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Abstract:

Air pollution and climate change are two thie main environmental problems being faced at

the moment across the globe and both have a major and costly impact on human health. Oman
needs to avoid the negative scenario which could result, and this can best be done by the
integration of air quality antrol and climate change mitigation strategies. This integration would
improve air quality and meet climate goals and would be -edfective as well as beneficial. This
thesis investigates the potential for integrated climate and air quality strategi€man, and
incorporates the mitigation of SLCPs, a group of pollutants that has not yet been considered in
the country. The implications of the mitigation strategies on human health and the climate are
analysed and the current air quality and climate opamolicies are examined. The thesis also
develops the first emission inventory to be based on national data for the country, using the
RFGF F2NJ wamnT Ad LINB&ASYGa hYlyQa SYAaarzya
sulphur dioxide, nitrogen oxide nonmethane volatile organic compounds, ammonia,
particulate matter, black carbon and organic carbon. The emission inventory estimated total
emissions of Cdf 50 Mt, CHof 565 kt, S@of 160 kt, NMVOCs of 142 kt, N§D 137 kt, primary
PM.s0f 61 kt CO of 51 kt, Ndof 18 kt, BC of 4 kt, and OC of 0.9 kt. The main sources of pollution
in 2010 were emissions from electricity generation, oil and gas extraction, road transport and

the manufacturing industry.

Twelve emission scenarios are developed andlysed in this thesis: the Business As Usual
(BAU) scenario and eleven mitigation scenarios. The mitigation scenarios are as follows:

1 the renewable energy scenario and the zero coal scenario, both for the electricity
generation sector

9 the fugitive rediction scenario and the zero flaring scenario, both for the oil and gas
sector

1 the efficient industry scenario and the clean fuel scenario in the manufacturing
industry

9 the electric vehicle scenario, public transport scenario and paved road scenari@ for th
road transport sector

1 the efficient air conditioning scenario for the residential sector and

1 the efficient air conditioning scenario for commercial and public services.

If all the measures covered in all these scenarios were implemented, this themates that
191 Mt of CQwould be avoided in 2050, as well as 8400kiCH, 144 kt of a S§ 92 ktof
NMVOCs211 kt of NQ 34 kt of primary PMsemissions81 kt of CO, 3 kt of NH3 tof BC and
3tof OC.

This thesis has estimated that in 201@peoximately 711 casesf prematuredeath in Oman

could be attributed to PM2.5; this figunsould riseto 1810 cases in 2030, and to more than
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4400 cases in 2050, according to the BAU scenario. Soil dust is the largest source of PM2.5 in all
years, butthe other main sources contributing to it are transport (81%), industrial process
emissions (10%), and the oil and gas industry (5%). This thesis confirms the urgent need to

develop an integrated air quality and climate change policy.

This thesis also assessthe current legal framework that could be used to reduce emissions in
Oman. Current policy was examined to understand the level of effort being made to reduce air
pollution, SLCPs and GHGs. Despite public concern in Oman over these issues, espatially cl
change, little action has so far been taken to reduce emissions-Saroiured interviews were

held with representatives of government, industry, NGOs, media and the judiciary. From the
interviews it was clear that the level of interest among thfedent sectors of the Omani
establishment does not reflegtand is indeed much lower tharhe level of concern felt by the
LJdzo f AO Fo02dzi (KSaS AadaadzSad ¢KAa Aa akKz2gy oe
the low level of attention paidad air pollution. This thesis shows that unless action is taken, the
impact of air pollution will get worse, not only because of increasing pollution but also because
of an aging and growing population. The measures in the different scenarios developdd coul
lead to a 60% reduction in @@nd a 33% reduction in methane, and also greatly reduce the
negative impact on health. The analysis has also shown that this could lead to a net redtiction
7 % invarming by2050, and offset the released warming from rethg S@and NQ emissions

to protect human health. For this to happen, the current legislative framework could be used,
but a positive outcome will depend on two key factors. First, all stakeholders need to become
far more aware of the issues involvedsat present these are not widely understood; and
second, there is need for further policy development and legislation and also for investment in

capacity and infrastructure.



Table of Contents

Y 41 1 = T 3
IS A = o] [ TSP 11
LIST Of FIQUIES. ... ettt e e et e e et e e e e e e e e et e et e e et e e e e e e e e e e e e e e e e s ensss e eennnnnnnnnne 15
F ol (01117 1 1 S PSPPSR 22
ACKNOWIEAGEIMENTS ...ttt e e ettt e et et e e et e e e eeeeeeeeemnnennnne 24
F 11 gL =3 =T F= U= (o o 25
N 1 1 e T [ Tod 1 o T 26
11 L@ Y= = 26
1.2 T 0T ] 11T o SRR 28
1.2.1  Global lRalth IMPACES.........eeeiieiiiiiiie e 29
1.2.1  Air pollution and health in Oman and the GCC regian...........cccccvveeveeeieeeeeeieiiinnnns 30
1211 Outdoor air Pollutiorr Ambient particulate matter (PM)...........ccccevcieiiiiiiieenennn. 33

1.2.1.2 [[aTe [ To Ty AN gl =] 11 1T o RPN 39

1.21.3 (@ 0] o PP POUPPTPPPRY - 572

1.2.2 Main sources of air pollution in the region..........cccooe oo 44

1.3 ClIMALE CRANGE.. ... .eee e er e e anas 45
1.3.1 GHG emisions inventory in Oman and the GCC region:.........cccceeeiiiiiieeeeeiiiieeeens 46
1.3.2  WeEAther ©XIEMES. .. .uiiiiiiiiiiee et e e e e e e s e s st eeenaaeaeeeeeean 50
1.3.3  HEAIWAVES. ... oo e e e e et e et e e e e e e e e e as 54

IO I €1 0] o F= YLV T4 4o (1o A PP PP PP OUPPPPP 56

14 Short Lived Climate POlULANTS:..........ooooiiiiiiiiee e 58
15 Integration of air quality and climate PolCY:.......cccoeeeiiiiiiiiiiiii e 63
1.6 (R ETY =TT (o] a0 = o TR 64
1.7 1T 1 1A= o o P 66
1.8 7Y o] o] o = Lod o PSSP 67
= (=T =T [ USSP 69
2  Estimating currentand historic emissions in OMam............cooovveiiiiii e 83
2.1 T oo 11 Tox 1T o R 83
2.2 EMISSION INVENTOIY....cii i 83
2.3 Methodology for estimating emissions in OMan:.............covvvvvviiviiiceeeiiieee e, 84
2.3.1 Estimating emissions using LEBR................oovuiiiiiiiii e 84

P T I Y o | T O 1 B o (1 =PRSS 85
2.3.2.1  Analysis and ResUltsS MOOES:..........oioiiiiiiiiiiiiiiee e 86

2.3.2.2 KBY ASSUMPLIONS ..ceiiiiiiiiiii ittt ettt et e e e e e e e s st e e e e e e e e e e ea s 86

2.3.2.3 DEMANG......co it e e e e e 36

2.3.2.4  TranSfOrMALION........uuiiiiee e r e e s e s e e aaee e e 86

2.3.25 NON ENBIGY .. ettt e e e e e e as 87

2.3.2.6 [0 [Tor=1 o] (=P PP TP 87

2.3.3 Emission Inventory Framework and design:..........ccocvveeiiiieiieeiniiiee e 87



2.4

2.5

2.6

2.7
3

3.1

2R I -1 - W eto | [ Tox 1 o] g TS (= L (=T Y 89

Oman data description (DY SECIOL):.......covviiiiiiii e e 91
2 A B T o= o OO PPPRRPR a1l

24.1.1 Fuel Combustion in the Residential Sector, and in Commercial and Public Services:

91
24.1.2 Fuel Combustion in Agriculture and fishing:..........ccocovveiiiiic e, Q4
2.4.1.3  Fuel CombUSHI®iN TraNSPOIt:........cviiiiiiiiieeiiiiiiee et 94
2.4.1.4  Fuel Combustion in Manufacturing INAUSELY..........ccccvvieirieeeeeee e, 100
2.4.1.5  Fuel combustion in the Energy Industry Own USe:........cccoevviiriieeerniiiiieeennne 100
2.4.1.6  Fuel combustion in Noapecified Other:...........ccociiiiiiiee e 102
2.4.2  TranSTOrMALION . ....cciii ittt n e 102
2421 = (= Toa (g ol VAo [=T U= = o] o 102
2.4.2.2 00l and Gas iINAUSTIY:......ceiiiiiiiiie ittt 103
24.3  NON BNEIGY..etteeiiiiieeeie ittt ettt e e e e e e e s e s s e et e e e e a e e e a e 105
24.3.1 Fugitive emissions from 0il producCtion:...............eueieiiiiieniieeeeeeeeeeeeeeceeeeeennns 105
24.3.2 Industrial Process (NG0OMbUSEION) EMISSIONS:......ccoiiiiiiieiiiiiie e 105
2.4.3.3  AQHCUIIUIE.. ..ttt et et e e e re e e e e 106
2.4.3.4  WWASTE .. ittt e e e e et e e e e e rerernnnre 107
ReSUILS and AISCUSSION:........ccoiiiiiiiiiiiieii et e 109
2,51 Oman Total EMIiSSion EStMate:.........cccvviviiiiiiiee e 109
2.5.1. 1 CO BMISSION: i iitiiiee ittt ettt e e st e e e s st e e e e s an e e e e s b ereeeeaae 110
2.5.1.2  CH BMISSION . ..i ittt ettt e e et e e e b e e e st ee e e e e 111
2.5.1.3 SO IMISSION:...ciitiiieeiittiiee e et eee e e st e e et e e s re e e e s s e e e e e e s ne e e e e 112
2.5.1.4  NMVOCS EMUSSIOM. . .eetieiiiiiitteiiitite e e ettt e sttt e st a e s et e e s e ibre e e e e eebeas 113
2.5.1.5  NOKBMISSION: ciiiiittiiee ittt ettt ettt e e e s st bt e e e s abba e e e e s sabreeeeeeaae 113
2.5.1.6  CO BIMISSION:...eiiiiiiiiiee ittt e et e ettt e et e e st e s s e e e e snn e e s e 114
2.5.1.7 P25 eMISSIONS: . ..eeiiiiiiitiiieeiittiee e e ettt e e sttt e e s ab e e e e e e e e 115
2.5.1.8  NHBBMISSION ..ottt e e e e et e e e e e aae 116
2.5.1.9  BC MISSION:. .. utiiiiiiitieiie ittt e ettt e e e e e 117
2.5.1.10  OCEIMISSIONS. .. utreeeeeitreeeeessirreeeee s st e e e st et e e s s e reeessrreeeesaanrneeeesnenrneeeeeaae 118

2.5.2 Comparing results from this study with other national and international inventori¢8

Uncertainty in emisSion @StMAatesS:..........oooiiiiiiiiiii e 129
2.6.1 Limitation of aCtiVity datal.........ccueiiiiiiiiiiie i 129
2.6.2  Limitation of EMISSION FACIOr:........ccuuiiiiiiiiiiee e 130
2.6.3  MisSSING SOUICES Of EMISSIONS:....cciiiiiiiiitiiiei et et e e e e 131

CONCIUSION: ... e e e e e e e e e e e e e e e e e e e s e e e 131



3.2 The history of the development of a structure of environmental institutions in Oman:

3.2%3 ° Environmental InStitutional StrUCUIE...........cooiiriiiiieeeee e 140
3.2.2  EnvironmentaPolicy (GHG, air pollution, and climate change)............cccccceevinneee. 142
3.3 The current Institutional Structure and Environmental Policy in Oman............ 145
3.3.1 Ministry of Environment and Climate Affairs (MECA) Structure:...........cccccooeuvveenn. 146
332 [lga FyR alGNrdiS3e NBILNRAYI..HYLY.QAE.. 34604 NB Y
3.3.2.1  The National Conservation Strategy for Oman (NCS):........cccceeeiiiiieeeeennnn 146
3322 hYlFYyQ& LINAYINBE SYyGANRYYSyhl.f.. .f.laYldwzel f
3.3.2.3  Ministerial decision 118/200Air pollution from stationary sources................ 150
3.3.2.4  Ministerial decision 41/2017 Ambient Air Quality:..............ccccvvviireeeereeeeennn. 153
3325 ¢KS {dzZf G} ylrid8Qa Lk2fAOASA.F2NL.NBRdABAYyI Of
3.3.2.6 Oil and Gas Law: Royal DeCreBMIL.............ceeeeiiimieeeiiiiieeeeiiiieee e niieee e 155
3.3.2.7  The Traffic Law: Royal Decree 28/1993:...........coovviiiiiiiieiiiiiiie e 156
3.3.2.8  Maritime Law: Royal Decree 35/1981:.........ccueiiiiiiiiiiieiiiiiiee e 157
3.3.2.9  AVIALION LAWL...etiiiiiiiiiiiee ettt 158
3.3.2.10 Energy efficiency regulation:.............cccuvuriiiieieieie e 158
3.4 Oman within the GCC Institutional structure and Environmental Policy........... 159
3.4.1 Environment Institutional Setup inthe GCC...........coooo i, 159
3411 OIMAN. ¢ttt e e e e e e e e 161
34.1.2 United Arab Emirates (UAE)..........uuiiiiiiiiiie et 161
34.1.3 Kingdom of Saudi Arabia (KSA)........ccooiiiiii e e e e e aeeeeens 162
3414 (@ = 1 | (U SUR 162
3415 BANAIN ... e 162
3416 KUWEIL. ..ttt e e e e et e e e e e e e e e e e e s e anaes 163
3.4.2 Institutional Framework of the GCC..........ccoviiiiii i 164
3.4.3 GCC Nationally Determined Contributions (NDCS):.......ccceviiiiieiriiiiiiieeenniieeeene 167
3.4.4 Public Opinion of Climate Change inthe GCC.............oovviiiiiiiiiiiccici e, 170
3.5  Adequacy of environmental current policy in Oman:............ccccccovvvivimicinnnnnn. 174
3.5.1  AIM Of the INTEIVIEWS.......o i 175
3.5.2 Method used to understand adequacy of environmental policy in Oman.............. 176
3.6 INEEIVIEW @NAIYSIS: ... . e e et e e e e e e e e e e e e e e e emr e e e e e e e e e e eeeeeeeeees 178
3.6.1 Air quality and climate current policy in Oman:.........cccceeevviiiiinn e 180
3.6.2 Implementation and enforcement of policies (PractiCes):......cccccveeerriiiiinnrririeenenn. 183
3.6.3 Revision and evaluation of POICIES:........cccoiiiiiiiiiiii e 187
3.6.4 The Environmental policy development (Involvement of Stakeholders)............... 192
3.6.5  Future (ViSion) Of OMaNI.......cooiiiiiiiiiiii et e e e e e 194
3.6.6 Renewable energyufure iN OMaN:..........coiiiiiiiiiiiee e 196
(oI o L] LTSRS 197



3.7 DISCUSSION ...ttt ettt ettt e ettt e e e e e e r e e e e e e s e e e e e 199
3.7.1  Summary of the INTEIVIEWS:........coiiiiiiie e 199
A T o0 1= =TT o (o PP 202
T A A @ 11 1=y [0 o - Eo Y= Tox (o ) SRR 205
O C T 8- I O [ g o 1111 g OO P PP P U POPPPRPINt 206
374 TraNSPOIT SECIO: ... ittt ittt e e e e e e e s 207
BT BT POICY: e eeee ettt e et et ettt et een 208

3.8 CONCIUSION: ...ttt enr et e e e e e e e e e ame e 209

(YT (=T =] o[0T VPR PP PP PPPPPPPPPPP 212

4  Estimating baselie emission scenarios and developing mitigation policy scenarios for

1O ] 1 0= 1 PP PPPPRT 214

4.1 ([0 18 ox 1 0] o PP P PP PPPPPPPPPRTRIN 214
4.1.1  EMISSION SCENAIOS: . .. ureeieiitreeeeeisirrrreeesrrreeeeasasrreeee s s ereeessnneeeessarrneeeessrnnreeenaas 215
4.1.2 Baseline scenario (BAU):.......oooi ittt 216
4.1.3  MitigatioN SCENAIOS: .. ceeiuueiiieiiiitit ettt ettt s s e s st e e e s eibn e e e s e eaenees 217
4.1.4 Emission scenarios for Oman from the literature:.............ccovveeiiine e 218

4.2 Method for estimating baseline and mitigation scenarios..............ccccccevvvveevens 223
4.2.1 Business As Usual Scenario (BAL):.........oooriiiriiiiieccceres s ee e ee e 224

4211  Key assumptions and data iNPLIL..........ccooiiieieriiieiee e 224
4.21.2 Demand basic asSSUMPLIAN:..........ocuiiiiiiiiiieee e 227
4.2.1.3  Transformation basic assumption in electricity generatian.......................... 228
4.2.1.4  Fugitive emissions bcsassumptions for the oil and gas industry.................. 229
4.2.1.5 Non energy basiC aSSUMPLION:........ciiuiiiieiiiiiieee ittt ee e 230
4.2.2 Mitigation scenarios for the oil and gas SeCtOL:............ccooee e 233
4.2.3 Mitigation scenarios for Power sector (electricity generation):...........ccccceeeeeeeeennn.. 234
4.2.4  Mitigation scenarios for manufacturing industry Sectar:............cccovvveeeieniiiieeennns 235
4.2,5 Mitigation scenarios for road transSport SECIAL:...........cceeeeeeiiiiiiieeei 236

4.2.6  Mitigation scenario for Residential and commercial and public services sectar:..237

4.3 RESUIS aNd DISCIBBON: .......ueiiiiiiiieeeeeiiie et e e rme e e e 237
4.3. 1 EMISSIONS trENUS . ..coiiiiiiiiiie ittt e et e e s e enbneeeeas 238
4.3.2 Oil and gas industry mitigation SCENALIO. ..........ueiieiiiiiiie e 239
4.3.3 Electricity generation (power) mitigation SCENAarioS:.......ccccceeeviiiiiiinriiiiieeiaeeeeeenne 242
4.3.4 Manufacturing industry mitigation SCENAriQ:..........ccooviiiiiiiiiiiiiiiiee e 244
4.3.5 Road transport mitigation SCENANQ:.........cuuveieiiiiiieee e 246
4.3.6 Residential and commercial and public services mitigation scenatrio................... 250
4.3.7  All MEASUINES SCEIMAND: .. eeiitteeeeeiitteeee e ettt e e s st e e e st e e e e s st e e e e s ssbrreeessbrreeeesanns 251

4.4 (@ (o =T g =] o 257
(1 =T o Jo ] = 1110 I =T 1 (o PRSPPI 257



4.5 CONCIUSION: ..ttt e e e e e e e e e e e e e e e e e e e e e s ae e e eees 258
(S (=T =] [T TR PP PPPPPPPPP 261
5 Estimating Impactf current and historic atmospheric emissions from Oman..... 263
51 (100 18 ox 1 o] o AP PPPPPPPPRRN 263
5.2 Impact estimation method for Oman:...........cccooooe i 265
5.2.1 Results of other sources of data used in LEB®tOOL...........cceeeeeiieeeiiiiiiiiiieeee, 265
5.2.2  Estimating health iImpPactS:..........ccuviiiiiiiie e 269
5.2.2.1  Step 1: How to estimate PMconcentrations from emissions:..............cc....... 269

5.2.2.2 Step 2: How to estimate eXposure t0 P8.........ccccceeeiviieeeeiiiiiiee e 269

5.2.2.3  Step 3: How to estimate health irapts from PMsexposure............cccocvveeennnd 270

5.2.3  EMISSIoN CliMate IMPaCtS:.....cuiiiieeei it e e rr e e e e e 274
5.2.3.1  The effect of GHGs on global warming:...........ccccccceeceiieieiiei e, 275

5.23.2 Black Carbon (BC) particles effeCt.........cccceeiiiiiiiiiiiiee e 276

5.2.3.3  COO0lING BEIOSOIS:...cciiiiiiieiiitiie ettt 277

5234 How do we go from emissions to radiative forcing?...........cccccccccciiieneneenennnn. 277

5.2.35 How to convert emissions into climate impact:...........cccccevvvvvvvivciciiiinieeeenn. 278

5.3 ReSUItS and diSCUSSION:.........coiiiiiiiiiieii ittt e e 281
5.3.1 Components of national anthropogenic BM.............cocceeiiiiiiiiniiiiiiiiee e 281
5.3.2 Oman premature deaths attributable t0 BMl..........ccoooiiiiiiiiiiieieee 283
5.3.3 Global Temperature CREE:...........cooo i e e e e aeaaaans 287
5.3.4 Comparing results with other impact estimates:............cccccvviiirierieee e, 289

5.4 L0 o Tot=T o = 1T Y2 291
55 (@] 0 Tox (17T o USSR 291
(=] (=T =] [ PP 293
6  Opportunities for Oman to mitigate atmospheric emissions...........cccccvvvvvveeeveennns 296
6.1 10 o [8 o 1o o PP 296
6.2 AN QUANTEY IN OMAN: ... e e e e e e e e e e e e e e e e eaeeeaeas 297
6.3 Climate change in OMaN:...........ooeuiiiiii e e e 298
6.4 Integrated air quality and climate PoliCY:.........ooovviiiiiii e, 300
6.4.1 CQ affecting longterm climate Change:............ccciiiiiiiiiiiiiiiii e 300
6.4.2 SLCPs (BC and4Laffecting neaiterm climate change..........cccoococceiiiienn e, 301
6.4.3 Pollutants affecting Pb6(SQ, NQ, NH;, BC, OC dust)..........cccceeiiiiiiiiniiiciiee 301

6.5 Developing the PONCY.......iiiiiiiiiiiiiiiieeee e 303
6.6 FULUNE WOTK . oottt e ettt e e e et e e e e e e e e e e e e e e e e e e am s 310
Appendix (Al): Diagrammatic Presentation of Sultanate of Oman...................c..evveee. 311
Appendix (A2): Branches within LEAMBC tree source of emissions...........cccccvvvvveienen. 312
(0] 0| AN o] o= 3T [ Q102 L PP PPPPPPPPPPPRTRN 313
Appendix (B2): Data Collection LOOp for Oman............ooovveeiiiiiiiciiiiiiiiieeeeeeeeeeeeee 314
Appendix (C2): Data Collection Loop for Oman............coooveeiiiiiiiciiiiiiieeeeeeeee 315

9



I LIWISYRAE O05H0Y hYlFyQa /2YY.SNOALSf. . Ly .R..BYRdz N

Appendix (E2): ORPIC plants production of fuels and petrochemicals, for end use or for

further downStream PrOCESSING........uurrririiiiiiiiiiiiie e e e e e e e e e e eeeas 317
Appendix (F2): Al Amerat landfi{Photo taken by the researcher)..........cccccccvvvvviinnie. 318
Appendix (A3): list of laws and regulations in the Sultanate of Ongamelated to the
environment, waste, permitting, climate affairs, on sustainability, etc..............c........... 319
Appendix (B3): Oman air quality and environmental regulations...............ccccccvvvvienn. 321
Appendix (C3): GCC Air Quality Policies: (documents provided by UNER)................. 322
Appendix (D3): GCC countriational Determined contribution (NDC)............cccccceunnene 323
Appendix (E3): Method Of INTEIVIEWS ..........uuiiiiiiiiiiiii e 324
Appendix (A5): The annual and seasonal means of Oman wind patterns (DJF winter, MA
Spring, MJ early summer, JAS late summer and ON Autummn).............cccceeeeevecvennnnnn. 334

10



List of Tables:
Tablel-1: Summary of the field campaigns studies in Middle East Sampling (Tsiouri et al., 2014)

Tablel-2: Arabian Peninsula stations (Alsarmi and Washington, 2011)..............cccc..... 53

Tablel-3: The top 14 measures to reduce SLCP, Seven measures target CH4 and the other seven
target BC, Tech refers to technical measures and Reg is primarily regulatory measures (Shindell
L2 A= |21 0 152 SRR OPUPPPSR 61

Table2-1: Activity data for Energy Combustion in Residential Sector, Commercial and Public
YT 1ot ST 22 0 0 ) T 92

Table 2-2: Electricity consumption data for 2011 as provided from Authority for Electricity

Generation (AEG) in Oman, and for 2010 as provided from IEA in.ktoe..................... 92
Table2-3: Total energy consumption in residential sector (2010)..........ccccceeveeeeeenlll) 94
Table2-4: Activity data for Energy Combustion in agriculture and fishing (2010)........... 94
Table2-5: Activity data for Fuel Combustion in Road Transport (2010)........................ 96
Table2-6: Activity data for Fuel Combustion in Transport (2010)..........ccccvveeeiiiiinninneenn. 96
Table2-7: Characteristic parameters of the vehicle survival patterns.............cccccceeeeene 98
Table2-8: History and levels of Euro standards for vehicles...........cccccoviiiiiiiiiiineeeennenn. 98
Table2-9: Oman road lengths end Of 2010........ccoiiiiiiiiiiiiiiiee e 99
Table2-10: Aviation data fOr 2010.........uueiieiiiiiiiiii e 99
Table2-11: Activity data for Fuel CombustionManufacturing Industry......................... 100

Table2-12: Activity data for own use of fuel in petroleum refineries in Oman (2010)....101

Table2-13: Activity data for the suisector (Own Use Industry) of Energy combustion in Energy
T To LIS 1 VA 0240 ) ) OSSP 101

Table2-14: Activity data forHon-specified othe€in Oman (2010Q).........c.cc.euvvvveviieeieeeennnnnn. 102
Table2-15: Percentage of electricity output met by natural gas and diesel in 2010......103

Table2-16: Percentage process share for calculating fugitive emissions for @miaimdustry
240 ) ST PUPPP R PUPRPPOPPR 104

Table2-17: Data used to calculate process share for fugitive emissions from @miaimdustry
20 1 0 ) U PEPRSP 105

11



Table2-18: Activity data for fugitive emissions from On&woil industry (2010)................ 105
Table2-19: Acivity data used for nostombustion industrial process............ccccceeevvuvnee. 106

Table2-20: Activity data for livestock enteric fermentation and manuramagement and animal

housing for OmMan iN 20L00...........uiiiieiee e e e e s 107
Table2-21: Fertilizer consumption in Oman for 2010...........ccooiiiiiiiineenieeeee e 107
Table2-22: Activity data for MSW and Waste WaLer..............occuviiieeeinniiiiiieeee e 108
Table2-23: Activity data for Waste WaLeL............ceviriiiiiiiiiiiiiieeeee s 109

Table2-24: LEAP sectors and sub sectors compared with EDGARGANS/ECLIPSE sectors

Table2-25: Total emissions in the Sultanate of Oman, 2010.(Kb)..........c.ccvvvvveeereeereenen.. 121

Table2-26: comparison between results obtained from this study (LBXP, EDGARs and GAINS
eclipse by sector and pollutant for 2010, unit in (Mt) for.d®(kt) for CH, NMVOCs, SONQ,
PM:s, PMo, CO and Ngland in (t) for BC and QC..........cccvvieeieeiiiiiieeeee et 122

Table 3-1: Chronological development @fctions and institutions related to environment in

Table3-2: Laws which regulate air quality in the Sultanate of Oman..................c...e..... 143

Table3-3: Ministerial decisionsthat covers aspects of air quality, pollution and environment

..................................................................................................................................... 143
Table3-4: Laws which regulate environmental quality within the GCC countries.......... 144
Table3-5: Convention and protocols the Sultanate of Oman is involved.in.................. 145

Table3-6: Limit of emission from different sources based on Ministetéalision118/2004.151
Table3-7: Maximum concentrations in the ambient air based on the MD 41/2017........153

Table3-8: National environmentainstitutions in GCC countries (192202) (UN, 2003), and
(o1 = 1] 1 /SR 160

