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 432

 hydropower, 83-84, 442, 461-474, 487

 ocean energy, 92-93, 502, 517-520, 518, 528

 solar energy, 65-66, 369-372, 390

 sustainable development and, 128-129, 710-711, 

 717-718, 728-739, 766

 wind energy, 99-100, 540, 570-575, 595

Equity[*], 150, 883, 905-906

Equity investments, 877-878, 892, 895, 903

Ethanol, 9, 15, 173, 218, 235, 241-243, 246, 880

 costs, 1014-1015

 experience curves, 56

 global trade in, 252, 252

 integration case study, 657-658, 663

 integration issues, 613, 656

 levelized cost of, 846

 lifecycle GHG emissions, 733-735, 734

 policies and, 912

 production technologies and costs, 281-285, 281

Europe:

 EU Renewables Directive, 876

 RE electricity costs, 855, 855

 RE electricity supply curves, 823-825, 824

 RE energy scenarios, 825

Experience curves. See Learning curves

External cost/benefi t[*], 144-146, 851-857, 

855-857, 872

Externality[*], 881

F
Fatality rates, for RE technologies, 20, 746, 746

Feasibility[*], 150, 883, 906

Feed-in tariffs (FITs)[*], 24, 25, 45, 869

 electricity sector, 874, 899-907

 RE deployment, 890

 success, factors for, 901-903

Feedstocks, 48, 49, 233-236, 234, 270, 276-278, 277, 

1014-1016

 aquatic, 48, 53, 56, 218, 277-278

 biomass[*], 50, 53, 218-219, 233-236, 234

 carbon payback, 264

 climate change and, 214

 conversion routes, 235

 costs, 53-55, 55, 56, 215, 234, 245

 deployment projections, 56-57

 environmental issues, 270

 experience curves, 56

 improvements in, 215, 276-278

 integration of, 112-113, 112, 116, 117, 119

 land use change and, 50-51, 123-125

 lignocellulosic, 50-51, 53, 56, 215, 218, 219, 226, 

 233, 234, 235, 266-267, 277

 maize (corn), 56, 215, 225, 234, 264, 265, 266, 277

 modern bioenergy, 217

 oil crops, 53, 218, 233, 234, 235, 243, 245, 264

 soy, 56, 218, 234, 235, 243, 245, 264, 266, 277

 sugarcane, 56, 215, 218, 233, 234, 235, 245, 264, 

 266, 277

 switchgrass, 217, 225, 230, 234, 269, 270, 277, 281

 wood pellets, 56

Fertilizer industry, 683
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Final energy[*], 56, 117, 120, 617-618

 income and, 122

Financial payback[*]. See Payback

Financial risk, 194, 918-919, 920-921

Financing[*], 24-26, 146-158, 720-721, 865-950

 allocation of, 196

 barriers, 150, 882

 continuum, 877

 non-recourse[*], 882

 policies and, 873, 918-919

 private equity fi nancing[*], 877, 893, 903

 project fi nancing[*], 873, 877-878, 882

 public equity[*], 877-878

 public fi nance[*], 45, 150, 197, 883-886, 886, 890

 RE deployment policy options, 889-895, 890-891

 research and development (R&D), 885-886, 886

 trends in, 148, 876-878, 876

 See also Policies

First-generation biofuels[*], 50, 612, 733

Fiscal incentives[*], 45, 150, 197, 869, 883

 assessment of, 892

 electricity sector, 895

 grants and rebates, 889-891

 heating and cooling sector, 907-908

 RE deployment, 889-892, 890

 research and development, 885-886, 886

 tax policies, 891-892

 transportation sector, 911-912

Fiscal policies. See Financing; Policies

Fish migration, 466-467, 475

Fishing, 119, 686-689, 688

Food security, risks from bioenergy, 273

Forest products, 119, 216, 219, 229-230, 233, 234, 

235-236, 277, 683-684

 experience curves, 56

 See also Bioenergy; Lignocellulosic crops/

 feedstocks

Forest protection, 267

Fossil fuels, 192, 744, 805

 combined with CCS, 804-805

 compared to RE technologies, 710-711

 decarbonization of, 358

 energy system momentum, 881

 external costs, 856

 future scenarios, 717, 724, 753-754, 755

 global emissions from, 171, 802, 803

 health impacts, 854

 imports of, 717

 increase in demand/use, 7

 projected emissions from, 21, 22, 169, 172, 804, 

 806

 replacement of, 663

 scenario parameters, 814

 subsidies, removal of, 760-761

Fourth Assessment Report (AR4), 167

Fuel cells[*], 114, 186, 668, 674

 microbial, 286

Fuels:

 air pollution from, 739, 854

 aviation, 670-671

 levelized cost of, 189, 846

 levelized cost of transport fuel (LCOF), 14, 42-43, 

 55, 144, 1002, 1003, 1014-1018

 lifecycle GHG emissions, 123, 733-735, 734

 mandates and targets, 912-913

 mitigation potential, 662-672, 662

 policies and, 869, 912-913

 RE integration issues, 112-113, 612-614, 654-658

 solar production costs, 385, 386

 solar production of, 63-64, 358-359, 359, 361-362, 

 365-366, 377-378

 See also Biofuels; Fossil fuels

G
Gas distribution grids, 17, 185, 647-654

 features of, 648

 integration issues, 111-112, 613, 647-654

Gases:

 composition and parameters of, 650

 quality standards, 651, 652

 See also Greenhouse gases (GHGs)

Gasifi cation, 218, 235, 239-240, 282-283, 284, 304

Gasoline, lifecycle GHG emissions, 733-735, 734

Generation capacity[*], 35, 77, 99

Generation control[*], 105

Genetically engineered crops, 230, 270, 275

Geographical chokepoints, 725

Geothermal energy[*], 8, 71-80, 182, 401-436

 barriers, 405, 417

 climate change and, 410

 cogeneration plants, 412

 conductive systems, 406, 407, 408

 convective (hydrothermal) systems, 406, 406, 408

 costs, 77-78, 405, 423-428, 856, 1004, 1010

 costs, future trends in, 426-427, 427

 deep aquifers, 406, 408

 depletion of reservoirs, 408

 deployment, 78-79, 428-432, 430

 direct uses, 410, 412-414, 414, 416-417, 416, 432

 electricity generation, 408-409, 409, 415-416, 415, 

 416, 819

 electricity generation costs, 405, 424-426, 424, 426

 enhanced geothermal systems (EGS), 13, 412, 416, 

 422-423, 432

 environmental and social impacts, 74-76, 404-405, 

 418-421, 432, 745

 exploration and drilling, 411

 geothermal heat pumps (GHPs), 406, 413-414

 health impacts, 740

 historical use of, 11, 176, 404, 406, 410, 414

 installed capacity, 415-416, 415, 416, 425

 integration, 431-432, 623, 624-625, 628

 investment costs, 405, 423, 424, 424, 427

 land use and, 76, 420, 420

 levelized costs, 14, 405, 423, 425-426, 426, 

 843-845

 market and industry development, 74, 414-417

 maturity of technologies, 404, 431, 612

 mitigation potential, 406, 429-432, 430

 policies and, 417

 power plants, 412, 413

 production wells, 410-411, 413

 projections for, 22-23

 regional deployment, 428, 429, 431

 regional technical potential, 410, 411

 reservoir engineering, 411-412

 scenarios, 806, 808, 817, 821, 822, 827-829

 seismicity and, 76, 420

 submarine vents, 410

 sustainability and, 404

 technical potential, 12, 72-73, 184, 206, 404, 

 408-410, 409

 technology and applications, 73-74, 410-414

 technology improvement and innovation, 77, 405, 

 421-423

 technology-specifi c challenges, 13

 temperatures and depths, 406, 408

 theoretical potential, 183, 408, 409

Geothermal heat pumps, 406, 413-414

Geothermal vent[*], 410

Germany:

