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Abstract

This report examinegllobal emissions omajor air pollutants $0,, NO,, PM2.5 resulting from
energy scenarios developed fdretWorld EnergyOutlook 2009 QOECD/IEA, 209. Estimates
include emissions for2regionsaccording to the aggregation used in the IEA World Energy Model
(WEM). Emissions have been estimatesihgthe IASA GAINS model

The 2009 Outlook discusses two energy pathways for the next 20 treaReference Scenaribat
reflects unchangedovernmental energy and climate policasd the 450 Scenario, which assumes
implementation of climate policies that alloimitation of the increase in global average temperature
to about 2 C. These pathwayswere implemented intathe GAINS model. Next, emissions of air
pollutantswere calculated Calculations take into account the current air pollutontrol policies in
eah country or regioas adoptedr in the pipeline by mie2009.

Presented in this report estimates do not include emissions form international shipping as well as
cruising emissions from aviation. They also do not include emissions from biomass burning
(deforestationsavannalburning,and vegetatiofires).

In 2005, world emissions of S@rom sources covered inithreportwere about 95 million tons.
OECD countries contributedO3percentof this total. Implementation of current policies on air
pollution control for the Reference Scenario caused petcent decrease in world emissions of 8O
2020 compared with 200%hich isa result ofmore than halving of emissions from the OECD
countries and a moderatiecreasdn other countries. After 202@missons from the nonrOECD
countriesstart torise, which causesn increase of world emissions by about four million tonsl
2030.The corresponding world emissions of N&ve: 85 million tons in 200%f which 43 percent
originated from the OECD countrijeslecreasentil 2020 by 13 percent and next increasdil 2030
by about10 million tons. Emissions of PM2.5 &3 million tons in 2005) are dominated by the
sources from no®ECD countrie§ 90 percent of total. In 2020 and 2030 the world emissiondyare
31 4 percent higher, which is again due to the increase of emissions from tQ&Qih countries.

The 450 Scenariccauss animportant reduction emissiors of air pollutants. By 2030, the emissions
of SG, are @ percent lowethan inthe Referencease Emissions of NQ decrease by 1percent and
those of PM2.5 byine percent.

Costs oftheficu r r e n t airpalutioncopttdsareabout 155 bi'lUntil 2080thésea i n
costs increase in the Reference Scenario by a factor of three, which is due to higher activity levels and
increasing stringency of controlgl 203Q more than60 percent othe total control costsare the
expenditures orreducing emissionsrdm road transportThe 450 Scenario brings? Jpercent cost
savings in 203@ompared with the Reference

The Studyalsoestimated health impacts of air pollution in Europe, China and India in terrife of |
years lost (YOLLs) attributable to the exposure from anthropogenic emissions of PM22D05
about 3.4 billion of lifeyears were losin those countriesiue to PM exposufe This estimate is
dominated by impacts in China and India, which together contribute maré@thpercent of YOLkE

'!Al'l costs are calculated in G 2005 wusing internation
interest rate.

2 The estimates do not include exposure to indoor air pollution.
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in 2005.The Reference Scenario irgd anincrease of th YOLLs indicatorin 2030 by about 70
percent to &, billion. The 450 Scenario save2 hillion life-yearsin 203Q

Lower impact indicators and lower air pollution controltsos the450 Scenari@ompared with the
Referencelearly demonstrate important-benefits of climate policies for air pollution.
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1 Introduction

This report describes the work executed by IIASA the Office of the Chief Economist #te
International Energy AgencftEA) to provide a set of emission trends that correspond to the World
Energy Model analysis developed by the IEA for the World Energy Outlook ZIBEGD/IEA, 2009.

IIASA calculated emissions of major air pollutants:,SRNO,, and PM2.5 for two energscenarios:

the Reference Scenario thatleefs unchanged governmental energy and climate policies and the 450
Scenario, which assumes implementation of policies that allow limitation of the increase in average
temperature of the globe to abofiC2

The analysis employs as the central analytical the IASA GAINS model Methodology for air

pollution calculations within GAINS is describedAmann, 2004 Estimates include emissions for 27

regions accordingtotheaggréega on used i n t he |.HRehationdagsdssinenEner gy
does not include the emissions form international shipping as well as cruising emissions from aviation.

Also emissions from biomass burning (deforestation, savabuaing,and vegetatioriires) are not

included in national totals.

The remainder of the report is organized as follows: SectisimoBtly summarizes activitgcenarios
included in the analysidt also explains assumptions about emission control legislatioptedfor
individual countries/country groupSection 3 presents emission projectibgscountry group and by
economic sectoin Section 4 emission control costs are discussed. Sectlimtiéisses health impacts
of the scenarioLonclusions are drawn in Sectién


http://gains.iiasa.ac.at/index.php/home-page/241-on-line-access-to-gains

2 Activity projections

The 2009 World Energy Outlook discusses two energy pathways for the next 20 years, namely:
1 The Reference Scenario and
9 The 450 Scenario.

Both scenarios were developed with the World Energy Model and include 27 world rdggmiens

areeither individual countries or groups of countries with similar policies and emission characteristics.
Countries who are major energy consumers (angdediitters) are treatedn an individual basis. The
scenarios provide details for the period up to 2888 particular focus on 2020, which is essential for

the decisions about teid-termdevelopment of the world energy system and the climagmtiations

process. The assessment includes the effects of recent global economic downturn and demonstrates its
impacts on the emissions of energjated CQ.