Table3-9: Summary of Nationally Determined Contributioh(C) for GCC countries.....167
Table3-10: Public Opinion on Climate Change in the GCC countries........................... 171
Table3-11: Interviewees based on sectors contributing to Rkmission in Oman for 201077
Table3-12 List of interviewees and their COOES.........cuvvviiiiiiiiiiiee e 179
Table4-1: Main characteristics of the baseline and the eight mitigation emissions sce@aiios

12



Table 4-2: Omanspecific power generation percentage energy source contributions per

scenario, (El Fadel et al., 2013).......ccooiiiiiii et e e e e e e e 221
Table4-3: Demograpic and economic data of Oman in 2010...........cccccvvvviviivneeeeeeenennn. 225
Table4-4: Historic, current and projection of annual growth of GDP.(%0)..........ccvvee.... 225
Table4-5: Historic, current and projection of population in Oman..............ccccceeeevinneeee. 225
Table4-6: Paved and unpaved road lengths from 2@DA7...........cccoviiiiiiiiieeeiniiiiieeeeeenn 227

Table4-7: Summary of elasticity data for different sectors which are used in this study28

Tabled-8: The planned percentage share of different source of energy for electricity generation

INOMAN TN 2024t e et e e 229
Tabled-9: Assumption for oil and gas drilling 202850...............ccccoeeeiiiiii e 229
Tabled-10: Historical data of volume of gas flared from oil and gas industry................. 230
Tabled-11: Summary Of dat@ SOUICES..........cooci i a e e e e e 230

Tabled-12: Historical data of cement and lavindustry and projection for cement industg81
Table4-13: Historical data of number of camels in Oman.............ccccvveveiiiiiiiiiiieeee s 232

Table4-14: Key assumptions of oil and gas sector mitigation scenarios: Fugitive Reduction
Scenario (FRS) and Zero Flaring Scenaria.(ZES)........ccccveeiiiiiiiiiieie e 234

Table 4-15: Key assumptions of power (electricity generation) sector mitigation scenarios:
Renewable Energy Scenario (RES) and Zero coal iBA@IG@S)..............cvvveeeriiiireeeeeennnns 235

Table4-16: Key assumptions of industry sector mitigation scenarios: Efficient Industry Scenario
(EIS), and Clean FIBHENANO (CFS).....ciiiiiiiiiiiiiie ettt 235

Tabled-17: Key assumptions of transport sector mitigation scenarios: Electric Vehicles Scenario

(EVS), Public dmsport Scenario (PTS), and Paved Road Scenaria (PRS)................... 236

Table4-18: Key assumptions of residential, commercial and public sendeetor mitigation

scenario: Efficient AC Scenario (EAS)......uu e e 237
Table4-19: Total pollutant emissions in kt for Oman for the BAU acen......................... 238
Table4-20: The 12 scenarios which developed in this study with abbreviation............. 239

Table5-1: Oman projected altause mortality and projected DALYs/100,000 population from
(Husain and Chaudhary, 2008)............uuuiiieiiiiiiiieiee e 264

Table5-2: Life time of different emissions in the atmosphere (Maione et al., 2016).....278

13



Table6-1: Total emissions (kt) in Oman and their main SourCes...............oeeeeeeeeeeinnees 297

Table6-2: CQ, CH and BC emissions (kt) in Oman and their main sources under the BAU

LYoL=] 1= 1o T 299

14



List of Figures:

Figurel-1 The GCC countries population growth (2@1B016)based on the Statistical Centre
fOr the GCC, 2018.....eeeiiiieiieeiee ettt e e st e e e e nbe e e e e anbe e e e e aneneeeaas 27

Figure 1-2: Deaths attributable globally to the joint effects of household air pollution and
ambient air pollution by disease, 2012 (WHO 2017).........cccumrieeeeiiiiiiiieeee e 30

Figure1-3: Percentage of total death attributable to air pollution in 2013 for different GCC
CountrieS (IHME, 2016)........uuuieieieeiiaiiieeeee et e et e e e e s e r e e e s e e reaeeeeannees 31

Figure 1-4: Mortality rate attributed to household and ambient air pollution (per 100,000
population), 2012 (WHO, 2016)......ccuuiiiiiiiiiiiiiiieieee e 32

Figurel-5: Global ambient pollution (WHO, 2016)..........c.ccccviiiiiiiiiiirieriieeeeeeeeee e, 36

Figure 1-6: A typical example of a dust storm in Saudi Arabia (source:

http://photo.accuweather.com/, Riyadh;October 2009)(Tsiouri et al., 2014).................. 38

Figurel-7: Comparison of indoor residential mean PMoncentrations in the Kuwait study

sample with other selected countries/cities (Yassin et al. 2012)............ccccccvvvvvvvvivennen.. 40
Figurel-8: Estimated C&gas emission in Oman frof®72;2013(Abdulwahab et al., 2015)7
Figurel-9: Estimated CkHemissions from MSW in Oman fral®71¢2030(Qazi et al. 201647

Figurel-10: GCC C@missions (t) / capita compared with USA, WK dapan, (based on World
Bank data) (World Bank, 2018).........cccouiiiiiiiiiie et 49

Figurel-11: Percapita electricity consumption of selected major develdired), GCC (purple),
regional (blue), and major developing nations (green) for 1990 and 2003. Lightéahefbars,
are for 1990; darker, righhand bars, are for 2003 (Hertog and Luciani 2010)................. 50

Figure1-12: All Arabian Peninsula annual anomalies time series for both temperature and

precipitation for the period 198@008 (Alsarmi and Washington, 2011)......................... 51

Figure 1-13: Observed globally averaged combined land and ocean surface temperature
anomaly from 1850 to 2012 from three datasets used by the Intergowental Panel on
Climate Change. Bottom panel: decadal mean values including the estimate of uncertainty for

onedataset (black) (Rice et al., 2014).......ooiiiiiiiiiieee e 52

Figurel-14: Arabian Peninsula stations mean annual temperature trends for the period 1980
2008 except Saudi Arabian stations (12888) in Ceer decade relative to global mean annual
temperature according to IPCC, (NCDC) is Nati@lmhate Data Center (Alsarmi and
WaShiNGTON, 2011)........uuiiiiiieeiiiiiie ettt e e e e e s b e e e e e e s st r s e e e e e e e s annbereeeeeas 53



Figurel-15: Arabian Peninsula weather monitoring stations..............ccoeceiiieniiiiinnennee. 53

Figurel-16: Spatial distributions of extreme wet bulb temperature and extreme temperature.

acf, Ensemble average of the $@ar maximum TWax (agc) and Thax (dgf) temperatures for

each GHG scenario: historical (a,d), RCP4.5 (b,e) and RCP8.5 (c,f). Averages for the domain
excluding the buffer zone (DOM), land excluding the buffer zone (LND) and the Arabian
Peninsula (AP) are indieatin each plot. TWxand Taxare the maximum daily values averaged

over a 6h window (Pal and Eltahir, 2015)..........cccuuiiiiiiiiiiieee e 55

Figurel-17: Primary contributions to observed global warming from 1750 to today fgdabal
model calculations. The foséilel plus biofuel soot estimate accounts for the effects of soot on
snow albedo. The remaining numbers were calculated by the author. Cooling apaosdes
include particles containing sulphate, nitrate, chloride, ammonium, potassium, certain organic
carbon, and water, primarily. The sources of these particles differ, for the most part, from

sources of fossfuel and biofuel soot (Jacobson, 20Q9).............uevviiiieiieeeieereeeeeee e, 57

Figure 1-18: Properties of common shotived climate pollutants. Adapted from UN

Environment Programme, by permission of tBkmate and Clean Air Coalition (Chan, M. 2015)

Figure 1-19: Observed temperatures through 2009 and projected temperatuttesreafter
under various scenarios, all relative to the 1889910 mean. Results for future scenarios are the
central values from analytic equations estimating the response to forcings calculated from
compositionclimate modeling and literature assessments. Tigatmost bars give 2070 ranges,
including uncertainty in radiative forcing and climate sensitivity. A portion of the uncertainty is
systematic, so that overlapping ranges do not mean there is no significant difference (for
example, if climate sensitivitg iarge, it is large regardless of the scenario, so all temperatures
would be toward the high end of their ranges; see www. giss.nasa.gov/staff/dshindell/Sci2012)

(Shindell, Kuylenstierna, Vignati, Dingenen, et al., 2012)...........cccccceeiiiiiiiiiiiiiiicccns 62
Figure2-1: The framework used in data congtibn for the Oman emission inventory.......89

Figure2-2: Estimated breakdown of domestic energy consumption in the residential of Muscat

(Sweetnam €t al., 2014)......ceeiiiiiiiiiiiee e 93

Figure2-3: Total emissions of pollutants which are covered in this study (CON®MNOCs, NO
SQ, NHs, PMbs, BC, and OC) in Oman for 2010 apart from.CO.........ccveeeeiiiiinieeeeeenns 110

Figure2-4: Sources of C£emission in Oman for 2010...........ccccvvveiiiiiiinniiieeeee e 110

16


file:///C:/Users/lenovo/Desktop/thesis_correction/second_submission/Jehad_201049394_CorrectedThesisClean.docx%23_Toc36450278

Figure2-5: Percentage share of G@mission from the combustion of fuel in different sectors

CONtribULING 10 COBMISSION......uuiiiiiiiiiiiieiie ettt e e e et eeeeeeeeas 111
Figure2-6: Source of CHemission in Oman for 2010..........ccoviiiiiiiieernnriieeee e 112
Figure2-7: Source of S£emission in Oman for 2010..........cooviiiiiiiiiienirieee e 113
Figure2-8: Source of NMVOCs emission in Oman for 2010............cccceeriiiieeiiiienennnnen. 113
Figure2-9: Source of NOX emission in Oman for 2010...........cccooiiiiiiimiieeeniiiieieeeeeee 114
Figure2-10: Source of CO emission in Oman for 2010Q...........ccceviiiiiimiieeeieeeeeeee 114
Figure2-11: Source of Pisemission in Oman for 2010..............ccooeeiiiiiiccvinniniinienveeeee, 115

Figure2-12: PMesand PMo emission from road transport sector divided into (exhaust emissions

and unpaved road dust emissions) in Oman for 2010...........cccccvvvvieiiiiiieeeeeeeeeeeeee e 116
Figure2-13: Source of Nkemission in Oman for 2010.........c.cccvvvviiiiiiiiieiieiiiiecieeeeeeeee, 117
Figure2-14: Source of BC emission in Oman for 2010................oooiiiiicciiiiiininninieniennnee, 117
Figure2-15: Source of OC emission in Oman for 2010Q................ccooeeececiiiiiinniiiiniineee, 118

Figure3-1: MECA organization structure related to air pollution and climate change (MECA

2018). https://lwww.meca.gov.om/en/module.php?module=hierarchical&................... 148
Figure3-2: Policy development process@mMan.............cooeeeeieiiieeieceiecieieeeinnenreeeeeeeeeeeees 193

Figure4-1: CQ emission over the Gulf region during the peridd04¢2010using World Bank
data (www.data.worldbank.orgrarahat, 2016; Farahat et al. 2015)............cccccvvvvvrrnnnee. 219

Figure4-2: Energy intensities relative to population in GCC countries and selected country
comparisons. Energy is total primary energy consumption whereas bubble size indicates per

capita fossil fuel consumption (Lahn and Preston, 2013)..........ccccoociiiivnnviniiirniinereeeee. 219

Figure4-3: Trend of C®reduction in different countries (based on the zero@&missions

scenario). Oman is in the purple (Farzane et al., 2Q18)............cccceeiiiniiniiiiiiiieeeeeee, 220

Figure4-4: Forecast scenarios of energy consumption in the residential sector in Oman up to
2040, (Alalouch et al., 2009)......cccii i aaaaaaeeas 222

Figure4-5: LEARBC framework to estimate the baseline emission scenario and to develop

MILIJATION SCENAITOS. ... .. ettt ettt ettt e e e e e e e e e e e e e e e e e e e e s e e e s e e e s e e nenneeneeeneeeeeeneeeeees 224
Figure4-6: Oman population growth 1958050...........c.cuuviiiiiiiiiiiieeee e 226
Figure4-7: Percentage of different livestock in Oman in 2010...........cooovviieieeeeiiiinnne. 232

17


file:///C:/Users/lenovo/Desktop/thesis_correction/second_submission/Jehad_201049394_CorrectedThesisClean.docx%23_Toc36450293
file:///C:/Users/lenovo/Desktop/thesis_correction/second_submission/Jehad_201049394_CorrectedThesisClean.docx%23_Toc36450293
file:///C:/Users/lenovo/Desktop/thesis_correction/second_submission/Jehad_201049394_CorrectedThesisClean.docx%23_Toc36450294

Figure4-8: Baseline scenario emissions estimatarir2010 to 2050...........ccccceeevviivreeenn. 238
Figure4-9: Baseline scenario emissions estimate from 2010 to 2050..............ccccvvveeen.. 239

Figure4-10: Fugitive reduction scenario in oil and gas sector Avoided vs. Baseline, for CO2, CH4,
AN NIMVOCS. ...ttt e ettt e e e bt et e e s bt e e e e abb e e e e annbe e e e annreeeaas 240

Figure4-11: Zero flaring scenario in oil and gas sector Avoided vs. Baseline, fgaRi1BC

Figured4-12: Comparison of NMVOCs emissions projection 2A@60for the fugitive reduction
scenario (FRS), zero flaring scenario (ZFS), business acasaab (BAU) and the All Measures

(AM) scenario for the il and gas SECIAL...........ccccoiiiii e 241
Figured-13: The change in electricity generatiomissions based on BAU scenario........ 242

Figured-14: Renewable energy scenario in electricity generation, showing avoided emissions for

(O @ Y=o lo [\ (@) G- T4 (o 1 X TP 243

Figured-15: Renewable energy scenario in electricity generation, showing avoided emissions for

NMVOCS, aNBIVL5ANG CHl. ..ottt et e e r e e e e e e e eeereeernraens 243

Figure4-16: Zero coal scenario in electricity generation sector Avoided vs. Baseline .fan€€O

Figure4-17: The change in industry emissions based on BAU scenatia...................... 245

Figure4-18: Efficient industry scenario (EIS) versus BAU scenario emissions,f&iG&0d NQ

Figure4-19: Clean fuel scenario (CFS) versus BAU scenario emissions, f80&0d NQ . 246

Figure4-20: The change in transport emissionsCPM s, NQ, and CO based on BAU scenario

Figure4-23: Paved road scenario versus BAU scenario emissions taf.PM................... 249

Figure4-24: Comparisorof PMesemissions projection 201§ 2040 for the electric vehicles
scenario (EVS), paved road scenario (PRS), public transport scenario (PTS), business as usual

scenario (BAU) and the All Measures (AM) scenario for the transport sector.............. 250

18



Figure4-25. BAU scenario of energy demand, thousand tonnes of oil equivalent (ktoe), in
residential and commercial and public services sectodsAir conditioning (AC) share for both

LY =1 (0] £ 250

Figure4-26: Comparison of GQemissions projection 2016 2050 for the Business as Usual
scenario (BAU), Commercial Efficient Air Conditioning Scenario (CEACS), Residential Efficient Air
Conditioning Scenario (REACS), and the All AC Measures (AILEACS)...........cccceee.... 251

Figure4-27. Oman historical and future energy demand trends of the BAU scenario versus all
measures AvVoided (2022D50).........uuiiiiiiiiiiiei e ——————————— 252

Figured-28. CQ emissions in the period 2012050 under the six mitigation scenarios compared

with all measures and the BAU SCENALIOS. .........vvivuiieieeiiie et e et rea e e aeans 253

Figured4-29: CH, CO, S and NQemissions in the period 2012050 under different mitigation

scenarios compared with all measures scenario and the BAU scenariq...................... 254

Figure4-30: PMbs, NMVOCs, BC, and OC emissions in the period-2080 under different

mitigation scenarios compared with all measures scenario and the BAU scenaria.....255

Figure4-31: Oman GHGs emission projection as business as usual scenario and mitigation

scenario, 1994 has been considered for the GHG growth projections..............ccc........ 256

Figure4-32. Oman C@equivalent projection as BAU scenario and mitigation scenario (all

measures) which revealed from this StUY...........cuuveriiiiiiiiiii e 256
Figure5-1 The grid boxes of GE@REML........cooiiuiiiiiieeieiiie e 266
Figure5-2 Forward and adjoint analyses in GECI®&m (Koo, 2011).........ccccvvvveeeeennnnnee. 267

Figure5-3 : Method of estimating the impacts on climate and health from different pollutants,

FRF and ERF is Forcing Response Function and Exposure RaspaiitserEspectively... 268
Figureb5-4 How to estimate concentration of PM2.5 weighted by population................. 270
Figureb-5: The relationship between PM2.5 and the health impacts.............cccvveveeeeee. 270

Figure 5-6 the Integrated Exposure Response (IER) curve which describes the relationship

between relative risk (RR) and PM2.5 concentration ( Ambient air pollution; AAP, Sexwhd

tobacco Smoke; SHS, household air pollution; HAP), (Burnett et al.,.2014)................ 272
FIigures-7 GHGS €ffE@E .........c.ooiiiciice et 276
Figureb-8: BC effect, (Bachmann, 2009)...............coooiiiiiiiiiiiiie e 276
Figure5-9 Radiative Forcing compared to emissions in different grids............cccccoeonee 279



Figureb-10 The relationship between radiative forcing and change in temperature......279
Figure5-11 How LEAP convert emission into health and climate impact..................... 280

Figure5-12 National PM;s concentration compared with PM from rest of the world and
natural background in 2010 based on LEBE (Total Pk concentration: 47 pg r......... 281

Figure 5-13 PMys concentrations projection (201Q; 2030 - 2050) disaggregated into
contributions from emissions that occur within Oman, and from anthropogenic emissions from

(0] (AT T 10 a1 (=TT 282

Figure 5-14 All measures avoided anthropogenic Rtoncentration compared with BAU

LoYo7 1 0T 1 T 282

Figure5-15 Percentage share of pollutants which make up anthropogenigsRMthe BAU
scenario, (Lefhand side 2010 and Right had side 2050)..........cccccveeeiiied 283

Figure5-16 Premature deaths in 2010 attributed to BMbased on age group and cause of

death, and projection for 2030 and 2050 as BAU scenariQ........cccccceevveveeeeeeeeeeeeeeenenn. 284
Figureb-17 Premature deaths caused by national anthropogenic Périssions for 201®85

Figure5-18 All measures Avoided vs. BAU scenario for the premature deaths attributed:e PM

Figure5-19 All measures Avoided vs. BAU scenario for the premature deaths attributed:e PM

(national and rest Of the WOIIA) ........ouiiiiiiiie e 286
Figure5-20 Global temperature change due to Oman emissSians..........ccccceevviivvveeeeenn. 287

Figureb-21 Avoided vs. baseline global temperature change projection (ZUBD) for different

S CEON SCRNAIIOS . ... eeeeeeeee et e e et e e e e e ettt e et e e e e e e e e e e e et e e e e e e et e e e et e reenereeaeeeenaeees 287

Figure5-22 Comparison all measures and BAU scenario of the effects of different pollutants in

global temperature change due to Oman emMISSIANS.........uuviviieiiiiiieeiiiiiieeeee e, 288

Figure5-23 Comparison of the effects of baseline (BAU) scenario and all measures scenario in

global temperature change due to Oman eMISSIONS..........uuuviiiiiiiiiieiiiiiieiiee e, 288

Figure 5-24 The contribution to national populatieweighted PM2.5 concentrations from

different source sectors and different pollutant emissions in Oman for 2Q10Q............... 290
Figure6-1 Avoided deaths of different scenarios vs. baseline scenario €2080).............. 303

Figure6-2 Global temperature change of different scenarios vs. baseline scenario-22G10).


file:///C:/Users/lenovo/Desktop/thesis_correction/second_submission/Jehad_201049394_CorrectedThesisClean.docx%23_Toc36450336

Figure6-3 The avoided change in global temperature against the avoided premature mortality
ont¢ @ao RSRA5Kfarithe diffetddt scanarios from right to left: Air Conditioning
Scenario (ACS), Paved Road Scenario (PRS), Public Transport ScenakedtAcSkhicle
scenario (EVS), Clean Fuel Scenario (CFS), and Efficient Industry Scenaria.(EIS)....305

Figure6-4 The avoided change in global temperature against the avoided premature mortality
ont @ao RS-ROGKEr the differatdt seemarios from rigto left: Fugitive Reduction
Scenario (FRS), Zero Flaring Scenario (ZFS), Renewable Energy &iegariand Zero Coal
SCENANO (ZCS) ittt e e e e e 306

21



Acronyms

AGCM Atmospheric General Circulation Model
AGTP Absolute Global Temperature Potential

AGW AnthropogenicGobal Warming

ALRI Acute Lower Respiratory Infections

AOGCM AtmosphereOcean General Circulation Model
AP Air pollution

ARD cufe RespiratoryDiseases

ARTP Absolute Regional Temperateatial

. SQl K Oman Environmentale®vices tdlding Company S.A.0.C
BC Black Carbon

BM Buraimy Municipality

CcC Climate Change

COoP Conference of the Parties

COPD Chronic Obstructive Pulmonary D&ase

CTM Chemical Transport Model

CvD Cardio VasculamDiseases

DALYs Disability AdjusteeMstas

DM Dhofar Municipality

EF Emission Factor

El Emission Inventory

EMME Eastern Mediterranean and the Middle East
ERF Exposure Response Function

Eurostat Statistical Ofte of the European Communities
FAO Food and Agricultee Organization

FRF Forcing Response Function

GBD Global Burden of Disease

GCC Gulf Cooperation Council

GCGSTAT  Statistical Centre for the Cooperation Council for the Arab Countries @ titfe
GDP Gross Domestic Product

GEOS Goddard Earth Observing System

GHG Green House Gases

Haya Oman Wastewater Services Company SAOC
HFCs Hydrofluorocarbons

IARC International Agncy for Research on Cancer
IEA International Energy Agency

IER IntegratedExposureResponse

IHD Ischemic Heart Disease

IMF Interratal Monetary Fund

INDCs Intended Nationally Determined Conttitions
ISAAC International Study of Akma and Allergies in Children
IPCC Intergovernmental Panel on Climate Change
KSA Kingdom of Saudi Arabia

LC Lung Cancer

LEARBC Longrange Energy Alternative Planning

LTO Landing and Taking Off

MAF Ministry of Agriculture and Fisheries

MDPP Millid»ate Palme Project,

ME Middle East

MECA Ministry of Environment and Climate affaire
MENA Middle East and North Africa

MIS Main Interconnected System

22



MM
MOCI
MOG
MORMWR
MSW
MWM
NASA
NCDC
NDC
NCSI
NMHC
NMVOC
ocCcC
OECD
OGCM
OLNG
OoMC
0o0oC
OPEC
OPWP
ORPIC
PACA
PAEW
PAM
PEIE
PM
RCC
RCP
RF
ROP
ROWA
RR
SES
SIZ
SLCF
SLCPs
SLR
SM
UAE
UN
UNEP
UNFCCC
VOC
WB
WBT
WHO
WMO

Muscat Muncipality
Ministry of Commerce and Industry
Ministry of Oil and Gas
Ministry of Regional Muicipality and Water Resources
Municipal Solid Waste
Mawarid Mning
National Aeronautics and Space Administration
National Climatic Data Centre
Nationally Determined Contributions
National Cente for Statistical Information,
Non-MethaneHydrocarbon
Non-Methane Volatile Organic Compounds
Oman Cement Company
Organization for Economic Cooperation and Development
Ocean Geeral Circulation Model
Oman Liquid Natural Gas
Oman Mining Company
Oman Oil Company
Petroleum Exporting Countries
The Oman Power and Water Pmwement Company,
Oil Refineries and Petroleum Industries Company,
Public Authority for Civil Aviation
Public Autlority for Electricity and Water
Public AuthorityNoning
Public Estaidhment for Industrial Estates
Particulate Matter
Raysut Cement Company
Representative Concentration Pathway
Radidive forcing
Royal Oman Palke
Regional Office for West Asia
Relative Risk
Socio-economicSatus
Sohar Industrial Zone
Short Lived Climate Forcers
Short Lived Climate Pollutants
Sea Level Rise
Sohar Municipality
United Arab Emirates
Unitiddtion
United Nations Environment Programe
United Nations Framework Convention on Climate Change
Volatile OrganicCompounds
World Bank
Wet Bulb Temperature
World Health Organization
World Meteorological Organization

23



Acknowledgements

| would like toexpresany sincerest gratitude to my first supervisdohan C.I. Kuylenstiersfar
hisunlimited sharingof his scientific expertiseandhiscontinued guidance, encouragement and
support overthe last four years. Myntellectual and profession&nowledge has been enriched

by working with Dr. Johan. | couldtrhave wished for a better supésor.Dr Harry Vallackmy
second superviseeserves special thanks for his valuable advice and supervision iHREAP

His continuous guidance and comments throughout my thesis encouraged and supported me in
all aspects of this research project. | wld also like to thank my third supervisd?rof Lisa
Emberson for her encouragement, assistance, amuvaluable suggestions. Her active

commitmentgreatlyinfluenced the progressf this researctandhelped it reach fruition.

Thanks also go to the whostaff of SElespecialiChris Mallewho assisted me throughout the
study, and the other PhD candidategho shared their knowledge and providlane with
constructive feedback atariousstages of my research. My frienddar, Rosa and Taliaho

always povided support and enjoymerat differentperiodsof my PhOourney, Thank you.

I would like to extend a huge 'thank you' By. AbdutMajeid Haddagdfrom theUnited Nations
Environment Programme (UNERYithout his advice, efforts and persistent helpyould not

have become a PhD candidate at the University of York

In Oman, | owe special thanks to all government officialsthadxecutives in the ministries,
industry and nongovernmental organisationas well as the academics andnsultans, who
madesuch positive contributions during theterviewsfor my thesis, and athe data provides
who so generously gavbeir time andongoingsupport. Their knowledge and expertisgere

invaluable in providing thdatanecessaryor this research.

| alsotake this opportunity to sincerely acknowledge the Omani Government, particularly the
Ministry of Higher Educatigrthat funded my scholarship at the University of York, and the
Ministry of Commerce and Industrfor providingme with the opportunity to complée my

doctoral studies.

| want to recognize my relatives and friends for their constant moral support during the period
of my PhD study. Deepest thanks go to my mother and father for their heartfelt prayers for my
success, my sisters and brothers. Theirdfén me gave me the strength to pursue my research
successfully. My foremost appreciation goes to hugband,daughters and sons for all their
love, patience and understanding for the duration of this study. | owe them ftvealacrifices

they have nade and | wanthem to knowhow grateful | anthat they are part of my life.

24



Author's declaration

| declare that this thesis is a presentation of original work and | am the sole author. This work
has not previously been presented for an award at thigror other, university. All sources are

acknowledged as References.

25



1 Introduction
1.1 Overview

This thesis investigates the potential for integrated climate and air quality strateg@sian,and
incorporaes the mitigation of SLCPghis latter possibility hasnot yet been considered in ¢
country. Through this analysis, the thesis will investigate the implications of the mitigation strategies

on human health and climate.

Througtout this studythe current impacts ofir pollution and climate change in Oman will be
discussed, in order to discover the severity of their effect on the health of people in this country,
and how these effects compare with the impacts experienced on a bhazde.It will highlight
indications thatclimate changes being experienced by the region arekamine the seriousness of
the impact of such changeh will alsoseek todiscoverwhether or not any health issues in the
region are related to thosehanges, andf so,how these compare tthe situation inother parts of

the globe.

Thethesisalso examineghe extent to whichair pollution and climate change are being addressed

in Oman; it does this by analysing current policies and by assessiegititeasis placed on these
environmental issues by policy makers, industry and civil society. It outlines a number of measures
that could be taken to address both air pollution and climateange, proposes. number of
mitigation scenarios and considers thgtent to which these could be implemented in Oman and

what would be necessary for them to be included in national policy.

