
bidding/offering strategy, 57
mathematical modeling, 58
schematic diagram, 55
conventional CAES plants
advantages, 55
disadvantages, 55
schematic diagram, 53, 54
DEED problem
electrical power generation limits, 60
forecasted electricity market prices, 63,
64
fuel costs and emission productions, 74
greenhouse gas emission mitigation, 59
hourly generation schedules, 63, 67–70
24-h load curve, 63
nested wind generation intervals, 72
objectives, 59
optimal charge and discharge decisions,
66, 71
output power of thermal generating
unit, 73
Pareto optimal solutions, 63, 70
power balance criterion, 60
ramp rates, 60
technical specification of thermal units,
63, 64
transmission loss B-coefficients, 63, 65
weighing factors, 63, 70
near-isothermal CAES, 55
renewable-based hub energy system,
170–171, 182, 183
technical characteristics, 63, 66
underwater CAES, 55–56
Conditional value-at-risk (CVaR), 223, 224,
229, 232
"-Constraint technique, 433
Current operation point (COP), 340–341, 343
CVaR, see Conditional value-at-risk
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Day-ahead optimal chiller dispatching
problem, 104, 121
DEED problem, see Dynamic economic
emission dispatch problem
Demand response program (DRP)
advantages, 130
in agricultural energy hubs, 137–138
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in commercial energy hubs, 135–136
definition, 130
electrical model, 431–432
energy hub modeling
CHP and wind turbine, 147–151
converters constraints, 141–142
demand constraints, 140–141
electricity demand, 154–156
ESS constraints, 142–143
heat and natural gas, 145, 151–153,
156–159
hourly electricity price, 145, 146
hourly wind speed, 145, 146
MILP model, 146
network constraints, 141
objective function, 139–140
optimal energy hub management
problem, 145, 147
real-time pricing schedule, 143
schematic representation, 139
environmental performance, 427
hub energy system, 433, 434
incentive-based program, 132
in industrial energy hubs, 136–137
long-term, 131
MCENs, 392, 400–401
multi-tariff meters, 131
objective, 131
PB program, 132
photovoltaic powered multi-chiller plants,
106–107
renewable-based hub energy system, 171
in residential energy hubs, 133–135
short-term, 131
smart energy hub, 13–16
wind turbine model, 143–144
Demand-side management (DSM), 2, 9–11,
130, 133. See also Demand response
program (DRP)
DER, see Distributed energy resources
DES, see Distributed energy systems
DGs, see Distributed generations
DHN, see District heating network
Differential cuckoo search algorithm (DCSA),
104, 121
Distributed energy resources (DER)
definition, 25
multi-generation systems, 2
optimal scheduling, 25
PEV (see Plug-in electric vehicle)
RES (see Renewable energy sources)
Distributed energy systems (DES)
advantages, 365–366
energy hub approach, 366–367
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multi-energy hub network approach
(see Multi-energy hub network
approach, DES)
small-scale DES, 366
Distributed generations (DGs), 297
RES, 24–26
VSC-WSPM model, 337
capacity constraints, 345–346
CF, daily variation of, 347, 349
DG owner and DSO, perspectives of,
354–359
DG owner’s perspective, 352–354
dispatchable DG units, characteristics
of, 347, 349
Distribution system operators (DSOs), 337,
350–351, 354–359
District heating network (DHN)
carbon emission reduction and energy
saving, 391
MCENs
continuity of mass flow, 397
heat-exchange station, 396
heat losses from pipe, 397–398
heat production, 396
heat sources, 395
mass flow rate limit, 398
node temperature, 397
pressure loss, 398
thermal storage, 399
water pumps, 396
DRP, see Demand response program
DSOs, see Distribution system operators
Dynamic economic emission dispatch (DEED)
problem
electrical power generation limits, 60
forecasted electricity market prices, 63, 64