 RE development approach, 900-901

 solar-assisted district heating, 646

Global primary energy scenarios, 20-24, 21-23, 

803, 804, 806

Global solar radiation[*], 351, 351

Global warming potential (GWP)[*], 164, 168, 170

Governance[*]:

 enabling environment/policies, 917-929, 918-919

 energy transitions and, 881, 930-931

 RE integration and, 612

Grants, 198, 886

 capital, 891

 contingent, 885

 heating and cooling sector, 907-908

 for RE deployment, 889-891, 890
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Green energy purchasing, 890

Green labelling, 890, 895

Greenhouse gases (GHGs)[*]:

 bioenergy and, 259-267, 259, 260

 climate change and, 33, 164, 168, 168

 displacement factor, 261, 262

 economic development and, 710

 electricity generation, 122-123, 732-733, 732

 energy services and, 7, 33, 164

 fuels: petroleum and biofuels, 7, 733-735, 734

 future, factors infl uencing, 798

 geothermal energy and, 418-419, 418

 hydropower and, 442, 470-474, 471, 483

 land use change-related, 18-19, 123-124, 729-732

 lifecycle analysis, 18, 19, 177, 732-735, 732, 734

 lifecycle analysis, literature review, 981-993

 ocean energy and, 517-518, 518

 projections for, 170

 RE deployment scenarios and, 794

 RE sources, 122-124, 177, 854

 reduction with RE, 7, 18, 21, 37, 164

 savings indicators, 261-262, 262

 scenarios, 164, 798, 826-830, 826, 829, 830-831

 stabilization level scenarios, 794-795, 870

 structural shift, 870

 sustainable development and, 717-718

 top emitting countries, 172, 173

 zero- or near-zero emissions, 37, 37, 74, 114, 115, 

 115, 116, 175

 See also Emissions; Lifecycle analysis; Mitigation

Grid[*]:

 assumptions in future scenarios, 813

 decentralized, 710

 gas distribution, 17, 623, 647-654

 infrastructure, 629-630

Grid codes[*], 562-563

Grid connection[*], 62, 354, 354, 376

Grid integration[*], 98-100, 560-570, 624

Gross Domestic Product (GDP)[*], 715

 climate change and, 168, 168, 170

 projections, 168

 in scenarios, 814

Guarantees, 24, 890, 893

H
Habitat loss/modifi cation, 269, 573

Harmonized policies[*], 50, 66

Hazardous substances. See Toxic substances

Health:

 air pollution and, 739-740, 740, 756-757, 854

 bioenergy and, 44, 192

 as driver for policies, 879

 energy-related impacts, 128-129, 739-740, 740, 

 766

 external costs, 855

 future health impacts, 756-757

 hydropower and, 467-468

 RE benefi ts for, 20, 165, 192, 711

 solar energy and, 372, 373

Heat pump[*], 406, 413-414

Heating and cooling:

 air pollution from, 737-739, 738

 autonomous systems and, 658

 Belgium, case study, 676-677, 676

 bioenergy and, 821

 costs, 14, 189, 405, 843, 845, 1010

 district heating and cooling, 16, 110, 185, 367, 613, 

 640-647, 641

 geothermal energy, 405, 410, 412-414, 414, 821

 integration of RE technologies, 110-111, 613, 

 640-647

 levelized cost of heat (LCOH), 14, 42-43, 55, 69, 79, 

 143, 1002, 1003, 1010-1013

 market development and potential, 818-820

 new options for, 643, 644-645

 policies, 153, 869, 890-891, 907-911

 RE integration, 16-17, 45, 185

 scenarios for, 795, 817, 818-820, 821, 826

 solar energy and, 337, 340-351, 347, 374-375, 821

 storage options (for energy), 110-111, 643-644, 

 644

Housing. See Building sector

Human Development Index (HDI)[*], 41, 716, 719, 

720

Hybrid models[*], 799

Hybrid vehicles[*], 45, 114, 114, 668

 See also Electric vehicles

Hydrogen (H2), 218, 279, 285-286, 377-378, 650

 concentrating solar power and, 357

 costs, 362, 366, 385, 652

 delivery options, 649, 650-651

 energy density of, 358

 fuel synthesis pathways, 358-359, 359, 366, 

 377-378, 385, 667

 integration into gas grids, 613, 649

 natural gas and, 366, 385

 safety and, 652

 solar energy and, 337, 358-359, 359, 362, 366, 

 377-378, 650

 storage, 114

 transition issues, 116

Hydrogen sulfi de, 650

Hydrogenation (of oils), 235, 240, 282, 285

Hydropower[*], 8, 80-87, 182, 437-496

 adaptation and, 192

 classifi cation of projects, 450-452, 450-452, 458

 climate change impact on, 447-449, 448

 costs, 84-86, 441, 442, 474-484, 478, 479-480, 856, 

 1004

 decommissioning cost, 481

 deployment, 86-87, 484-488, 485

 effi ciency, 452-453, 453

 electricity generation, 442, 455-456, 456, 458-460, 

 819

 energy payback, 470

 environmental and social impacts, 83-84, 442, 

 461-474, 487, 745

 fi sh migration and, 466-467, 475

 global investment in, 876, 876

 guidelines and regulations for impacts, 468-470, 

 469

 health impacts, 740

 historical use of, 11, 176

 history of, 443-444, 444

 hydrokinetic turbines, 475-476

 in-stream, 452, 452

 installed capacity, 441, 446, 449, 461

 integration into energy systems, 82-83, 458-461, 

 487, 623, 625, 628

 integration into water management systems, 87, 

 488-490

 investment costs, 441, 477-480, 479-481

 levelized cost of energy, 14, 481-483, 483, 843-844

 lifecycle assessments, 470-474, 471

 market and industry development, 82, 455-458

 matrix technology, 475

 maturity of technology, 452-454, 612

 mitigation potential, 441, 442, 462-468, 485-487, 

 486

 modernizing/upgrading, 454-455

 multiplier effects, 462

 operation and maintenance costs, 480-481

 policies and, 457

 power generation support by, 460

 power system services from, 459-460

 in primary energy supply, 176

 projections for, 22-23

 pumped storage, 451-452, 452, 460, 462, 625

 regional deployment, 476-477, 487

 regional technical potential, 81, 444-447, 445, 446

 reservoirs and, 451, 451, 462, 464, 625

 river fl ow/runoff and, 447, 448, 463-464

 run-of-river, 451, 451, 462, 625

 rural electrifi cation, 458-459

 scenarios, 22-23, 806, 808, 822, 827-829
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 sedimentation and, 447, 454, 465

 size of projects, 82, 443, 450, 458

 social/economic development and, 441

 source of power, 443

 storage of energy, 80-81, 82-83, 451-452, 451

 storage (reservoir) hydropower, 451, 451, 462

 sustainable hydropower in Norway, 764

 technical potential, 12, 80, 184, 206, 441, 444-449

 technology and applications, 80-82, 449-455, 462

 technology improvement and innovation, 84, 

 474-476

 technology-specifi c challenges, 13

 theoretical potential, 183, 444

 tunnelling capacity, 453-454, 454, 476

 variable-speed technology, 475

 water management services and, 441, 462, 

 488-490

 water quality and, 464-465

Hydrothermal energy, 406, 406

Hydrothermal liquefaction, 285

Hydrothermal vent[*], 410

I
Iceland, 616

Implementation, 24-26, 146-158, 865-950

 barriers to RE policy implementation, 881-882

 See also Environmental impacts; Financing; Policies; 

 Social impacts

Imports of energy. See Energy imports

Incentives, 874

India:

 CO2 emissions, 173

 emissions, 173

 RE electricity supply curves, 823-825, 824

Indicators:

 aggregate, 715-716

 climate change, 261-263, 262

 energy, 715-716

 energy access, 728

 infrastructure, 729

 sustainable development, 715-716, 719, 728

Indirect land use change (iLUC). See Land use 

change

Individual ownership, 922-923

Individuals. See Stakeholders

Industry capacity. See Market and industry 

development

Industry sector:

 energy-intensive industries, 682-684

 less energy-intensive industries, 684-686

 RE integration in, 117-119, 614, 617-618, 662, 

 681-686

 status of, 681-682

Informational barriers, 44, 194-195, 758-759, 881, 

914

Infrastructure, 812, 918-919, 924-925

 assumptions about, 813

 building, 924-925

 enabling, 17, 199, 909

 fuel supply/vehicles, 666

 grid, 629-630

 indicators of, 729

 integration and, 17, 612, 618, 635-636

 investments in, 24

 strengthening, 16

 value of, 909

Innovation. See Technology improvement and 

innovation

Institutional barriers, 196, 914

Institutional feasibility[*], 150, 883, 906

Institutional learning, 157, 927

Institutions[*], 918-919

Integrated assessment[*], 800-801, 801

Integrated assessment models, 120, 125-126, 748, 

798-799, 799, 800, 800-801, 801

Integrated solar combined-cycle (ISCC) systems, 

369

Integration, 15-18, 16, 39-40, 103-119, 184-185, 

609-705

 agriculture (primary production) sector, 119, 614, 

 622, 686-689

 autonomous energy supply systems, 113, 613, 

 658-661

 bioenergy, 53, 622, 623, 628

 buildings sector, 117, 614, 662, 672-681

 case studies/experiences, 616, 627-631, 646-647, 

 657-658, 660-661, 676-677, 677-678, 679-680, 

 689

 challenges of, 627, 642-643, 649-671, 655-656, 

 675, 677

 characteristics of RE and, 15, 622-627, 623, 

 641-642, 648-649

 complexities of, 618-619

 costs and challenges of, 15-16, 17, 612

 current RE integration, 15

 dispatchable RE sources, 628-629

 electrical power systems, 612-613, 619-640

 end-use sectors, 113-119, 616, 661-689, 662

 energy storage and, 637-638

 energy supply systems, 107-109, 619-661

 facilitating, 675-676

 gas grids, 111-112, 647-654

 geothermal energy, 431-432, 623, 624-625, 628

 heating and cooling networks, 110-111, 640-647

 holistic approach/supply chain analysis, 105, 678

 hydropower, 82-83, 458-461, 623, 625, 628

 industry sector, 117-119, 614, 662, 681-686

 infrastructure and, 17, 612, 618, 629-630, 635-636

 knowledge gaps, 639-640

 liquid fuel systems, 112-113, 654-658

 ocean energy, 623, 626, 634-635

 options, 635-639

 partially dispatchable RE sources, 629-631

 pathways for, 16, 17, 615

 planning and, 638-639

 policies and, 166, 645, 656

 rate of, 18

 resource characteristics and, 616

 solar energy, 367-369, 612, 622-624, 623, 624, 

 629, 633-634

 status of, 617-618

 studies on, 631-635

 transition pathways, 113-119, 661-689

 transportation sector, 113-117, 613-614

 wind energy, 98-99, 540, 560-570, 612, 623, 

 626-627, 629-632

Intellectual property rights, 196, 926

Intensity. See Energy intensity

International Energy Agency (IEA). See World 

Energy Outlook scenarios

Invasive species, 100, 270

Investment, 25, 872, 877-878

 capital-intensive technologies, 872

 costs, recent, 1004

 fi nancing, 890, 893

 in infrastructure and RE technologies, 24

 policies and, 25

 transition, 878

 trends in, 148, 876-878, 876

 See also Financing

Investment cost[*]:

 additional, 849

 hydropower, 424, 441, 477-480, 479-481

 learning investments, 849, 849

 scenarios, 849-851, 850

 time-dependent expenditures, 849-851, 850

 up-front, 194, 366, 796-797

Investment risks, 872, 918-919, 920-921

IPCC:

 Fourth Assessment Report (AR4), 167

 Special Report on Renewable Energy Sources and 

 Climate Change Mitigation (SRREN), 33, 167-168, 

 167

Iron and steel industries, 682-683

Irradiance. See Solar irradiance; Solar radiation

Issues, 44, 196-197
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J
Japan, energy investment strategies, 887-888

Johannesburg Plan of Implementation, 716

K
Kaya identity, 34, 35, 170, 173

Knowledge:

 advancement, 26, 37, 178, 179

 barriers, 44, 194-195

Knowledge gaps, 37

 integration, 639-640

 scenarios, 798-799, 812-813, 832, 840-841, 851, 

 857, 897-899

 sustainable development, 130, 712, 767-768

Kyoto Protocol[*], 761

L
Land use[*], 125, 743-745

 agriculture and, 686

 geothermal energy and, 76, 420, 420

 management practices, 19-20

 wind energy and, 574-575

Land use change (LUC)[*], 18-19

 bioenergy and, 50-51, 215, 219, 263-267, 266, 275, 

 304-305

 direct, 735

 fossil fuel production and, 192

 GHG emissions from, 123-124, 729-732, 735-736, 

 736

 indirect (iLUC)[*], 263, 267, 305, 735, 913

 solar energy and, 370-371

Landfi lls, 122, 239

 GHG emissions from, 124, 260

 landfi ll gas, 46, 110, 111, 217, 220, 242, 285

 toxic substances and, 271

Leapfrogging[*], 120, 763

Learning curves[*], 796-797, 846-849, 847, 848

 bioenergy, 56, 292-293, 293, 848

 deployment costs and investments and, 849, 849

 institutional learning, 157, 927

 solar energy, 338-339, 848

Learning investments, 849, 849

Learning rate[*], 847, 848

Levelized cost of energy (LCOE)[*], 13, 14, 40, 

137-141, 142-144, 165, 842-846, 843-846, 1002, 

1003-1018

 calculation of, 976

 competitiveness of technology and, 13

 of electricity (LCOE), 14, 42-43, 55, 68, 70, 93, 142, 

 1002, 1003

 of heat (LCOH), 14, 42-43, 55, 69, 79, 143, 1002, 

 1003, 1010-1013

 projected decrease in, 796, 846-849

 tornado graphs, 1003, 1008-1009, 1012-1013, 

 1018

 of transport fuel (LCOF), 14, 42-43, 55, 144, 1002, 

 1003, 1014-1018

 See also Annex II; Annex III; specifi c technologies

Levy. See Taxes

Lifecycle analysis (LCA)[*], 18, 19, 122-124, 

173-174, 177, 192, 193, 710, 978-993

 bioenergy, 258-261, 260

 electricity generation, 18, 19, 122-123, 173-174, 

 732-733, 979-981

 hydropower, 470-474, 471

 ocean energy, 517-518, 518

 sustainable development and, 122-124, 710, 717, 

 728-729

 wind energy, 571, 571

Lifecycle costs[*], 82, 417

 See also Lifecycle analysis

Lignocellulosic biofuels, 54, 215, 218, 294-295, 296, 

303, 735

 conversion routes, 235

 costs, 53, 56, 215, 234

Lignocellulosic crops/feedstocks, 50-51, 53, 219, 

234, 266-267

 technical potential, 226

 See also Forest products

Liquid fuel systems, 17, 112-113, 654-658

 See also Biofuels; Fossil fuels; Fuels

Load (electrical)[*], 62, 65, 73-74, 82, 113

 base load[*], 73, 77, 80, 88

 excess load, 153

Loans[*], 24, 890, 893

 convertible loans[*], 886, 886

 public loans, 893

 soft loans[*], 886, 893

Lock-in[*], 147, 148, 870, 872, 881, 926

M
Macroeconomics, 870, 872, 916

Maize (corn), 215, 234, 265, 266, 277

 carbon payback, 264

 costs of fuel production, 53

Mandates, 874, 911-912

 absolute, 911-912

 biofuel, 911

 renewable fuel, 912-913

Marginal (incremental) cost[*], 135, 810, 832

Maritime transport, 671

Market and industry development:

 bioenergy, 48-50, 246-257

 domestic markets for RE, 880

 geothermal energy, 74, 414-417

 hydropower, 82, 455-458

 ocean energy, 90-92, 513-517

 scenarios, 816-826, 817, 821

 solar energy, 63-65, 359-367

 wind energy, 97, 556-560

Market failures[*], 25-26, 44, 193-194, 759-760, 872

 geothermal energy and, 417

 policies and, 872, 914

Market potential[*], 220, 796-797

 RE electricity, 816-818

 RE heating and cooling, 819-820

Maturity of technologies, 182-183, 612

 bioenergy, 238-240, 261

 geothermal energy, 404, 431, 612

 hydropower, 452-454, 612

 ocean energy, 501, 522, 525

 solar energy, 337, 340, 350, 389-390

 wind energy, 541, 553, 558-560

Measures[*], 872, 885-886, 891, 911, 920, 925

Mergers and acquisitions, 878

Methane, 50, 285, 650

 hydropower reservoirs and, 472, 473, 729

 reduction with bioenergy, 218

 solar, 359

Methanol, 218, 358, 359

Methanol-dimethyl ether (DME), 285-286

Methodology, 973-1000

Metrics, 975

Mexico, seawater desalination, 660

Microbial fuel cells, 286

Microwave power beaming, 68, 378

Millennium Development Goals (MDG)[*], 18, 716

MiniCAM-EMF22 scenario, 814-816, 814, 815, 817, 

830-831

Mitigation[*], 20-24, 43, 130-146, 174-177, 192, 

791-864

 assessment of RE strategies for, 813-822

 biomass and, 210, 214

 building sector, 662, 672-681

 as driver for policies, 879

 energy supply, 661, 662

 geothermal energy and, 406, 429-432, 430

 hydropower and, 441, 442, 462-468, 485-487, 486

 ocean energy and, 502, 527-528

 options for, 174-177

 RE technologies and, 7, 18-24, 22-23, 43-44, 164, 

 165, 172-177, 177, 192, 714, 794

 solar energy and, 337, 345-346, 386-390

 sustainable development and, 122-125, 128-129, 

 714, 717-718, 729-736, 756-757, 766

 transport sector, 662-672, 662

 wind energy and, 539, 541, 591-593

 See also Mitigation scenarios
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Mitigation costs, 24, 130-146, 795, 832-857

 abatement cost curves, 834-836, 835-838

 cost curves, 798, 832-841

 direct and indirect costs, 851-852

 external costs, 797

 RE and, 808-811, 810, 811

 social and environmental costs, 851-857

Mitigation scenarios, 795-797

 assessment of RE strategies, 133-135, 813-832

 gaps in knowledge and uncertainties, 798-799, 

 812-813, 832, 840-841, 851, 857, 897-899

 by sectors and RE sources, 826-830, 826-830

 synthesis for RE strategies, 131-133, 799-813

 See also Scenarios

Models[*], 120, 131, 794, 798-799

 bottom-up models[*], 799

 hybrid models[*], 799

 integrated models, 120, 125-126, 748, 798-799, 

 800

 quantitative modelling, 799-800

 top-down models[*], 799

 See also Scenarios

Modern bioenergy[*], 216, 217, 263-267

Modern biomass[*], 46, 216, 217, 250-251

Multipurpose use, 441, 457, 462, 470, 471, 476, 

488-489

N
Nairobi Programme of Action, 177

Nameplate capacity[*], 99, 539, 541, 550, 554, 557, 

558

National Sustainable Development Strategies 

(NSDS), 762

Natural gas, 34, 37, 43, 52, 66, 111, 126, 147, 366, 

385, 663

 blending with hydrogen, 112

 compressed, 114, 115

 extent of supplies, 122

 GHG emissions, 124

 grids, 105, 111

 imports of, 123

 synthetic, 53, 56

Negotiation, 923-924

Nepal, public investments in, 928

Net metering (net billing), 890, 906-907

Netherlands, 931

Networks, 918-919

 access to, 891, 907, 925

 collaborative, 923

 heating and cooling, 110-111, 640-647, 910

 infrastructure and, 923-924

 large (centralized), 7, 165, 181

 third party access (TPA), 895, 910

New Zealand, 616, 689, 689

Nitrogen, 650

Nitrous oxide (N2O), 50, 261, 275, 736, 739, 854

Non-Annex I countries, 750

 RE deployment scenarios, 132, 807, 808

 See also Annex I countries

Non-methane volatile organic compounds 

(NMVOC), 124, 736

Non-recourse fi nancing[*], 882

North America:

 district cooling, 647

 RE energy scenarios, 825

Norway:

 autonomous wind/hydrogen demonstration, 

 660-661

 sustainable hydropower in, 764

Nuclear energy, 43, 44, 616, 744, 804, 805

 GHG emissions from, 124

 health impacts, 740

 percentage of primary energy supply, 10, 35, 134, 

 174

 RE integration of, 104, 114

 risks, 746, 856

 scenarios, 814

O
Obligations, 869, 908

 quota obligations (renewable portfolio standards), 

 65, 152, 874, 890, 895-897, 910

Ocean energy[*], 9, 87-95, 182, 497-533

 costs, 93-94, 502, 522-526, 523, 526, 1004

 deployment, 94-95, 502, 526-529, 527

 environmental and social impacts, 92-93, 502, 

 517-520, 528, 745

 global distribution of resources, 89

 historical use of, 11, 176

 implementation/integration, 93, 501, 520-522, 528, 

 623, 626, 634-635

 levelized cost of energy, 14, 843-844

 market and industry development, 90-92, 513-517

 maturity of technologies, 501, 522, 525

 mitigation potential, 502, 527-528

 ocean currents, 87, 503, 506, 506, 510-511, 

 515-516, 521, 523

 ocean thermal, 523

 ocean thermal energy conservation (OTEC), 87-88, 

 503, 507, 507, 511-512, 516, 521, 523, 525

 policies and, 501, 516-517, 517

 in primary energy supply, 176

 regional deployment, 528

 regional theoretical potential, 504

 salinity gradients, 88, 503, 507, 512-513, 512, 513, 

 516, 521, 523, 526

 scenarios, 822, 827-829

 sources of, 503

 supply chain, 528

 technical potential, 12, 87-88, 184, 206, 503-507, 

 527-528

 technology and applications, 89-90, 507-513

 technology improvement and innovation, 93, 

 520-522

 technology-specifi c challenges, 13

 theoretical potential, 183, 501, 503, 504

 tidal currents, 87, 503, 506, 510-511, 511, 515-516, 

 521, 522-524, 523

 tidal range, 87, 503, 505, 505, 510, 515, 521, 523, 

 524-525

 wave energy, 87, 503-505, 504, 507-510, 508, 509, 

 514-515, 520-521, 522-524, 523

Ocean fertilization, 175

Off-grid systems, 882, 915

 autonomous energy systems, 613, 658-661

 PV, 62, 353-354, 354, 376

Offset (in climate policy)[*], 917

Oil:

 future scenarios, 753-754, 755

 lifecycle GHG emissions from, 733-735, 734

 percentage of primary energy supply, 10

Oil crops, 218, 233, 277

 carbon payback, 264

 conversion routes, 235

 costs, 53, 245

 hydrogenation of, 235, 240, 282, 285

Operation and maintenance (O&M) costs[*], 

480-481, 584-585, 587

Opportunities[*], 40-44, 148, 165-166, 191-192, 

878-880

 bioenergy, 218

 sustainable development and, 712, 760-764

Opportunity cost[*], 130

Organic PV (OPV) cells, 353

Osmotic power. See Salinity gradients

Oxygen gas, 362, 650

P
Pacifi c Island States, RE target setting in, 884

Palm oil, 234, 264, 277

 costs of fuel production, 53, 234

Participation, 883, 892, 895, 905-906, 914, 918, 921, 

923

Particulates, 736, 737, 739, 854

Payback[*], 621, 650, 728-729

 carbon payback[*], 264-265, 264

 energy payback[*], 123, 338, 370, 470, 728-729, 

 731, 979

Peaking, 442, 445, 459-460, 466, 481
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Performance parameters, recent, 1001-1022