The Sultanate of Oman is located in the southeast of the Arabian Peninsula, with a population of

2,773million (2010) and an econom predominantly dependent on oil.

Based on theannual report (No2) on population statistics in the Gulf Cooperation Council (GCC)
countries, issued by the Statistical Centre for the Cooperation Council for the Arab Gulf States 2018,
hYlyQa LJ2drdavdihg fastbeween@10 and 2016 compared with other GCC countries such

as Qatar, Bahrain, and Kuwait as shown in figuré 1.1

! Actual Results of General Census of Population, Housing and Establishment.

2 https://www.gccstat.org/en/
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Oman has a total area of around 309,000?kApproximately 82% of the total area is sandy desert;
mountains occupy 15% andastal areas represent only 3% of the total area. The total arable land

is around 2.2 million hectares, or 7% of total area; of this, 173,000 acres are actually under
cultivation, making the per capita cultivated land about 0.07 acres. The coastlinehssdtr over

3,165 km along the Arabian/Persian Sea, the Gulf of Oman, and the Indian Ocean. Oman is one of
0KS ¢g2NIRQa K20GSad FyR Y2ad INAR NBIAZ2YyaAI g4I
including shortage of water and also desertificatioNBP/ROWA, 1993). Along the coast, the
climate tends to be more humid, while it is extremely hot and dry in the interior deserts. The
southern region of Dhofar attracts a summer monsoon that arrives from the Indian Ocean and is
called Alkhareef by the loca(Al Shueile, 2015Appendix Al gives a diagrammatic representation

of Sultanate of Omarhe country is one of the most water scarce in the world and climate change

is likely to worsen drought and desertification, threaten water security and disrupt agricultural
production. Rising temperatures increase, thisk of heatrelated morbidity and mdality.
Furthermore, the incidence and severity of natural disasters, such as the cyclones experienced in

recent years, are expected to rise
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Figurel-1 The GCC countries population growth (2@20D16)based on the Statistical Centre for the GCC, 2018

3 dimate and health country profile, 2015 OMAM/HO (http://www.who.int/globalchange/en/
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1.2 Air pollution:

Air pollution ¢ both ambient (outdoor) and household (indoor) represents the biggest
environmental risk to healtht a global leveNew data from WHO shows thaine out often people

in the world breathe air containing high levels of pollutants. Updated estesaeveal an alarming
death toll of sevenmillion people every year caused by ambient (outdoor) and household air
pollution (WHO, 209). Air pollution affects alfregions all socieeconomic categoriesind age
groups. Although peope living inthe samearea breathe the same air, there aremarkable
geographical differences in exposure to air pollutidfO states that out of every ten peopla)lp

one person ligsin acleancitywhich considered & byl WHO AiQuality Guidelines Air Quality
Guidelines refer tawoncentrations recorded over a given time period, which are considered to be
acceptable in terms of what is scientifically known about the effects of each pollutant on health and
on the environmentTo be considerd safe is to be within those acceptable limits. For example, the
WHO has set the AQ guideline for M (G ™ a3, Airdoollition continues tdncreaseat an

alarming rate, and influensebothLJS 2 LI S Q& thK &onbniiekof niatigriR(WHO, 2016)

Although certain health impacts of air pollution haeeentlybeen the focus of regchers in Oman
and other GCC countries, there are still very few studiealing with the region that examinéhe
relationship betweenhealth impacts, such apremature deaths and air pollution. The first
environmental epidemiological study in Oman, sleal anincreased risk of respiratory and allergic
disease in a population living near an industrial comphxvahaibi and Zeka, 2015; Alwahaibi and
Zeka, 2016)

Li et al. (2010yuantified the national burden of disease attributed to particulate matter (PM) and
ozone (@) in ambient air in the United Arab Emirates (UAE). They estinthéddpproximately 7%
(95%, Confidence Interval (Cl;12%) of the total deaths in the UAR the year 2007 were
attributable to PM in ambient ajithis figurecomparedwith about 1% (95%Ct 0.2¢2%) of the total
deaths attributed to groundevel Q exposurefor the same yearThis estimat is higher than the

total global percentage of premature deaths caused by PM, where outdoor air pollution accounts

for approximately 1.2% of total mortality in urban areas worldwi@ehenret al., 2006)

These worryingly high rates of premature death due to ambient air pollution in Ateake likely to
be typical of the GCC region as a whaled are not widely knowror examinedin depth, which
suggests that additiongdolicies are likely to be required taddress tk problem. One aim of this

thesis then, is to provide robust evidence for the extent of the air pollution problgmmarilyin
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Oman but also in the rest of the G@%gion It also seek# assesshe current and future impacts
on health andcclimate, to increase awareness and so help to provide a stimulus for ploéitiian

to address the issue.
1.2.1 Global health impacts

According tothe WHO, every year sevemillion premature deathsvorldwide arelinked to air

pollution, amounting for one ireight of total global death6WHO, 20T). This makes air pollution

0KS ¢g2NI RQa I NASad a ArghHrig3longsid@majaRhgaliiskg Guchfas K S | f
smoking, high cholesterol, high blood sugar and obédFiyure 11).

It has been estimated thah 2010air pollution caused 22000 deaths from lung cancer worldwide
(Anenberg et al., 2012; Lim et al., 2012; Stohl et al. 201 specialized cancer agency of the World
Health Organization, the International Agency for Research on Cancer (IARC), announced on 17
October 2013 thait had classified outdoor air pollution as carcinogenic to humans. Particulate
matter (PM), a major component of outdoor air pollution, was evaluated separately and was also

classified as carcinogenic to humadmsthe IARE

Premature deaths linked to apollution are increasingevery year. Many studies have been
conducted worldwide investigatiritpe impact of air pollution on healtl{Fang et al. 2013 ohen et

al. 2006;Silva et al. 2013uite 2012{ eveque 2015)all agree that the impact of air pollution on

health is one of the most important concerns facing thetivir Qa4 y I A2y a4 RSOSft 2 LI

countries alike.

‘https://www.rehva.eu/rehvajournal/chapter/outdoorair-pollution-a-leadingenvironmentaicauseof-cancerdeaths
iarc-scientificpublicationno-161-air-pollution-and-cancer
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2 529 700 @ Ischaemic heart disease

2296 900 @ Stroke

1187 900 @ Chornic obstructive pulmonary disease
597 000 @ Acute lower respiratory disease
443 100 @ Lung Cancer

Figurel-2: Deaths attributablegloballyto the joint effects of household air pollution and ambient air pollution by
disease, 2012 (WHO 2017)

1.2.1 Air pollution and health in Oman and the GCC region

The Global Burden of Disease project (GBD) calculates the health impacts of air pollution and of
other causes of disease. They have classified the air pollution which poses a health risk to humans
into three main categories: household air pollution, ambient particulate matter, and 0£@ér€0O,

2016) The GBD project reports the impacts of these for each country of the world (See IHME

website).

In the Gulf Cooperation Council (GE@gion there has recently beegrowing attentionto
environmenal issuesin general, and tair pollutionin paticular. At the same time, according to

the GBD, there has been a tremendous increase in the number of premature deaths related to air
pollution in the GCC countriegvhere 5,809 people died prematurelydue to ambient particulate
matter pollution in 1990 a figure which rose td 2,651 deaths i2015(IHME, 2016)For example,

in Bahrain, Kuwait, and Qatar, the GBD estimates that there are 773 deaths annually due to fine

particulate matter less than 2.5 microns in diameter (M (Eastnorthet al.,, 2016)

5Bahrain, Kuwait, Oman, Qat&8audi Aabia, and United Arab Emirates
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Figure 12 compareghe percentage of total deatltaused by the three main types of air pollution
from the GBD assessments: household air pollution, ambient particulate matter, and ambient
ozone, and gives data for the six GCC countries, naBalyain, Kuwait, Omaatar,Saudi Arabia

and the Emirates. It is clear that ambient PNk the dominant type of air pollution in the region,
and is more dangerous to health than ambient ozone or indoor air pollutiamas found thafin

the GCC countriegndoor air quality was much lesd a problemthan that of ambient air quality
(Gevao et al., 2007; Adshidi et al., 2012; Yeattt al.,2012,0Omidvarborna et al., 201&ohenet

al, 2013)
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Figurel-3: Percentage of total deathttributable to air pollution in 2013 for different GCC Countries (IHME, 2016)

On a global scale, developing countries are major contributors to air pollution due to their growing
economies; these are linked to the emergence of emissgererating sectorsuch as energy,
transport and industryGaleotti and Lanza, 1999; Kunsdral.,2015) The Middle East and North
Africa (MENA) region, which includes Algeria, Bahrain, Egypt, Jordan, Iran, Irag, Kuwait, Lebanon,
Libya, Morocco, Oman, Palestine, Qatar, the Kingdom ddi@aabia (KSA), Syria, Tunisia, Turkey,

the United Arab Emirates (UAE) and Yemen, is one of the major contributors worldwide to climate

change emissions and their impact on global he@fihFadeét al.,2013)

¢CKS AS@SNAGE 2F GKS NBIA2YQa FANI LRt tdziAz2y | yF
comparing the mortality ra attributed to household and ambient air pollution; this is normally
expressed as the number of deaths per 100,000 population. The WHO estimated that in 2012, there
were 7.5deaths per 100,000 populatioattributed to household and ambient air pollutidn the

UAE, 9.0 in Qataf,1.1 inBahrain, 13.5 in Oman, 14.2 in Kuwait, and 28.1 in KSA. These numbers
can be compared with those in developed countries like the UK, with 25.7 dpath$00,000,

people, and the USA, with 12.1 deaths. The highest mortaliyin 2012, according to estimates
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by the WHOwas inChina, with 163.1 deaths, while the lowest was in Brunei Darussalam, 0.2, and

Australia and Sweden, both with 0.4. Figur8 tlustrates these finding8vVHQ 2016)

163.1
75 9 111 135 142 201 257 454 02 04 04
\)Vi(/ '58;\ & <& &éx & S S N & S £
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Figurel-4: Mortality rate attributed to household and ambient air pollution (per 100,000 population), 2012 (WHO, 2016)

A study conducted byWillis et al.(2010)focusing on thepollution-related health risls in the UAE
found that outdoor and indoor air pollutiorposed the greatest risks to health, outrankiather
sources 6 pollution such as soil and groundwater, drinking water contamination, ambient noise,
and electromagnetic fiekfrom power lines. A study byGibsonandFarah(2012)quantifyingillness

and premature deaths in the UAE as a tesfi environmental pollutantsfound that outdoor air
pollution rankedhighest in terms of risk priorityThe recent 2014 Ambient AioRution database
updated by théNorld Health Organization (WHO) ranked Dakahe twelfth mospolluted city in

the world, based on the annual mean concentration of fine particulate matter. Rkd PMy),
accordingo a report by the Qatar Statisticsuthority (2013)(Farahat, 2016)

A number of & pollution and health studiebave keen carried ouin Oman usuallyin industrial
zones that are expected to be the most polluted arddest of those studies armotivated bythe
health and safety requiremestof the Public Establishment for Industrial Estates (PEIE) which
regulatesghose companies and industriest times, however the studies are conducted in response

to demands for investigationfrom the populationlivingaround thatarea ofindustrial activity

Oman has recently embraced a rapid industrializatioive aimed atenriching its economy and

decrea#ngits dependencyn fossil fuel As a resultmany industrial parkkave been constructed,
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one of which is the Sohar Industrial Zone (Stdgse parks include petrochemical industrial
complexesAlwahaibi & Zeka (2018xaminel the acute health impactsy’ | Rdzf G & 2F XH N
living neatthe Sohar Industrial Zorfer the periodfrom 2006 102010 the emissionsereare mainly

of sulphur dioxide (S nitrogen oxides (NG and volatile organic compounds (VOEnding
suggested thathoseliving closer to the industrial paskere two or three times more likely to visit
health carefacilities because ofacute respiratory tract diseases, asthma, conjunctivitis and
dermatitisthan those living irthe control zonewith greater exposure effects observed amongst
peopleaged x p n @ { A Y Werelfodidd iNEn@wvadfiatioa of the health effectsn children age
<20 years old living ne#lne Sohar Industrial Zone; the study covetkd same period of time, with
greater asthmaelated health effects being noticedy’ (i K/&roltgraup (Alwahaiband Zeka
2016).

Sabah AbddlVahab, and Sappurd Ali (201&3sesed the impact on workplace and ambient air
quality due tothe release of sulphur dioxide (9Q0into the atmosphere athe AlFNoor gas
production station, located ithe southern desert ofthe Sultanate of Oman. The estimated results
were compared with the airuplity standards/guidelines set by Onfamegulatory authorities as
well asthose setbythe World Health Organization (WHQt was concluded that th8Q levels were
high enough fosensitive individuals in the workplace of theMdor station toexperience adverse

health effects due to shoitierm exposureto SQ.

Another study was conducted in the Omiaigquid Natural Gas (OLNG) planMuscatto assess the
potential impact of the environmental air qualitgrisingfrom the plant. The pollutants studied
included methane (CH NMVOCs, carbon monoxide (CO), nitrogen oxides (NO agqd &d
suspended dusfThe results initated that the mean concenttians of all pollutantsvere too low
to cause any significant impaon air quality, excepfor that of non-methane hydrocarbonThis
means that noamethane hydrocarbons are the main air pollutants likely to haveémpact on the

environment directly around Omaiquid Natural Gas plant§ AbdutWahab, 2005)

With the continuing development oindustrializationin Oman, atmospheric emissions from
different industrial sarces are likely to increase, unless action is taken; this discussion will be part

of the assessment of future emission trends and their impact in Chapters 4 and 5.

1.2.1.1 Outdoor air PollutionAmbient particulate matter (PM)

Airborne particulate matter is made up of a collection of solid and/or liquid materials of various

sizes; these range from a few nanometres in diameter (about the size of a virus) to around 100
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micrometres (100 um, about the thickness of a human hairhokire particulatematter consistof
primary components, which are released directly from the source into the atmosphere, and also
secondary components, which are formed in the atmosphere by chemical reactions. Particulate
matter comes from both humamade and natural sources. It contains a range of chemical
compounds whose composition provides clues to their origin. Particulate matter is classified
according to its size with this classification used in concentration measurements. For example, PM
refers b the concentration of particles that are less than or equal to 10 um in diameter while PM
describes the concentration of particles that are less than or equal to 2.5 um in diameter.
Anthropogenic PM sowes can be broadly divided into three typasnsportationrelated sources
energy andndustryrelated sources andonstruction andactivities related to construction kk
crushing, screeting, cutting and drillingln additionto anthropogenic sourcesatural sources also
play an important role imletermining ambient levels of PMhe majority of the PM studiesetin

arid areasstimate thatnatural sources such as dust storamntribute far more tharanthropogenic
emissions(Tsiouri et al. 2014) In the Middle East, dust storms are a major contributor to the
degradation ofair quality byincreasing®M. Some of this will be due to poor land management and

is therefore anthropogeic in origin. This specific issue is important to the GCC and will be
highlighted in more detail at the end of this section, where there will also be a review of studies

related to it

Various studies have looked at the health impacts of PM in the &fidhiLeveque (2015) reviexd

the association between particulate matter (PM) and cardiovascular diseases (CVD) in selected
countries of the Middle East regipmcludng the GCC countriedde noted in his findings that
cambient PM pollution is considerexdpotential risk factor for platelet activation and atherosclerosis
and has been found to be linked with an increased risk for mortality and hospital admissions due to

| +5¢

Looking at thdJnited Arab Emirates (UABJacDonald Gibson et gR013)assessed the burden of
disease attributable to sisoutes ofexposureto risks in the environmentoutdoor air, indoor air,
drinking water, coastal water, occupational environments, and climate change. For every exposure
route, the researchers integrated UAE environmental monitoring and public health data in a
spatially resolved Monte Carlo simulatiorodel to estimate the annual disease burden attributable

to selected pollutants. The assessment included the entire UAE population (4.5 million for the year
of analysis, 2008 The study found that outdoor air pollution was the leading contributor to

mortality, with 651 attributable deaths (95% confidence interval [Cl]cl14840), or 7.3% of all
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deaths. Indoor air pollution and occupational exposures were the second and third leading
contributors to mortality, with 153 (95% CI @&5L6) and 46 attributable dehs (95% CI 262)

respectively.

Li etal. (2010)quantified the national burden of disease attribaitleto particulate matter (PM) and
ozone (@) inthe ambient air in the United Arab Emirates (UAH)ey found that, in the year 2007,
approximately 545 (95% CI: 13224) excess deaths ingtJABEvereattributable to PM in ambient

air, with these excess deaths represemg approximately 7% (95% Ck12Z%) of the total deaths
that year.Alsofor the year 2007 the researches attributed approximately 62 premature deaths
(95% ClI: 1¢4127) to graund-level Q. These figures can be compared with those given by the GBD
for the impact of PM on health in the country. THeBD estimate that there were 19
deaths/100,000 poplein the UAE in 2005¢quivalent to855 deaths as thepopulationwas 4.5
million in thatyear. For 2010, therenvere 20 deaths/100,000 @ople,whichor 1,700 deathsn total,

asthe populationhad then grown t8.3 million.

Nasser et al.2015)carried out an extensive review of the published literature pertaining to the
subjectfor the years2000;2013 and foundthat the air pollution problem in developing countries
is aggravatedy the low utilization of public transport, the ageing vehicle fleet and the increasing
number of personal cars. Tlkencentration of particulate matter in thieliddle Eastregionismuch
higher thanthat given inthe World Health Organization 2006 guidelines (i.e. thap PM.0> Fn3

as an annual averagand PMy = 20> 3n3). By linking thenumbers of visits anddmissiors to
hospitak with the increase in the PM coentration, Nasser et almanagel to uncoveed a
detrimental relationship betweenPM and CVD(cardicvascular diseaseyithin four Middle East

countries: Iranthe Kingdom of Saudi Arabia, Qatar and the United Arab Emirates.

The military conflicin 1991in the GCC region add substantially to thehealth risls inSaudiArabia

due to increased lels of airborne particulate mattekVhite et al.(2008 used a quantitative risk
assessment methodologio estimate the increase in premature deaths among Saudi citizens
associated with exposure to elevated RMir pollution levels from the 1991 Gulf Waiheir results

give a strong indication that the palation ofthe Kingdom ofSaudi Arabiasuffered a substantial
and adverse health impact from the environmental degradation associated with the Gulf War,
where estimaesshowapproximately 1,080 to 1,370 excess deaths fiexposure toair pollution

related to the war
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Figure 14 gives a general picture ohaual mean ambient Ppconcentrations in the GCC region
and shows how it compares with the global picture. The GCC region experiencessa PM
concentration well in excess of tM¥HO Guideline valy@mamely arannual mearof PMysof 10> 3

m-=3, Clearly from the map developed bthe World Health Organization (WHO), the arid area of the
GCC regiohas one of thénighest concentratiors of PMesglobally. Although thimay bepartly due

to the natural PMgenerated from the desert anftom sand storm eventsit is important also to

understand the contribution of PM from anthpogenic sources in this region.
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Figurel-5: Glokal ambient pollution (WHO, 2016

According to PM source apportionment studies, thegestsourceof PMin the GCC countries is
sand dust. PM from natural sourcesthis region, mainly soil dust and sea salt, is characterized by
elements abundant in the rocks and the sofithe earth's crust. Studies of occupational exposure

havehighlighted that chronic exposure to silica dusts (during dust storms) resulted in lung diseases
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(Thalib and Afaiar, 2012; Thomas, 2012;-iklani, 20B; Givehchi et al., 2013Vanney et al.,
2012) with Givehchi et al. (2013) repang that the major source of dust was from the deserts of
Iraqg and Syria.

Sand Storms

Although this thesis is about policies and strategies for reducingpdirtion emission from human
activities, it also considers natural PM emissions which have a major impact in this region because
of sand storms. The region has a huge and periodic problem with natural B8 ofmwhichis
entirely natural but someof whichis due to land degradation and urban developmemhich also

have an impact on healtfFarahat et al. 2003; Thaldnd Al-Taiar2012; Ebrahimi et al. 2014;
Givehchi et al. 2013; Hamza et al. 2011)

The Arabian Peninsylibcated in the\ust belQi& hometo the Empty Quarteorthew dz0 Q | £ Y K|
desert a desert thatO2 y i Aya KFItF & YdzOK &alyR & GKS Sy
extends over portions of thKingdom of Saudi ArabiK$A, the United Arab EmiratesJAB, Oman,

and Yemen(Farahat, 2016)The aridity of the environment neans thatthe Arabian Peninsule

frequently exposed to major dustorms, both annually and seasonaljouwntries in the Arabian
Peninsula, in particulamvhich experience wineblown dust storms several times each yeare
recognised aene of the principal sources of global dust (Washington et al., 20Q8) storms help

the transfer ofaerosols, particulatg, and pollutants from one area to another across the peninsula
(Farahat, 2016pnd they are associated with an enormous increase in hospital admissions for
respiratory conditions. However, despite the frequent dust storms that GCC countries experience,

little information is available on their impact on health in the region.

Dust storms & a very frequent phenomenon in the GCC countries (Figiie Airborne dust has
been found to reduce visibility thelow 11 km irSaudi Arabia and neighbouring countries for more

than 30% of the summer montl{Kutieland Furman 2003Washington et a}.2003)
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Figurel-6: A typical example of a dust storm in Saudi Arabia (source: http://photorgather.com/, Riyadh;October
2009)(Tsiouri et al.2014)

Draxler et al(2001)have predicted thadust storm events over Kuwaitcurfor at least 18% of the
year, and Allarbi(2009) in a study looking athie situation inSaudi Arabidetween 2000and2003
reported 33 dust storm events over the capital city Riyatiesemostlytook placefrom Marchto

August.

A rumber of monitoring studiedealing with theMiddle East (ME) indicate th#te occurrence of
dust storms and alsahe rapid increase ithe urban populatia, are the key reasons for the high
PM concentration levels the region In their review of monitoring studies,Tsiouri et al(2014)
noted that the levels of both annual mean RMind PM sconcentrations exceed the World Health
Organization (WHO) guidelines (PM 10> 33, PMo = 20> 3n®) evenduring most of the non
duststorm episodes, andas expected, the PM pollution levels become even higher during dust
storm episodesas shown in Table {Il). Threseresultsare confirmed by a study conducted by
Leveque(2015)which found that the annual average values of PM pollutants in the Middle East
region are much higher thathose inthe World Health Organization guidelines2006
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Tablel-1: Summary of the field campaigns studies in Middle East Sagn@lsiouri et a].2014)

Sampling PM concentration country Author
period 0>=F) Y
20042005 PMpo Annual mean: Kuwait Brown et al. (2008)
PMs P Mo, 66¢93
PM:s, 31¢38
20062007 PMyo Annual mean Qatar, UAE, Irag, Engelbrecht et al. (2008;
PMs highest levels: Kuwait 2009); Engelbrecht and
PMy at Tallil, 303 Jayanty 2013
PMsat Tikrit, 114
2007-2009 PN 24-h average, UAE Al-Katheeriet al. (2012)
4¢1,426
20072010 PM; High Kuwait BuOlayan and Thomas
concentrations (2011)
JanSep PMuo The 24h overall Saudi Arabia Khodeir et al. (2012)
2001 PMs mean:

PMuo, 87.3+47.3
PMs, 28.4+25.4

Several pidemiologicalstudies conducted in the Arabia Peninsula show thratas impacted by
desert dust stormssuch as Middle East communitjsgem to have higher prevalence of asthma
(Abalet al,, 2010)than that inEuropean countries, particularly in the paediapmpulation, where
dust storm eventsare significantly associategith an increased risk of adnsi®n to hospitals due
to asthma andther respiratory disease@ halib and ATaiar, 2012)andto cardiovascular diseases
linked to the adverse effects &M (Farahat, 2016)

Dust storms can also have a considerable impact on the hydrological cycle, on climate variability,
and on ambient air quality (Golitsyn & Gillette, 1993; Kaufmaalet2002 Miller et al., 2004;
Parungo et al., 1995; Prospero et, &002 Ramanathan et gl201Q Tegen et al., 1996). This is
because theycause significant perturbations in the radiatieenergy balance of the earth's
atmospheric systemas well as perturbations atmospheric heating and stability (Alpeat al,

2004), in chemical and biological ecosystems (Setgi., 2008), and in ambient air quality and
human health (Nastost al, 201J). These effects will be discussed in more detasection 1.3.4 on

global warming.

1.2.1.2 Indoor Air Pollution

Although the Global Burden of Disease (GBD) study shows that indoor household air pollution has a

much smaller effect on human health in the GCC countries than does outdoor PM pollution, other
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studies carried out in various locations in the region, some quantifying and some estimating the

impact of indoor air pollution on health, reveal that it still has a notable effect on health.

A study conducted byrassinet al. (2012) in Kuwait and measuring indoor Bdin different
residential areas shows hat Kuwait ranksamong the worstcountries forindoor residential
pollution, as illustrated in Figure-@& The high indoor particulate concentrations foundnde
attributed to a number offactors such as the indoouse of electricitygenerabrs, the cooking
methods incense burningn houses andther human activitiegYassiret al, 2012) It is worth
mentioning here that burningncenseis not only an importanpart of the GCC culturdut also an
almostdaily activitywhichhas been linked witlthe number ofhospital visis made bythose with
asthma Figure 16 showsthat indoor particulate levels in Kuwait wete/o to three times higher
than thosefound inhouses in the United States, the United Kingdom and Gresdtteyughlower
than those in Thailand, China and Hong Kong.
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Figurel-7: Comparison fandoor residential mean PMconcentrations in the Kuwait study sample with other selected
countries/cities (Yassin et al. 2012)

Yeatts et al(2012)conducted a populatiofbased study of indoor air pollution and health in the
United Arab Emirates (UAENd measured a number ofdaor air pollutantssulphur dioxide (S,
nitrogen dioxide (N¢), hydrogen syihide (HS), formaldehyde (HCHO), carbon monoxide (CO), and
particulate matter The results shoed that participants in households with quantified SQQ,

and HS (i.e., withmeasured concentrations above the limit détection) were twice as likely to
report doctordiagnosed asthmaas participants living in households with no quantified
concentrations. Quantified HCHO was associated with neural®yimptomsand the dailyburning

of incense with increased headaches, difficulty concentrating, and forgetfulness.
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Cohen et al(2013)conducted a hazard assessmenegposure tancense smoke ithe United Arab
Emirates. Both particulate (PM) concentrations and sizes were measured, athegeses carbon
monoxide (CO), sulphur dioxide (90 oxides of nitrogen (N§ formaldehyde (HCHO), and
carbonyls The hazard evaluatidmased orthis study suggests that incense burning contributes to

indoor air pollution and could be harmful to human health.

In Oman and the G region in generalndoor air pollution and its sources have become of
increasing concern due to thHact thatindoorventilationis very limited and that people spend over

90% of theitime indoors because of the hot weather (high temperature and higyjidhat lasts

for aroundnine monthsof the year Burning incense is a popular practice inside residential homes

in Oman and other Gulf countrie8rabian incense (bakhoui§ one of the most common sources

of indoor smoke and individuals are frequendyposed to it. Due to its slow and incomplete
combustion, incense burning produces continuous smoke, generating pollutants such as toxic gases
and chemical particles including polycyclic aromatic hydrocarbons, carbon monoxide, benzene, and
isoprene; theseasily accumulate indoorsspeciallywhere there isnadequate ventilatio{Cohen

et al. 2013Al-Rawas et al. 2009)

Oman rank near the topin the global ranking of symptoms taken to indicate sevexsthma
according to thénternational Study of Asthma drAllergies in Children (ISAAC). Asthma issom
in Omani children with prevalence rates of 10.5% and 20.7%7rad 1814 year old children
respedively (A-Rawas et al.2009) However,Al-Rawas et al(2009) found that while burning
Arabian incense at home is a common triggembieezing among asthmatic children in Oman
crosssectional study of 2,441 school childramdicated thatit wasnot itselfassociated with asthma.