fuel costs and emission productions, 74
greenhouse gas emission mitigation, 59
hourly generation schedules, 63, 67–70
24-h load curve, 63
nested wind generation intervals, 72
objectives, 59
optimal charge and discharge decisions, 66,
71
output power of thermal generating unit, 73
Pareto optimal solutions, 63, 70
power balance criterion, 60
ramp rates, 60
technical specification of thermal units, 63,
64
transmission loss B-coefficients, 63, 65
weighing factors, 63, 70
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E
Economic chiller dispatching problem, 121
Electricity and natural gas energy hubs, HSS
and DRP
bi-objective optimization model
economic objective function,
427–428
electrical model, 430–433
environmental objective function, 428
thermal model, 429–430
input data
energy demands, 434
HSS and TSS parameters, 435, 436
prices and operation costs, 435, 436
thermal generation unit’s parameters,
435, 436
upper grid info, 435, 436
upper grid power price, 435
wind speed, 435
wind turbine parameters, 435, 437
literature review, 425–426
multi-objective problem
"-constraint technique, 433
fuzzy satisfying approaches, 433
simulation results
boiler gas consumption, 441
CHP gas consumption, 439, 440
electrical generation, CHP system, 440,
441
electrical load, 438
Pareto front, 437
purchased power from upper grid, 438,
439
purchase gas from gas network, 438,
439
thermal generation, CHP system, 440
Electric vehicles (EV)
arrival pattern, 242
BEV, 238–239
charging load profiles, 244–245
charging standards, 243
constant power charging approach, 243
constant time charging approach, 243
and electric utility interactions, 264–265
electric vehicle characteristics, 241, 242
vehicle data, 238
V2G and G2V (see Vehicle-to-grid and
grid-to-vehicle)
well-to-wheel analysis, 237
Energy hubs
DES, 366–367
generic energy hub model, 393
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Energy hubs (cont.)
MCENs (see Multi-carrier energy
networks)
See also Multi-energy hub network
approach, DES
Energy Information Administration (EIA),
238
Energy management system (EMS), 8
Energy not supplied (ENS) index, 214,
216–217
Energy storage system (ESS)
CCHP production system, 31–32
classification of, 27
definition, 27
demand shifting, 29
in distribution systems, 337, 338
economic dispatch model, 338
economic objective, 338
energy hub, 142–143
base case, 36, 38–41
base caseCES, 39–40, 42, 43
base caseCHS, 41, 43, 44
base caseCWT, 42, 44–46
base caseCWTCHSCES, 44–45, 47
components installation, 35
demand, 36, 37
electricity price, 36, 37
input data and parameters, 36, 39
objective functions, 33–35
schematic representation, 33
wind speed, 36, 38
existing literature, 338–339
information gap decision theory, 338
multi-objective optimization model, 338
optimal scheduling, 30–31
PEV, 30
RES integration, 28–29
stochastic planning framework, 338
system stability, 29
voltage stability (see Voltage stability
constrained wind-storage planning
model)
wind power penetration, 338
ESS, see Energy storage system
EV, see Electric vehicles
EVPI, see Expected value of perfect
information
Expected value of perfect information (EVPI),
313, 329
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Forced Outage Rate (FOR), 303
Fossil fuels, 1, 23, 365
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Fuzzy decision making (FDM) method, 275
Fuzzy satisfying approaches, 433
G
GAMS SCENRED tool, 214
H
Heat storage, 280
charging and discharging schedule, 293
dispatch factor, CHP, 291, 292
parameters, 282
part load ratio, CHP, 291, 292
purchased electricity, 291, 292
purchased natural gas, 291
PV curtailment, 273, 294
Home energy management systems, 134–135
HSS, see Hydrogen storage system
Hydrogen economy, 412
Hydrogen-enriched natural gas (HENG),
412–414
Hydrogen storage system (HSS)