Coverage of each region is explainedAppendix |I. The Reference Scenario reflects unchanged
governmental energy and climate policies. This scenario is unsustainable and puts the globe on a path
to double tle CG concentrations, which might result in an increase of global average temperature by
up to 6 C with all negative impacts of such an increase. The alternative sceasmiones
implementation of newpolicies, whichinduce important structural changes tlee world energy
system. These changes indliceitation of energyrelated CQ emissions to a level that stabilizes the
concentration of greenhouse gases at about 450 ppm, which corresponds to the increase in global
average temperature of aboft2

Details on energy consumption structure for the WEO 2009 energy scertagether with major
macroeconomic characteristics (population, GDP and value added by major economichseetor)
been provided to IIASA by the IEA and next implemented into GAINSgusirspecial interface
routine.Missing information has been completed based on scenarios aleaithble inGAINS. In
particular, this included development of natiorakrgyscenarios for countries that are aggregated
into a country group within the WEMilerivation oftransport sectespecificdata (vehicleilometres
vehicle numbersjand estimaton of activities causing process emissions (production of energy
intensive products, agricultural activities, storage and handling of materials, waste treetoien



3 Emission projections

Calculation of emissions of air pollutantssizen performed assuming in each country (or country
group) the Acurrent policieso air poll ution <con
limit values and del quality standards have been includesiused in the analysis for the revision of
the National Emission Ceilings (NEC) DirectiveAmann et al, 2008 For other countries policies
have been assessed based on available literature (coGufataet al, 2007. They take into account
recent updates done in collaboration with national expert tg#isiont, 2009. In addition,
assumptions about emission contriolgshe power plant sector have bemnsschecked withdetailed
information from the database world coal fired power plantdEACCC, 2009. Important role in air
pollution abatement is played by controlling emissions from mobile sources. Again, for Europe the
same assumptions have been made as for the modelling work for thierrefithe NEC Directive.

For other countries information froBieselNet, 200@nd national sources was used.

3.1 Reference Scenario

Emissions of Sg NO, and PM2.5by country goup up to 2030 for the Referen&eenarioare
presented inTable 3.1 to Table 3.3. Emissions by sector (according to the SNAP aggregation)
separated by OECD and nr@ECD muntriescan be found iTable3.4 to Table3.6. Values for 2007
have been derived through interpolation.

In 2005, world emissions of S@vere about 95 million tons. OECE&buntries contribute@0 percent

to this total.Dominating sources are power plants and industrial emisdimptementation of current

policies on air pollution control for the Reference Scenario causes a 14 percent decrease in world
emissions of SEemissions in 2020 compared with 2Q0Bhis is a combined effect tiie decrease of

emissions from the OECD region (minué percent) and only a slight increase from the rest of the

world. Growth of emissions in neE@ECD countries in the period 200%22020is limited to only three
percent because of i mplementation of emission cc
assumptions. However, after 202@® emissions in neG®ECD countries increadsy more than four

million tons, mainly due to higheroal consumption in poorly controlled power plantsSioutheast

Asia and other developing world

According tothe GAINS assessment,afld emissions of NOwere 85 million tons in 20050f which

43 percent originated from the OECD countriBead transponvas responsible for about one third of

NO, emissionsUntil 2020 the emissions decreasell3percent, which is a combined effect of nearly

50 percent decrease of emissions form the OECD countries ahgesicknt increase from the rest of

the world. It neds to be stressed that majority of f@BCD countriesare currently implementing
emission standards on road transport sources, which importantly slows down the pace of increase of
NO, emissionsAfter 2020 theworld emissions increasand areabout 10 milion tonshigher in 2030

than in 2020

Emissions of PM2.5 @5 million tons in 2005) are dominated by the sources from-@BED
countries’ 90 percent of total.On a global scale, the highest contribatare residential and
commercialcombustion(49 pecent of total) and industrial emission& (@ercent).ln 2020 and 2030
the world emissions are byi34 percent highefThis relatively low increase of emissions is due to the
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changes in fuelisepatterns by households (replacement of solid fuels withr ahergy forms) and
better controls osources in thpower plansector,jndusty and road transport.

Table3.1: Emissiors of SO, by country groupin the Reference Scenario, thousand tons/year

WEM region 2005 2007 2010 2015 2020 2025 2030

China 31557 31525 31477 34566 33191 31013 28998
India 5929 6263 6763 8534 10255 12334 14804
South Africa 2125 1951 1690 1436 1315 1452 1586
Russia 5416 5532 5706 5030 4455 4791 5103
Brazil 1070 1076 1086 1162 1212 1308 1400
Middle East 4754 4601 4372 4128 3929 3754 3976
Indonesia 1071 1060 1045 960 1004 1101 1192
Malaysia 229 228 226 208 205 208 219
Philippines 374 335 277 231 244 265 296
Thailand 547 478 375 331 341 364 388
OASEAN 549 527 493 574 657 734 859
EU-8 1926 1475 799 357 340 360 371
us 13789 11301 7571 5539 4415 3861 3780
CAN 2189 2053 1849 1649 1601 1585 1585
Mexico 1790 1391 792 627 605 513 443
Japan 811 717 575 560 539 532 530
Korea 555 532 498 517 513 512 513
AUNZ 1438 1424 1403 1367 1369 1377 1381
OE4 1536 1517 1489 1435 1485 1586 1757
EUG4 2129 1712 1085 1091 1023 977 954
EU015 3962 3080 1758 1559 1385 1352 1300
ETEnonEU 2006 1909 1764 1887 1775 1717 1954
ATE 2410 2423 2444 2593 2716 2859 2781
RODA 2053 2108 2190 2781 3421 4374 5870
OLAM 2312 2287 2250 2197 2022 2148 2229
NAFR 1029 981 908 724 643 698 834
OAFR 1646 1809 2055 1550 1313 1336 1315
OECD 28199 23728 17020 14345 12936 12294 12244
Non-OECD 67003 66569 65918 69248 69039 70818 74173
World 95202 90297 82939 83593 81975 83112 86417

% Aggregation of countries to the WEO 2009 groups is expthinAppendix 1
-4-



Table3.2: Emissiors of NO, by country group in the Reference Scenario, thousand tons/year