Performance standards[*], 17, 97

Permitting, 921-924

Photosynthesis[*], 226, 232, 359

Photosynthetic algae, 54-55, 218, 285, 303-304

Photovoltaics (PV)[*], 15, 62, 337, 338, 351-355, 351

 applications, 353-355, 354

 concentrating photovoltaics (CPV), 361, 375-376

 cost curves, 839, 839

 costs, 68-69, 369, 370, 380-382, 381-384, 856

 electricity generation, 351-355, 363-364, 363, 

 375-376, 388

 emerging technologies, 66, 352-353

 environmental and social effects, 370, 371, 

 372-373

 existing technologies, 351-352

 generation and smoothing effect, 368-369

 installed capacity, 63, 360-361, 361

 integration, 623, 624

 learning rates, 848

 lifecycle GHG emissions, 370, 371, 376

 novel technologies, 353

 photovoltaic systems, 353

 scenarios, 817

 toxic chemicals and, 352, 370

Physical energy content method, 180, 977, 978-979

Planning, 918-919, 921-924

Policies[*], 7, 24-26, 146-158, 166, 177-178, 197-198, 

865-950

 assessment of, 150-155, 869-870, 882-917, 

 913-916

 barriers, 148-150, 196, 880-882, 914

 barriers, overcoming, 869, 914

 combining R&D with deployment policies, 888, 889

 complementing, 869, 920

 cost-benefi t analysis and, 870

 current trends, 148, 874-876, 875

 demand pull[*], 150, 851, 887-888

 drivers, opportunities and benefi ts, 148, 878-880

 effectiveness[*], 150, 883, 903

 effi ciency[*], 150, 883, 903-905

 electricity sector, 152-153, 874, 890-891, 895-907

 enabling, 25, 45, 155-158, 198, 199, 870, 873, 

 917-929, 918-919

 energy sectors and, 869

 equity[*], 150, 883, 905-906

 evaluation criteria[*], 883-884

 experience with, 882-917

 fi nance and RE, 873

 fi scal incentives[*], 150, 883, 886, 890

 harmonized[*], 50, 66

 heating and cooling sector, 153, 907-911

 institutional feasibility[*], 150, 883, 906

 interactions and unintended consequences, 

 154-155, 916-917

 international, 177-178

 key policy instruments, 251

 lessons learned, 886-888, 896-897

 link with scenarios, 930, 930

 mix of policies, 869-870

 options, 150-155, 882-917

 overcoming barriers with, 24-25

 public fi nance, 45, 150, 197, 866, 883, 883-886, 

 886, 890

 rationale of RE policies, 146-147, 871-872

 RE and climate policy interactions, 154-155, 

 916-917

 RE deployment and, 7, 13, 20, 24, 814, 871

 RE deployment policies, 151-154, 869-870, 871, 

 874-876, 875, 889-895, 890-891

 RE growth and, 869

 RE integration and, 166

 RE promotion through, 869

 regulations, 150, 883, 890

 research and development (R&D), 150-151, 869, 

 871, 884-888, 913-914

 role of, 44-45, 197-198

 scenario analysis, 814

 sector-specifi c, 871

 structural shift, 158, 870, 929-932

 supply push[*], 150, 851, 887-888, 916

 sustainable development and, 712, 760-763

 timing and strength, 147-148, 873, 923

 tracking, 874, 875

 transparency and fl exibility in, 870

 transportation sector, 153-154, 911-913

 See also Policy case studies; specifi c policy options, 

 energy sectors and technologies

Policy case studies, 873

 Berkeley, California: innovative fi nancing, 894

 Brazil: expansion of policies, 912

 China: mixed policy approach, 915

 Denmark: comprehensive approach and individual/

 community ownership, 922-923

 Dutch technology and innovation, 931

 Germany: comprehensive approach, 900-901

 Güssing, Austria: rapid transition in, 929

 Japan: coupling supply-push with demand-pull, 

 887-888

 Nepal: upfront public investments, 928

 Pacifi c Island States: RE target setting, 884

 Spain: PV deployment, 904-905

 Sweden: biomass district heating and 

 infrastructure, 909

 Thailand: expansion of RE policies, 902

Policy criteria[*], 883-884

Population, 34, 35, 48, 130

 climate change and, 170

 in Kaya identity, 34, 35

 in scenarios, 58, 814

Potential[*]. See Deployment; Market potential; 

Technical potential

Power density[*], 44, 82

Power dispatching[*]. See Dispatch

Power grid[*]. See Grid

Pressure-retarded osmosis (PRO), 93, 513, 513

Primary energy[*], 174-176, 617-618

 accounting of, 10, 178-181, 180, 798, 976-978

 direct equivalent method, 10, 178-181, 180, 798, 

 802, 803-810, 820, 977-978, 978-979

 historical development in, 11, 176, 804

 physical content method, 180, 977, 978-979

 projections/scenarios for, 20-24, 21-23, 169, 803, 

 804, 806, 820, 825-826, 825, 827-829

 RE percentage of, 9, 10, 34, 165, 174, 820

 substitution method, 180, 807, 808, 977, 978-979

Primary production, 119, 614, 622, 686-689, 688

 See also Agriculture

Priority access, 24, 891, 907

Priority dispatch, 891, 907

Private costs[*], 852

Private equity fi nancing[*], 877, 893, 903

Prizes, 886, 886

Process intensifi cation, 284-285

Production payments/incentives, 890, 907-908

Progress ratio[*], 847

Project costs[*], 85, 883, 914, 975-976

Project fi nancing[*], 873, 877-878, 882

 See also Financing

Property Assessed Clean Energy (PACE), 893, 894

Public attitudes and acceptance, 100, 129, 576, 813

Public equity fi nancing[*], 877-878

Public fi nance[*], 45, 150, 197, 883

 assessment of, 893-894

 electricity sector, 895

 heating and cooling sector, 908

 Nepal: upfront public investments, 927

 RE deployment, 890, 892-894

 research and development, 884-886, 886

 transportation sector, 912

Public good[*], 121, 720

Public-private partnerships[*], 886, 886

Public procurement, 893

Public Research Centres, 885, 886

Pumped storage, 451-452, 452, 460, 462, 625

Pyrolysis, 218, 235, 238-239, 279-280, 282, 285
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Q
Quotas[*], 24, 25, 65, 152, 366, 869, 890

 electricity sector, 874, 895-897

 quota obligations (renewable portfolio standards), 

 65, 152, 874, 890, 895-897, 910

 risk under, 903-905

R
Rail transport, 671-672

Raw materials, 728, 729

RE. See Renewable energy (RE)

Rebates:

 heating and cooling sector, 907-908

 RE deployment, 889-891, 890

Rebound effect[*], 40, 147, 158, 185-186

Refi nancing, 874, 877, 878

Reforestation[*], 219, 224

Regional defi nitions and country groupings, 

993-997

Regulations[*], 45, 150, 197, 883

 access, 890

 electricity sector, 895-907

 heating and cooling sector, 908-910

 price-driven, 890, 894, 899-907

 quality-driven, 890, 894-895

 quantity-driven, 890, 894, 895-897

 RE deployment, 890, 894-895

 transportation sector, 912-913

Reliability[*], 39, 41-42, 77, 84, 97, 99, 100, 101

ReMIND-RECIPE scenario, 814-816, 814, 815, 817, 

830-831

Renewable energy (RE)[*]:

 accidents and risks, 745-747, 746

 assessment of strategies, 813-832

 benefi ts of, 7, 18-20, 191-192, 193, 710-711, 869

 climate change and, 7, 33-45, 161-207

 comparison of sources, 10, 178-181, 180

 current cost of, 187-190, 188-189

 current energy fl ows, 187, 187

 as dominant low-carbon energy supply by 2050, 

 795

 economic competition and, 13, 40, 164-165, 177

 energy effi ciency, 185-186

 integration of, 15-18, 16, 39-40, 184-185, 609-705

 lifecycle GHG emissions, 122-124, 177, 854

 mitigation potential, 7, 20-24, 43-44, 164, 165, 

 172-177, 177, 192, 714, 813-832

 opportunities, barriers and issues, 40-44, 190-197, 

 757-760

 percentage of primary energy supply, 9, 10, 34, 

 165, 174

 portfolio of technologies, 16, 177, 616, 795, 869

 projected growth in, 22, 22-23

 raw materials for, 728, 729

 regional aspects, 190

 scenarios[*], 791-864

 sources of, 8-9, 38-40, 178-186, 182-183

 sustainable, 174

 sustainable development[*] and, 18-20, 119-130, 

 707-789

 technical potential[*], 10-11, 12, 39, 181-184, 184, 

 206

 theoretical potential[*], 39, 165, 181, 183

 transition to, 616, 661-689, 881, 890-891

 trends in, 874-876, 875

 variability/reliability of sources, 8, 165, 623, 

 726-728, 754-755

Renewable energy technologies, 7-15, 8-9

 See also Deployment; Technology; specifi c 

 technologies

Renewable energy tenders, 890

Renewable Fuels for Europe project, 294-295

Renewable portfolio standard (RPS, quota 

obligation), 65, 152, 874, 890, 895-897

Research and development (R&D), 45, 197-198, 

851, 880, 932

 combining with deployment, 888, 889

 fi nancing, 877, 885-886, 886

 government budgets for, 852

 investments in, 796-797

 learning by research, 851

 lessons learned, 886-888, 887-888, 902

 need for, 884-885

 policies and, 150-151, 869, 871, 884-888, 886, 889, 

 913-914

 RE integration and, 612

 wind energy, 577-578

Reservoirs (hydropower), 451, 451, 462, 464

Resource potential[*]. See Technical potential; 

Theoretical potential

Reversed electro dialysis (RED), 92, 512, 512

Rio de Janeiro, Brazil, UNCED conference, 713

Risks, 745-747, 746

 fatalities, 20, 746, 746

 fi nancial, 194, 918-919

 fi nancial, reduction of, 920-921

 of policy decisions, 903-905

Rural areas:

 bioenergy and, 274

 decentralized grids and, 710

 development and RE, 880

 RE integration in, 614, 618, 678-680, 689

 transitions to RE in, 723, 723

S
Salinity gradients, 88, 503, 507, 512-513, 512, 513, 

516, 521

 costs, 523, 526

 environmental impacts, 520, 745

Sanitary and phytosanitary (SPS) measures, 256

Scale economies. See Economies of scale

Scenarios[*], 20-24, 131-146, 164, 791-864

 assessment of RE strategies, 133-135, 813-832

 bioenergy use, 214

 comparison of results, 830-832

 cost curves, 135-137, 832-841

 costs of commercialization and deployment, 

 137-144, 841-851

 emissions, 164, 168-169, 171

 emissions mitigation, 711

 ER-2010, 814-816, 814, 815, 817, 830-831

 four illustrative scenarios, 795, 814-816, 814, 815, 

 817, 830-831, 830-831

 GHG emissions, 164, 798, 800-801, 802, 803

 GHG mitigation, 795-813

 global, 796, 827-828

 global primary energy, 20-24, 21-23, 803, 804, 806

 integrated models, 748, 794, 800-801, 801

 key parameters of, 814

 knowledge gaps, 812-813, 832, 840-841, 851, 857, 

 897-899

 long-term, 748

 MiniCAM-EMF22, 814-816, 814, 815, 817, 830-831

 mitigation costs and RE, 808-811, 810, 811

 overview of, 800-803, 801, 802

 policies and, 814, 930, 930

 quantitative modelling, 799-800

 RE competition with other low-carbon energies, 

 805-806, 806

 RE deployment, 20-22, 21, 131, 794, 803-805, 804, 

 806-808, 808-810, 830-831

 RE deployment, technology perspective, 812

 RE dominance in future, 795

 RE sources, role of, 800-811

 regional, 806-808, 808-809, 820-826, 823-825, 

 827-828, 835-838

 ReMIND-RECIPE, 814-816, 814, 815, 817, 830-831

 sectorial, 795-796, 813-820, 826-830, 826, 829

 state of scenario analysis, 799-800

 sustainable development, 125-129, 711, 747-757

 synthesis for RE strategies, 131-133, 799-813

 technical potential vs. market deployment, 820-826

 World Energy Outlook, 616, 814-816, 814, 815, 

 817, 830-831

 See also specifi c technologies and sectors
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Second-generation biofuels[*], 50, 238, 247, 250, 

257

Security. See Energy security

Sedimentation, 447, 454, 465

Seismicity[*], 76, 420

Shipping (maritime transport), 671

Silicon photovoltaics, 351-352, 364-365

Sink[*], 174, 229, 264

Skilled human resources, 195

Smart meters, 920

Social costs[*], 144-146, 851-857, 855-857

 of carbon (SCC), 853-854

Social development, 41, 120-121, 126-127

 energy use and, 121, 716

 policies and, 880

 RE and, 18, 41, 191, 718-721

 sustainable development, 120-127, 570, 718-721, 

 749-751, 765

Social discount rate[*], 833

Social equity, 150, 883, 905-906

Social impacts:

 bioenergy, 52, 271-274, 306

 geothermal energy, 404-405, 420-421, 432

 hydropower, 83-84, 442, 461, 462, 463, 467-468, 

 487

 ocean energy, 92-93, 502, 518, 528

 solar energy, 66, 372-373, 390

 sustainable development, 717

 wind energy, 100, 540, 574-577, 595

 See also Health

Socio-cultural barriers, 44, 129, 195, 757-758

Soft loans[*], 886, 893

Soil resources, bioenergy and, 229, 269-270

Solar cells, photovoltaic, 351-353

Solar collectors[*], 346-349, 347, 348, 360, 377

Solar cracking, 366

Solar drying, 346, 351

Solar energy[*], 8, 60-71, 333-400

 abundance and potential of, 337, 340, 341

 active solar[*], 346-351, 360, 374-375, 379

 adaptation and, 192

 climate change and, 343, 387

 concentrating solar power (CSP)[*], 62-63, 

 355-358, 356, 365, 369

 conversion technologies, 337, 340, 377

 costs, 68-71, 338-339, 372, 378-385, 380, 390, 856, 

 1004

 daylighting, 338, 344-346, 373-374

 deployment, 71, 71, 339, 386-390, 388

 direct solar energy[*], 8, 12, 22-23, 60-71, 182, 

 184, 333-400

 energy payback[*], 338, 370

 environmental and social impacts, 65-66, 369-373, 

 390, 745

 historical use of, 11, 176

 history of technologies, 340

 industry capacity and supply chain, 64-65, 362-366

 installed capacity and generated energy, 63, 

 359-362

 integration, 65, 338, 362, 367-369, 390, 612, 

 622-624, 623, 629, 633-634

 learning curves, 71, 338-339, 385, 848

 levelized cost of energy, 14, 843-844

 market and industry development, 63-65, 359-367

 maturity of technologies, 337, 340, 350, 389-390

 Mediterranean Solar Plan, 876

 mitigation potential, 337, 345-346, 369-390

 net-zero-energy solar buildings, 346, 356

 opportunities, 338

 passive solar[*], 338, 344-346, 360, 373-374, 

 378-379

 photovoltaics (PV)[*], 62, 68-69, 338, 351-355, 351

 policies and, 65, 338, 366-367, 390

 in primary energy supply, 176

 regional deployment, 389

 regional technical potential, 342, 342

 scenarios, 806, 808, 817, 822, 827-829

 solar cooling, 349, 350-351

 solar fuel production, 63-64, 358-359, 359, 

 361-362, 365-366, 377-378

 solar heating, 346-349, 347, 350-351

 solar thermal[*], 60-62, 61, 63, 66, 68, 360, 686, 

 821, 1010

 space-based solar power (SSP), 378

 supply chain issues, 389

 technical potential, 12, 60, 184, 206, 341-343, 389

 technology and applications, 60-63, 343-359

 technology improvement and innovation, 66-68, 

 373-378

 technology-specifi c challenges, 13

 theoretical potential, 183, 341

 thermal storage, 344, 345, 349-350, 357, 374

 variability of, 340, 623

 See also Concentrating solar power (CSP); 

 Photovoltaics (PV)