electrical model, 430–431
electrolyzer and fuel cell unit, 426
hub energy system, 426, 433, 434
hydrogen molar, 426
parameters, 435, 436
I
ICE vehicles, see Internal combustion engine
vehicles
ICT, 7
IEEE 33-bus distribution test system
charge/discharge cost of ESS, 349
DG owner and DSO, perspectives of,
354–359
DG owner’s perspective, 352–354
DGs’ CF, daily variation of, 347, 349
dispatchable DG units, characteristics of,
347, 349
DSO, perspective of, 350–351
energy price of ESS, 349
ESS, characteristics of, 349
load percentage based on peak load, 347,
348
MINLP, DICOPT and IPOPT solvers, 347
simulation parameters, 347, 348
single line diagram, 347, 348
Incentive-based (IB) programs, 11, 132
Industrial energy hubs, 136–137
Information gap decision theory (IGDT), 57,
195, 338
Integrated demand response (IDR), 15
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Internal combustion engine (ICE) vehicles, 365
tank-to-wheel assessment, 240–241
vehicle data, 238
well-to-tank assessment, 240
well-to-wheel analysis, 237, 240

L
Loadability limit point (LLP), 340–341,
344–345
Loading margin (LM)
definition, 340
index, 340–341
PV curve, system LM, 340–341
Load management (LM) programs, 9, 130
Long-term smart grid planning
distribution network planning problem, 301
economic evaluation, 301–302
objective function, 301
stochastic planning model (see Stochastic
planning model)
system uncertainties, 299–300
target reliability values, 303–304
Loss of load expectation (LOLE) index, 214
Loss of load probability (LOLP) index, 214

M
Macro energy hubs
centralized control, 4, 5
decentralized/distributed control, 4, 5
integration and coordinated control, 3
MPC method, 4–5
OEF problem, 4, 5
optimal management, 5
two-layer hierarchy problem, 4
MCENs, see Multi-carrier energy networks
Methanation, 417
Micro hubs, 3
Mixed integer linear programming (MILP),
305, 367
Mixed integer nonlinear programming
(MINLP), 222, 272, 305, 347, 367,
404
Model predictive control (MPC) method, 4–5
Monte Carlo simulation (MCS) technique, 209,
214, 338
Multi-agent genetic algorithm (MAGA), 223
Multi-carrier energy networks (MCENs), 391
benefits, 392
demand response program, 392, 400–401
district heating networks, analysis of
continuity of mass flow, 397
heat-exchange station, 396
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heat losses from pipe, 397–398
heat production, 396
heat sources, 395
mass flow rate limit, 398
node temperature, 397
pressure loss, 398
thermal storage, 399
water pumps, 396
generic energy hub model, 393
load flow equations
apparent power flow limits for branches,
400
exchangeable power limit, 400
Kirchhoff’s laws, 399
voltage limits, 399
objective function, 394–395
structure, 394
three-hub test system
active and reactive loads, 401, 403
configuration, 401, 402
operational constraints, 401, 402
simulation results, 404–406
structure, 401–403
Multi-carrier optimal dispatch, 200
Multi-chiller plants
BONMIN solver, 122–126
centrifugal chillers, total electrical power,
122
chiller data, 122, 123
day-ahead optimal chiller dispatching
problem, 121
DCSA, 121
economic chiller dispatching problem, 121
partial load ratio, 122
See also Photovoltaic powered multi-chiller
plants
Multi-energy hub network approach, DES, 387
direct connections, converters, and storage,
369–370
energy storage modeling, 372–373
four energy hub system
areas of, 379
configurations, 384–385
economic cost and carbon dioxide
emissions, 381–384, 386
energy conversion and storage
technologies, 380–381
scenarios, 380, 385
solar energy vector, 380
framework development
energy hub and network model, 368
generic energy hub model,
superstructure of, 368–369
route map, 367, 368
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Multi-energy hub network approach, DES
(cont.)