WEM region 2005 2007 2010 2015 2020 2025 2030

China 15760 16902 18615 21261 21570 22686 24253
India 3942 4113 4371 4965 6024 7524 9495
South Africa 1276 1265 1248 1247 1263 1491 1785
Russia 4903 4645 4256 3932 3612 3395 3440
Brazil 2348 2306 2245 2355 2400 2460 2718
Middle East 4186 4040 3822 4246 4581 4984 5556
Indonesia 1704 1666 1610 1581 1560 1766 2040
Malaysia 626 595 549 579 570 560 592
Philippines 449 406 343 289 287 320 379
Thailand 1006 968 913 982 1125 1290 1479
OASEAN 873 826 756 841 943 1116 1381
EU-8 719 629 492 445 390 375 376
us 17191 15225 12275 9198 7507 6668 6435
CAN 1585 1451 1252 1096 989 945 973
Mexico 1439 1355 1229 1121 1080 1138 1203
Japan 2163 1926 1569 1267 1008 868 824
Korea 1439 1362 1247 1158 088 922 885
AUNZ 1303 1243 1153 1030 952 939 939
OE4 1219 1160 1071 088 999 1068 1188
EUG4 526 4691 3831 3283 2575 2224 2135
EU015 4870 4305 3458 2948 2373 2098 2002
ETEnonEU 1501 1415 1287 1243 1195 1227 1346
ATE 1114 1157 1222 1367 1423 1581 1699
RODA 1820 1777 1711 1979 2260 2632 3123
OLAM 3292 3242 3166 3105 2908 3150 3489
NAFR 1369 1375 1383 1405 1456 1648 1885
OAFR 1741 1736 1728 1824 1852 1978 2087
OECD 36475 32719 27085 22088 18472 16870 16583
Non-OECD 48629 49064 49717 53648 55417 60183 67121
World 85104 81783 76801 75737 73888 77053 83704




Table3.3: Emissiors of PM2.5 by country group in the Reference scenario, thousand tons/year

WEM region 2005 2007 2010 2015 2020 2025 2030

China 12553 13100 13920 13188 12150 11517 10941
India 5098 5139 5201 5409 5647 5947 6308
South Afica 411 419 430 449 468 482 503
Russia 1113 1098 1076 1154 1164 1192 1229
Brazil 900 888 871 872 876 856 835
Middle East 642 657 679 713 729 671 623
Indonesia 1570 1604 1657 1689 1715 1735 1754
Malaysia 149 147 145 141 133 120 114
Philippines 224 222 220 218 214 208 205
Thailand 354 351 347 344 338 323 315
OASEAN 1171 1199 1241 1279 1315 1339 1362
EU-8 275 247 205 204 204 210 217
us 1027 946 825 761 722 697 696
CAN 157 147 133 126 117 112 111
Mexico 404 378 340 329 331 342 355
Japan 199 184 161 149 136 129 126
Korea 171 167 160 159 156 157 158
AUNZ 179 174 166 164 160 159 160
OE4 380 375 368 376 405 440 481
EUG4 686 641 575 537 511 489 494
EU015 734 685 611 572 543 523 527
ETEnonEU 539 522 496 505 495 509 580
ATE 140 137 134 148 162 174 164
RODA 1622 1639 1664 1779 1873 1995 2118
OLAM 1178 1161 1134 1121 1110 1108 1118
NAFR 408 421 440 448 457 425 400
OAFR 6242 6472 6816 7244 7604 7877 8062
OECD 3935 3697 3341 3175 3082 3047 3108
Non-OECD 34589 35424 36675 36905 36654 36688 36847
World 38524 39121 40016 40080 39736 39735 39956




Table3.4: Emissions of SEby SNAP sector for the Reference Scenario, thousand tons/year

OECD

SNAP sector 2005 2007 2010 2015 2020 205 2030
1: Power generation 17844 14144 8594 6155 4765 4073 4001
2: Domestic 1328 1141 861 799 753 710 661
3: Industrial combust. 3906 3664 3302 3327 3348 3382 3410
4: Industrial processes 4047 3941 3782 3651 3653 3717 3762
5: Fuel extraction 0 0 0 0 0 0 0
6: Solvents 0 0 0 0 0 0 0
7: Road traffic 403 264 57 41 38 37 37
8: Off-road sources 635 535 386 334 342 339 337
9: Waste management 14 14 14 13 13 12 12
10: Agriculture 24 24 24 24 24 23 25
Sum 28199 23728 17020 14345 12936 12294 12244
Non-OECD

SNAP sector 2005 2007 2010 2015 2020 2025 2030
1: Power generation 37775 36328 34158 36430 35771 35750 37019
2: Domestic 4467 4419 4347 4553 4562 4523 4450
3: Industrial combust. 13305 14049 15166 17399 18744 20206 21991
4: Industrid processes 9412 9877 10576 9038 8010 8170 8296
5: Fuel extraction 0 0 0 0 0 0 0
6: Solvents 0 0 0 0 0 0 0
7: Road traffic 777 634 419 423 457 572 702
8: Off-road sources 955 945 930 1076 1162 1261 1377
9: Waste management 185 187 189 188 186 181 177
10: Agriculture 127 130 134 141 148 154 162
Sum 67003 66569 65918 69248 69039 70818 74173
World

SNAP sector 2005 2007 2010 2015 2020 2025 2030
1: Power generation 55619 50472 42752 42585 40535 39823 41020
2: Domestic 5795 5560 5207 5352 5315 5233 5111
3: Industrial combust. 17211 17714 18468 20726 22092 23588 25401
4: Industrial processes 13458 13818 14358 12689 11663 11887 12058
5: Fuel extraction 0 0 0 0 0 0 0
6: Solvents 0 0 0 0 0 0 0
7: Road traffic 1180 898 475 464 495 610 739
8: Off-road sources 1589 1480 1316 1410 1504 1600 1714
9: Waste management 200 201 204 201 199 194 188
10: Agriculture 151 154 158 166 172 178 187
Sum 95202 90297 82939 83593 81975 83112 86417




Table3.5: Emissions of NQby SNAP sector for the Reference Scenario, thousand tons/year

OECD

SNAP sector 2005 2007 2010 2015 2020 2025 2030
1: Power generation 9250 8139 6471 5363 4512 4355 4365
2: Domestic 1969 1875 1733 1749 1772 1820 1867
3: Industrial combust. 4297 4141 3907 4031 4062 4159 4256
4: Industrial processes 1051 1033 1007 987 979 963 945
5: Fuel extraction 0 0 0 0 0 0 0
6: Solvents 0 0 0 0 0 0 0
7: Road traffic 14562 12568 9576 5996 3580 2455 2283
8: Off-road sources 5262 4881 4308 3883 3489 3044 2791
9: Waste management 25 25 24 22 21 20 19
10: Agriculture 59 59 59 58 57 55 58
Sum 36475 32719 27085 22088 18472 16870 16583
Non-OECD