Theseresultssuggest thabther sources ofir pollution mayalsocause asthm#n Omani children.

A study focused on indoor air pollution in the GCC region finds that throughout the entire GCC,
VOCs, N SQ, PMy, PM s, heavy metals, and G@ere the most dominant indoor air pollutants
found in homes, schools, cafés, and office buildings. The main sources of these pollutaritsewere

infiltration of ambient airthe burning of Arabian incense, and smok{Agnoatey et al., 2018)

In Oman, as other GCC countriesidoor smokings still an acceptetabit in manypublic locations

and residential homeg\Lawati et al(2015)analysed theamount of PM semissions from second
handindoor smoke inthirty different publicplaces in Muscat, anfbundto beo | 6 2 dzi mp.c v > 3
Thiswas higher than thabf the highest average concentration of Bbbccurred in cafés (256 #r

%) that offered water pipes (or shisha) fosmoking, offices (12 In?), and transport pssengers'
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waiting rooms (43> #n®). The health effects from exposure to these Rimissions mighivell be
exacerbatetbecause of the longeriodsof time that people spend at cadgespecially during the

evenings and atight (Amoatey et al., 2018)

Although this thesis does not focas indoor air pollution, it should be borne in mind than,
addition to exposure to ambient PM, this may also be an important factor having an adverse health
impact in the region.

1.2.1.3 Ozone

Air pollutants can beclassifiedn two ways: they are eitherrpnary pollutants which are emitted
directly into the atm@phere or they aresecondary pollutantswvhich arethe products of chemical
reactions taking place between the primary pollutamtshe atmosphereTropospheri®zone (s),
for examplejsa secondey pollutantformed by the reaction ahe primary pollutants n-Methane
Volatile Organic Compounds (NMVO@), CH and CQn the presence of sunlighit is produced
at a higher rae in higher temperaturesGround level ®is a major constituent of smog in urban
areas where motor vehicles are the main anthropogenic emission source of its precijdsdiesd

and Espaddallad, 2010)

Ettouney et al(2010)collected and assesseit pollution datafor major pollutants beside £rom
two monitoring stations in Kuwait over a periodfour years, from 2001 to 2004. €afound that
the measuredevelsof O; were well below te international standards anithat ozone formation
actuallydecreased at higher ambient temperatur@his was also concluded BypdutWahab et al.
(1996)in their study ofOs levels in the Stmiba industrial area in Kuwait; they fourdpositive
correlation between ®levels and temperatures below 27°C, ilgha negative correlation existed

for temperatures above 27°C

Jallad & Espadaallad(2010)monitored ambient tropospheric levels ofs@nd its precursorlO,
and NMVOCH the Salmiyaha densely populated arex Kuwait over a period of 12 months from
March 2008 to February 2008he results of this study indicated tha, IMVOCand NQ exceeded
the ambient air quality standards dag specific times of the yeand that serious health effects
were expected to result from exposure to such levdlee dily patterns for NQ and NMVOC
showed three peakavhich were directly dpendent on high traffic densityt is predicted that the
pollutant levels will rise in th future along with increasing traffic density aimdthe ab®nce of

regulations controlling vehicle emissions.
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After PM, Os; is most likely to be thesecond greatespollutant contributor to diseasecausing
ambient air pollutim in the Uhited Arab Emirates. Li et al. (2010)estimatedthat anthropogenic @
causeal about 62 (95% CI: £I27) premature deaths the countryin 2007, accourihg for 0.8% of

the total deaths in that year.

In Saudi ArabigRorter et al.(2015)conducted an malysis of dailyO;, NQ, and particulate matr
(PMuo) concentrations for two year2010 and 201/1at sites in and around the coastal city of Jeddah.
Within JeddahO; wasfound to beremarkablylow overall, though there waa significanly higher
weekend @, but reduced NO: concentratons. In contrast, there were much highého
concentrationsthan those inNorth American cies of similar climatology, thouglevels were
comparable tothose inother large cities within the Middle Easthe strong wekend effect

indicates increased health risks for pilgrims attendthg annualHaijj.

In Oman itself, gund level ozone (§ concentrationsvere measured acrogbe Sohar highway
for a fourmonth period from September to December 2014. Titenthly average concentration of
Os; was found tovary from 19.6 to 29.4 ppbThis is considered to be under the acceptable level for

human health.

Althoughfew studiesso far haveinvestigatal the link between both short-term and longterm
exposureto groundlevel Q and mortality in the GCC regionscientific evidence worldwide
increasingly supportthe viewthat groundlevel Q, even at low levels, can damage people's health,
causing (among othgrroblemg increased rates of hospital admissions, exacerbation of respiratory

illnesses angrematuremortality (Levy et al. 20®), Ito et al. 2005Bell et al. 2005)

Incidentally, there are potential effects on agriculture as well as on hellttas been known for

some time that elevated rates of groustelvel ozone damages crops and reduces yiglithough,to

0KS NBaSIHNDODKSNRa 1y2¢6t SRIST GKSNBE KIa ySOSNI o
to tropospheric @ in the Sultanate of Oman, such estimates would be useful for projections of

future food production, and also for setting regulatoryredards for reducing grountvel Q.

Since CO, GHNMVOC, and N@re chemical compounds which, in the presence of solar radiation,
react with other chemical compounds to form ozone in the troposphere, high ozone levels are to be
expected in Oman becauséthe high temperatures and levels of sunlight, and also because the oil
industry is very likely to be a source of reactive VOC emissions. While this is worth noting, this thesis

will not focus on tropospheric 0zone nor on its impact on human healthcaoyl yields.
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In summary the studies reviewed in this section address linkages between air pollutiontsand
impact onhealth demonstrateclearlythat this isan importantissue for the region. There has been
a tremendous increase in air pollutiorlated premature deaths both in Oman and other GCC
countries and this is likely to keep increasing if no action is takes thesiswill therefore develop
emission inventories for Oman, amdll alsouse the LEARBC toolo estimatethe impact on health
from exposure to Pis The aim of this it help persuade policy makers todmmemore engaged
with the issue and to demonstrate how a SHGEussed strategy can contribute to a better future

for the region.
1.2.2 Main sources of air pollution in the region

In 2012¢13, air pollution load assessments were conducted in Bahrain, Kuwait, and Qatar as part of
the Gulf Environmental Partnership and Action Program national activities pBastnorth, Region

and Country, 2016Results showed that vehicles and power generation are the major sources for
fine PM emissions (Piand PM:), while resuspended dust dominates for the coarse particulate
matter emissions (>PM). Thee are mixedemission sources for SONQ, VOC, andCO, with
industry, refineries, andhe power generation sector dominatin@astnorth, Region and Country,
2016) Countries in the Aralvegion are highly reliant on personal transport. For example, the
number ofvehicles per 1000 inhabitants is 378 in Qatar, 357 in Kuwait, 336 in Saudi Arabia, and 322
in Bahrain, t with the result that the transport sector is responsible for approximately 90% of total
emissions of carbon oxides (£0OCO) in these Arab countri€iolba and Saab, 2008)

There are similar evidence frotie increase of nitrogen oxides observedHtyouney et al. (2010)
from two monitoring stations in Kuwaithiswas related to the increase in the number of motor
vehicles and the expansion in power generation and industrial actividiteer pollutantscovered

by EttouneyQ &tudy, namelycarbon monoxide, carbon dioxide, sulphur dioxide, ozone, and
particulate matter showedpollutant concentratiortrends similar tahose inother locatiors around

the world and were well below limits set bthe internationalbodies. The onlexception was
particulate matter, whichwas at a higher levedecause ofi K S & (proxinitg tg th&desert
(Ettouneyet al., 2010)

Omidvarborneet al. 018)conducted a review aiming identify the major soures of air pollutants
in the hot and arid/senarid climateof the GCC mggion They investigatedhe main categories
contributing to specific pollutant$CQ, CO, PM, NQ G;, SQ, VOCspolycyclic aromatic hydro
carbons (PAHSs), and persistarganic pollutants (@Ps)) The findings indicated that sand, dust
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(natural and anthropogenic, such as cement, metal, stone cutting industries), the chemical
industries (refinery, petrochemical, etc.) and transportation activities were the major contrbuto

to overall air pollution in the GCC countries.

According to the literature, they YI y Qa € S| RA Yy 3 arétiedrdnibbrifedeiphahd/ a 2 dz
industrial sectors, with the energy sector, which primarily produces fossil fuels, being the biggest
contributor of CQ and CH The agriculture sector in Oman is still developing and currently only
Fo2dzi w32 2F hYlyQa G2aGFt € yRbdihNEhab, ehak 20d26E R T 2 |
no agriculturerelated emissions @re observed.

The different sources of emissions in Oman will be discussed in detail in Chapter 2, and the key

sources identified that may contribute most to iegts on health and climateéop be analysed in

Chapters.
1.3 Climate change:

Climate change isne of the most serious environmental global arahsboundaryproblems in this
century (Hoel, 2005)Emissions are linked tooth air quality and climate changevith increasing
levels of emissions influemgi KS Sy SNH& ol flFyO0OS 6Si6SSy GKS |

(e

and, in turn, caugngtemperature changes that alter the chemical composition of the atmosphere.
dimate changeananagementnd air pollution managemeihushave consequences for each other
(Change and Trends, 2011; Peter Gilruth, 2011; IPCC, 2013; Adktaha?014; Wattset al, 2015

Climate change is now wddhown and weklaccepted, ashownby evidence of increases in the

average global temperature of air and ocean, the extensive melting of snow and ice, and the rise in
the global sea levdFrichet al, 2002; Alexandeet al, 2006; Barker, 2007; Dai, 2011; Alsarmi and
Washington, 2014)he rise in setevel, brought about by rising temperatures, has the potential to

cause the loss of significant portions of agriatdd land in the Arab region. For example, a one metre
NAAS Ay aSlk tS@St O2dzZ R NBRdzOS vIdGFNRA fFyR I
probably have a negative impact not only on the agricultural sector, but also on the industtial an
tourism sectors, on urban areas and on the economy in a number of Arab coyisiba and Saab,

2008)

From the economic perspective, an important issue for the Middle East and GCC cowntrids
be if climate changeaffected the annual income fronthe date palm(Phoenix dactyliferd..) If
climate changeaffectedareas wherehe date palm currently occursand made thentlimatically

unsuitable, the economies in those areesuld suffer (Shabani et al.2012) Indeed, there has
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already beena decline in date palnproduction in Middle Eastern countriesaccording to

observations made betweeh990and2000(Zaid 2002;Jain 2011)

Although the Arab rgion, including the GCC countries, contributes less than 5% to the causes of
global climate change, the effects on the region will be very seffetba and Saab, 2008 fact,

the region is considered highly vulnerable to the impact of climate change due to its arid climate,
scarce water resources, and its long coastal stretches that are threatened by rising sea levels.
Natural and physical systems in the region are alyefading heavy pressure, and this will only be

intensified as temperatures in the region rise and/or precipitation decreases.
1.3.1 GHGemissions inventory in Oman atite GCC region:

Exponential population growth, together with rapidly expandimdustrialization, urbanization and
transportation, are causing an enormous increase in energy consumption, which has resulted in
increased anthropogenic greenhouse gas emissions (GHGS) such as carbon dickideefGane

(CH) and nitrous oxide (}D). e elevated levels of these greenhouse gases in the atmosphere is
linked to considerable variations in daily, seasonal, annual and decadal variabilities in our climate
(IPCC, 2013)

From 19720manhas been importingewer refined petroleum productghan before as thecountry
has started producing theséself, bothfor local use and evefor export. It was expectedhat the
increasedconsumption of liquid fossfuelsand natural gasvould lead to a significant increase in
the O 2 dzy CQEBMISSions over the yearAbdulwahabet al, 2015) That has indeed been
reflected in theCQ inventory for Omanan inventorywhichwasdevelopedto monitor the energy
sectorover the last42 years from 1972 to 2013andwas doneby Abdulwahab et al(2015 in
accordance with the IPCC reference approddiefindingsindicate thatthere have been drastic
increases in the amourof petroleum productsand natural gas produceid Omanover the years
There have also been great increasestlie amount of petroleum productsand natural gas
consumedlocallyand in the CQ emissions resulting from th consumption with the gassector
havinga much greater impact on the increase of.@@issionghan crude oil,as shown irFigure 1

7 (Abdulwahabet al., 2015)
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Figurel-8: Estimated C&gas emission in Oman frob®72;2013(Abdutwahab et al.,2015

Another emission inventory wadrawn upby Qazi et al( 2016} its aim wado estimateboth the
Municipal Solid Waste (MSW) generatiorOmanover theperiod from1971to 2030 andalsothe

annual CH emissions from tht generated waste The estimag¢ of total waste generation was
carried outusingan existing model, whilehe CH emissions estimawasmade using thelefault
method set out by thelntergovernmental Panel on Climate Change ()PE@as found that the

total MSW generation in Oman might reach 3,@f8§agrames Gg by 2030andwould account for
approximately 85 Gg ahethane emissions. This is an enormous increage the figure ofl42 Gg

in 1971 andhat of 1,464 Gg in 201(Qaziet al. 2016 Abushammala et al. 2016figure 18 shows

that the CHemissions rate increased by about 1 Gg annually between 1971 and 2011, increasing to

an estimated 2.4 Gg pgear between 2012 and 2030.
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Figurel-9: Estimated Ckemissions from MSW f@bman from1971¢2030(Qazi et al2016)
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Both inventories clearly show that two of the main GHG emission sources in Oman aasimgre
exponentially. Although the sources of those emissions are not the saast, economic
dewelopment and urbanisation are driving forces for the production of both waste and oil/gas.
Evidence of this link is also clear in the results of studies ohéxeis between environmental
pollutants, energy consumption and economic growth; a number of studies provexibgnce of

a bidirectional causal relationship between energy consumption and economic grimwibth the
Middle East and North Africa (MEN®)general and the GCC region in particl@mri, 2013;
Salahuddin and Gow, 2014; Jammazi and Aloui, 2015)

Alhaddadet al 015)conducted aremission inventoryn urban areas in th&icinity of oil refineries
in Kuwait over a period of one yeaaiming toto predict pollutant concentrations and distributions
their study used the AERMOD software (V5.1), Industrial Source Complex -Béort model
(ISCST3Xhe pdlutants investigated included CO, £8Q, NO, N@ G;, PMyo, hydrogen sulphide
(H:S), ammonia (N§} methane (CH, NMHC, and total hydrocarbons (TlHEwasfound that the
measured concentrations of all pollutantgere higher than the predicted concémations, which
wasattributed to the contribution of othersources ofpollution, with the strongest effect coimng

from the oil fields, followed by traffiand oil refineries Alhaddad et al2015)

At theglobal level, the majority of Intended Nationalletermined Contributioa(INDG)submitted
cover seven categories of gases {OCH, NO, HFCs, PFCsg S¥F3) In the GCC, however, the
coverage of gases varies according to counttyné&GCC countridsave a relatively large coverage,
such a®Oman whichchoseto target CQ, CH, NO, HFCsand PFCsand Kuwait whichaccouned
for CQ, CHand NOemissions. Bwever, other countriesin the region, such aBahrain cover only
CQand NO. The UAE is the only GCC country whichindicated in its INDC submission that it has
launched a process to develop a full national inventory of greenhouse gas emi@sastsorth,
Region and Country, 2016)his indicates the types of emissions data available within GCC

countries.
I OO2NRAY 3 (" aBKSSH aVISHY/HQEANBLI2 N> 3t 20 f £ & G¢KS
between 1970 and 2004 has come from energy supply, transport and industry, while residential and

commercial buildings, forestry (including deforestation) and agriculture sectors have tmgimg
F4 F f 2(Pafkel] 2007)0 S £

The Middle East and North Africa (MENA) region, which iesltide GCC countriea¢counts for

around 6% of the world's population, butpsoducing around 7% of worldwide greenhouse gases
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(GHGs). More importantly, in the last two decades, MENA's emissions grew [{$i&88m, 2015)
Three of the GCC countries, Saudi Arabia, the UAE and Qatar, have already been identified as the
largest per capita G@mitters in the wortl (Hertog and Luciani 2010)

Energy consumption in the GCC region is based on conventiooaltfenewable resources
originating from its4s™> 2 F (G KS g2 NI RQa 2I3MBidSEwal gasirésouldds a S NI
(Saddam, 2012¥-ossil fuel exéiction has shaped the econorafmost of theGCQ@ountries where

all except Oman and Bahraame members of the Organization of Petroleum Exporting Countries
(OPEC)Hence, fossil fuels are the main source of energy, and this has resulted in considerable
climate change emissions. @iloducing countries such as Qatar, the UAE ldndait rank among

the 4 2 NXtdR Qer capita emissions relative to per capita income (Baehr, 2608)the GCC
countries in general have uniquely high per capita emissions oboattoxide (C¢), as shown in
(figure 19). This is partly due to the fact that some of them have tiny populations, but energy
intensity is also an undeniable featufidertog, Steffen, 2010)n 2010, for exampldran and KSA
produced 65% of the region's fosdiliel-related carbon dioxide (CGP(Farzaneh, Mclellan and

Ishihara, 2016)
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Figurel-10: GCC C@missiongt) / capitacompared with USA, UK and Japan, (based on World Bank data) (World Bank,
2018)

The GCC countries also have very high rates of per capita electricity consumption, already surpassing
the level of major indstrial countries. Qatar and Kuwait, for example, have higher per capita

electricity consumption levels than the United Stafelertog and Luciani 201(figure 110).
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Figurel-11: Percapita electricity consumption of selected major developed (red), GCC (purple), regional (blue), and
major developing nations (green) for 1990 and 2003. Lighterhéefd bars, are for 1990; darkeight-hand bars, are
for 2003 (Hertog and Lucia®010)

Chaaban(2008 notes that the 2007 Annual Report thfe Centre for Global Developmeptaced
KSA and Kuwait amongst the 50 countries with the highese@1ting power sectors in the world.
SaudiArabia was ranked 22 with 75,900,000 tons and Kuwait #8with 19,000,000 tongTolba
and Saab, 2008)

Salahuddin & Gow (2014xamined the empirical relationship between economic growth, energy
consumption and carbon dioxide emissions in the GCC countries. Their results indicate a significant
association between energy consumption and @@issions and also between economic gtiow

and energy consumption; these links exist both in the shamtd the longrun. Although the GCC
countries are participating in efforts to reduce their GHG emissions, these attempts have not so far
been sufficient to address the increased GHG emissiotisiregion, because of the rapid growth

Ay GKS O2dzyiNASEaQ S$O02y2YAsSa FyR Ay AyONBIasSR
1.3.2 Weather extremes

Few studies on changes in climate extremes can be found for the Middle East, mainly due to the
poor data network in Arab countries anichited access to long daily data sefonat et al. (2014)
examined the temporal changes in clite@xtremes in the Arab region, with their study based on
data from sixty stations in Arab countries; this data was collected during a workshop held in 2012.
They found increased frequencies of warm days and warm nights and higher extreme temperature

values.
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According to modelling studig¢3olba and Saab, 200&he Arab region will face an increase of 2 to
5.5°C in the surface temperature by the end of thé' 2éntury. Thigemperature increase will be
coupled with a projected decrease in precipitation of between 0 and 20%. Other predictions for the
region include shorter winters, dryer and hotter summers, a higher rate of heat waves, increased
weather variability, and a merfrequent occurrence of extreme weather everfi®lba and Saab,
2008)

Figure 111 shows that wer the Aabian Peninsula,namelyin Oman,the United Arab Emirates

(UAB, Qdar, Bahrainthe Kingdom oSaudi ArabigKSA)Kuwait and Yemerthetemperature and
LINBOALIAGEGAZ2Y NBIAYSaA | LILISENI G2 , Qe s@aNdtherOt 2 a S
figures for global anomaeés (Alsarmi and Washington, 2011%ince 1998, sustained negative

preciptation anomaliehave beermatched by sustained posititemperature anomalies.
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Figurel-12: All Arabian Peninsula annual anomalies time series for both temperature and precipitation for the period
19802008 (Alsarmi and Washington, 2011)

Figurel-12 shows globally averaged surface and ocean temperatures since 1850 (relative tp 1961
1990 levels) and illustrates the global warming trend since the 18f@wted inRice et al(2014).
Global temperatures rose 0.6 to 0.7&€ from 1951 to 2010. Disruptiowf the global amate
promotes extreme weather patterns (heatwaves, droughts, thunderstorms and heavier

precipitation, hurricanes, floods, desertification, and sand storms)
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Figurel-13: Observed globallaveraged combined land and ocean surface temperature anomaly from 1850 to 2012
from three datasets used by the Intergovernmental Panel on Climate Change. Bottom panel: decadal mean values
including the estimate of uncertainty for odataset (blackjRice et al., 2014)

A number of observatiorbased studies indicate significant positive trends of temperature extremes
in the Eastern Mediterranean and Middle East (EMME) radibanarhte et al. 2015; Lelieveld et al.
2014; Kostopoulowand Jones 2005; Kuglitsch et al. 2010; Efthymiadis et al. 2@ldpal and
regional climate projections sugge#itat in addition, this region is likelyo be subjected to
continuous heat stress intensification throughout the twesigst century (Sanchezt al., 2004;
Giorgi, 2006; Diffenbaugt al., 2007; Fischer and Schér, 2010; Lelieeell., 2014)

The impacts of climate change haakeadybeen felt in Omanwhich has recently experienced a
greater frequency of heatwaves, drougtand occurrences oheavy rainfall. Along with a greater
number of hot days, there has been a steady increase in the daily minimum and maximum
temperatures, wich has also increase the severity of tropical cyclones in the regi¢Abdut

Wahab, et al. 2012)

AlSarmi and Washington (201d3amined trends in temperature for the Arabian Peninsaiger a
period of more than twenty yeard9852008) They found that thegeneral pattern of the Arabian
Peninsula mean annual temperature trend is one of warming. Figlig&cbmpares mean annual
temperature trendsfor individual stationswithin the Arabian Peninsula with global trends. Some

site-specific stations reported significant mean temperature warming at more thag3l5%imes
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the global rate(Alsarmi and Washington, 201E)igure 114 and Table -2 illustrate the location of

the different stations covered by the study Bysarmi and Washington

0.15 B Stations annual mean T trends
NCDC
01 IPCC
0.05

Oi_il i..I.Illllll ll

-0.05
-0.1
c 2 E ¥ T £ £ 5 £ 5 £ © X £ ¥ x c c ®© c g
= ® = § § ®»m &2 Z ® & ® £ @ T“W £ 3 ® © ®© B Z
s 8 8 9 v ® o = 5 £ 8 =z &8 ¥ £ ©-w N o T
5 < s 2 w a E S 5 00 3 & = 3 06 8§ < E
S = = ) E = = = £ g
= = x =
<<
-5

Figurel-14: Arabian Pensula stations mean annual temperature trends for the period 18818 except Saudi Arabian
stations (19852008) in Cper decade relative to global mean annual temperature according to IPCC, (NCDC) is National
Climate Data CentdAlsarmi and Washingtor2011)
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Figurel-15: Arabian Peninsula weather monitoring stations

Tablel-2: Arabian Peninsula stations (Alsarmi and Washingg®11)
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COUNTRY STATION

OMAN Salalah, Masirah, Saiq, Seeb, Sur, Thumrait, Khasab, So
UAE Dubai, Ras AlKhaimah

BAHRAIN Bahrain

QATAR Doha

KUWAIT Kuwait

SAUDI ARABI/ Tabuk, Riyadh, Jeddah, Khamis Mushait , Gizan, Damme
YEMEN {IylFIQls 1| RSy

Alsarmi & Washingtof2014) alsadan another study to observelimate extremes over the Arabian
PeninsulacoveringGCQountries(Bahrain, Qatar, Kuwait, Oman, Saudi Arabia thedJAE) with
different data periods, thdongest being from 1943 to 2008. fdicatesa consistent pattern of
trends in daily temperature extremes over thrabian Peninsuldhat is related to significant
warming there weregeneral decreasing tresaf cold temperature extremes and increasing trends
of warm temperature extremesuting the periods of analysi®\lsarmi and Washington, 20}
These resultsare generallyin line with what has been observeid other parts of the world during

the second half of théwentieth century(Frichet al, 2002; Alexandegt al., 2006)
1.3.3 Heatwaves

The heatwaves that engulfed the Middle East in August 2015, with a combination of high
temperature and humidity, camelose to breaking meteorological records acrtesregion(The
Guardian 2015ayith temperatures averaging between 48 and &lirf Iraq(TheGuardian 2015b)

It wasalsoreportedthat in Iran, onFriday 31 July@b5, the combination of an actual temperature

of 46 °C and a dew point temperature of 32C produced an apparent (i.e. what it feels like)
temperature of 73 C(AccuWeather, 2015)

PalandEltahir(2015)have argued thaif climate change is uncheckeithe Middle Easwill suffer
heatwaves beyond the limdtof human survivalThey examined how a combined measure of
temperature and humidity, called wet bulb temperature (WBT), would increa€&iemissions
continue on current trends and the world warms b§Cthis century, and thelsoinvestigatel the
impad of climate change oheat stress Figure 115 shows a modelresemble average of the 30
year maximum T\Wax temperatures for historic, RCP4.5, and RCP8.5 @idGentrationscenarios
(a, b, ¢) and Jlaxtemperatures for historic, RCP4.5, and RCP8.5 €dGentrationscenarios (de,

f). In which Thax and TWhax are the daily maxima ofiry-bulb temperature (T) and wet-bulb

temperature (TWhaveraged over 6 frespectively.

54



RCP4.5 and RCP8d&e two GHG concentration scenarioassumed based on the IPCC
Representative Concentration favay (RCP) trajectoriesvhichpredict impacts of future climate
change towards theend of the century (2072100). RCP8.5 represents a businesausual

scenariowhereasRCP4.5 considers mitigation.

Under the historic GHG scenario, (1§2605) the enserble average of the largest TaML event
exceeds 31C primarily in the Gulf and surrounding coastal regiobsider RCP8.5, the area
characterized by TWix exceeding 3TCexpands to include most of the Southwest Asian coastal
regions adjacent to the Gulhe RedSea and the Arabian Sea (Figurd5),with several regionin

the Gulf and surrounding coasts excaegthe 35°C threshold(Pal and Eltahir, 2015)
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Figurel-16: Spatial distributions of extreme wet bulb temperature and extreme temperatgfeEasemble eerage of
the 30year maximum TWax (acc) and Thax (dgf) temperatures for each GHG scenario: historical (a,d), RCP4.5 (b,e) and
RCP8.5 (c,f). Averages foe domain excluding the buffer zone (DOM), land excluding the buffer zone (LND) and the
Arabian Pemisula (AP) are indicated in each plot. J3&nd Thaxare the maximum daily values averaged overla 6
window (Pal and Eltahir, 2015)

This means thatin the absence of significant mitigatiasiimate change is likely to severely impact
human survivability in the region in the future. It is for this reason that this thesis places such a
strong emphasis on investigating the impacts of climate change (chapter 5) and proposing a

mitigation policy (chapter 4) which would have multiple benefitstfoth climate and air quality.
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1.3.4 Global warming:

¢KS Hnamo Lt/ / NBLRNI adlriSR GKFG 3It20Ff 41 NYA
since the 1950s is primarily due to human actiyRyce et al. 2034PCC 2013). No longer is global
warming something only facing future generatiofifiere isvirtually no dispute among climate
a0ASyGArada GKFG GKS 9 NIhé@ea to Our alivatelfoday Beingi SY A
documented all across the planéhe world has already warmed by 1°C since the middle of the

19th century andat the current rate of warminglPCC, 2018yould reach 1.5°C before the middle

of this century It isalso clear from the preceding section that the GCC countries in particular appear

to be experiencing elevated temperatures.