generic modeling and analysis framework,
370–371
network modeling, 373–374
three energy hub system
carbon dioxide emissions, 378, 379
economic cost, 378–379
Pareto optimality curve, 379
technologies and energy vectors, 377
two energy hub system
carbon dioxide emissions, 376, 377
economic cost, 376–377
scenarios, 375
technologies and energy vectors, 375
Multi-energy systems (MES), 2
Multi-generation system, 2, 3, 23, 392
N
Net present value (NPV), 342
O
Optimization problem, renewable-based
residential energy hubs
and components, 279–280
electrical and heat demand, 282, 283
gas to power efficiency
on part load, 280, 281
and power to heat ratio, 280, 285–288
heat storage
addition, 280, 291–294
parameters, 282
PHEV
addition to proposed energy hub, 280,
287–290
and heat storage omission, 280,
282–285
parameters, 280, 281
PV, power generation capability, 280, 282
two-level TOU tariff, 280, 281
P
Petroleum fuels, 415
PHEV, see Plug-in hybrid electrical vehicle
Photovoltaic (PV) curtailment, 284, 285
definition, 272
heat storage system, 273
power generation capability, 280, 282
PV panels, 278
Photovoltaic powered multi-chiller plants
CCHP system, 104, 105
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day-ahead optimal chiller dispatching
problem, 104
DCSA, 104
DR programs, 106–107
with four chillers
chiller data, 111, 114
climatic conditions, 111, 115
cooling demand, 111, 114, 117
electricity requirements, 116
optimum loading points, 114, 116, 117
power output of photovoltaic panels,
111, 116
solar radiations, 111, 115
total energy cost, 114, 117
partial load ratio, 105
power balance criterion, 105
ripple bee swarm optimization algorithm,
103
with six chillers
ambient temperature variations, 109,
110
chiller data, 109, 111
cooling demand, 108
economic loading points, 110, 112–113
hourly electricity rates, 109
power output of photovoltaic panels,
109, 110
PV panel parameters, 109, 110
SBB solver, 108
solar irradiance, 109
total energy cost, 114
variations of cooling demand, 111
solar photovoltaic cells, 105–106
total electricity procurement cost, 107
Plug-in electric vehicle (PEV), 9, 30, 134
Plug-in hybrid electrical vehicle (PHEV), 272
addition to proposed energy hub, 280
charging and discharging schedule, 288,
290
dispatch factor, CHP, 288, 289
outdoor consumption, 287, 288
part load ratio, CHP, 288, 290
purchased electricity, 288, 289
purchased natural gas, 288, 289
and heat storage omission, 280
dispatch factor, CHP, 283, 284
electricity purchased, 282, 284
natural gas purchased, 282, 283
part load ratio, CHP, 284, 285
PV curtailment, 284, 285
optimization constraints, 277–278
parameters, 280, 281
time scheduling, 273
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Polymer electrolyte membrane (PEM)
electrolyzers, 417–418
Power rating vs. discharge time of energy
storage technologies, 53, 54
Power-to-gas energy systems
advantages, 411–412
alkaline electrolyzers, 417, 418
applications, 421–422
compressed gas storage, 418
hydrogen economy, 412
pathways, 419
power to hydrogen for zero-emission
transportation, 412, 416
power to microgrid, 412, 416
power to natural gas end-users, 412–414
power to power, 412, 415
power to renewable content in
petroleum fuels, 412, 415
power to renewable natural gas to
pipeline, 412, 417
power to renewable natural gas to
seasonal storage, 412, 417
power to seasonal energy storage to
electricity, 412, 415
power to seasonal storage for
transportation, 412, 416
technical and economic assessment,
418–421
PEM electrolyzers, 417–418
solid oxide electrolyzer, 417
Pressure Swing Adsorption (PSA), 416
Price-based (PB) programs, 11, 132
Pseudo-sequential Monte Carlo simulation
technique, 209
PV curtailment, see Photovoltaic curtailment

R
Renewable-based hub energy system
advantages, 191–192
co-and tri-generation, 190
components, 192
boiler unit, 228
CHP units, 227
PV system, 226
thermal and electrical energy storages,
228–229
wind turbine, 225–226
configuration of, 224, 225
cost function, 222
eco-emission performance
CAES, 170–171, 182, 183
DR program, 171
electrical energy demand, 178
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electrical model, 167–168
electrical power generated by CHP unit,
180
gas consumption of boiler, 181
gas import, 179
generated heat by boiler, 181
heat generated by CHP unit, 180
imported power from upper network,
178
objective functions, 165–167
Pareto fronts, 176–177
thermal model, 168–170
used gas by CHP unit, 179
water network model, 171
electrical and thermal power balance, 229
energy demands, 173, 196–197
energy scheduling problem
conversion technologies, 198
direct connections, 198
flow diagram, 198, 199
hub components modeling, 197
input sources modeling, 197
mathematical model, 198, 200–201
solution algorithm, 201–203
storage devices, 198
time interval of operation, 197
transformers, 198
energy storage system, 164
environmental effects, 222
flow of power, 193
generation unit’s info, 174
input–output relations, 189
iterative optimization algorithm, 222
MINP model, 222
multi-carrier energy system, 163, 164
objective function, 224–225
operation costs and prices, 175
renewable energy conversion systems, 193
risk-averse scheduling model, 229
risk controlling model, 223–224
robust based optimization approach, 163
schematic diagram, 172, 191
simulations, 230–233
solar energy modeling, 195
stochastic energy scheduling problem, 190
stochastic optimization scheduling
backward/forward technique, 214
charge and discharge schedule, 215
converter constraints, 212–213
demand response constraints, 214
electricity power shifts up and down,
215, 216
energy balance, 207, 211–212
ENS, 214, 216–217
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Renewable-based hub energy system (cont.)