SNAP sector 2005 2007 2010 2015 2020 2025 2030
1: Power generation 12796 12912 13087 14932 15898 17560 19595
2: Domestic 2961 3015 3096 3240 3318 3385 3427
3: Industrial combust. 9203 10030 11272 12571 13205 14095 15095
4: Industrial processes 1227 1239 1257 1345 1420 1486 1548
5: Fuel extraction 0 0 0 0 0 0 0
6: Solvents 0 0 0 0 0 0 0
7: Road traffic 14740 13927 12707 12405 12176 13390 15778
8: Off-road sources 7316 7547 7892 8737 8969 9827 11225
9: Waste management 186 187 189 188 186 181 177
10: Agriculture 200 206 216 232 245 258 275
Sum 48629 49064 49717 53648 55417 60183 67121
World

SNAP sector 2005 2007 2010 2015 2020 2025 2030
1: Power generation 22046 21051 19558 20295 20409 21915 23960
2: Domestic 4930 4890 4829 4989 5090 5205 5295
3: Industrial combust. 13500 14171 15179 16601 17268 18254 19351
4: Industrial processes 2278 2272 2264 2332 2399 2450 2493
5: Fuel extraction 0 0 0 0 0 0 0
6: Solvents 0 0 0 0 0 0 0
7: Road traffic 29302 26495 22283 18401 15756 15844 18061
8: Off-road sources 12578 12427 12200 12619 12458 12871 14016
9: Waste mnagement 210 212 213 210 207 201 196
10: Agriculture 259 265 275 290 302 313 333
Sum 85104 81783 76801 75737 73888 77053 83704




Table3.6: Emissions of PM2.5 by SNAP sector for the Reference Scenavisahd tons/year

OECD

SNAP sector 2005 2007 2010 2015 2020 2025 2030
1: Power generation 338 305 256 254 251 255 263
2: Domestic 1202 1152 1076 1066 1044 1027 1041
3: Industrial combust. 361 342 312 322 340 368 401
4: Industrial processes 471 461 446 452 466 478 488
5: Fuel extraction 16 16 16 17 17 18 18
6: Solvents 0 0 0 0 0 0 0
7: Road traffic 634 548 419 299 241 226 232
8: Off-road sources 435 396 339 286 242 197 175
9: Waste management 185 186 187 189 191 193 194
10: Agriculture 293 291 290 291 290 285 297
Sum 3935 3697 3341 3175 3082 3047 3108
Non-OECD

SNAP sector 2005 2007 2010 2015 2020 2025 2030
1: Power generation 2078 2130 2207 2674 2976 3308 3682
2: Domestic 17858 18149 18586 18743 18513 18060 17425
3: Industrial combust. 6677 6931 7313 6850 6509 6471 6539
4: Industrial processes 2765 3006 3367 3361 3302 3238 3207
5: Fuel extraction 56 61 68 73 77 86 95
6: Solvents 0 0 0 0 0 0 0
7: Road traffic 985 895 762 651 624 703 839
8: Off-road sources 685 700 723 757 718 760 867
9: Waste management 931 952 984 1024 1066 1099 1137
10: Agriculture 2555 2599 2666 2772 2868 2963 3057
Sum 34590 35424 36675 36905 36655 36688 36847
World

SNAP sector 2005 2007 2010 2015 2020 2025 2030
1: Power geneation 2416 2435 2463 2928 3227 3563 3945
2: Domestic 19060 19301 19662 19808 19558 19087 18466
3: Industrial combust. 7038 7273 7625 7172 6850 6839 6939
4: Industrial processes 3237 3467 3812 3813 3769 3716 3695
5: Fuel extraction 72 77 84 89 94 104 114
6: Solvents 0 0 0 0 0 0 0
7: Road traffic 1619 1443 1180 950 864 929 1071
8: Off-road sources 1120 1096 1061 1043 960 957 1041
9: Waste management 1116 1138 1171 1214 1258 1292 1331
10: Agriculture 2847 2891 2956 3062 3158 3249 3354
Sum 38524 39121 40016 40080 39736 39735 39955




3.2 450 Scenario

Emissions for the 45@cenaricby country group are shown rable 3.7 to Table 3.9. Emissions by
SNAP sector are presentad Table3.10 to Table3.12. Policies aimed at reduction of enengfated
CO, emissiongsas in the 450 Scenarioauseanimportant reduction of emission of giollutans. By
2030, the S@emissions are 2million tons (or @ percent) lower than in the ReferenBeenario
Majority of that reduction (2 million tons) occurs in NG®WECD countries. In case of NQthe
emissions are 19 percent lower. In absolute termsrbans 16 million tons of NQess, of which 13
million tons is due to lower emissionsom NnorOECD countriesAlso PM2.5 decrease compared
with the Reference Scenario. In 2030 they ar@ r8illion tons (or nine percent) lower. It is
characteristic, thahe emissions from the OECD region are slightly higher (Byrllion tons) in the
450 Scenario, which is due to higher use of biomass fuels in the residential sector. Emissi¢ims from
non-OECD countries decrease by 4nillion tons.