Air pollutants can travel thousands of kilometres from one part of the world to another. Satellite
data clearlyshowsthat emissiois can be transported half way around the world within a wddie
lifetime of aCQ molecule in the atmosphere is more than sufficient time for the billions of tons of
manmade C®Qto uniformly cover the planet, no matter whether they are emitted from ABlarth

America or AfricdRamanathan and Feng, 2009)

As early as 1896Arrhenius, 1896)it was found thatCQA Y G KS 9 NI KQa | dYz2a
imbalance between infrared lightransmitting andgabsorbing properties and an increased back
radiation effect in the atmosphere that elevatelset temperatureboth at the surface and in the

lower atmosphere. Excess £0 being emittednto the atmosphere duringhe burning of fossil

fuels with industrializationthe key factor that has caused the dramatic increase inlé@ls and

indeed contines to causds frightening increasdn their 2013 reportthe Intergovernmental Panel

on Climate Change (IPCC) concluded th# &risein CQ has been recorded since preindustrial
GAYSas IyR KI @S NBI OKSR f S@S tzan ndndzy@RiSeeBNBIDRAS v (1 S R
Air pollutantsand climate changdave a complexnteraction with each other Some pollutants,

such as black carbon and ozone, increase warinjrtgapping heat in the atmosphere, while others,

such as sulphur dioxidéorm lightreflecting particle whichhave a cooling effect on the climate
(European Commission, 2016pr examplePM is made up of many different chemical components

with different physical propertiesTheirimpact onclimate depends on theiability to absorbor

reflect sunlight,so that some are warming (e.g., back carbon) while others are cooling (e.g.,
sulphates organic carbomnd nitrates). Black carbofgr example,a component of soot particles,
contributes to global warming by absorbing sunlighereby heating the atmospher@-orster et

al., 2007. Do you mean facing
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Ramanathan & Feng (2008)4 I 6 SR G KIF G aDf 2ol tftex GKS &adzNFI OF
masked as much 47% of the global warming by greenhouse gases, with an uncertainty rargge of 20
yrE:2E® ¢KSe& 02y Of dablifgRlueltokakrasols/isSaboutd @BdEdd GnShe buitd

up of greenhouse gases from piredustrial times to the present, the planet is already facing a
surface warming of 2.4 °Of this about 0.8Chas already beeattributed to GHGsabout 0.5°Cis

stored in the oceans and will manifest in the next few decades, and the balance°@wlilBoccur

if we eliminate cooling aeroso[famanathan and Feng, 2009hus, about half of actual global
warming to date is being masked by cooling aerosol glag{Solomon and Qin 201Ramanathan

et al. 2005; Jacobson 2009]t follows that, as such particles are removed by the clgarmf air

pollution, about half of the hidden global warming will be unmasf@&due 1-16). This factor alone

indicates the urgency of addressing global warming.
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Figurel-17: Primary contributions to observed global warming from 1750 to today glotmal model calculations. The
fossitfuel plus biofuel soot estimate accounts for the effects of soot on snow albedo. The remaining numbers were
calculated by the author. Cooling aerosol particles include particles containing sulphate, nitrate, chloride, ammonium,
potassium, certain organitarbon, and water, primarily. The sources of these particles differ, for the most part, from

sources of fossflel and biofuel soot (Jacobson, 2009)

Figure 112 given earlier demonstratethe global warming trend since the 1950&lobal
temperatures rosdd.6 to 0.7°C from 1%1 to 2010, of which 0.5 to 1. tan beattributed to
greenhouse gases, 0.6 to 0Q tb other human emissions including the cooling effetherosols,

-0.1to 0.1 €to natural forcing and- 0.1 to 0.1 Cto internal variability(Rice et al. 2014

Air pollution and global warming are two of the greatest threatbath human health(Watts et al.

2015 Wilkinson et al. 2009Chan 2015and political stabilityas energy insecurity andhe rising
prices of conventional energy sources are major threats to economic and political stability
(Jacobson2009)
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In a studyon the effects of global warming on thermal comfort conditions indoiar Iran, it was
found that temperatures will increase between 3.2Cand 5.6°Cby 2100 (Rosharet al.,2010) In
the central and desert zones of Irathe neutral comfort temperature will increase and dmme
more intensein the coming decadeghough the increase in this temperature will be lesghe
coastal areas of the Caspian and Omans8eaoutheast IranTheincrease in temperaturavould
be followed by a change in thermal comfort ambuld causeindoor-coolingrelated energy

consumptionin air conditioning systems risefrom 8.6 % to 13.1 ¥&Roshan et al2010)

The GCCQregion is particularly susceptible to heat waves and weather extreamadpeople are
already suffering from increasing temperatusehaving experienced more frequent heat waves
within the lastfew years. It is therefore vital that this issue be addressed, and it must be
communicated to policy makers as clearly and persuasively as possible iricosger them to take
effective actionlf this does not happen, climate change will bring even more ses@rsequences

and impacton health wellbeingand crops.

One promising recent development has besmme scientist€focus on addressing Short Live
Climate Pollutants (SLCR)d their claim that its likely to be the only way to addressettheating

effects of climate change ithe near term (i.e. ovethe next few decadgs Since warming in the
nearterm is particularly relevant to Oman arkde GCC region, it is clear that the adoption of an
SLCP strategy in ti&CC regigranda widerpromotion of such a strategyould be of great benefit.

The following sections of this chapter will therefore more closely analyse the rationale for an SLCP
strategy, with the likely impact of SLCP mitigation strategies in OmanthedsCC region being
explored in Chapters 4 and 5.

1.4 Short Lived Climate Pollutants:

Shortlived climate pollutants (SLCPs) are currently attracting wide attention because it has been
suggestedhat controlling emissions of this class of pollutants would bring a number of benefits,
particularly improving air quality and also reducing the resam rate of climate warmingUNEP&

WMO 2011, Shindell, et al. 201 Zrang et al. 201, Bakeret al,, 2015.

Shortlived climate pollutants (SLCP) are shogases and particles whose atmospheric lifetimes
range fromless than a dayo a number ofyears¢ an average of twelvgears for methane and
fifteen yeardor HFC¢Shindell et al. 203Bowerman et al. 20135LCPare important contributors

to anthropogenic climate change, responsible for as much asthirg of the current total
greenhouse forcingShoemakeet al., 2013) Themain SLCRxeblack carbon (BC), ntene (Ch),
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tropospheric ozone (¢) and selected hydrofluorocarbons (HEC&xcept for HFCs, thdyave
negative effects on human healtiind agriculturgShindel et al., 201Bakeret al,, 2015) as shown

in Figure 117.

What are short-lived climate pollutants?

Short-lived Anthropogenicsources § Lifetimein ~ Effects/mitigation
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Figurel-18: Properties of common shdived climate pollutants. Adapted from UN Environment Programme, by
permission of the Climate and Clean Air Coalition (Chan, M. 2015)

|.  Black Carbon (BC)sometimesNBSFSNNBR (2 Fa Wwaz2z2aGa4Qx Aa
combustion of fossil fuels and biomass, remains in the atmosphere for days to ameeks
harms humans who inhale it (Blackstock & All2d12) It alsocauses warming through
absorption of sunlight andybreducing surface albedo when deposited on snow (Boucher
et al., 2013)Using the NASA GISS climate model (Mod&Ehon et al. (2010gstimated
that about 0.9% ofhe decrease in thesnow/ice cover over the Himalayfi®m 1990to
2000 was caused ligie direct effeds, indirect effects, and depdgin of BC aeross(Hong,
2015)

Il.  Tropospheric Ozonés a potent greenhouse gas produced by the chemical reaction of
hydrocarbons (particularly methane (gtnd non-methane volatile orgnic conpounds
(NMVOC9) with specific precursor gasesafbon monoxide (CO), and nitrogen oxides
(NOXx); it remains in the atmosphere for hours to days, and harms humans and crops
exposed to i{Blackstock & Aller2012 Stohl et al,2015) G; stress has caused visible injury
to leaves of winter wheat, and with the prolongation of the fumigatiione, the symptoms
of this injury become more and more pronounc@du et al, 2015) The increase of O
conceriration influences the antoxidation activity of enzymes and the metabolite

contents; this occurs to different extents during different stages of grouithas been
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found (Akimoto et al, 2015)that the reduction of NQand NMVOC is the most efficient way
for the reduction of regional £at the surface, and the reduction of €ida veryefficient
way to reduceglobal Radiative ForcingRp. ! 1 A Y siiudy @l$o demonstrated thahe
redudng NO/NMVOC and CHsimultaneaidy is more beneficial both for the regional
surface @ concentration and global RF at the tropopaud@n the reduction of each
separately.

[ll.  Methane generaestropospheric ozon@ndis alsoa potent greenhouse gas that remains
in the atmosphere for roghly 12 years before being oxidised toOBlackstock & Allen,
2012) In astudyfocusng on the potenial impact ofSLCP mitigation aglobal sedevel rise
(SLR),researchers found that methane mitigation has the largest effect in mitigating Sea
Level Rise, with the next most effective method being the mitigatiobladk carbon and
HFCgHuet al, 2013)

IV. Hydrofluorocarbons (HFCaJye a set of very potent climat@arming greenhouse gases that
are industrially produced, mainly for use in refrigeration, air conditioning units and
insulating foam. Different HFC molecules have lifetimes ranging from roughly a year to
several hundred yars, with a current usgveighted average of roughly 15 yedBiackstock
and Allen, 2012)

SinceCQ emissions contributé0¢70% to global warmingnaking it the largest contributorand

meaning thatthe reduction of C@emission is essential. Howeysuch reduction woulahot help

with the nearterm mitigation untilthe period2030-2050, sincehe (G Y2 & LIK S NRoOCQa f A T S |
is around 100 yearAs areglt, anyY S| A dzNB&a GF 1Sy G2 NBRAzOS wily i KNP
take effect only in a few decades timeegardless othow successfusuchmeasureanight be Ths

hasled researchers to proposthat it would be better to focus othe redudion of the emissions of

other gases and aerosglenes that havesignificant effects on warming but considerably shorter
atmospheric lifetimes (weeks, months, or yearaamely, the SLCPJf this is donethe climate

system can respond more rapidighindell et al. 2012; Molina et al. 2009; IPCC 2807;N2 f Q S
2013;2012)

As well adenefiting the climatg/Anenberg et al. 2012jedudng SL®s also provideimportant co
benefits like energy securitfMcCollumet al, 2013) andbenefits tolocal health and agriculter
(Shindell et al. 203 Anenberg et al. 20L3Rao et al. 2012)est et al. 2014)According toAnenberg
et al.(2012) the deaths avoided from technically possible reductions in black carbon and methane

¢ 2 dzf R NB 8B dailigulmonary and lung cancer deaths among those age 30 years and
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older, and 7% of all deaths for all agedmprovements ircrop productiondue to reduced impact
of tropospheric ozonare estimated to be up to 4% tfe total annual global production of the four

major staple grains: maize, rice, soybeans, and wfidldEP& WMO 2011)

The ealy part of this centuryhas seergrowing international interest in mitigang climate change

by reducing emissions GLCR3gn addition to reducing emissions 60. The Climate and Clean Air
Coalition(CCAY; hosted by the United Nations Environment Programme, is a voluntary partnership
of governments, intergovernmental organizations, and civil soomty support actions to reduce
emissions of shotlived climatepollutants,and complement the global effort to reduce emissions

of longlived CQand other greenhouse gases covered by the Uritations Framework Convention

on Climate Change (UNFC@&e&xent studies have estimated that by using available techiesdto
mitigate emissions of CHBC,and @ 6 S O2 dzf R I @2 A R | ingbyiiie mid@ist (i 2
century(Xuet al,, 2013) This would clearly bring huge benefits for Oman and the GCC, aigich

already suffering the impacts of higher temperatures.

Shindell et al (2012) studiefburteen identified SLCP reduction measures (TakB) thrgeting
methane and BC emissions, and estimated that they would reduce projected global mean warming
by ~0.5€ by 2050. The study also found that this strategy would save 0.7 to 4.7 million people
annually from prematureleath relatedo outdoor air pollution, and would aldacrease cropyields

by 30 to 135 million metric tons a year as a result of ozone reglgtin 2030 and beyond. The
benefits of methane emission reductions are valued at $700 to $5000 per metric ton, which is well
above typical marginal abatemembsts which are less than $250. The controls selected target
different sources and would influeacclimate in less time than would carbon dioxjdeduction
measures, while implementing both types of control would substantially reduce the risks of crossing
the 2°C thresholdShindell et al. 2012)

Tablel-3: The top 14 measures to reduce SLCP, Seven mesgetsCH4 and the other seven target BC, Tech refers to
technical measures and Reg is primarily regulatory measures (Shindell et al. 2012)

CH measures BC measures

coal mining diesel vehicles (Tech)

oil and gas production cleanburning biomass stoves€a@h)
long-distance gas transmission cleanburning brick kilns (Tech)

municipal waste and landfills cleanburning coke ovens (Tech)
wastewater banning agricultural waste burning (Reg)
livestock manure eliminating high emitting vehicles (Reg)
Ricepaddies providing modern cooking and heating (Re

Mitigation focused on SLCPs is a potentially attractive option for reducing the magnitude of

anthropogenic climate change, given that it would have a faster influence on climate than would
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carbon dioxidemitigation (UNEP & WMO 201 Ramanathan & Xu 201&hindell et al. 2012; Smith
andMizrahi 2013)

The UNEP/WMO integrated assessment calculates that a combination of fourteen mitigation
measures (already given in Tabl8)lc seven targeting emissions of methane and seven targeting
emissions of black carbanare capable of reducing global methane esiess by approximately
38% and emissions of black carbon by approximately 77% (UNEP & WMO, 2011).

Figure 118 shows that by reducing tropospheric ozone,;,Céhd BC, the measures would
substantially reduce the increase in the global mean temperature thesnext few decades. The
short atmospheric lifetime of these species means that a rapid response to emissions reductions is
possible. C®in contrast, has a very long atmospheric-ificne and growing CQemissions will

affect climate for centuries, sthat the CQ emission reduction measures analysed here will have
minimal effect on temperatures before 2040. However, the combination afa@H BC measures,
along with substantial G@missions reductions [a 450 parts per million (ppm) scenario], hagha hi
probability of limiting global mean warming to <2°C during the next 60 years, something that neither

set of emissions reductions achieves on its own (Shindell et al. 2012).
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Figurel-19: Observed tempatures through 2009 and projected temperatutkereafter under various scenarios, all
relative to the 18991910 mean. Results for future scenarios are the central values from analytic equations estimating
the response to forcings calculated from compositlimate modeling and literature assessments. The rightmost bars
give 2070 ranges, including uncertainty in radiative forcing and climate sensitivity. A portion of the uncertainty is
systematic, so that overlapping ranges do not mean there is no samiifilifference (for example, if climate sensitivity is
large, it is large regardless of the scenario, so all temperatures would be toward the high end of their ranges; see www.
giss.nasa.gov/staff/dshindell/Sci2012) (Shindell, Kuylenstierna, Vignatgringet al., 2012)
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Many of the measures above are applicable to the situation in Oman and other GCC countries,
whereas others relate to activities which are not taking place in the regissessing whiclould
be the best measures and which would have the greatest benefits for health and climate will be

discussed in Chapter Five.
1.5 Integration of air quality and climate policy:

Recent scientific findings have increasingly linked air quality with clicfe@age, highlighting the
possibility of implementing wiwin policies to efficiently tackle both problenEhe findingsuggest
the importance ofstrategies thatcoupk air quality and climate change. As climate change
mitigation has become the top issuae the global environmental agenddere is a risk thatelated
fields such as air quality might be downgradeldwever scientific &idence suggests that it would
be mistaken to continue to decouplar quality and climate change strategies. Untilnahe
division between the twadssues has split resources. However, fostering awitnstrategy forair
quality and climate changeould not only avoid health costbut would alsobe more effective

overall.

Although in Oman, the Ministry of Environment andr@te Affairs (MECA) is responsible for both
air quality and climate change policigbgey fall underdifferent policy frameworks, so that thus far
emissions of GHGs and air pollutants have been regulated separéteétyseparation of goals and
competencs hasproduced different action plans and policy agendds a consequence, the
relationships between these two policy areas have often beeari&phor underestimated, despite
some in the globacientific community arguing that climate change andjagiity are actually two

facesof the same problen{Vittorio et al.,, 2016).

There is one major challenge to a better understanding of air quality and climdteradits, which
would facilitate the integration of these arenas in the political domain, and, for example, the
creation of regulations which simultaneously address aaligggand climate. This challenge is the
small amount of overlap that currently exists between the networks of institutions and individuals
who contribute to knowledge on air quality and those who specialise in climate change. A recent
paper byWilliams,(2014)points out the disadvantages of having a variety of mitigation measures
that target the issues separately, and outlines some air quality and climéterefits, with a focus

on the economics of air quality and cliteechange synergies. There are a humber of options that

provide cabenefits, such as energy efficiency, carbon capture and storage (CCS), and renewable
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energies including wind and solar. Other options do require t@ffle such as biofuels, the use of

diesel particulate filters, and flue gas desulfurizatjgon Schneidemesser and Monks, 2013)

Some concerns have been raised, however, about the repercussions of an integrafeality and
climate policy; this view was outlined Bynambiran and Dial{2011) They looked specifically at
developing countries and questioned whether, if they were to focus on GH&sem reductions as

part of air quality policies, this might prevent them from actively engaging in GHG emission
reduction strategies at an international level, and might thus prevent substantial global progress on
GHG reductiorfvon Schneidemesser and Monks, 2013)

However, the key question remains home can achieve the additional benefiteat will arise from
a closer integration of air quality and climate change pdigarticularlyin the area ofimproving
public healthIn the much shorter term we face challenges in meeting our current air quality targets,

especially in relation to nitrogen dioxide and also particulate mdtefra, 2010)

Chapter 60f this thesis will look at thepportunities for integrated AQ and climate plannivigthe
suggested mitigabn scenarios / strategiefor both GHG and air pollution. It will discus® tmain
issues concerning air pollution andll outline the ways in which most of the interconnections

betweenmeasuresaddressingair pollution and climate changsan be made.
1.6 Research gap

Air pollution, then, has an adverse effect on human heéithng & Unger 201Rlaaet al. 2018;

Heal et al. 2012pndalsocontributes to climate chang@Vaked & Afif 2012Dang & Unger 2015)

In spite ofthe fact that many countries havegislated air pollution policies, recent studies estimate
GKFG ymr: 2F GKS ¢ 2 bith he ©d@osddiolaliifient pallBiof tha ayelickedslzS
the WHGrecommended Air Quality Guideline (AQG) of1#n for longterm PM.sconcentration

levels (particulate matter with aerodynamic diameter smaller than>2 (Raoet al., 2013)

Most of the studiesin the GCC regiohave focused orndentifying quantities and sources afr
pollution, and haveplacedlimited emphasis orhow the issue should baddresed. Generally,
studies havdocused on a particular cit and aimedo characterise the nature of its air pollutants

and their adverse impacts.

Saddanm(2012)investigated the question dbreign investmenbver the perod from 1998to 2008
and whether or not it ha@ffected the environmenin the GCC. Heacludel that the GCC countries
had adopted lax environmental poiestowards foreign investorsAs a resultthese countries have
achieved high levels of economiogith but alsocontinuously increasingarbon dioxide emissions
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This has taken place gpite ofthe passing of a number ehvironmentallaws which have not yet

beeneffectivein reducingair pollution in GCC countries.

Oman and its GCC neighbours argaleping countries whose economies mostly rely on oil and gas.
Although they have developed mainly within the last thirty or forty years, they have been classified

o0& G(GKS 22NIR .lyl la WIAIK LyO2YSQ O2dzy(iNRSa&d
YI OKSR o6& | KA3IK fS@St 2F GGSylAazy G2 (GKS S\
to be part of the international environmental community and to play its part in implementing

mutually beneficial strategies, their interest started sontawlate.

Few studies on air pollution have been conducted in Oman and other GCC countries; there are fewer
still on climate changeComparing this situation with that in a neighbouring country like Iran shows
there is a huge gap in the coverage of th@s@ortant issues. Iran has published more than 1180
articles on air pollution, which is more than the publications of all the GCC countries, plus Yemen,
combined. Of all the GCC countries, Kuwait has the highest number of publications on the issue,
often related to the Gulf War and the resultant giollution, as well as some investigating the
FTNBIljdzSyd alryR aGd2N) S@Syia 6KAOK LI & | YIF22NII
on SLCPs has as yet been published by any of the GCC coiiigiesajority of air pollution studies

in Omanexamine the effects of air pollution on health in industrial areas ar@mmunities close

to them. However, ltere seem to be no comprehensive siesithat focus on air pollution,
greenhouse gases, ai®l.CPon humanhealthand climate changeand investigate the implications

for the Sultanate of Omas a whole. The situation is the same for ot C counies. There is

also a lack of data dmow much Oman currentlgontributes to global emissions, and litprogress

has beermadeon CQ mitigation.

Despite thesignificanimpact of air pollution on healti the region policy makers have paid it little
attention. The GCC countries haeperienceccontinuedandincreasng emissiondor many years,

and while several environmentapolicies have been initiated in the regiothey produced no
redudion in air pollution over the periodrom 1998to 2008 (Saddam, 2012)3®me studies have
highlighted the gaps in policy, but none have proposed any detailed strategies to address them.
OmanNDC is based oan emissiorinventory conducted from 1994 onwards, but it contaims
consideration ofair quality management or of the advantages of integratitigjmate change (CC)

and air quality (AQ) planning.
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Given the gap between the current situation of AQ and CC in Oman and the policies governing them,

this study will attempt to bridge that gap and add Oman to the global picture.
1.7 Motivation:

Shortlived climate pollutantSLCPsre potent climate warmerand reducing theiratmospheric
concentrationscan effectively reducevarming in the near term. Globally, a coordinated SLCP
mitigation strategy also has the potential poevent millions of premature deaths from air pollution
annually and substantiallyimprove cropyields. We havdahe opportunity to achieve multiple
benefits and reduce premature deathspost crop yields byillions of tonnes and avoid climate
related impacts; but this will only happeiif we implement nearsterm strategiesalong withlong-

term goals

Thisresearchis the first investigation c8LCP& Oman. Thdocuson thisgroup of pollutantswill
be oninvestigating the implicatins of a SLCP strategy that caduce SLCP pollution and its impacts
on both health and the climateln addifon, this is an opportunity to consider the option of

developing strategies that will integratdr quality andclimate mitigation.

There area number ofmeasures that can be implemented deliver significahbenefits for the
climate, air qualityand health. These measures involve technologies and practices that already exist
and in most cases are cesffective.A globalinplementation of these measures by 2080ikely to
prevent 2.4 million premature deatles yearfrom outdoor air pollution andvould alsoslow down

the warming expected by 2050 by about 0.5°C (UNEP & WMO 0%l Jesearch presented here

will assess the feasibility and likely impacts of implementing similar measures in Oman.

The research idewill test the following hypothesighat tackling SLCRelated emissionand taking

an integrated AQ and CC strategypemach if measured and controlledy an adequate
environment management system, will generate multiple benefitd quantify theimpacts ornthe
economythe environment and healthThe research will design &hergyManagemenSystemand
show how it can benainstreamed within existing national and sectoral policies, strategies, plans
and activities so thatits longterm sustainabilitycan beensured. The relerant research questions

are:

1. What is the current situatiorin terms of emissionsrends and policies relating toAir
Pollution (ARP)Climate Change (C&)d SLCPs ai@HG in Oman (Chapter 2)

2. How willthe situationdevelopif nothing is done to address the problgbaselinescenario)?
(Chapter 4)
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3. What are thepossible mitigatiormeasuresandtheir likely benefits (mitigation scenarids)
(Chapter 4)

4. What are thecurrent and futureimpacts (effects) of AP/G€ Omar? (Chapters)

5. What arethe policiesthat couldhelp address the proble(Chapter 3)

Answering these questions within this thesis will help determine the truth or otherwise of the null
K& LJ2 ( Kt® Jdssibke todmplemenneasures in Omathat will significantly reduce impacts of
both localAir Pollution (APand globalClimate Change (CC)aath the nearand thelong termg @

1.8 Approach

To accomplish these research goals, and test the research hypothesis, the following approach has

been usd:

Collection of dtafor emissionsnventoriesof all sectors related to activitiesaasing SLCP/GHG/air
emissionsCollection of data regardintpe relevantpolicies of Oman andf other GCC countries,
identifying synergies between them saessing theilevel ofcohererce, and comparing them with

the most advanced national and international policies available.

Using theLEARBCtool for conducting an emission inventory, for estimating impacts on health and
climate, andor developingifferent scenariogor Oman, including historical, current and mitigation

scenarios

The thesis is organized into six chapters; the first of which. the current chapténesthe research
hypothesisfrom whichthe arguments of tk thesis are developedandrefersto relevant peer-
reviewed literature The chapter alsmiroducesthe issuesf air pollutionand climate changand
what iscurrenty known aboutthem. It outlines the global impacts of air pollution cimate change
and human health, and focuses theseimpactsin Oman and the wide6GCC regianThe issue of
SLCPss also highlighted, along with an introduction to tlipportunity to reduce neaterm

warmingand the othermenefits andco-benefitsthat could arise from their reduction.

/ K| LJ}B3thdatingcuirent and historicendia A 2y a Ay hYlyé RSFHfa gAlK
outlines the main sectors contributing to the pollution. It presents the main sources of data on
emission sources, along with a description of the methods used to estimate the @msisgith
details on the types of data and how they were collected and analysed. This chapter presents the
emission inventory for Oman, along with a description and review of the emission inventory
methodology and an interpretation of the results of thestairical emission inventory. The chapter
will conclude with the a discussion of the results; it will also highlight the uncertainty and gaps
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revealed and how they can be addressed or avoided. It also compares this inventory with other

national and interndonal emission inventories, and presents an overall conclusion.

/ K| LJiPFbMiescaddéessing air pollution and climate change in Oman and GCC céuntrid @S &
an overview of the policies, regulations, legislations and guidelines that govern asglat¢s to
environmental impact, with special attention to those relevant to climate, emissions, and air
pollution in Oman. The chapter will also analyse policymaking processes in Oman, and will describe
the development of its environment policies. It Miivestigate the implementation of those policies,
along with the drawbacks resulting from the fact that they are implemented from different points

of view, and will assess the effectiveness of the policies.

/ K I LJ( Bshidating biaseline emissi@tenaio and developing mitigation policy scenarios for
Omarg considers theestimatedbaseline emission scenarifm keysectas in Omananddiscusses
the development of different mitigation policy scenarios, witlifferent measures thatauldreduce
emissionsn the country. The chaptethen reviews thepoliciesfrom chapter 3 and assesses which
could be ued to implement these mitigation measures. It also presetis methods used to
estimate the emission and policy scenarios aediews the literature on emssionand policy
scenarios ither countries.The chapter will conclude with a discussion of tsults, includinghe

uncertainties irthe variousscenarios.