imported (sold) electricity, 214, 215
LOLE, 214
LOLP, 214
network constraints, 212
objective function, 207, 210–211
overview of, 208
probabilistic optimization methods,
208–210
storage constraints, 208, 213
technical limitations, 207–208
total operation cost and reliability
assessments, 217
uncertainty modeling, 203–206
wind power, 211
stochastic programming, 164
storage systems data, 175
upper grid info, 175
upper grid power price, 174
varying acceleration coefficientgravitational search algorithm,
163
wind energy modeling, 194
wind generation info, 175
wind hourly speed, 173
Renewable energy sources (RES), 24–26
Renewable natural gas (RNG), 417–421
Residential energy hub system
activation time of appliances without solar
thermal storage effect, 96
battery storage system, 82–84
boiler, 82
CHP generator, 81, 272, 276–277
DR program, 133–135
energy balance, 86
gas boiler, 278
heat storage, 279
household appliances, 84
household load scheduling problem, 80
imported/exported power, 84, 95
multi-carrier energy system, 271, 272
objective function, 274–275
operation cost of equipment, 81
optimal energy consumption scheduling, 81
optimization problem
and components, 279–280
electrical and heat demand, 282, 283
gas to power efficiency, 280, 281
heat storage parameters, 282
PV, power generation capability, 280,
282
two-level TOU tariff, 280, 281
PHEV (see Plug-in hybrid electrical
vehicle)
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power and heat flow equations, 275–276
PV curtailment, 278
definition, 272
heat storage system, 273
schematic diagram of, 81, 82
solar thermal storage, 95
activation time of appliances, 97
ambient temperature, 90
charge/discharge rate of battery storage
system, 94, 95
earliest starting time of appliances, 89
electricity utilization profiles, 88
heat demand, 91, 92
latest finishing time of appliances, 89
market price, 90
MIP model, 87
output power of boiler, 93
output power of CHP, 93
power consumption and operation time
of appliances, 87
solar irradiation, 91
state of charge of battery storage
system, 94
technical constraints, 85, 87, 88
total operation cost, 92
stochastic programming, 79
structure, 273, 274
thermal balances, 86
total energy cost, 272
Ripple bee swarm optimization algorithm,
103
Risk-averse scheduling model, 229
Robust nonlinear programming (RNLP), 61

S
Smart energy hub (SEH)
cloud computing, 15
commercial SEH, 14
definition, 16
dependent demand, 15
DR program, 13–16
efficiency, 14
game theory, 16
hydrogen infrastructure, 14
integrated management, 16, 17
operational optimization, 13
residential SEH, 14
TOU program, 13
Smart grid
challenges, 11–12
components, 7–11
definition, 6–7
Smart meter (SM), 7
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Solar thermal storage, 95
activation time of appliances, 97
ambient temperature, 90
charge/discharge rate of battery storage
system, 94, 95
earliest starting time of appliances, 89
electricity utilization profiles, 88
heat demand, 91, 92
latest finishing time of appliances, 89
market price, 90
MIP model, 87
output power of boiler, 93
output power of CHP, 93
power consumption and operation time of
appliances, 87
solar irradiation, 91
state of charge of battery storage system, 94
technical constraints, 85, 87, 88
total operation cost, 92
State of charge (SOC), 346–347, 349,
356–358
Steam Methane Reforming (SMR), 415,
420–421
Stochastic expansion model, 297–298
Stochastic planning model
multiobjective optimization problem, 305
power losses linearization, 305–306
proposed methodology, 307
average wind and solar power
prediction, 316, 317
13-bus distribution network, 314
CHP heat and electricity supply, 318
cogeneration units, feasibility region,
322, 323
controllable DG units and external
suppliers, 311
district heating, 312, 313, 318, 319
energy resource data, 315, 316
energy storage systems constraints,
311–312
evaluation metrics, 313
expected planning cost, 308–309
generation curtailment power, 312