Figure3.1to Figure3.3 compare the emissions of air pollutants by major countries/country groups for
the two scenarios. Figures clearly demonstrate the dominance of emissionghieomon-OECD
countries intheworld emissions of air pollutants.
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Table3.7: Emissiors of SO, by country group in the 450 Scenario, thousand tons/year

WEM region 2015 2020 2025 2030

China 32936 29524 23747 19558
India 8353 9158 9230 9376
South Africa 1436 1315 1452 1586
Russia 4913 3976 3854 3739
Brazil 1130 1161 1114 1141
Middle East 4075 3614 2989 2892
Indonesia 942 977 998 966
Malaysia 206 202 204 211
Philippines 229 242 262 290
Thailand 329 338 364 392
OASEAN 563 634 694 796
EU-8 330 318 324 326
us 5281 3827 2747 2669
CAN 1537 1432 1384 1381
Mexico 577 505 413 311
Japan 541 523 507 487
Korea 498 483 463 435
AUNZ 1301 1204 1122 1081
OE4 1348 1177 1031 1011
EUG4 1054 955 839 821
EU015 1496 1295 1195 1147
ETEnonEU 1866 1522 1451 1445
ATE 2615 2657 2626 2236
RODA 2659 3016 3466 3996
OLAM 2154 1911 1912 1864
NAFR 705 582 532 526
OAFR 1541 1286 1198 1087
OECD 13633 11400 9702 9344
Non-OECD 66981 62435 56416 52428
World 80614 73835 66117 61772
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Table3.8: Emissiors of NO, by country group in the 450 Scenario, thousand tons/year

WEM region 2015 2020 2025 2030

China 20437 19518 18102 17274
India 4838 5517 6315 7431
South Africa 1247 1263 1491 1785
Russia 3842 3396 2986 2797
Brazil 2297 2291 2246 2414
Middle East 4052 4311 4526 4871
Indonesia 1519 1485 1583 1681
Malaysia 563 547 534 556
Philippines 280 274 300 346
Thailand 947 1062 1201 1358
OASEAN 815 893 1031 1245
EU-8 427 372 350 343
us 8875 6895 5613 5180
CAN 1034 883 804 804
Mexico 1083 1009 1023 1031
Japan 1198 930 770 697
Korea 1116 922 771 627
AUNZ 960 811 728 689
OE4 951 919 942 1020
EUG4 3157 2396 1985 1874
EU015 2830 2222 1880 1771
ETEmonEU 1220 1130 1140 1216
ATE 1334 1351 1442 1467
RODA 1911 2103 2332 2609
OLAM 3041 2758 2856 3031
NAFR 1368 1392 1509 1668
OAFR 1769 1757 1818 1869
OECD 21204 16986 14516 13694
Non-OECD 51907 51420 51761 53961
World 73111 68406 66277 67655

-12-



Table3.9: Emissiors of PM2.5 by country group in the 450 Scenario, thousand tons/year

WEM region 2015 2020 2025 2030

China 12892 11451 10276 9313
India 5309 5347 5356 5398
South Africa 449 468 482 503
Russia 1142 1115 1092 1056
Brazil 870 875 846 825
Middle East 708 725 667 619
Indonesia 1679 1696 1695 1688
Malaysia 139 129 116 109
Philippines 214 207 196 190
Thailand 341 334 317 306
OASEAN 1239 1212 1176 1141
EU-8 202 207 218 229
us 795 820 883 1050
CAN 129 131 140 166
Mexico 324 328 362 410
Japan 144 130 121 116
Korea 157 153 150 144
AUNZ 160 148 148 156
OE4 369 382 391 412
EUG4 535 515 498 522
EU015 573 565 570 612
ETEnonEU 507 490 512 582
ATE 148 164 178 152
RODA 1723 1740 1768 1784
OLAM 1128 1119 1117 1126
NAFR 446 453 419 393
OAFR 7105 7228 7242 7169
OECD 3186 3171 3262 3589
Non-OECD 36242 34959 33674 32583
World 39428 38131 36937 36171
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Table3.10: Emissions 6SO, by SNAP sector for the 450 Scenario, thousand tons/year

OECD

SNAP sector 2015 2020 2025 2030
1: Power generation 5703 3629 2046 1766
2: Domestic 779 709 635 581
3: Industrial combust. 3102 3022 2934 2876
4: Industrial processes 3651 3653 3717 3762
5: Fuel extraction 0 0 0 0
6: Solvents 0 0 0 0
7: Road traffic 40 35 33 32
8: Off-road sources 321 315 301 290
9: Waste management 13 13 12 12
10: Agriculture 24 24 23 25
Sum 13633 11400 9702 9344
Non-OECD

SNAP sector 2015 2020 2025 2030
1: Power generation 34728 30429 24793 20529
2: Domestic 4420 4253 3942 3525
3: Industrial combust. 17017 17887 17508 17912
4: Industrial processes 9038 8010 8170 8296
5: Fuel extraction 0 0 0 0
6: Solvents 0 0 0 0
7: Road traffic 401 420 514 616
8: Off-road sources 1048 1102 1153 1213
9: Waste management 188 186 181 177
10: Agriculture 141 148 154 162
Sum 66981 62435 56416 52428
World

SNAP sector 2015 2020 2025 2030
1: Power generation 40431 34058 26839 22295
2: Domestic 5199 4962 4577 4106
3: Industrial combust. 20119 20910 20442 20788
4: Industrial processes 12689 11663 11887 12058
5: Fuel extraction 0 0 0 0
6: Solvents 0 0 0 0
7: Road traffic 441 455 547 648
8: Off-road sources 1369 1417 1455 1502
9: Waste manageme 201 199 194 188
10: Agriculture 166 172 178 187
Sum 80614 73835 66117 61772
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Table3.11: Emissions of NQby SNAP sector for the 450 Scenario, thousand tons/year

OECD

SNAP sector 2015 2020 2025 2030
1: Power generation 5005 3822 2972 2589
2: Domestic 1713 1718 1738 1778
3: Industrial combust. 3906 3890 3919 3976
4: Industrial processes 987 979 963 945
5: Fuel extraction 0 0 0 0
6: Solvents 0 0 0 0
7: Road traffic 5745 3270 2170 1981
8: Off-road sources 3768 3230 2680 2348
9: Waste management 22 21 20 19
10: Agriculture 58 57 55 58
Sum 21204 16986 14516 13694
Non-OECD

SNAP sector 2015 2020 2025 2030
1: Power generation 14239 13776 12655 11572
2: Domestic 3156 3117 3050 2941
3: Industrial combust. 12411 12866 12879 13305
4: Industrial processes 1345 1420 1486 1548
5: Fuel extraction 0 0 0 0
6: Solvents 0 0 0 0
7: Road traffic 11832 11315 12220 14135
8: Off-road sources 8504 8496 9032 10006
9: Waste management 188 186 181 177
10: Agriculture 232 245 258 275
Sum 51907 51421 51761 53961
World