/ K I LJi EdNthapng Impacts of current and historic atmospheric emissions from ©ian t 2 2 { &
first at boththe impacts of atmospheric emissioimsOmanandat wherethey occur It then reviews
the literatureconcerninghe different methods used to estimate impactslong withtheir findings.
The chapter therdescrbesthe methods and dai setsused to estimate the impactst concludes
by illustratingthe results ofthe impact assessment and comparthem with estimaes made

previously

/ K I LJGGppdrtunitieé for Oman to mitigate atmospheric emissibasggests opportunities for
Omanand other GCC countries to mitigate atmospheric emissignesentingthe availableand
convenient optiondor the region and discussy the significant impactshese would haveon air
quality, health, and climate It concludes byoffering the planning autorities a number of

recommendatios that couldbe implementedn andfor the future.
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2  Estimating current and historic emissions in Oman
2.1 Introduction

The aim ofChapter 2s to estimateemissiondrom different sourcesn Omanfor 2010 (the model
base year) and other historic years where db&dore or after the base year have been used (e.g.
transport sectorflaringdata, and other$. LEARBC is théool which has been selected for this study

to completea national emission inventorfor major air pollutants and Green House Gases (GHGS).
This part of the thesis will give an overview of air pollution and Shved Climate Pollutant (SLCP)
and GHG emissions in Oman and will rank sources of pollution in relation to their contribmtion t
different problems. That information will guide the degree of analysis devoted to diffeantce
sectors in the chapters that follow. Also, in this chapter, the level of emission of each pollutant will
be compared with that in other national and intextional emission inventories in order to validate

the work presented here.

The chaptewill describehe method used for developing the emission inventory for Oman and will
interpret the results. The end of the chapter will discuss the resulting emisstimates and will

highlight any gaps and uncertainties.
2.2 Emission Inventory

Thereare multiple sources of atmospheric emissior®r example emissionscan becaused by
human activitieganthropogenic sourcesjhese sources can derive fropower plants, réineries,
incinerators, industrial plants and processes, domestic households, offices and public buildings, cars
and other vehicles, fossil fuel extraction and protion sites, animals and humans. There are also
naturalsources such adonrMethane Volatié Organic Compounds (NMVOCSs) from trees and other
vegetation, methane (CH from biological decayparticulate matter (PM) fromdeserts, and

sulphate (S¢) from marine sources

To be able to assess the air pollution problems, and to work effectively tenheir management
and reduction, one of the first and main prerequisites is to have quantitative information about the
sources and the amount and types of emitted compourttigimating these emissions requires an

emissioninventory (El)

Anemissioninventory is acalculation using datthat quantifiesemissions, expressed by souytm
a chosen scaléom global to nationaanddown to individual plant levefor a particular timeperiod
(e.g. annual emission for a givgear).Establishingmission iventories helgin prioritizingaction
on different sources of air pollutants. It helge focusregulationand management, land use
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planningand urban planningit also assists idevelopingappropriate controls to achievihe best

possible reductiomf pollutionfrom the sourcesoutlined (Alanezi, 2012)

Since direct measurements of air emissions are infrequent, emissions are usually estimated with the

help of emission factors applied to statisticslmman activities using the formula:
Emissions = Emission factor x Activity rate

where emission factors (EFs) are the estimated average emission rate of a given pollutant for a given

source, relative to units of activity.

In practice, the calculations tertd be more complicated, but the principles remain the same. For
example, to estimate annual emissions of sulphur dioxide in tonnes per year from a power plant,
annual fuel consumption (in tonnes fuel/year) is multiplied by an emission factor (in tonrg3 of
emitted/tonne fuel consumed) derived from the sulphur content of the fuel. Another example is the
estimation of N@Qemissions from vehicles in a city. The basic emission factor here is fzaridOnt
emitted per km driven, which is then multiplied ayerage driving distance per year for the category

of vehicle concerned, and then multiplied by the number of registered/counted vehithes.
reliability ofemissionestimates depends on the precision of the emission factorselation to the
specificemission source and the accuracy of the data describing the level of activity. The default
emission factors used in this study are mainly takem the EMEP/EEA 2016 Air Pollutant Emission
Inventory GuidebooKEMEP/EEA, 2016hd, for CQ and CH, from the Intergovernmental Panel

on Climate Chang¢RC¢GuidelinegIPCC, 2006For BC and OC in several sect@msission factors

are taken from (Bondet al, 2004) and for fugitive Cl, NMVOC and G@om the oil and gas
industry, emission factors are taken from IPCC 2019 refinemenadetailed description of default
emission factorsvhich have beemised bydifferent sectors in this studyseeLEAP, and/or Vallack

et al (in press)
2.3 Methodology for estimating emissions in Oman:
2.3.1 Estimatingemissios using LEABC:

LEAP, the Loaginge Energy Alternative Planning system, is a software tool for energy policy
analysis and climate change mitigation assessment (Heap2),2Bat uses integrated modelling to
track energy consumption, production, and resource extraction in all sectoen ofconomy.

Emission inventories are compiled for a base year which needs to be defined. The base year is the

Shttp://www.energycommunity.org/?action=47
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most recent year for which relatively complete and reliable energy data are available and, in this
analysis, 2010 will be the base year, as thasebyear is required for the Integrated Benefits

Calculator (IBC) to worksee Chapter § and data are generally available in Oman for that year.

LEAP has been adopted by thousands of organizations in more than 190 countries worldwide. Its
users includegovernment agencies, academics, Fgpovernmental organizations, consulting
companies, and energy utilities. It has been used at many diffdeseisranging from cities and
states to national, regional and global applicati¢hEAP, 2017) EAP has been used for over 70
peerreviewed journal papers including an investigation into CCS in Klogeeet.al, 2008)analysis

of the potential reductions in energy demand and GHG emissions within road transport in China
(Yan and Crooke2009) identifying the feasible penetration of sustainable energy on the Greek
island of CretgKarapidakis et. €2015) and also an investigation into the benefits of improved

building energyefficiencies in ChingLi, 2008)

In this study, a variant of the LEAP tool called EIB&Pwill be used. This includes a sectoral
breakdown structure that is suitable for air pollution emission inventories, as well as GHG emission
inventories, and is optimised for an SLCP analysis. It includes emission factors for important air
pollutants needed to estimate the impacts of pollution. The IBC stands for Integrated Benefits
Calculator; this tool can estimate air pollution concentrations iamglacts on health, crop yields and

temperature change, in addition to pollutant emissions.

Current and historic emission estimation is developed by populating the-IBEARith different

data relating to activities related to the SLCP, air pollutant aki& @missions; it covers all key
sectors and also contains default emission factors for all key pollutants. Running the emission
analysis based on the activity data and default emission factors data calculates emissions for current

and historical years, arpcess which will be explained in the following sections.
2.3.2 LEARBC Structure:

LEARBC is provided with a default template tree stiure with category branchehat includeey
Assumption&hat are requirel by the IBC module as well@sission sourceategory branches for
Pemandlenergy combustion sourcesfransformatiofenergy transformation) ant#on-energy
source® The final category branch is calldtL y R Xt thig iNJvhere the results of the IBC
calculations appear. These category lofaes are described in more detail in the following sections

and Appendix A8hows the branch structure within the LEMT template
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2.3.2.1 Analysisand Results Modes:

There are two modesf LEARBYY Wl y I f @3A& Y2RSQ Aa 6KSNB RIFGF
entered for the analysis either as a current account (emission inventory) or scenario (baseline and
mitigation). In order to examine the resulting emission inventgoy go to thedesult mode) o6 | & SR
on the selection of current accounts. The first stefoisnter data for the start year (currently 2010)

in current accounts.

2.3.2.2 Key Assumptian

The Key Assumptions are the macroeconomic, demograplsease rates, crop production and
transport variables that are used in various calculations in LIBER suclas the development of
scenarios. It containdata specificto a countly ¢ some of these are default valugsthin the LEAP
IBC version of the counttgmplate, while some of this data has been replaced in this study by
better nationaldatafound by the stdly. The data are for GDP, GDP growth, population, population

fraction, disease ratesrop production andiry day per year for transport calculation.

2.3.2.3 Demand

Demand here refers to théotal amount of energy usedincluding thetype of fuel andthe
characterstics of the enelise technology. This sectigontairs subbranchedor the source sectors

which are used to calculate the country emissioalsited to energy useln generalone or more

activity variablesarerequired (e.g. number of vehiclemmount of fuel consumed by the sector), as

well as an emission factor which quantifies the emissions of each pollutant for each unit of activity
ThesubF 2 f RSNE SAGKAY W5SYlIYRQ NB F2N 42d2NOS 4S80
fuels. Thed 2 dzZNDOS aSOG2NB FNBE INRAzZLISR gAGKAY aSgSy Ol
dzaSQ GKSNB Aa Wt SOUNREfSdZY wSTAYAYIQ YR W23GKSN
listed. Default emission factors are providedthin LEARBCfor eachpollutant for each fuel type.

These emission factors were kept without betftanged since more specifiemission factors are

not availablefor Oman

2.3.2.4 Transformation

Energy transformation is the process whereby one type of energy is converteghiotioer type In

this folder the industries involved with extraction, transformation and distribution of energy are
categorized into sulbolders: transmission and distribution (of electricity), electricity generation,
gasoline service stations, gasolinansport and depots, oil refining, transport and production, gas

distribution, processing and production.
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It is worth mentioning that there is a linkage between the transformation and the demand sectors
in LEAP, as the electricity demanchist by electriity generation in the transformation sector where

the emissions calculations actually take place.

2.3.2.5 Non Energy

¢tKS YPSgNBHEeQ TFT2fRSNI YIFHAyfteé O2yilAya &azdzND &S«

combustion.These include:

(1) fugitive emissions of nthane and noAamethane volatile organic compounds (NMVOCS) from

fossil fuel exploration, drilling, and production.

(2) agricultural sources (e.g. enteric fermentation, manure management, and fertilizer

application).
(3) industrial process emission (e.g. mineralsgd chemicals.
(4) waste (e.g. Municipal Solid Waste (MSW) in landfills, Human excreta, and domestic water).
la gAGK (GKS W5SYlIYRQ &a2dz2NODS aSOG2Nm> | OGAGAGe
emissions. However, the negnergy source sectors ardiverse, and theype of information

required often differanarkedly.

2.3.2.6 Indicators

The indicators option is designdad view the results from IBC, including results pollutant
concentrations, premature deathsand global temperature changélhe IBC caldations are
basically developed from two sets of dathpsewhich arepre-defined and distributed with LEAP
IBCso cannot be changed by the usarnd those that are specified by the userkey assumption
variables such as population, its fractions basen age group and gender, mortality rate, life

expectancy, annal crop production and others.
2.3.3 Emission Inventory Framework and design:

In LEARBC, theenergydemand sectors are those source sectors that consume energylébhand

for energy across alkstors is then met by processin the transformation sector. For example, the
electricity required from the demand sectors is then produced under the transformation sector.
There are various ways in which the emissions associated with energy consumigtierdemand
sectors can be estimated. In the default LHBE template, for most Demand sectors the total
energy consumption irachsector is specified. Other commonly used methtal€alculate total

energy consumptiorinvolve specifying i) an activityamable related to energy consumption (e.g.
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number of households as an activity variable for tlesidential sector), i) an energy intensity
associated with using different types of fuel (e.g. energy consumptionrfethousehold cooking
using LPG, or o#r fuels/technologies), and iii) emission factors that quantify the emissions of
different pollutants per unit of energy consumed. Other rEmergy source sectors also contribute
to national emissions, and are specified by a ranggiftdrent types ofactivity data, and associated

emission factors.

Figure 21 presents an overview of the emission source categories used in this inventory in order to

calculate the total emissions in Oman, as covered in section 2.3.2

Energy demand sectors include fuel comtis activities within seven sectors, nameliL) the
YIydzZFl OGdzNAYy 3 AYyRddzAGNRI 6HU (GKS SySNHe& AyRdzd

such as (4) residential (5) commercial, (6) agriculture and fishing and (‘Bpeoified other.

The nonenergy sector includeg§l) industrial processes that generate -pyoduct emissions or
fugitive emissions, (2) agriculture, (3) waste, and @itive emissions from nortombustion

activities related to the extraction, processing, storadistribution and use of fuels.
Below is a definition of other key concepts used in this study:

Accuracyin whichemission estimateare made accurate in the sense that they are systematically
neither over nor underestimated so far as can be judged, and thatcentainties are reduced as far

as practicableThe studyattempted to removeall biasfrom the inventory estimates.

Comparability:This emission inventory is reported in a way to be comparable with other inventories
of different countries. This will beeflected in the appropriate use of tables ainlthe useof a

common classificatiopystemand commondefinitions of sources of emissions.

CompletenessTheinventory covers all sources, pollutants, and geographic areas within the scope
of this inventory If any data is absent, thatbsence is clearly documented aitglassociation with

any published daté#s highlighted

ConsistencyThis § ensured by using the same methodologies for all of the years of the inventory
and by estimating the emission using cstent data sets in order to reflect threal differencesn

emissions.

TransparencyThe data sources, assumptions and methodologies used for this inventory will be

clearly explained, in order to facilitate the replication and assessment of the inventory.
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Figure2-1: The framework used in data compilation tbhe Oman emission inventory

2.3.4 Data collection strategy:

The strategyfor data collection in this study is based on the following:

1

Focus on the collection of data needed to impr@gtimates of the largest key categories,
as improvement of theserould have the greatest potential to improve air quality in Oman
Collect data/information at a level of detail appropriate to the needs;

Review data collection activities and methodology on a regular basis, to goidimuing

and efficient inventory improvement;

Introduce agreements with data providers to support consistent and continuing information
flows;

Since national data sources asgically more upto-date than international sourceand
provide better links to the originators of thaata, tothe use of national datas opposed to

data from international data sources
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1 In cases in which data from reputable international bodies areenaxcessible and more
applicable to the inventory, then international data have been used;

1 Crosschecking national data sets with any available international data in order to assess
completeness and identify possible problems with either data set.

1 A compaison will be conductethetween natonal and international data for Oman.

Appendix B2 summarize$d activity datawhich were collected from Oman andhave been
categorizednto high priority data (thaincludes: Oil production, Road transpdvtanufacturirg and
construction, Electricity power stationdylunicipal Solid Waste (MSW) in landfill, Domestic
wastewater treatment and discharyjend lower priority data(which includes industries such as
chemicas, cement, meals, and solvent production). Most of dee data wasgathered from
ministries or the National Centre f&atistics and Information (NCSI), is described in Appendix B2,
and C2

Openburning of crop residues and municipal, industrial and commeigiédte is not allowed

according toArticle 5of ministerialdecisionrmmMy K Hnnns GKAOK adlkdsSa GKI G
emitted from a chimney of any building, any industrial / commercial premises, or any other site.
hlLJSy o0dz2NYyAy3a 2F 2NHI yAO 2 NihdughNaséedrbitestzay stillbes | & G S
happeningin some placesfrom personal experience, waste burning is not something commonly

seen in OmanTherefore, for the purposes dhis study,it is assumed that emissions from these

sources are negligible

Implementation of the detded methods usually requires collection of additional data, in particular
on technologies and abatement. To set up a stable inventory system it is important to establish
cooperation arrangements with data providers. In compiling this invensmyeassunptionswere
madein some casewhere datawasnot availableandthese cases will be discussed throaghthis

section.

The choice of LEABC as a tool provided the information needed for what data must be collected
to compile the Oman Emissiohsventory, and a number afontactswere setup to facilitate this
data collection. In January 2016, an init&alrvey was conducted to investigate thexisting
information inthe National Centre of Statistics and Information (NCSI) and in databasesailsev
other organizations in Omamased on this information, the data collection structure outlined in

AppendixB2and C2, waslevelopedto help identify the sources afata neededor the inventory
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and the different organizations where it could be fouhtbre thanthirty governmentsjnstitutional

and private sector organisations were then contacted as potential data providers for this study.

Default emission factonsere used for all sources as locally derived factors are not avail@her

sources oflata and information used within this study are statistics from international organisations
such as the UN, the FAO, the WB, Eurostat, the International Energy Agency (IEA), the OECD and the
IMF, as well as scientific and technical articles, journalsrapdrts, IPCC Guidelines for National
Greenhouse Gas InventoriglPCC2016) and National Inventory Repgs from Parties to the
UNFCCC.

2.4 Oman data description (by sector):

This section provides a description of the different sets of data that were gathered or provided as a
default with LEAP (emission factors) and were used for this study so as to develop a comprehensive
emission inventory for Oman. The data will be illustchbased on the LEAP structure sequences of
branches, sectors and swdectors, starting from the demand branch then moving to the
transformation and norenergy branches. The main emission source categories for each branch will

be discussed.
2.4.1 Demand

The setorsrelated tofuel combustionin demand includes (1) residential, (2) commercial and public
services, (3agriculture and fishing4) transport(5) the manufacturing industry, an@)the energy

A Y Rdza (i NB (Féel cBndoystiodeadS tbemissions of COCH, SQ, NG, CO, NMVOC, NH
PMyo, and PMsemissions which include BC, OC and othes £Mis worth mentioning that BC and

OCare also calculated separately
2.4.1.1 Fuel Combustion in the Residential Sector, a@drimmercial and PubBervices
¢CKAAd aSO02NJ AyOfdzRSa SyYAraarzya FTNRBY FdzSt 02VYoc
Ly aidAadlddziA 2y Onia® pedpleidd Vedy Ycaasionallse solid fuel for cookingrable 21
aK2ga az2vYS | Ol A @énérgy udge far tesiderti® housahwlds yird dommercial and

public services.
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Table2-1: Activity data for Energy Combustion in Residential Sector, Commercial and Public Services, (2010).

Data Source Unit
Liquefied petroleum gases (LPG) used in 180 IEA ktoe
residential (International)
Electricity used in residential 722
Electricity used in Commercial and public 492
services

Sources(IEA, 2017)

In Table 22, the absolute values by sector are given as provided nationally and internationally, and
it is ckar that they aresffectively the sameThe number of electricity customers has increased from
727,483 in 2011 to 790,27ih 2012, an increaseof 8.6%. Electricity consumers are mainly
residential, namely 71%Agthority for ElectricityGeneration, Annual éport 2012).Oman's total

final consumption (TFC) has steadily increased in recent yiea2900 the energy consumption
accourted for 588 ktoe (6,833 GWh), but increased to 1,591 ktoe (1834M) by2011, morethan
doublingin a period of eleven year€omparing various sectors with each other, the residential
sector consumes the most energy, nelyn49%, followed by commercial and public servi@6)

and the manufacturing industry sector (14%).

Table2-2: Electricity consumption data for 2011 as provided from Authority for EiggtGeneration (AEG) in Omamd
for 2010 as provided from IEA in ktoe.

Sector AEG data* % |IEA data %

Industry 222 14 132 10
Residential 779 49 722 52
Commercial and PubliServices 549 34 492 35
Other nonspecified 40 2.6 40 29

TFC 1,590 1,386

*Authority for Electricity Generation, Annual Report 2012

Since more than 50% of energy consumed in the residential sectorgpdoecooling,it has been
decided for thebenefit of this study to adair conditioning to the residentiand commercial and

public serviceslemand sectasin LEARBG Oman versionasanotherspecificbranch
Air conditioning:

Global energy demand from air conditioners is expected to tiyygle2050. The global stock of air
conditioners in buildings will grow to 5.6 billion by 2050, up from 1.6 billion tqd@lyich amounts

G2 mn yS¢ 1/a a2tfR SOSNE &S 02 yRuture & Biolingk SNFISENIT
(IEA, 2018)
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Using air conditioners and electric fans to stay cool already accounts for about a fifth of the total
electricity used in buildings around the woddr 10% of all global electricity camsption today.

But as incomes and living standards improve in many developing countries, the growth in AC
demand in hotter regions is set to increase substantially. AC use is expected to be thelsegesid
source of global electricity demand growth aftdne industry sector, and the strongest driver for
buildings by 2050.

Supplying power to these ACs comes with large costs and environmental implications. One crucial
factor is that the efficiency of these hew ACs can vary widely. For example, ACsJagidrirand

the European Union are typically 25% more efficient than those sold in the United States and China.
Efficiency improvements could cut the energy growth from AC demand in half through mandatory

energy performance standardiEA, 2018)

There is no published data specifying the consumption of energy for air conditioning in Oman, but
in this study, this consumption has been estimalsdmultiplying the IEA datfor electridgty used

in the residential sector72,000 to@ as shown in Table-2 by 52%, wher&2% is the cooling
breakdown percentage of the domesgnergy consumption in Muscat, as illustrated in Figu 2

(Sweetnanet al, 2014) This figure was therefore used as the percentage for thelevof Oman.

= Cooling = Hot water = Lighting = Applinces

Figure2-2: Estimated breakdown afomesticenergy consumption in the residential of Muscat (Sweetnam et al., 2014)

Based on the estimated data above, consumption of energy for air conditioning was developed and

populated in LEAP with other data, as shown in Takie 2
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Table2-3: Total energy consumption in residentiatt®r (2010)

180,000

108,300 IEA toe
375,440 (International)

238,260

*estimated as described in section 2.4.1.1

2.4.1.2 Fuel Combustion in Agriculture and fishing
¢CKA&d aSOG2N) RSaAONAROSA SYArAaaArzya TNRWe fedssf O2
includes mobile emissions from affad activities in agriculture and from watborne vessels
engaged in domestic inland, coastal or desga fishingFuel combastion in fishing activities is that
associated with building and maintaining fishing vessels and providing fishing gear, in most fisheries,
or that required to propel fishing vessels and deploy fishing gears. Agriculturearlfessil fuels
for poweringmachineryused for farm production and irrigation systems. Tabl ghows the fuel

combustion in the agriculture and fishing sector as a total.

Table2-4: Activity data for Energy Combustion in agricultanel fishing (2010).

2.52F FAOSTA(International) ktoe
Unavailable

Sourcehttp://www.fao.org/faostat/en/#data

*this data includa only irrigation inthe agriculture setor and excludes the fishing sector

2.4.1.3 FuelCombustion in Transport:

Transport sector emissions include emissions from the combustion of fuel during transport activities
(road transport, aviation, shipping, and pipelinesyaporativeosses from vikiclesand road dust
emissions.In this inventory, the transport sector includesad transport and aviation, while
domestic shipping and pipelines (i.e. compressors used to transport materials (oil or gas) by pipeline)
emissions are excludedhe data for the energy consumed for the transportation of oil and gas in
pipelines is unavailable and emission from pipelines is expected to be very small due to the short
distances ofthe pipelines that cary oil and gas in Oman. For domestic shippimgpre detail is
providedat theend of this sectionThe data usetb develop the emission inventory from this sector

in isillustratedin Tables 25 ¢ 2-10.
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Road transport:

There are primarily four types of road transport vehicles available in Ommat@passenger cars,

public buses, public taxis, and public coach@se transport sector in Oman is mainly based on

private vehicles, theréeingonly one governmenbwned companyfounded in 1972which offers

public transport servicesin November 2015the company launched its newrand identity

WIWASALATand has been aking great strides in the development of public transport in the

Sultanate, starting with the expansion of Muscat's interant externalbus routes. Dring the
period from January o December 31, 2018MWASALATransporteda total of more than 3.7
million passengers oits local routes in Muscat Governorate and itsintercity lines to the various
governorates of the Sultanat@ hat amounted to an average wiore thanten thousandpassengers
a day,and more than sixteethousand passengers each weekth the peak of passenger travel

beingreached on Fridayghe day preceding the weekend. Of thgsassengersmore than 30 %

were Omani Oman does not have a rail network at present nor, indeed, any major railway line. A

railway projecthad been proposed which wouldvolve the construction of 2135 kilometrex
national railwayand plans to connedhe sultanat€) three major ports Salaah, Sohar, and Dugm
with other ports in theGCCegion(Oman RaiP017) However, the projeavas suspended ahead of

the announcement of construction tende for the first phase in 2016; this was dueldover oil

priceswhich resulted in the Omani government introducing cuts in government spending and

revisiting some of itplanned projects. Appendix D2 represemtsY | y Qa [/ 2 YYSNDA I €

Ports

At presentOmanis exploring options foa light rail systemin Muscatitself, as well as a national

passenger networkut these plans remain in the early stage

It is worth mentioning thaMuscatcA 1 & ¢l a NI y{ SR FANRG Ay (KS
Mobility Index2  F027MMhe index monitors the development of transport netwernd focugs
on environmental standardg.he city of Muscat was ranked 83rd in the wonttile Hong Kong

topped the indexfollowed by Zurich, Paris, Seoul, Prague, Vienna and Singapore

Emissions from the road transport sector were estimated by two different mettod different

pollutants. For greenhouse gases §COH and NO) and S@ emissions were estimated by

"https://www.omanobserver.om/muscatity-tops-sustainablemobility-index2017/
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multiplying the total fuel consumed by an emission factor based on this fuel consumption. The total
fuel consumption was estimated based on the totatmber of vehicles in the fleet (disaggregated

by fuel type, fuel used, and vehicle emission standard), the average distance travelled by vehicles of
each type, and the fuel economy (litres of fuel per km travelled). For air polluid@sand PM s),
emissions were calculated based on the total number of vekHiotetravelled by vehicles of different
types, multiplied by an emission factor based on the emission of pollutants per km travelled. In this
case the total number of vehiclans travelled was basedn the total number of vehicles of
different types in Oman, and the average distance travelled by one of these vehicles pdrajgar.

2-5 shows the etivity data forfuel combustion inroad transport in 2010

Table2-5: Activity data for Fuel CombustionRoad Tansport (2010).

1999 IEA ktoe
175 (International)

Source(lEA, 2017)

For historical years, i.e. 201ie number of vehicles is based on an estimate from two sets of data;
Oman NGI data and data from the GCC statistical cerfine annual vehicle kilometres travelled

are estimated fromdata provided byDman United Insuran¢@sshown in Tabl€2-6).

Table2-6: Activity data for FueCombustion in Transport (2010).

100% gasoline 538,510 24,000

4,342 80,000
100% gasoline

National:
48,840 60,000 NCSI, GCC km/yr
100%diesel statistical centre
and Oman United
4,781 6,000 Insurance.

100% gasoline

100% diesel 5,824 90,000

Source: NCSI, GCC statistical centre & Oman United Insurance
Vehicle stock turnover model:

To project emissions from the Omani vehicle fleet into the future, the number of vehicles of each
type, and of different vintages(id thusconforming to different vehicle emission standards) were

projected for future years 2022040 using a stock turnover modelling approa€he stockurnover
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modelof vehicles is an approach tack howfast technological developments and other changes
in the attributes of new vehicles penetrate into the vehicle fldetvas developed here by relying
on administrative records available from governmantd corporate agenciessnd some estimates
such as pnetration of EURO technology. Since pinegressiorof numbers of buses is not available,
the progressiornof light commercial vehiclesras adopted for buses in this study.ist used to
calculate the total number of vehicles in a particular future yead @ track the number of vehicles
made in a particular year that remain in the fleeyears later. Doing thisequires different input
data for current and future yearshe total number of vehiclessold fiew registration}, the total
number of vehicle®n the road, the number of vehiclesetired (scrapping, the average liféimes

of vehicles, and the distances travelled.cAmprehensive and coherent vehicle stock turnover
model for the car fleet in Oman has been developed, and can be regarded assteetiicle stock

turnover madel of the car fleet for Oman.

The stockurnover method is described by the following equations (1) and (2):
Stock,y,= salegx survival.,, (1)
Stock,l 1 {,#O2ATIN T X DI FU (2)

Where

t denotes the type of technology (i.e. the technology branch)

vis the vintage (the year the technology was added)

i is the calendar year

Sales is the number of vehicles added in a particular year

Stock is the number of existing vehicles in a particular year

Survival is the fraction of vehicles surviving after a number of years and

v is the maximum number of vintage yed8ales of vehicles in Omanfuture years were based on
survival of vehicls (i.e. the percentage of vehicles manufactured in yeidwat remain in the fleet

in yearx+#). Thiswascalculated based othe vehicle survival patternsmodel developed bydanet

al., (2011 and used here to estimatihe decrease in vehicle numbers with the growth of vehicle

age for Oman, figures which are important finle projection ofOmaQa @SKA Ot S & ONI

ownership.
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The vehiclescrappae rate is defined as thébaolute value of the derivativef vehicle survival rad

with respect to vehicle age. The functiohvehicle surwial ratio isdescribedby Hanet al,, 2011as
SRm(t) = exph(t/Tim)", (3)

Where SRy(t) is the survival ratio of vehicles i m, registeredn year i) at the vehicle age of t;nT
and km are the characteristigpparametersrepresentingthe average life spawof a vehicle and
scrappage intensitiesespectively. Table (2) illustrates the parameters which were used to

estimate the survival ratio for different type of vehicles.