Solar irradiance[*], 60, 341, 341, 342-343, 343

Solar radiation[*]:

 beam[*], 60, 341, 342, 355, 367

 diffuse[*], 60, 341, 342

 global[*], 351, 351

Soy, 218, 234, 243, 266, 277

 carbon payback, 264

 conversion routes, 235

 costs of fuel production, 53, 234, 245

Spain, 616

 policies for PV deployment, 904-905, 905

Stakeholders, 53, 157, 883, 918, 921, 923

 individual and community ownership, 922

 individuals, 45, 156, 157-158, 927-929

 resolving confl icts among, 921, 923-924

Standards[*], 874, 876, 881, 882, 892, 895, 903, 908, 

914

 network, 925

 performance[*], 17, 97

 sustainability, 913

 technology, 554, 555

Starch crops, 234, 245, 277

Steam-cracking, 683

Storage of energy, 637-638, 659, 664, 674

 autonomous systems and, 659

 batteries, 62, 107, 109, 114-115, 114, 185, 358, 

 621, 630, 637, 659, 664, 664, 668, 674

 concentrating solar power systems, 63, 65

 costs and, 69

 heating and cooling, 110-111, 643-644, 644

 hydropower, 80-83, 451-452

 integration and, 637-638

 thermal storage, 80, 344, 345, 349-350, 674

 See also Thermal storage

Structural shift (in energy systems), 45, 158, 199, 

870, 929-932

Subsidies[*], 872, 874-876, 880, 886, 912, 913, 914, 

916-917

 biofuel production subsidies, 874-876

 costs of, 916

 fossil fuel, removal of, 760-761

 investment, 874, 892, 904

Substitution method, 180, 807, 808, 977, 978-979

Sugar/sugarcane, 15, 218, 233, 234, 241-243, 266, 

277, 616, 685-686, 912, 1014

 carbon payback, 264

 conversion routes, 235

 costs of fuel production, 53, 215, 245

 experience curves, 56

Sulphur dioxide (SO2), 124, 736, 739, 854

Supply chains, 812

 bioenergy, 278-280, 279, 302-304

 See also Market and industry development

Supply curves, 820-825, 823, 824, 832-834, 835-836

 limitations of, 834

Supply push[*], 150, 154, 851, 887-888, 916

Sustainability:

 bioenergy, 52, 215, 254-255, 271

 biofuels, 256

 geothermal energy, 404

 transport systems and, 672

 of watersheds, 489-490
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Sustainable development (SD)[*], 18-20, 119-130, 

707-789

 accidents and risks, 745-747, 746

 air pollution, 124-125, 736-739

 barriers to, 129-130, 712, 757-760

 Clean Development Mechanism (CDM)[*], 

 129-130, 761-762

 climate change mitigation and, 122-125, 128-129, 

 714, 717-718, 729-736, 756-757, 766

 concept and defi nition, 713

 electricity generation, GHG emissions from, 

 122-123, 732-733, 732

 employment creation, 719-720

 energy access and, 121, 127, 716, 721-724, 

 721-723, 751-752, 765

 energy security and, 122, 127-128, 716-717, 

 724-728, 728, 729, 752-756, 765-766

 energy use and, 710, 716

 environmental benefi ts, 711

 environmental impacts, 128-129, 710-711, 

 728-745, 745, 766

 environmental impacts, evaluation of, 717-718

 fuels, GHG emissions from, 733-735, 734

 future scenarios, 125-129, 711, 747-757

 goals, 710, 715-718

 health benefi ts, 711

 health impacts, 128-129, 739-740, 740, 756-757, 

 766

 indicators of, 715-716, 719, 728

 integrating RE and SD strategies, 119-120, 

 129-130, 762-763

 interactions of RE and SD, 18-19, 710, 713-718, 

 762-763

 internalizing environmental/social externalities, 

 761-762

 international and national strategies for, 129, 

 760-763

 knowledge gaps and research needs, 130, 712, 

 767-768

 land use/land use change, 123-124, 735-736, 736, 

 743-745

 leapfrogging[*], 763

 lifecycle assessments and, 122-124, 710, 717, 

 728-729

 linkages to other chapters/topics, 714-715, 714

 local, private, and nongovernmental initiatives, 

 763-764, 764

 National Sustainable Development Strategies 

 (NSDS), 762

 opportunities, 712, 760-764

 policies and, 712

 removal of mechanisms working against, 760-761

 resource assessment, 764-765

 social and economic development, 120-125, 

 126-127, 570, 710, 716, 718-721, 749-751, 765

 theoretical concepts and tools, 764-765

 variability/reliability of RE, 726-728, 754-755

 water resources and, 125, 741-743, 742

 weak vs. strong sustainability, 713, 715-716

 World Summit on (2002), 716

Sustainable energy, 174

Sustainable Energy Financing District, 894

Sweden:

 biomass CHP heating, 646

 biomass district heating and infrastructure, 909

 tradable RE certifi cates, 897

Switchgrass, 217, 225, 230, 234, 269, 270, 277, 281

Syngas, 280, 358, 359, 378, 649, 650

Systems integration, 812

T
Targets, 874-876, 875, 879-880, 883, 884, 896-897

 voluntary vs. mandatory, 913

Tariffs, 196

 biofuels, 255-256

 feed-in tariffs[*], 24, 25, 890, 899-907

Tax credit[*], 886

 heating and cooling sector, 908

 for RE deployment, 890, 891-892

Tax policies, 890, 891-892

 accelerated/variable depreciation, 890, 892

 heating and cooling sector, 908

 reduction/exemption, 890, 891-892

 transportation sector, 911-912

Taxes[*]:

 carbon tax[*], 24, 872, 890, 909, 917

 eco-tax[*], 908

 tax credit[*], 886, 890, 891-892

 See also Fiscal incentives

Technical potential[*], 10-11, 12, 39, 181-184, 184, 

206

 climate change impact on, 12

 RE contribution not constrained by, 23, 796

 scenarios, 796, 820-826, 827-829

 See also specifi c technologies

Technological change[*], 930

 bricolage vs. breakthrough, 931

Technology[*]:

 challenges in, 13

 commercialization of, 137-144, 841-851, 877

 competitiveness of, 13, 40, 164-165, 796, 805-806

 cost curves, 836-840

 costs, present, 841-846, 843-846

 demand pull[*], 150, 851, 887-888

 economics and, 812

 maturity of, 182-183, 612

 policies and, 869, 931-932

 portfolio of RE technologies, 16, 177, 795, 869

 RE integration and, 17-18

 RE technologies, 7-15, 8-9, 38-40, 182-183

 supply push[*], 150, 851, 887-888, 916

 trends in, 874-876, 875

 types of content, 926

 zero- or low-carbon technologies, 37, 37, 74, 114, 

 115, 115, 116, 175

Technology cycle, 888, 889

Technology improvement and innovation, 919-920

 bioenergy, 53, 276-287

 geothermal energy, 77, 405, 421-423

 hydropower, 84, 474-476

 ocean energy, 520-522

 policies and, 885

 solar energy, 66-68, 373-378

 wind energy, 540-541

Technology incubators, 885

Technology standards[*], 554, 555

Technology transfer[*], 918-919, 925-927

Temperature, global, 33, 164, 169

 agreements to limit, 34, 164, 169

Tendering/bidding, 890, 896

Thailand, RE policies in, 902

Theoretical potential[*], 39, 165, 181, 183

 bioenergy, 46-47, 183, 220, 222

 geothermal energy, 183, 408, 409

 hydropower, 183, 444

 ocean energy, 183, 501, 503, 504

 solar energy, 183, 341

 wind energy, 183, 543-544

 See also Technical potential

Thermal conversion, 178, 337, 377

Thermal energy:

 geothermal[*], 401-436, 821

 ocean thermal, 87-88, 503, 507, 507, 511-512, 516, 

 521, 523, 525

 solar thermal[*], 60-62, 61, 63, 66, 68, 360, 686, 

 821

Thermal storage, 80, 344, 345, 349-350, 674

 aquifer thermal energy storage, 349-350

 concentrating solar power systems, 69, 357

 latent heat storage, 349

 of solar energy, 344, 345, 349-350, 357, 374

 sorption heat storage, 349

 thermochemical heat storage, 349

 underground thermal heat storage, 349-350

Thermolysis, 358

Third party access (TPA), 895, 910

Tidal energy. See Ocean energy
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Time:

 policy timing, 147-148, 873, 923

 time-dependent expenditures, 849-851, 850

 time scale of deployment, 807, 808-810

Top-down models[*], 799, 799

Tornado graphs, 1003

 biofuels, 1018

 heat technologies, 1012-1013

 RE power technologies, 1008-1009

Torrefi ed wood, 279

Total cost[*], 40, 53, 86, 147, 873, 891, 905

Toxic substances:

 geothermal energy and, 419

 nuclear power and, 740

 photovoltaics (PV) and, 352, 370

Tradable certifi cates[*], 895-896, 897

Transesterifi cation, 240

Transition economies, 73, 79, 84, 120, 140-141

Transitions, 24, 37, 41, 103-107, 158

 end-use sector integration, 113-119, 616, 661-689

 global investment, 878

 policies and, 881, 890-891

 RE in rural areas, 723, 723

 structural shift and, 45, 158, 199, 870, 929-932

 See also Integration

Transmission and distribution (electricity)[*], 563

Transportation sector:

 air pollution and, 124-125, 739

 aviation, 670-671

 biofuels and, 299, 300, 612-614, 822

 effi ciency in, 186

 evolution of fuel consumption, 299, 300

 fuel mandates and, 25

 heavy-duty vehicles, 670

 integration of RE, 17, 40, 45, 113-117, 613-614, 

 617-618

 levelized cost of RE, 14

 levelized cost of transport fuel (LCOF), 14, 42-43, 

 55, 144, 1002, 1003, 1014-1018

 light-duty vehicles, 665-670

 maritime transport, 671

 mitigation potential, 662-672, 662

 policies, 153-154, 911-913

 rail transport, 671-672

 scenarios for, 795, 820, 822

 solar fuels and, 366

 vehicle technology, 664-666

 See also Biofuels

Trees. See Bioenergy; Forest products; Forest 

protection; Lignocellulosic crops/feedstocks

Turbines[*]:

 backpressure steam turbines[*], 460

 condensing steam turbines[*], 412

 fi sh-friendly, 466, 475

 geothermal energy, 410-412

 hydrokinetic, 451, 475-476

 hydropower, 443, 450-455, 453, 474-476

 ocean energy, 506, 508-512, 509, 511, 516

 solar energy, 355-357, 369, 377

 wind turbines[*], 550-556, 551-553, 580-582

U
UN Conference on Environment and 

Development, 177

UN Conference on New and Renewable Sources 

of Energy, 177

Uncertainties, 169, 177, 221

UNFCCC. See United Nations Framework Convention 

on Climate Change

United Nations Conference on Environment and 

Development (UNCED), 713

United Nations Framework Convention on 

Climate Change (UNFCCC)[*], 761

United States. See USA

Upstream processes, 125, 743, 744

Urbanization, 616-618

 Brazil case study, 677-678

USA:

 California, innovative fi nancing example, 894

 quota use in, 905

 RE policies, 898-899, 905

Use obligation, 908

V
Valley of death[*], 53, 884-885

Value added[*], 890, 891

Values[*], 129, 712, 757-759, 767

Variability of RE sources, 8, 165, 623, 726-728, 

754-755

Vent (geothermal/hydrothermal/submarine)[*], 

410

Venture capital[*], 886, 886

Vouchers, 886

W
Water:

 electrolysis of, 358, 362, 377

 purifi cation, with solar energy, 350-351

 RE technology and, 20, 192, 741-743, 742

 storage facilities (reservoirs), 87, 451, 451

 sustainable development and, 741-743, 742

 upstream processes and, 743, 744

 See also Hydropower

Water management services:

 climate-driven, 488

 hydropower and, 87, 441, 462, 488-490

 multipurpose use of resources, 488-489

 regional cooperation in, 489-490

 sustainable watersheds, 489-490

Water resources, impacts on, 44, 125, 192, 854

 bioenergy, 227, 233, 257-258, 268-269, 305

 concentrating solar power (CSP), 338

 electricity generation, 741-743, 742, 991-993

 hydropower, 464-465

Waves, 503

 See also Ocean energy

Well-to-tank (WTT)[*], 663, 665, 669

Well-to-wheel (WTW)[*], 115, 123, 282

Wheat, 234, 266, 277

 costs of fuel production, 53, 234

Wind energy[*], 9, 95-103, 183, 535-608

 alternative applications and technologies, 543

 autonomous energy examples, 660-661

 balancing cost with, 568-569, 569

 bird and bat collision fatalities, 572-573

 characteristics of, 560-563

 climate change and, 548-550

 cost curves, 839-840, 840, 841

 costs, 101-103, 568-570, 580, 583-591, 584, 856, 

 1005

 costs, reduction of, 541, 589-591

 in Denmark, 922-923

 deployment, 103, 539-540, 591-595

 electricity from. See Wind power (electricity)

 energy source, 542

 environmental and social impacts, 99-100, 540, 

 570-577, 595, 745

 health impacts, 740

 historical use of, 11, 176, 542

 industry development, 558-559

 integration, 98-99, 540, 560-570, 612, 623, 

 626-627, 629-632

 learning curves, 589-590, 589, 847, 848

 levelized cost of energy, 14, 588-589, 588, 

 590-591, 843-844

 lifecycle GHG emissions, 571, 571

 market and industry development, 97, 539, 

 556-560

 mechanical and propulsion applications, 543

 mitigation potential, 539, 541, 591-593

 offshore, 553-554, 580-582, 581, 584

 onshore, 551-553, 584

 policies and, 198, 559-560, 898-899

 in primary energy supply, 176

 projections for, 22-23

 public attitudes and acceptance, 100, 576

 regional and national deployment, 556-558, 557, 

 593-594, 594

 regional technical potential, 546-548, 547
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 resource assessment in China and Russia, 549

 scenarios, 22-23, 806, 808, 817, 822, 827-829

 scientifi c research and, 582-583

 small wind turbines, 543

 supply chain issues, 594

 technical potential, 12, 95-96, 184, 206, 539, 

 544-548, 545-546

 technology and applications, 96-97, 550-556

 technology improvement and innovation, 100-102, 

 540-541, 577-583

 technology-specifi c challenges, 13

 technology standards, 554, 555

 theoretical potential, 183, 543-544

 variability in, 564-566, 565, 571-572, 612, 623

 See also Wind power; Wind turbines

Wind farms[*], 552, 564

Wind power (electricity), 539, 542, 543-550, 543, 

555-556

 capacity, 556-558, 564

 conversion and grid connection issues, 555-556

Index

 costs, 585-586, 587

 electrical characteristics and grid codes, 562-563

 fl exibility and variability, 564-566, 565

 higher-altitude, 543

 integration issues, 560-570, 594-595

 planning for, 562-564

 practical experience with, 566-567

 regional technical potential, 546-548, 547

 scenarios, 819

 top ten countries in, 557

 transmission issues, 563, 594-595

Wind power plants[*], 578-582

 certifi cation procedure, 554, 555

 investment costs, 584, 585, 586-587

 operation and maintenance costs, 584-585, 587

Wind project[*], 552, 555

Wind turbines[*], 550-556, 551-553

 certifi cation procedure, 554, 555

 foundation designs, 101

 offshore technology, 553-554, 580-582, 581

 onshore technology, 551-553

 pitch control[*], 551, 555, 579

 power curve for, 550

 size of, 96

 small, 543

 stall control[*], 550, 551, 555

 technology advances in, 578-580, 579

Windmills[*], 542

Wood. See Forest products

Wood pellets, 237-238, 253

 experience curves, 56

Wood, torrefi ed, 279

World Energy Outlook scenarios, 616, 724, 797, 

814-816, 814, 815, 817, 830-831

 See also Scenarios

Z
Zero- or low-carbon emission technologies, 37, 

37, 74, 114, 115, 115, 116, 175
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