SNAP sector 2015 2020 2025 2030
1: Power generation 19244 17597 15627 14162
2: Domestic 4869 4835 4787 4719
3: Industrial combust. 16318 16756 16797 17281
4: Industrid processes 2332 2399 2450 2493
5: Fuel extraction 0 0 0 0
6: Solvents 0 0 0 0
7: Road traffic 17577 14585 14390 16117
8: Off-road sources 12272 11726 11712 12355
9: Waste management 210 207 201 196
10: Agriculture 290 302 313 333
Sum 73111 68406 66277 67655
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Table3.12 emissions of PM2.5 by SNAP sector for the 450 Scenario, thousand tons/year

OECD

SNAP sector 2015 2020 2025 2030
1: Power generation 232 184 108 78
2: Domestic 1120 1238 1435 1755
3: Industrial combust. 318 336 363 396
4: Industrial processes 452 466 478 488
5: Fuel extraction 17 17 18 18
6: Solvents 0 0 0 0
7: Road traffic 286 219 199 199
8: Off-road sources 280 229 184 163
9: Waste management 189 191 193 194
10: Agricuture 291 290 285 297
Sum 3186 3171 3262 3589
Non-OECD

SNAP sector 2015 2020 2025 2030
1: Power generation 2536 2517 2264 1984
2: Domestic 18283 17393 16362 15229
3: Industrial combust. 6834 6475 6322 6347
4: Industrial processes 3361 3302 3238 3207
5: Fuel extraction 73 77 86 95
6: Solvents 0 0 0 0
7: Road traffic 620 577 639 749
8: Off-road sources 739 683 701 777
9: Waste management 1024 1066 1099 1137
10: Agriculture 2772 2868 2963 3057
Sum 36242 34959 33674 32582
World

SNAP sector 2015 2020 2025 2030
1: Power generation 2769 2701 2371 2062
2: Domestic 19403 18631 17797 16984
3: Industrial combust. 7153 6811 6685 6743
4: Industrial processes 3813 3769 3716 3695
5: Fuel extraction 89 94 104 114
6: Solvents 0 0 0 0
7: Road traffic 906 797 838 949
8: Off-road sources 1019 912 885 940
9: Waste management 1214 1258 1292 1331
10: Agriculture 3062 3158 3249 3354
Sum 39428 38131 36937 36171
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Figure 3.1: Emissions ofSG, in the Referenc&cenario(RS) and the 450 Scenario (450y country
group million tons

100
90 4
80 4

70 4
60 4

50 4

= =

w0l [
20 4 —
o | = == == =

30 4

2005 RS_2020 RS_2030 450_2020 450_2030
O USA B EuropeanUnion 0O Other OECD O China
B India O Russia B Middle East 0O Other non-OECD

Figure 3.2: Emissions of NQin the Referenc&cenario(RS) and the 450 Scenario (438) country
group million tons

90

80 +—

70 +—
60 —= _—
50 +— = ! |
40 +—

30 +—

- I —
S e O e O e

2005 RS_2020 RS_2030 450_2020 450_2030

O USA B EuropeanUnion O Other OECD 0O China
B India O Russia B Middle East 0O Other non-OECD

Figure3.3: Emissions of PM2.5 in the Referer8eenariq RS) and the 450 Scenario (4%3) country
group million tons
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4 Air pollution control costs

GAINS has calculated air pollution control co$ts the two emission scenariopresented in the

previous sectionsCalculations include international costs of pollution control equipment and have

been done using the four percent (social) real interest rate. All costs and prices are expressed in
constam 0 2005 cuarnrde nitn cplouldiec yio pol I uti on control | e

Under such assumptions control costs werk o u t 155 bi | Until®030 theseacosisn 200
increase in the Reference Scenario by a factor of three, which is due to higher kstélgye.g.,

higher energy consumption, higher car ownership) increasing stringency of controls. In 2030,

more tharb0 percent of total are the costs of reducing emissions from road transport sources.

The 450 Scenario brings7 percent cost savings i2030 compared with the Referen@etails by
country group are presented iMable 4.1 and Table4.2. Costs by sector (SNAP aggregation) are
shown inTable4.3 andTable4.4.

Figure4.1 presents once more the costs for the most important countries/world regions and compares
the values fothe 450 Scenariawvith the Reference case.

Figure4.1: Air pollution control costén the Reference Scenario (RS) amdhe 450 Scenario (450) by
country group, billioni / y e ar
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Tabledl: Air pollution control costs by country
WEM region 2005 2007 2010 2015 2020 2025 2030
China 19.2 25.6 35.2 58.6 82.5 103.4 120.4
India 1.7 21 2.8 5.9 8.2 11.4 15.7
South Africa 0.9 1.2 1.6 2.5 3.9 5.0 6.3
Russia 3.8 4.4 51 7.2 9.7 12.1 13.6
Brazil 2.5 3.2 4.4 7.1 9.2 11.6 13.2
Middle East 34 4.8 7.1 11.6 15.7 19.1 21.5
Indonesia 1.2 15 2.1 3.2 4.0 4.9 5.8
Malaysia 0.7 0.9 11 15 1.9 2.3 2.5
Philippines 0.3 04 0.6 0.9 1.2 1.5 1.8
Thailand 15 1.7 2.0 2.5 3.2 3.7 4.3
OASEAN 04 0.5 0.7 1.2 19 25 34
EU-8 1.7 2.3 3.1 4.0 4.5 51 55
us 42.3 46.0 515 62.8 70.3 76.8 82.2
CAN 3.3 3.8 4.4 5.6 6.5 7.1 7.6
Mexico 3.0 3.6 4.5 55 6.3 6.8 7.2
Japan 12.7 13.3 14.2 15.3 15.5 15.6 154
Korea 35 4.0 4.7 6.0 6.8 7.1 7.4
AUNZ 35 3.8 4.2 5.0 5.7 6.0 6.1
OE4 2.3 3.0 4.1 6.0 8.6 10.7 12.7
EUG4 23.2 25.3 28.6 335 38.3 40.7 42.1
EUO015 15.8 18.7 23.0 27.9 33.3 36.2 37.3
ETEnonEU 14 1.5 1.8 2.3 2.8 3.2 3.7
ATE 0.2 0.2 0.2 0.2 0.2 0.3 0.2
RODA 2.0 2.2 2.4 2.6 2.7 2.9 3.3
OLAM 2.5 3.3 4.6 7.0 9.6 11.2 12.7
NAFR 1.0 1.4 2.0 2.8 3.4 4.2 4.9
OAFR 0.7 0.9 11 1.9 2.9 3.7 4.7
OECD 109.7 121.5 139.3 167.5 191.2 207.0 218.0
Non-OECD 45.1 58.2 77.9 123.2 167.5 208.0 243.6
World 154.8 179.7 217.1 290.7 358.7 415.0 461.6
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Table4.2: Air pollution control costs by country group inthe 45€enarip bi I | i on U/ year