Table2-7: Characteristic parameters of the vehicle survival patterns

14.46 4.79
13.11 5.33 (Hanet al, 2011)
12.8 5.58

Source(Hanet al, 2011)

A substitution of parameters from Table-72 in equation (3) was used to develop thehicle
survival ratioor retirement rate of vehicles for each category during specified y&€usbining the

sales and survival rate patterns in Equation 3 yielded the total number of vehicles in a future year
that were manufactured in the preceding years. These were then converted into the total number
of vehicles meeting different Euro standards bdisé the years for which the Euro standards were

introduced,asshown in Table 8.

Table2-8: History and levels of Euro standards for vehicles

1 July 1992 31 December 1992
1 January 1996 1 January 1997
1 January 2000 1 January 2001
1 January 2005 1 January 2006
1 September 2009 1 January 2011
1 September 2014 1 September 2015

Dust emissions from vehicles travelling on unpaved roads are an impsaarce ofPMioand PM s
emissios in many developing countri¢Bhilipet al,, 2017). Dust emissions from this source tend
to occur on dry days and thereforthe dry weather PM emission dtors given in this study are
derived from Gillies et al. (200®ndthe fraction (as %) of dry daftsken to bewhen rainfallis less
than 0.25 mm) was estimatddr calculating emissiontogether with an estimatef the fraction of

total distance travelleen unpaved roads (Table® and also on the following information:
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and the United Nations Framework Convention on @erChange (UNFCCthg longest dry spell

per yearis an average of abo@30 daygWHQ 2015) This means that Oman typically has 63%. of

dry days. In Table 2.9, the paved and unpaved road lengths are given for the year 2010 and it has
been assumed thatlatypes of vehicles: passenger cars, light commercial vehicles, heavy duty

vehicles, motorbikes and buses are travell@§o ottheir distances on unpaved roads.

Table2-9: Oman road lengths end of 2010

28,903 Km Statistical year book,
30,460 2011 (NCSI)

Aviation:

Datafor the aviation sector in this study are summarisedTable 210, the sources being the
National Centrefor Information and StatisticSNCI$ and the Public Authority for Civil Aviation
(PACA). fe estimae wascalculatedbased on information about Om&nhgaroduction ofkerosene
jet fuel. Jet fuel is produced in refineries in boluscat and Sohain thefollowing amount: 3290.8

x 1Fbarrelin 2012 which is converted t460.7 ktof Kerosenget fuel. Omandoesnot import any
jet fuel, and thejet fuel it produces is used for both domestic anmaternational flighs. However,
there is no data on fuel consyntion for domestic flighs only, and since Oman is a small country
and most of the domestic flightovershort distancs, it has been assumed that the emissions from
planes cruising in Omani airspace &ery small in comparison witthose fromLTO(landing and
taking off) This analysigherefore, only cover& TO emissions for domestic and international fight
Based oran interview with PACA, Oman no longer permits the landing of angrdalcraft, a
restrictionaimed atcontrolingair pollution.It can therefore be assumetat allplanes in this study

arein theaverage fleet category.

Table2-10: Aviation data for 2010

6269 Number of flight
52816 National:
100 (average fleet) NCIS and PACA %

Source: NCIS and PACA
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Domestic Shipping:

Emissions from domestic shipping come frowral burnt by all vessels not engaged in international
shipping (excluded are fishingesselswhich are covered under the Agriculture/Forestry/Fishing
branch).Although emissions from shippirgge considered one of the major sourcedN, (Abdut
Wahabet al., 2008) the data for total energy consumption for tldemestic shippings not available

for Oman.Thereare emissions from international shspn Omani wates, but this is not part of this
inventory because ifalls outside the boundary o& national emissionsinventory. International
shipping emissions are included in the rest of the world contribution to fhission as a
background emissen in LEAPBC, where the source of international shipping emission data is the

GAINS/ECLIPSE
2.4.1.4 Fuel Combustion in Mafacturing Industry:

This sector includescombustion ofall fuels within the manufacturingindustry. The industries

coveredin this study are all types of industry, presented as a single Tiakilé 211).

Table2-11: Activity data for Fuel Combustion in Manufacturing Industry.

357 IEA
1735 (International) ktoe
132

Source(MOCI 2017; IEA 2017)

2.4.1.5 Fuelcombustion irthe Energy Industr@wn Use:

This sector covers emissions fromthe@b f t SR Whgy dzaSQ 2F Fdaicha Ay
fuel combustion occurto provide energy for internal (own) use in fuel extraction and processing
This sector isubdivided into Petroleum RefininGand W®Wther OwnUseQand only includes fuels
combusted during thextraction orconversion process.€. own use), not the feedstock fuélhat

is,only the crude oil burnt during oil refining is indkd, not the crude oil actually refined. Emissions

from electricity generation, and gas flaring from the oil and gas industryxateded since they are

dealt with under Transformation.

8http://www.iiasa.ac.at/web/home/research/researchPrograms/air/ECLIPSEv5a.html

https://www.qgiss.nasa.gov/tools/panoply/download/

100


http://www.iiasa.ac.at/web/home/research/researchPrograms/air/ECLIPSEv5a.html
https://www.giss.nasa.gov/tools/panoply/download/

i Oil Refineries:

In Oman, lhere are two oil refineries operated blye Oman Oil Refineries and Petroleum Industries
Company (ORPIC), one in Muscat (Mina Al Fahl), the other in Sohar (Mina t8gk#rerthy have

a production capacity of 222,000 barrels of crude oil per day. The crude oil is refined into naphtha,
Liguefied Petroleum Gas (LPG), gas diegel), gasolineheavyfuel oil andkerosene jet fuelln
addition, the Aromatics Plant has a produmti capacity of 818,000per annum of paraxylene and
198,000 of benzene. Finallghe Polypropylene Plant can produce up to 350,000polypropylene
pellets. Appendig2illustratesthe plant production of fuels and petrochemicals, for end use or for
further downstream processin@RPIC, 2017The Oman Oil Company (OGdh the process of
building a new refinery ibugmfor producing light/middle distillates at a high efficiency rate. It
focuses on naphtha, jet fuel, diesel and LPG as its primary products. Theryefimtains
hydrocracking, hydrdéreating and delayed coking units, along with sulphur recovery, hydrogen
generation and merox treating unit&xpectedd be operational by 2022, tHeugm Refinery project

will operate with a refining capacity of 230,0b8rrels per day when it is completéBR, 2017)

This suksector dead with all emissions from theamnbustion of fuel used to support the refining of
petroleum products.The international sources of data include IERA, 2017) and the national
source of information is the Ministry of Oil and Gas (MOG). The international data used HBICEEAP

are shown in Table-22.

Table2-12: Activity data for own usef fuel in petroleum refineries in Oman (2010)

319 International Energy Agency ktoe
325 (IEA, 2017)

SourceflEA, 2017)koe = kilotonnes oil equivalent

ii.  Other Own Use of energy ithe energy indusry

This includes all emissions from tbembustion of fuels used during the manufacture of secondary
or tertiary products from fuels and includes the combustion emissions from owsi{ehenergy

use in oil and gas extraction. The data used in HB&Re shown in Table-23.

Table2-13: Activity data for the suisector (Own Use Industry) of Energy combustion in Energy Industry (2010)

2541 International Energy Agenc

(IEA, 2017) Ll

76

Source(lEA, 2017)koe = kilotonnes oikquivalent
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2.4.1.6 Fuelcombustion ilNon-specified other:

Sometimes, fuel consumption data for the Residential, Commercial and Public Services and the
Agriculture, Forestry and Fishing sectors are not reported separately (e.g. in the Interh&tengy

Agency (IEA) databases I YR G KSAS | NB Yyl K& O ik BA ipdicBaRtdlNa Wl
the declared data by IEA for this sséctor, classified according to the source of fuel. The total fuel

combustion is 535 ktoe for 2010.
Table2-14: Activity datafor Hon-specified othe@n Oman (2010)

164
331 IEA (International) ktoe

40

Sources(IEA 2017)

2.4.2 Transformation:

The Tranrmation branch includesombustion emissions fromlectricity generatiorandfugitive

emissions frontrude oil exploration, production and transport, oil refining, the distribution and
handling of gasoline (including emissions from service stationshanoroduction and distribution

of natural gas (including venting). Also inclddeS NE | NB SYA &aA 2 ycaudebiNBEY W
FyR 3Fa&a SEGNI OGAZ2YyKkLINRRAzOGAZ2Y 6KAOK | NB Of | a3

extracted from this combstion of waste gas.

It is worth mentioninghat there is né@ much activity data to entehere. This is because, as LEAP is

an energy modelling tool, it assumes that this sector will gendyatk the electricityand petroleum
productsrequired to meet thedemand in the Demand branches abovafter taking into account

any import or export of electricitpr petroleum products¢ KSNBEF2NB> Yz2ad 27F Of
entered in this sector is a percentage share of different processes or fuel, as descritbed in

following subsections.

2.4.2.1 Electricity generation:

Thisincludesall emissions from the combustion of fuel for the generation of electricity for sale to
the public. The power stations or utilities mbg publiclyor privatdy owned. Emissions from own

on-site use of fuel aralsoincluded.
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In Oman, natural gas is the predominant fuel used in the electricity generation sector. It accounted
for 82% of the fuel used in 2010; by 2016 the figure had ris&71%6, withdiesel accounngfor the
remaining3 percent There weresight powergeneration plants in 2010: Al Kamil:@hubrah, Barka

[, Barka Il, Manah, Rusail, SohandWadi Jizzi.

The data used for compiling the emission inventory in LIB&Pis shown in Tablel®. Thsdatais
based on whatvasprovided bythe Rublic Authority for Electricity and WatéPAEVYfor the annual
consumption ohaturalgas used to producelectricity; in 2010it was207,268TJ which is equivalent
to 4951 ktoe. The datdor this given by IEAs quite similar ab18 ktoe. Although there idittle
difference between the twoit was decidedo adopt the IEA data to be consistent withe other
IEA oil andjas figureswhich have beemsedthroughout this study(Table 215). No SQ or NG

emission control systems ardtéid to any of the power stationdPAEW, 2017)

Table2-15: Percentage of electricity output met by natural gas and diesel in 2010

81.5 Based on IEA %
(International)
18.5

2.4.2.2 Oil and Gas industry

This subksector covers all fugitive emissions related to the extraction, processing, storage,
distribution and use of fossil fuels. During all of the stages from the extraction of fossil fuels through
to their final use, the escape or release of gaseoessfor volatile components of liquid fuels may
occur. Thisincludes fugitive emissions of NMVOC from crude oil exploration, production and
transport, oil refining, the distribution and handling of gasoline (including emissions from service

stations) and tle production and distribution of natural gas (including venting).

During oil well drilling, fugitive emissions of methane {C&hd nommethane volatile organic
compounds (NMVOCs) are likely to occinew the drilling breaks through small oil/gas resers.o
In oil/gas production platforms, fugitive emissions of NMVOCsg, &0l CQ arise from several

sources, in particular gas leakage through compressor seals, valves and flanges.

For the onshore exploration or production fieldagitive emission®f VOQCH plus NMVOC) are
expectedfrom pneumatic devices uset oil and gas wetl. When drilling for crude oil, natural gas
often comes to the surface along with the oil. This associated gas is often vented or flared to

maintain safe pressure in the well.afihg and venting are processes whereby gas is burned or

103



released into the atmosphere. These processes have a negative effect on the environment by
contributing to the emission of greenhouse gases, sulphur dioxide, and methane into the air. There
are typially two main reasons for flaring and venting at petroleum refineries, chemical plants, and
natural gas processing plants. Firstly, it may sometimes be commercially uneconomical to recover
or transport thegas that is an auxiliary release during oil pratut Gas may alsbe ventedor

flared in a controlled manner for safety reasons when oil extraction results irpressurisation.
Venting is simply the release of the gas (mainly, BIMVOC and Gdirectly into the atmosphere,

while flaring is theéburning of the vented gas. Emissions from flaring from the gas well completion
phase are BC, CO, j@nd VOC, and emissions from flaring from the oil well completion phase are

BC, CO, NQVOC, and SO

Oil and gasvell heads area source of VOC emissidinem various fugitive outletsThe wellhead is

the part of an oil or gas well that terminates at the surface, whether onshore or offshore, and is the
place from where oil or gas products can be withdrawn. Oil and condensate stored in storage tanks
is trarsferred to trucks for shipment for further processing. Fugitive VOC emissions are released
from these loading processes. At producing well sites, there are numerous pumps and piping
configurations used to move oil and gas products and get them into theepeing and distribution
systems. These pieces of equipment contain numerous components, sulengss, valves, and

seals, that are potential sources of fugitive VOC emissions.

Table2vc aK2ga | OGA@AGeE Rlwhich afe Bdinvatedhasdd grniormdtfoi A Y R
given in Table-17. The percentagsplit between conventionadrilling and frackingor oil drilling

can also be calculated from the following information: in 2010, three oil fields were fisitigng
technologyout of more than 4%ther conventional fields. The gas fields, however, were different;

all the 11gas field wereusingfrackingtechnology.One of the main chemicals released in the
fracking process is methane. It must be noted here that the emission factors for the ajaand
industry used in this study come from the more advanced IPCC upl@C (Guidelines 2019

refinement).

Table2-16: Percentage process share for calculating fugitive emissions for ®mibimdustry (200)

99.68
0.32
Based on MOG %
10.0
90.0

104



Table2-17: Dataused to calculate process share for fugitive emissions from @roamdustry (2010)

1.56 x10

5.02 x10 MOG

4.97 x10 kt
5.22 x16

Source: Ministry of Oil and GA4OG, 2017)

2.4.3 Non energy

TheWonEnergyrategory branch includes all sectors responsible for@oergy related emissions
(Industrial ProcessesSolvent use, Agriculture, and Waste) as well as fugitive emissions from oil well
drilling and gas flaring during oil production. Vegetation fires doatcur in Oman, and therefore

are excluded from this study.

2.4.3.1 Fugitive emissions from oil production:

This sector captures emissions from drilling new oil wells during oil exploration, and fugitive
emissions from the flaring of natural gdaring oil prodiction. Table 218 represents these data

based on data provided by Ministry of Oil and Gas (MOG).
Table2-18: Activity data for fugitive emissions from On&mil industry (2010)

995 MOG(Nationa) Number
1.29x10 10°m?3

Source: Ministry of Oil and Gas (MOG, 2017)

2.4.3.2 Industrial Process (narombustion) emissions:

A number of air pollutants not associated with fuel combustion are emitted duringrigty of
industrial processes. The industrial process emission categories covered in thiscsmbare:

mineral products (cement and lime), and the production of chemicals (urea and sulphuric acid).

¢CKS YI 22N I OGAGAGASA O fonitieonannbusfich indudtriahphotegsQ &
are cement companies, amtoduction ofpetrochemicalsOman has two major cement companies;
Oman CGement Company (OCC) and Raysut Cement ComgBCy; both of which use an
electrostatic precipitator (ESP) as®M dust controller In addition, three production lines in RCC

usebaghouse filters.Table 219 shows the data for neaombustion industrial process.

Althoughthe Oman Mining Company (OMC) is producing copper cathodes, no smeltirapfurc
is involved Nor is there any production ainc or lead, but as a part tfe operation zinc and lead

are collected fronthe refinery mixed with goldsilver and other elements (Ali Al WaHersonal
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communication)Some activities are not included in the emissiong&ntory because of lack of data.
These include theugitive emissions of particulate matter (PM) froguarrying, and major

construction activitis, which would be listedis hectaremonths per year Another omissions
include asphalt roofing asphalt roadpavingand food production but emissions from these are

expected to be very small.

Table2-19: Activity data used for nenombustion industrial process

5,020 OCC & RCC

4,390 (National) kt/yr
2,077

14.6

Source(OCC 2016; RCC 2016)

2.4.3.3 Agriculture:

Only 5.9% othe total land areaof the Sultanate of Omais considered suitable for agricultural
production activitieFAOSTAT, 2011Rs geographical location in the arid and seand belt of the

globe means it is clagigd as an arid country. As a result, one of the biggest challenges facing
development in the agriculture sector is access to water resources. Another major challenge is that
most farms in Oman amanaged by unskilled labowso that fertilizers and pesides are not used

properly or efficiently.

Several types of agricultural activity can emit air pollutants. These include the treatment of livestock
manure (a source of ammonia (RHemissions), the application of fertilizers (a source of both NO
and NH), enteric fermentation in livestockhich emits Ck and the burning of agricultural residues,
which emits a range of pollutants (NGQ, NH, CO, NMVOC and particulate matter). Agricultural
emissions are generally calculated by multiplying an actiatsyby an emission factor. Activity data
such as the numbers of livestock present, the amount of fertilizer applied and annual crop
production (for crop residue burning) are available on the internet from the FAOSTAT database
Table2-20 and 221 show agrculture data for Oman, where the data provided Bymistry of

Agriculture and FisherieMOAR haveexactly the same default FAO data for number of animals
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Table2-20: Activity data for livestock enterifermentation and manure management and animal housing for Oman in
2010

Data Source Unit
Sheep 388590
Goats 1719120 MOAF (National)
Camels 129560 Animals
Mules and Asses 25000
Poultry 4390000
Other Cattle 332780

Source(MOAF, 2017)

Table2-21: Fertilizerconsumption in Oman for 2010

Fertilizer Data Source Unit
Ammonium nitrate (AN) 1000
Ammonium sulphate 689
Calcium ammonium nitrate (CAN) and othd 816
mixtures with calcium carbonate

977

255

3910 FAOSTAT ~ Tonnes
463 (i iierE)

371

Potassium chloride (muriate of potash) 2000
(MOP)

Potassium nitrate 619
Superphosphates above 35% 847

Urea and ammonium nitratesolutions 87
(UAN)

Source: (FAOSTAT databaké]://www.fao.org/faostat/en/#data

2.4.3.4 Waste:

Waste herecovers the treatment and disposal of wasiecludingthe disposal of waste in landfills,
andthe aerobic and/or anaerobic treatment of municipal sewalSW in landfi and wastewater
treatment are often important sources of metharfe.r a S Ay OAY SN} GA2y o8&
prohibited by law in Oman since 2004, as mentioned in section {2 $b4this study has assumed
that no municipal solid waste is disposed of by ofpeinning. Nor does Oman have any incineration

plants for its municipal, industrial or commercial waste.
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Municipal Solid Wastes (MSW) in landfill:

The Oman Environmental Seéoes Holding ComparBS Q lwis establishedin July 2007, and in
2011 startedtaking over the responsibilityor collecting waste from municipaiés in all the

governorateswhich used to collect waste frorthe residents of Oman.

Based on B Q@ éstimates for 2008, there were more than 300 dumpsites all over Oman and four
landfill sites.Currently no methane is recovered from laridfi & = 0 daidrking SrQnstilling &

flaring system athe Al Multaga landfill the biggest engineered landfill in theuntry.

Currently 95% of the MSW generated is sent to landfills or dumpsites spread across the Sultanate.
The 5%exceptionis as a result of the SMEs collecting valuable waste from MBWH as plastics

and metals for recycling.

hYlyQa LISNJ dgénelation tate vatied Gcfss various governorates for a number of
NEBIazyao | 26 SHSNE . SQFK dzaSa | ylraAzytft | @S
tonnes/capita/year. Information on thegpulation whose waste was collected, the per capiterat

the MSW generation rate, thigaction of MSW sent to solid waste disposal sitand other details

are listed in Table-22.

Table2-22: Activity data for MSW and waste water

0 kt/yr
. SQl K
2773000 (National) People
0.438 tonnes/capita/year
50* IPCC (2006) %
75% urban . SQl K %
25% rural (Nationa)

Sourced . S QI K BPCGi(20Q6) 0

*the data provided by Be'ah for the fraction of MSW dispose@i5%, however In this study the default assumption of
50% was used since the information given by Be'ah was for 2014.

Domestic wastewater treatment and discharge:

Haya Water, a registered trademark of Oman Wastewater Services Company Si#\.{DeC,
organizationresponsibleconverting wastewater into environmealtly-friendly products and thus

serving society Table 223 showsthe share represented by each treatment system (i.e. Latrine,
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Septic tank, Anaerobic reactor or deep lagoon, Aerobic treatnpéantt, Untreated (Sea, or lake

dischargejor the urban and rural populations.

Table2-23: Activity data for waste water

Income group

Rural Urban
0 0
75 40 Haya
0 0 (National) %
0 0
o* o*
25 60

Source(Haya, 2018)

*There is no untreated discharge; Haya turns sewage into treated water used for irrigation, plantations, fencing, fountains,
decorations, and playgroundduman waste is converted into fertilizek.gavity and vacuum systemused in the sewage
network.

2.5 Results and discussion:

This section, will reveal the results of Oman emission inventory for 2010 based on the data discussed
in the sections above. This will be presented in different ways, either as the absolute value of
emissions or as a percentage shaf fuel responsible of emissions, or as a source of emissions. This
emission inventory is the first of its kind to be developed for Oman, apart fre&HG inventory
whichwas jointlyproducedin 1994by the Ministry of Environment & Climate Affairs B&¢A) and

Sultan Qaboos University (SQWdhd was submitted asthe Sultanate of Oman's Initial National

Communication
2.5.1 Oman Total Emission Estimate:

Estimates of theemissiors of carbon dioxide (G carbon monoxide (CO), methane {§;Hon
methane volatie organic compounds (NMVOC), nitrogen oxides x{N&ulphur dioxide (S{
particulate matter (PMs), black carbon (BC), organic carbon (OC) and ammoniai(NBiman from

this study, as derivefbr the year 2010are summarized ifigures 2-3 and 24.

The largest emissions apart from &@ere of CHat 565 kt, followed by5Q (160) NMVOCg142)
NG (137), PMes(61),CO(51), NH (18), BC (4), and OC (0.9) kt. (Figugy 2
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Figure2-3: Total emissionsf pollutants which are covered in this study (CQ, G8MVOCs, NOSQ, NH, PM:s, BC, and
OC)in Oman for 201@part from CQ@

2.5.1.1 CQ emission:

The estimated emission of €@ Oman for 2010 is 50 Mt, in which electricity generation (31%) and
transport (24%) are the sectors responsible for the highest percentage sifidf€) emissions
(Figure2n 0 @ ¢ KS 20KSNJ YIAYy &a2dz2NOS&a AyOfdzRSY GKS

process emissions.
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o

m Non Energy\Industrial Process

6 Emissions
4 m Transformation\Electricity
Generation
2 m Transformation\Oil and gas
0 . . industry
Figure2-4: Sources of G@mission in Oman for 2010
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As shown irFigure 25, natual gas had the highestpcentageshare of C@emissions than the
combustion of any other fuels; these emissions came mainly from the burning of gas in the two
major sectorsfoCQS YA daA 2y > St SOGNROAGE ISYSNI Ga@dnd I YR
largest share of CGQOemissions was from the diesel consumedraad transportas well asin

St SOGNROAGE ISYSNIGA2Yy D | S @@ FdzSt 2Af X H6KAOK
use (in petroleum refining) was the third biggest soureih crude oil, burnt in the process of oil

and gas production, coming fourth. Motor gasoline consumed in the road transport was next in line.
The nonrenergy share in CCemissions can be attributed almost totally to industrial process
emissions from tharme and cement industry (99.8%), with fugitive emissions in the exploration and
production of oil and gas responsible for only 0.2%.

20
18

=
N Ao

CQ Emissions (Mt)
=
(@]

8

6

4

2 _

0 || || I —_— |
Non Heavy Fugbas DieseKerosene Motor LPG Refinery Crude Oil Natural
Energy ol Oll Type Gasoline Liquefied Gas Gas

Jetfuel Petroleum
Gas

m Demand\Residential and other sectora Demand\Energy Industry Own Use
Demand\Industry Demand\Transport
m Non Energy\Industrial Process Emissimri&ansformation\Electricity Generation

m Transformation\Oil and gsd industry

Figure2-5: Percentage share of @@mission from the combustion of fuel itfifeient sectors contributing t€Q
emission

2.5.1.2 CH emission:

Total emission of methan@ Omanfor the year 2010 waS65 kt, of which most (92%) came from
fugitive emissions from the oil and gas industry (Transédiom processes). Much lower amounts
of CH emission came from waste, both Municipal Solid Waste (MSW) and domestic-waiste
(4.5% for all waste), anlivestock enteric fermentation and manure management in agriculture

(2.6%), as shown in Figures2
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Figure2-6: Source of CHemission in Oman for 2010

2.5.1.3 SQ emission:

The total emission of S@h 2010 wad60kt. As illustrated in Figure 2this came mainly from fuel
combustion in the industry sector, thithe next largest sources being te@ergyA y R dzouiinNE Q &
use and the oil and gas industry respectively. In Omiagavy fuel oil(HFO) isdesignatedby
international standard (1ISO 821yasahigh-sulphur fuel oil (HSF®@jith amaximum sulphur content

of 3.5% (Hammed Allanthary, personal communication) and so this percentage was assumed for

this study.

As also shown in the graph below, the highest source ofeéd@ission in 2010 was from fuel
combustion in the industry sectomwith SQ emission of 126 kt. This figure is based on the
assumption of heavy fuel oil having a 3.5% sulphur content , fiméhis oil which is burnt in the

cement and limeg producing industry..

As shown, the fuel mostly responsible for.@@issiams is the HFO burnt in the industry sector. It is
worth mentioning that although diesel can be burnt in the electricity sector, 82% of electricity
generation in Oman in 2010 was based on natural gas, so the share of diesel (in the electricity sector)

in SQ emissions is very low.

112



140

® Demand\Energy Industry Own Use

120
m Demand\Industry
100
v
- 80 m Demand\Residential and other
S sectors
ﬁ Demand\Transport
g 60
L
40 H Transformation\Electricity
Generation
20 m Transformation\Qil and gas
. industry
. =

Figure2-7: Source of S@mission in Oman for 2010

2.5.1.4 NMVOCs emission:

There was 142 kt of NMOCemission in 2010 and although there were many sources contributing

to this, asllustrated in Figure -8, it was highlydominatedby the oil and gas industry.
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20 m Transformation\Oil and gas
0 industry

Figure2-8: Source of NMVOCs emission in Oma2@d0

2.5.1.5 NQ,emission:

NQcemission in 2010 was 137 kt and came mainly from five sedtarsport (37%)industry (28%),
St SOUGNROAGE 3ISYSNIGAZ2Y oOmMp20X NBAARSYGAILE FyR
(9%), as illustrated in Figured2

The emissions of N@om the transport sectorwere due mainly tothe use of diesein road

transport (urban buses and headyty vehicles)In the industry sector, the emissions were related
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to the combustion of HFO, while in the electricity generation andrgy industry own ussectors,

they are related to natural gas combustion. For residential @her sectorsthe main contributor

is diesel combustion.
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Figure2-9: Source of NOX emission in Omar2fait0

2.5.1.6 CO emission:

The 51 kt of C@missiondgn 2010 (Figure-20) cameamainly fromfuel combustion in transport, as

well as from electricity generation, industry, energy industry own use, and residential and other

sectors, with a small shafeom the oil and gas industryn terms of fuel share it is mostly motor

gasoline in the road transport sector, natural gas in electricity generation and energy industry own

use,andheavy fuel oil from the industry sector.
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Figure2-10: Source of CO emission in Oman for 2010
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2.5.1.7 PMusemissions

The PMsemissions were 61 kt in 2010, with most of it (FigwELY coming from the road transport
sector (81%), mostly as dust from unpaved roads. Smaller amounts came from industrial process
emission (9%)andfugitive emissions fronthe oil and gas industrf@%).As stated in section 2.3.4,
openburning of crop residues iBegalin Oman and is therefore assumed to be zdtovas noted

before that PMshere includes black carbon (BC), organic carbon &€ pther PMssuch as ash

and crustal minerals.