heat demand data, 318, 322
heat resource data, 318, 322
initial reliability indexes, 318, 319
input data, 306
intermittent energy resources and
consumers predictions, 315, 316
lines thermal limits, 318, 320, 321
load and heat demand predictions, 315
load demand and consumers prediction,
316, 317
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network grid constraints, 309–310
number of consumers prediction, 315,
316
reliability indexes limits, 311
scenarios generation, 306
scenarios reduction, 306, 308
standard deviation, each resource, 315
two-stage planning method, 304
cost results, 327, 328
economic evaluation, 327, 328
EVPI and VSS, 329
expected SAIDI index, 329, 330
expected SAIFI index, 329, 330
expected total costs, 328
initial costs with and without district
heating, 324, 325
initial working radial topology
considering district heating, 323,
324
initial working radial topology without
district heating, 323, 324
new lines construction, 327
peak memory and execution time, 323
total costs and monetary benefits, 327,
328

Z S radial topology, 325–327
System Average Interruption Duration Index
(SAIDI), 303–304, 329, 330
System Average Interruption Frequency Index
(SAIFI), 303–304, 329, 330
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Time of use (TOU) pricing, 134
TSS model, 429–430
Two-stage planning method, 304
cost results, 327, 328
economic evaluation, 327, 328
EVPI and VSS, 329
expected SAIDI index, 329, 330
expected SAIFI index, 329, 330
expected total costs, 328
initial costs with and without district
heating, 324, 325
initial working radial topology considering
district heating, 323, 324
initial working radial topology without
district heating, 323, 324
new lines construction, 327
peak memory and execution time, 323
total costs and monetary benefits, 327, 328

Z S radial topology, 325–327
Two-stochastic model, 297
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Value of stochastic solution (VSS), 313, 329
Varying acceleration coefficient-gravitational
search algorithm, 163
Vehicle-to-grid (V2G) and grid-to-vehicle
(G2V)
of aggregation, 252–257
arrival times, 250, 251
charging and discharging
constant current (CC) stage, 251–252
constant power (CP) charging, 252
constant time (CT) charging, 252
constant voltage (CV) charging, 252
load leveling, 260–263
power levels, 251
reserve capacity commitment, 257–260
energy consumption, 248, 250
mobility attributes, 246–248
Voltage stability constrained wind-storage
planning model (VSC-WSPM)
charge/discharge costs, 339
DG capacity constraints, 345–346
DG owner, 339
added capacity of DGs, 352
added capacity of ESSs, 352
total capacity of DGs, 353
total capacity of ESSs, 353
DG owner and DSO
added capacity of DGs, 354, 355
added capacity of DGs with and without
ESS, 356, 357
added capacity of ESSs, 354, 355
cash flow, DG owner’s profit, 354
DG owner profit and power generation
cost, 354
P-V curves, 358, 359
SOC, 356–358
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total capacity of DGs, 355, 356
total capacity of ESSs, 355, 356
OF variation vs. interest rate changes,
357, 358
DSO, 339
added capacity of DGs, 350
added capacity of ESSs, 350
total capacity of DGs, 351
total capacity of ESSs, 351
ESS constraints, 346–347
loading margin index, 340–341
objective functions
ESS charge/discharge costs
minimization, 341–342
overall objective function, 342
power generation costs minimization,
341
profit maximization, wind energy
procurement, 342
total objective function, 342
weighting coefficients, 342
wind energy procurement, profit
maximization, 342
power balance constraints at COP, 343
power balance constraints at LLP, 344–345
power generation costs, 339
standard test system, 347–349
system load growth, 345
VSS, see Value of stochastic solution
W
Wait-and-see solution (WSS), 313
Water network model, 171
Weighting coefficients, 342
Wind generation uncertainties, 60–62
Wind turbine model, 143–144