WEM region 2015 2020 2025 2030

China 56.5 76.0 88.4 96.1
India 5.7 7.6 10.2 13.7
South Africa 25 3.9 5.0 6.3
Russia 7.0 8.9 10.5 11.4
Brazil 6.8 8.6 10.3 11.5
Middle East 10.9 14.8 17.9 20.0
Indonesia 3.0 3.7 4.2 4,5
Malaysia 1.4 1.8 2.0 2.2
Philippines 0.9 1.1 14 1.6
Thailand 2.4 2.9 3.4 3.8
OASEAN 1.2 1.8 2.3 3.0
EU-8 3.7 4.2 4.7 5.1
us 60.9 63.5 59.8 65.4
CAN 5.3 5.8 6.2 6.8
Mexico 5.3 5.8 6.1 6.1
Japan 14.3 14.0 13.2 11.9
Korea 5.8 6.4 6.3 5.9
AUNZ 4.7 4.8 4.6 4,5
OE4 5.8 7.8 9.2 10.8
EUG4 32.0 349 35.3 36.7
EU015 26.5 30.4 31.2 31.9
ETEnonEU 2.3 2.7 3.0 35
ATE 0.2 0.2 0.2 0.2
RODA 2.5 2.4 2.3 2.3
OLAM 6.9 9.0 10.3 11.5
NAFR 2.7 3.1 3.8 4.3
OAFR 1.8 2.6 3.3 4.1
OECD 160.7 173.4 172.0 180.0
Non-OECD 118.4 155.3 183.3 2052
World 279.1 328.7 355.4 385.2
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Table4.3: Air pollution control costs by SNAP sector for the Referé®cenariop b i | | i on
OECD

SNAP sector 2005 2007 2010 2015 2020 2025 2030
1: Power generation 33.9 35.6 38.1 40.1 39.6 39.2 38.7
2: Domestic 6.5 7.1 8.0 9.3 111 12.7 14.4
3: Industrial combust. 4.9 54 6.1 6.5 6.7 6.8 7.0
4: Industrial processes 7.5 7.9 8.6 9.0 9.5 9.8 10.1
5: Fuel extraction 1.2 1.2 1.2 1.3 1.3 1.3 14
6: Solvents 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7: Road traffic 53.9 61.8 73.5 93.7 111.4 121.3 127.3
8: Off-road sources 1.6 2.4 3.7 7.5 115 15.7 19.0
9: Waste management 0.0 0.0 0.0 0.0 0.0 0.0 0.0
10: Agriculture 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Sum 109.7 121.5 139.3 167.5 191.2 207.0 218.0
Non-OECD

SNAP sector 2005 2007 2010 2015 2020 2025 2030
1: Power generation 9.9 12.9 17.4 24.2 29.1 34.8 40.2
2: Domestic 1.8 1.9 2.2 2.7 3.1 3.5 4.2
3: Industrial combust. 10.1 11.4 13.4 15.6 16.8 18.1 19.4
4: Industrial processes 6.1 6.9 7.9 8.2 8.3 8.4 8.5
5: Fuel extraction 0.1 0.2 0.2 0.2 0.2 0.2 0.2
6: Solvents 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7: Road traffic 16.0 23.2 34.0 65.2 95.5 124.7 153.0
8: Off-road sources 0.9 1.6 2.6 7.0 14.5 18.2 18.0
9: Waste management 0.0 0.0 0.0 0.0 0.0 0.0 0.0
10: Agriculture 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sum 45.1 58.2 77.9 123.2 167.5 208.0 243.6
World

SNAP sector 2005 2007 2010 2015 2020 2025 2030
1: Power generation 43.8 48.5 55.5 64.2 68.6 74.0 78.9
2: Domestic 8.3 9.1 10.2 12.0 14.2 16.2 18.6
3: Industrial combust. 15.0 16.8 19.6 22.2 23.5 24.9 26.4
4: Industrial processes 13.6 14.8 16.5 17.2 17.8 18.2 18.6
5: Fuelextraction 1.3 1.4 1.4 15 15 1.6 1.6
6: Solvents 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7: Road traffic 69.9 85.0 107.5 158.9 206.8 246.0 280.3
8: Off-road sources 25 4.0 6.3 14.5 26.0 33.9 37.0
9: Waste management 0.0 0.0 0.0 0.0 0.0 0.0 0.0
10: Agriculture 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Sum 154.8 179.7 217.1 290.7 358.7 415.0 461.6
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Table4.4: Air pollution control costs by SNAP sector for the 4&¢kenario

OECD

SNAP sector 2015 2020 2025 2030
1: Power generation 37.3 31.0 17.4 15.1
2: Domestic 9.6 12.9 16.6 22.0
3: Industrial combust. 6.4 6.5 6.6 6.7
4: Industrial processes 9.0 9.5 9.8 10.1
5: Fuel extraction 1.3 1.3 1.3 1.4
6: Solvents 0.0 0.0 0.0 0.0
7: Road traffic 89.7 101.4 1064 109.2
8: Off-road sources 7.3 10.8 13.8 154
9: Waste management 0.0 0.0 0.0 0.0
10: Agriculture 0.1 0.1 0.1 0.1
Sum 160.7 173.4 172.0 180.0
Non-OECD

SNAP sector 2015 2020 2025 2030
1: Power generation 22.7 24.7 24.5 23.1
2: Domestic 2.7 3.0 3.6 4.4
3: Industrial combust. 15.4 16.3 16.0 16.3
4: Industrial processes 8.2 8.3 8.4 8.5
5: Fuel extraction 0.2 0.2 0.2 0.2
6: Solvents 0.0 0.0 0.0 0.0
7: Road traffic 62.2 88.8 113.8 137.1
8: Off-road sources 6.9 14.0 16.7 15.5
9: Waste maagement 0.0 0.0 0.0 0.0
10: Agriculture 0.0 0.0 0.0 0.0
Sum 1184 155.3 183.3 205.2
World

SNAP sector 2015 2020 2025 2030
1: Power generation 60.0 55.7 42.0 38.2
2: Domestic 12.3 15.9 20.2 26.5
3: Industrial combust. 21.8 22.8 22.6 23.0
4: Industrial processes 17.2 17.8 18.2 18.6
5: Fuel extraction 15 15 1.6 1.6
6: Solvents 0.0 0.0 0.0 0.0
7: Road traffic 151.9 190.1 220.1 246.3
8: Off-road sources 14.2 24.7 30.5 30.9
9: Waste management 0.0 0.0 0.0 0.0
10: Agriculture 0.2 0.2 0.2 0.2
Sum 279.1 328.7 355.4 385.2
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5 Health impacts

Comprehensive assessment of all health and environniematts of energy scenarios analyzed in
this report was not possibfer all countries due to lack of data. Thus the analysislimited to the
estimates of life years lost (YOLLs) attributable to the exposure from anthropogenic emissions of
PM2.5 in Europe, China and India. Togetremntries included@over more than 45 percent of world
population.lt needs to be stressed that the estimatggde only effects of concentration of PM2.5 in
ambient air and do nabnsidemegative effects diumanexposure to indoor air pollution.

In 2005 about 3.4 billion of lifgrears were lost in those countries due to PM exposiiable 5.1.

This estimate is dominated by impacts in China and India, which together contribute more than 90
percent of YOLIsin 2005. The Reference Scenario implies an increase of the YOLLs indirdiior

2030 by about 70 percent to7fhillion. The 450 Scenario save? billion life-years in 2030of which

560 million in China and 600 million in India.

Tableb5.1: Life years lost (YOLLSs) due to exposure to anthropogenic emissions of PM2Jiénriiie
years

WEM Reference scenario 450 scenario

region 2005 2007 2010 2015 2020 2025 2030 2020 2025 2030
China 2233 2368 2570 2801 2903 2907 2897 2707 2505 2340
India 865 933 1033 1304 1637 2057 2647 1522 1745 2044
Russia (1) 47 46 45 46 45 45 47 43 42 41
EU-8 18 15 12 11 10 10 11 10 10 10
OE4 (2) 3 3 2 2 2 2 2 2 1 1
EUG4 110 98 80 73 66 62 62 63 58 58
EU015 78 69 55 50 46 44 44 45 42 43
ETEnonEU 34 31 26 26 25 25 27 23 23 24

@ Only European part
@ Does not include Turkey
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6 Summary and conclusions

This reportpresentseemissions of air pollutants for energy scenaaoslyzed in the World Energy
Outlook 2009. Estimations have been done with the IIASA GAINS model. The study covers emissions
from 27 regions of the world, consistent with thggage gat i on of countries in
Model. The national assessment does not include emissions form international shipping as well as
cruising emissions from aviation. Also emissions from biomass burning (deforestation, savannah
burning, and vgetation fires) are not included in national totals.

The assessment takes into account current policies in each country with regard to controlling emissions
of air pollutants. In the Reference Scenario the world emissions pl&@easaintil 2030 bynine
percent compared with 2005 levels. Némissionsdecrease by two percerEmissions of fine
particles (PM2.5)ncrease by four percent compared with 200Be 450 Scenario, with stringent
policies to reduce energglated CQ emissions, causes importargductions of emissions of air
pollutantscompared with the Referenda 2030 this reduction is92% for SQ, 19 percent for NQ,
andnine percent for PM2.5. Expenditures on air pollution control are reduced in 2036 Hillion

U/ a comp ar dedence casehAlsb imgact Bf @ir pollution on human health is much lower for
the scenario with stringent climate policies. Life years lost in Europe, China and India attributable to
the exposure from anthropogenic emissions of PM2.5 decrease by 20 pelhcelmtmeans saving of
about 12 billion life years in 2030.

These numbers clearly demonstrate the importance-bégefits of climate policies for air pollution.
These cebenefits should be taken into account in the process of developing stratediagatsdfor
reducing emissions of climatelevant gases.
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Appendix 1

Breakdown of world regions

WEM region GAINS EQUIVALENT

China China

India India

South Afric South Africa

Russia Russia

Brazil Brazil

Middle East Middle East

Indonesia Indonesia

Malaysia Malaysia

Philippines Philippines

Thailand Thailand

OASEAN Brunei+Cambodia+Myanmar+Singapore+Vietnam

EU-8 Bulgaria+Cyprus+Estonia+Latvia+Lithuania+Malta+Romania+Slovenia

us United Stags of America

CAN Canada

Mexico Mexico

Japan Japan

Korea Korea(South)

AUNZ Australia+New Zealand

OE4 Norway+Switzerland+Turkey (Icelanehavailablg

EUG4 France+Germany+ltaly+United Kingdom

EU015 Austria+Belgium+Czech Republic Denmark+Finland#reece+Hungary
+Ireland+LuxembourgNetherlands+PolandPortugal+Slovak Republic
+Spain+Sweden

ETEnonEU Albania+Belarus+Bosnia and Herzogovina+Croatia+Macedonia+ Republic
Moldova+Serbia and Montenegro+Ukraine (Gibraltaavailable)

ATE Armenia+Georgi+Kazakhstan+Kyrgyzstan+Other USSR Asia

RODA Bangladesh+Korea(North)+Mongolia+Nepal+Pakistan+Sri Lanka+Taiwan
(Other Asiaunavailablég

OLAM Argentina+Chile+Other Latin America

NAFR Egypt+North Africa

OAFR Other Africa
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