Industrial process emissions, which made up the seduigtest share of Phsemission in 2010,
basically comes from the minerals used in the productf lime and cement and chemicals. Flaring

during oil production is also a source of fugitive emission of #fivainly as BC).
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Figure2-11: Source of Pisemission in Oman f@010

as shown, the highst contributor to PMsemission is from the transport secton terms of fuel
share the fuels contributing are motor diesahd gasolin€66:34), whereas there is very little heavy
fuel oilburnt in the industry sectqrand thusa very small share ofME s emissions. Returning to the
transport sector, it is of note that the exhaust emission ofBiInegligible compared with the dust
emission from vehicles travelling on unpaved roads. This is illustrated clearly in Figuiferdoth
PMsand PM,. Dust emissions from vehicles travelling on unpaved roads are an important source
of PM emissions in many developing countribss study has discussédn detail in section 2.4.1.3,
where estimatinghe PMemission was seen t@quire an estimate of th percentagef days during

the yearwith precipitation less than 0.25 mm.
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= PM2.5 road transport emission (exhaust) = PM10 road transport emission (exhaust)
PM2.5 road transport emission (dust) PM10 road transport emission (dust)

Figure2-12: PMesand PMg emission from road transport sector divided into (exhaust emissions and unpaved road dust
emissionyin Oman for 2010

Asphalt road paving and asphalt roofiage other potential sources of Pldemissionin a country

such as Oman, which has a rapidly expandwagl network(approximately 10 km gbavedroads in

1970Q risingto 9,673 km in 20011 A 2004survey of the road network in Oman found that about 80%
of the 7,452 kmsurveyed roads were paved. Of the unpaved roads, 10% were under construction,
6% were gravel, and 4% were earfMTC, 2003The unpaved roads are another source ofiPM

and PMzs.
2.5.1.8 NH; emission:

In 201Q there were18 kt of NH; emissions. These cammainly from agriculture (57%), industrial
processes (29%), and wa$696), with a very small share from electricity generation, transport, and
industry (7%). Figure-23 shows the absolute value of the Némissions from different sources.
The sources of NdHemissions from the agriculture sector weligestock enteric fermetation,
manure managemenand fertilizer application, whilendustrial process emissiazame only from
chemical production For the waste sector, the main source of &thissionwas ammonia from

human excreta.
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Figure2-13: Source of Ngtmission in Oman f@010

2.5.1.9 BC emission

There were four main sources of BC emissions in Oman for 2010. As shown in -HigutteeZmajor
source was the industry sector, where the BC emission comes mainly from the burning of heavy
fuel oil. In second place was tHagitive emission causedby flaring within the process ofil
exploration and production and smaller sources were the residential and other sector and

transport,where BC emission comes mainly from thaerningof diesel.

Although the Ministry of Environment and Climate Affairsdddoe controlling the level of air
pollutants released from stationary sources, and using controls based on standards for emissions
relating to flaring in refineries and petroleum field, the BC emission level is still high. The policy

which governs thigMlinisterial Decision No. 118/2004, will be analysed in Chapter 3 of this thesis.
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Figure2-14: Source of BC emission in Omar2f@t0
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2.5.1.100C emissions

h/ SYAaaiazya Ay hYlLy Ay Hamn OFYS FNBY (G462 YI
and Combustion inthe manufacturing industry(36%). Transport, electricity generation, and the
SYSNH& AyRdzaGNE QA 26y dza S Y I BnS, agghdwrniiRidsire RIB. Y | A y A \
¢ KS RA SaS fRegidanfaRand ofherisdctils W 6 KA OK Ay Of dzZRS& NBAARSE
public services as well as agriculture and fishing) is the foelrresponsible for the OC emissjon

while heavy fuel oiburnt in mmbustion inthe manufacturingindustry sector is the second largest

contributor in terms of type of fuel.
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Figure2-15: Source of OC emission in Oman for 2010

2.5.2 Comparing results from this studytivother national and international inventories:

In order to assess the model performance for different emissions and their sources, the results from
this study are compared with those in GAINS, EDGARhar&ultanate of Oman's Initial National
Commungation It is also helpful to compare themissions estimates from theseventories with

other estimates of Oman, and to analyse similarities and differences. Before analysing the estimate
for each inventory, it is important to note how each inventoryssiéies the sources of emissions.
Table 224 shows thdifferent sectors and subectors used to categorise and estimate emissions

in the EDGAR and GAINS inventories for Ormaad compaes themwith the LEAP classification

system.

The EDGAR database (Esiues Database for Global Atmospheric Research) is a batppgiobal
database covering all countries from 1970 to the present day. It provides historic emission time

series and grid maps for all countries for both air pollutants and greenhouse gasascatzliated
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in a consistent and transparent way, so that comparisons between countries can be clearly made

(Aardenneet al,, 2018)

GAINS (Greenhouse gas and Air Pollution Interactions and Synergies)tegeaited assessment
model developed by the International Institute for Applied Systems Analysis (IIASA). It describes the
pathways of atmospheric pollution from anthropogenic driving forces to the most relevant
environmental impacts and identifiggortfolios of mesures thatwould improve air quality and

reduce greenhouse gas emissionstet least cos{Borkenkleefelcet al., 2011)
Table2-24: LEAP sectors and sub sectors compared with EDGAR, and GAINS/ECLIPSE sectors

Residential and other Residential and other Domestic
sectors* sectors.
Transport Road transport. Transport
Industry Manufacturing industries Industry
and construction.
Energy industry own use  Otherenergy industry. Energy
Oil & gas Industry** Fugitive emission from oil  Energy
and gas
Electricity generation Public electricity and heat
production.
Industrial process emission Cement, lime, minerals, Industry
(minerals, chemicals, chemicals, metals, pulp and

metals, pulp & paper, food paper production.

production and building

construction)

Agriculture (livestock enteric Agriculture waste burning,  Agrialture and Crop

fermentation, manure manure management, direct residue burning
management, animal soil emission, manure in

housing, fertilizer pasture, other direct soll

application, agriculture emission.

residue burning)
Waste (MSW in landfills, Wastewater handling, waste Waste
waste incineration, human incineration, solid waste
excreta, domestic water)  disposal on land.
Solvent Solvent (paint & other) Solvent
F WSAARSYGALIE YR 20KSNJ aSO02NB Ay Of dzRSa Fdz5f O2vodzaidaz
FYR FTAAKAAIBDAFRKBRYREARSND O2Y0AySRo
** Oil & gas industry (LEAP) includgssoline service stati@gasoline transport, oil refining, transporting and production,
gas distribution, processing and production and flaring combined.
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D! L bckasificatiorsystem has eight categoriésr sources of emissions:
1. Agriculture 2. Crop Residue Burning 3. Domestic 4.Energy
5.Industry 6. Solvents 7. Transport 8. Waste
The energy database in GAINS includes three major components of the energy system:
w 9f SO0 NI O kit gendratioR in Re pbvieNahddistrick heating sector.

w 9YSNHE dzaS F2NJ LINAYI NE FdzSf LINBPRdzOGAZ2Y S O2y
conversion to electricity, and heat in the power and district heating plants, and for delivery of energy

to final consumers.

w CAYlIf SySNHeé& dzaS AYyY AYRdzAGUNEBI R2YSaiA0O &SSO
Industry: includes industrial combustian | Y Ry 2 y .n&hérSindEsEial dzifistion is
RAGARSR Ayd2Y ANRY | YRS ®IISEST Sy DKIEWS O tf (XA § 2 WATyF:

printing and other manufacturing industries
Domestic: includes residential, commercial and public services.
I ANRA Odzt G dzZNBY Ay Of dzZRSa | ANX OdzAt GdzZNBX F2NBalGNE X

Transport:y Of dzRS& (NI yaLRNIX 20KSNJ Y20Af S a2dz2NOS &8
sea traffic which includes seagoing ships and fishing boats operating between ports in the same
countryd WD! Lb{ hytAyS Y ¢dzi2a2NAIf F2N I RAIFIYyOSR dza$
Table 225 below presents a comparison of thesgentoriesof emissions in Omart Heviews the
estimates presented in EDGAR and GAlNSsummarize themin comparisong A 6 K G KA a &
emission inventory using LEMBC The tableyields some interesting informatiowhich will be
discussed belowTable 225 bellow shows that many of ¢hestimates obtained from this study
compare faly wellwith thosein other inventories Forexample the figures for all three estimates

of NH; emissions are similar. EDGAR and this study give similar estimates for BC,amthil@O
GAINSnd this studygive similar estimates for N@mission. However, there are large differences

in some of the estimates, notably for GIIMVOCSs, and CO; these will be analysed along with the

discussion of Table-26.
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Table2-25: Total emissions the Sultanate of Oman, 2010 (kt)

Ca 49,948 65,700 - 42,400
CH 564.8 861.8 1927.2
SQG 159.6 85.7 58.99
NG 136.9 166.2 123.4
NMVOCs 142.1 300.6 588.0
CO 50.8 208.0 275.1
PM:s 60.8

PM:s 12.1 6.92 14.95
(without unpaved roaddust)

PMo 510.6

PMio 23.1 9.01 15.98
(without unpaved roaddust)

NH; 17.8 115 10.6
BC 3.9 1.46 9.11
ocC 0.9 1.45 491

For some emissions, the differences can be relatively eexjijained. For Pkt and PM, for
example, the difference can be explained by the fact that this study uses a more detailed method
for calculating PMsemissions from the transport sector, and also includes dust from unpaved

roads, a factor which was ntdken into account in either EDGAR or GAINS.

The GHGnventoryjointly conducted by theMinistry of Environment & Climate Affairs (MECA) and
Sultan Qaboos University (SQd submitted in 1994 athe Sultanate of Oman's Initial National
Communicationis thefirst and only version o& national communicatiotoy Oman The estimates

of CQand CHemissions in 1994 atEl,184and 124.2 kt respectively, witeveral emission sources

not beingincluded these areflaring, cement productiomnd waste, as welas indirect emissions
from loading crude oil, solvent use and venting offshiWECA, 2013 his might go some way to
explainingthe largedifference in the figures for emissions of {&@tween the MECAand the
emissions calculated inthisstudyK S FI OG0 GKIF G a9/ ! Qa Ay@Sydz2NE

also makes it rre difficult to make comparisons.

As pointed out, iis difficult to make direct comparisoretween thevalues in Table-25, but it
would still beuseful to compare the results in more detailable 226 therefore presents more
detail of the sources of emission based tie classification system @&ach too] andsummarize

the results developedrom each model

121

(SN



Table2-26: comparison between results obtained from this study (HB&P, EDGAR®d GAINS eclipse by sector and
pollutant for 2010, unit in (Mt) for CQin (kt) for Cl NMVOCs, SONQ, PMs, PMio, CO and N&land in (t) for BC and
ocC

Source of pollutants This study EDGAR GAINS Comment
. COMhbysector
1  Residential and other 1.6 0.86
sectors
2  Transport 12.1 8.4
3 Industry 6.5 234
4 Energy Industry Own Use 7.8 7.8 NA
5 | Oil& gas industry 0.7 3.3
6  Electricity Generation 155 15.1
7  Industrial Process Emissiol 5.8 6.8
8  Agriculture 0 0
10 Solvent 0 0
Total CQ 49.9 65.7 -
. CH(Kjbysector |
1  Residential and other 0 0.1 8.8
sectors
2 Transport 2.1 0.7 6.9
3 | Industry 0.2 0.5 6.3
4  Energy Industry Own Use 0.2 0.4
5  Oil& gas industry 487.1 7635 1797.6
6  Electricity Generation 0.4 1.0
7  Industrial Process Emissiot 0 4.2 -
8  Agriculture 27.3 29.9 24.1
9 Waste 47.5 61.5 83.4
10 Solvent NA
Total CH 564.8 861.8 1927.2
. NMvOCgkhbysector |
1  Residential and other 1.9 0.1 3.1
sectors
2 Transport 2.5 70.0 68.3
3 | Industry 2.0 10.8 2.9
4  Energy Industry Own Use 0.3 0.9
5  Oil & gas industry 134.9 200.4 491.2
6 | Electricity Generation 0.5 1.0
7  Industrial process emissior 0 1.6 -
8 | Agriculture 0 0 0
9  Waste 0 1.2 0.4
10 Solvent 0 14.6 22.2
Total NMVOCs 142.1 300.6 588.0

[ SQ (kt) by sector
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Residential and other
sectors
Transport
Industry
Energy Industry Own Use
Oil & gasindustry
Electricity Generation
Industrial process emissior
Agriculture
Waste
Solvent

Total SQ

© 00N O WN

[N
o

0.1

0.6
126.4
23.7
8.5
0.3
0
0
0

159.6

1.3

2.3
32.3
16.4

0
30.7
2.7
0
0

NA
85.7

16

0.5
35.1

21.8

0
0

59.0

[ CO (kt) by sector

1  Residential and other
sectors
Transport
Industry
Energy Industry Own Use
Oil & gas industry
Electricity Generation
Industrial Process Emissiol
Agriculture
Waste
Solvent

Total CO

©O© 0O ~NO O WN

=
o

28

29.2
52
4.4
0.8
84

0
0

50.8

0.6

94.4
11.4
14.6
10.1
21.3
55.1
0.5
NA
NA

208.0

6.5

196.2

28.5

41.9

2751

[ NQx (kt) by sector

1  Residential and other
sectors
Transport
Industry
Energy Industry Own Use
Oil & gas industry
Electricity Generation
Industrial Process Emissiol
Agriculture
Waste
Solvent

Total NQ

© 00O ~NOO O WN

=
o

13.6

50.8
38.4
12.2
0.6
21.1
0
0.2
0

136.9

0.9

23.7
71.3
8.2
1.8
57.8
1.7
0.8
0
NA

166.2

4.1

55.8
29.4

34.1

0.1

123.4

[ NH (kt) by sector

1 Residential and other

sectors
2 | Transport
3 Industry

4 Energy Industry Own Use

0

0.5
0.2
0.2

0

0.3
0.1

0

0.6
0.7
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© 0o ~NO

Electricity Generation 0.4

Industrial Process Emissiol 5.2
Agriculture 10.2
Waste 1.1
Solvent

Total NH 17.8

0.2
3.2
7.1
0
NA
10.9

0.1

8.5
0.7

10.6

- PM; s (kt) by sector

1

©O© 0O NOOUTSWN

=
o

Residential and other 1.3
sectors
Transport 49.3
Industry 15
Energy Industry Own Use 0.2
Oil & gas industry 2.6
Electricity Generation 0.2
Industrial Process Emissiol 5.6
Agriculture 0
Waste 0
Solvent

Total PMs 60.8

0

0.5
2.3
0.1
0
0.5
3.4
0.1
0
NA
6.9

1.1

2.9
0.9

9.5

0.1
0.4

15.0

[ PMo(kt) by sector

1

© 00O ~NO O WN

=
o

Residential and other 1.3
sectors
Transport 488.1
Industry 15
Energy Industry Own Use 0.3
Oil & gas industry 0
Electricity Generation 04
Industrial Process Emissiol 19.0
Agriculture 0
Waste 0
Solvent

Total PMo 510.6

0.5

0.2
2.3
0.2
0
0.9
4.3
0.3
0
NA
9.0

1.2

3.3
1.3

9.6

0.3
0.4

16.0

[ BC (t) by sector

1

© 00O ~NOO O WN

=
o

Residential and other 555.1
sectors

Transport 415.4
Industry 814.0
Energy Industry Own Use 11.4
Oil & gas industry 2,067
Electricity Generation 22.4
Industrial ProcesEmissions 374
Agriculture 0
Waste 0
Solvent

4.9

220.4
978.1
285
61.8
121.7
39.5
1.3
0
NA

1220

1,410
1324

7414

30.8
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Total BC 3,923 1,457 9,110

[ OC (t) by sector

1  Residential and other 393.0 10.6 4414
sectors

2 Transport 70.3 186.1 2,503
3 Industry 309.0 1,179 1029
4  Energy Industry Own Use 32.2 25.1
5 | Oil & gas industry 0 1.4 1,616
6  Electricity Generation 47.2 30.4
8 | Agriculture 0 19.0 0
9  Waste 0 0 2485
10  Solvent NA

Total OC 851.7 1,451 4911

1 Gg = 1000 tonnes = thousand tonnes =thifmes = 16 Million tonnes. NA: Not Applicable.

CQ estimate:

A comparison of the inventories developed by this study (using LEAP) and by EDGAR have both

similarities and differences in their estimates of:@@issions. The G@mission figures are sitar
for the following sectors: mergy industry own use, electricity generation,ndustrial Process
Emissionsand the oil and gas industry. However, estimates for the industry sector differ Hédely
Mt and EDGAR at 23.4 Mt); it is possible tBRIGAR @r-estimated theemissiors from this sector.

There is also a large difference between the estimdimsthe transport secto (with this study at

12.1 Mt, andEDGARat 8.4 Mt). This might be explained by the fact that the detailed method of

estimating emissions (the vehicle stock turnover model) was developed for this study for the first

time for Oman; it is likely to be more reliable than other estimates becaua&dsemission control

technologies by vehicle tygato account
CH estimate:

In 2008, Oman was considered by the World Bank to have'thdghest energyelated methane
emissions in the world, after Qatar, Brunei and the United Arab Emirates. Thgyesector was
estimated to contribute 93% of GAYA daA 2y a Ay HnannyI | FAIdz2NB
of 86% in 2010.

Although this studyEDGARNd GAINS all fourttie oil and gas industry to biae main contributor

to CH emissions, therare sizeable differences in their estimates of, EMissions both within the

o2y

sector and for the total emissions. However, there are a number of similarities in the estimates for
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other sources, such as the agriculture, waste, energy industry owningestry and transport

sectors.

There are a number of possible reasons for the discrepancy between this study and both EDGAR or

GAINS in the estimates of the absolute valueCHHremissiors from the oil and gasector.

GAINS did not undertake an inventory fdman as a separate country, but estimated emissions by
taking regionakcale Middle East estimates of total emissions and distributing them spatially down
to a national scale. The assumed spatial distribution pattern for the region makes the figures
potentially unreliable, and it is possible that the Omani emissions were-@stimated. In addition,

the IPCC (2006) guidelinfes oil and gas sector offer a huge range of def&Hi emission factors
(EFs). For examplfar onshore oil production, the IPGE006) defaulrange for fugitive CiHovers

more than four orders of magnitude, ranging frdn¥ to 68,650 kg/kitlt is not clear which EFs were
used byGAINS and EDGARIt theymay have choserelatively highEFs towards the upper end of

the IPCQ2006) range for developing countriesThis study, however, took figures for fugitive
emissions from the oil and gas industry from the rec@6tl9 Refinement to the 2006 IPCC
Guidelines for National Greenhouse Gas Invenri@his reflects the advances in scientific
knowledge gained since 2006, which makes it likely that the results presented in this study are more

reliable than those based on the earlier default IPC¢EEHanges.
NMVOCs estimate:

Again, there arebot@ A YA T I NAGASa YR RAFTFSNBY QIBVOCS Snil 6 SSy
thosein9 5D! w YR D! Lb{® ¢KSNBE IINBE 2yf& YAY2NJ RAT
SadAYlIGSa 2F baxh/a FTNRY St SOGNROAGE IHESNI GA
study and GAINS present only small differences in their estimates of emissions from industry and
from residential and other sectors. Howevttere are major differences in the estimatfs the oil

and gas industry, transport, and solvenaind thes are responsible fothe difference in the total
emissiors. However, the sectors are not categorised in identical ways. For example, what is called
iKS SySNBHé& aSO02NJ Ay D!Lb{ A& OFdS3I2NRASR I &
own use the oil and gas industry and electricity generation. So the 491 kt of NMVOCs emission from
the energy sector in GAINS should be compared with the sum of 0.5, 0.3, and 134.9 kt emitted in
the three LEAP categories in this study. As far, @id default NM/OC emission factors for fugitive

emissions from the oil and gas sector used in this study were taken from the 2019 IPCC refinement,

Shttps:/iwww.ipcc-nggip.iges.or.jp/public/2019rf/index.html
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while the higher estimates ithe EDGARNd especially GAINS studies are probably due to their use
of the higher EFs takdmom the wide ranges offered in the original IPCC (2006) guidelines.

SQ estimate:

Although all three studies see the highest contribution of &@ission agoming from the industry
sector, the value obtained in this study is much higher than that in the other two studies. According
to the analysis in this study, the industries which contribute most te éd@ssionsare limeand
cement. The relatively high kee (126 ktobtainedin this study might be explained by the fact that

the emission factors were based on an assumed high sulphur (S) content (3.5%) for heavy fuel oil,
the main source of energy for the industry sector. The EFs used for the EDGAR a®dtdiké

are not known, but may have been based on lower assumed sulphur (S) contents.
CO estimate:

There are considerable differences between the CO emissions estimalt¢hreestudies, possibly

because of differences in the components included smttansport sector. The estimate in this study

is far lower than those in both EDGAR and GAINS, possibly because GAINS includes sea traffic, which
this study does not. The estimates in EDGAR and GAINS are also different.

PM; s estimate:

For the PMs, themain contributing sector in this study is transportielrelativelyhigh estimatein

this studyis due to thanclusion of dust emissions from unpaved roads, a source that is not included
in either the EDGAR or the GAINS studfake emission fronunpaved road dusts deducted, the

total emission estimates are fairly similar. There are also similab&eseen this study and EDGAR

in values for energy industry own use, electricity generation and industrial process emissions. All
three studies also prent relatively consistent estimates for residentild other sectors, which

refers to residential, agriculture and fishing, and commercial and public services.
PMy estimate:

The situation for PhMyemissions is similar to that for B with the big dfference in the estimates

from transport having already been explained. In other areas ofpBPMissions, the three studies
2FTFSNI NBEIFGAGStE e aAYAfFN SadAyYridiSazr GK2dzaK G|
generation sector are higher thahose in EDGAR and in this study.
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BC estimate:

The results obtained by this study and by ED@&ABCemissions ardairly consistent, especially

the estimate for industry and industrial process emission. This study has a higher estimate than the
G2 20KSNJ ad0dzRASE F2NJ 0KS GNBaARSY(GALf FyR 2¢
differences. Inthiss@ = G NBa A RSy (A I the Residentia, CotrnbiEial adbPURitNE
Services and the Agriculture, Forestry and Fishing seetodstheir fuel consumption (mainly

demand for gas diesel oil). These sectors and seraieesot reported separatelglsewhere(e.g.

Ay GKS LYGSNYylridAazylrf 9ySNBHeé& ! 3Sy0eé o6L9! 0, RIFGI ¢
rather than with residential.

' Yy20KSNJ RAFFSNBY OS 2 T totalzstiBateroBBCan thall madeSoy BDESRS D!
and this study This stems fronD ! L befiefj§i sector estimateand the fact thathe assumptios

used by GAINS for emission factors in the oil and gas sectomalgk range of uncertainty.
OC estimate:

The estimates for OC emissionghis studyare more in agreemnt with EDGAR than with GAINS,
with similar results like those presented for electricity generation, and energy industry own use., as

well as for the total emission estimate.
NC estimate:

In terms of the total estimate of NOboth GAINS and EDGAR ayesistent with the estimates in
this study. Despite classification differences, where the energy sector in GAINS (34.1kt) is equivalent
to electricity generation, energy industry own use and oil refining in this study (33.9kt), the

estimated figures are alost the same.
NH; estimate:

Interestingly, EDGAR and GAINS present the same estimate for tatddildomparing estimates

for the sectors reveals many differences. The total estimate in this study is slightly higher than that

in the other two studiesbut there are a number oforrelatiors between the three estimates. All

three studies have similar results for Nemissionfrom agriculture this study and EDGAR have
AAYAE I NI NBadzA 648 F2NI AYRAZAGNE YR (KSavBsimBaNB & Ay

results for transport.
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2.6 Uncertainty in emission estimates:

All emission inventories involve uncertaintiéthese arenainly due to input parametar(activity
data, and emission factorand to the completeness amglality of informationacross sectors and
pollutants. Other contributing factors include differing interpretations of source/sink categories,

and an incomplete scientific understanding of the basic emission and removal processes.

A formal uncertainty analysis was not undertakarthis study this was becausthe focus was on
the policy implicationsand also because such an analysis could not have been undenakemn
LEAP, but woulthave required the use of a separate spreadshee@omparisonwith the other
inventories was udertaken bothto save timeand alsato seewhetherthey weresufficientlyvalid

for the purposes of thithesis. Howeveiit would be usefuto carry outa formal uncertainty analysis
in further work. The followingsectionwill provideonly a qualitativediscussion of théhree basic
sources of uncertaintynamely the input data, the assumptions used in selecting the emission

factors, aml missing sources of emissions.
2.6.1 Limitation of activity data:

The activity datas a source of uncertainty this invenbry mainly because someisissingsome
and/or of poor quality. While forsomesectors there are wellocumented and regularly updated
national and international sources of activilatg other sectordhavepoor qualityor missing activity

data. Thisasurce of uncertaintyin this emission inventorjpas been classified in the following ways:

w! YI @At of Sk Yk ahkse ikertainDahpp&akwhén thR kinput dataneeded is
unavailable, and in some cases the study wsdgpolated and/or averagedalues for a particular
set of data.ln thiscurrent emissioninventory, several emission sourckave not beerincluded

these are foishipping fishing, thefood industry,solvents, anduilding construction.

oConflictof data: This occurs when theresgtwo or more sets of data which are inconsistent. In this
case the input data generally used is either the set more consistent with the rest of the data (such
as the data for the transport sector in this inventory) or in some cases the data from thérosiet!

and reputable source.

uMisleadingdata: Some data was found to have been misused or misrepresented; it then results in
an incorrect conclusiobeing reached. This can sometimes be addressed through the comparison

of nationalandinternationaldata.
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wConfidentialdata: Data classified as confidential is very high in uncertainty and must be judged on
the quality of the estimates that can be developed using the available information. This data
category in this study is usually related to the inagystector, such as data about food products and

solvents.

w DIFILA Ay | (GAYS aSNARSay {2YSiAYSa

2010, thebaseyearinil KA &4 addzRed Ly GKAA OFasSs (GKSntheAaaaiy
data set that iavailable.

w [FO1 2F NBFSNByOSaod {2YSGiAYSEa GKSNB Aa y?2
used in data, so its representativeness at local or national level is unknown.

2.6.2 Limitation of Emission Factor:

Uncertaintiesinvolvedin the selection of emission factors come from the fact that the default
values provided in thEMEP/EEA Guidebook (EMEP/EEA, 2016) atid@& GuidelineBCC, 2006

were established for a certain group of activities tiratludea number of pocesses. The nature of

a group of activities irone particular country may differ from tha@ature of the activities in a
generalizedcontext, so thederivation/establishment of the default emission factonsay be
uncertain In such caseshe default emision factors may nadccuratelyepresent and characterize

the actual conditions of source/sink activitjieend using these factors to calculate the emissions
would result in high uncertaintie$ighlevels ofuncertainty in the emission factors magiso bedue

to alack of relevant measurementa/hich can lead tsubsequent generalisations, uncertainties in
measurements, or an insufficient understanding of the emission generating process (also leading to
wrong model assumptionsiEmissionsnay bevery dependent on climate (temperature, humidity,

wet and dry days) and specific practicasd if these are not taken into accouttie default emission

factor shouldbe considered uncertainThis issue is exacerbated because globally there is very little
information about local emission factors, but considering local data and knowledge about emission
sources and their emission factors can significantly reduce uncertainties (Zhang et al., 2009). In the
case ofOman, nationaémission factors are not availakd@d this inventory usesverage emission
factorsinstead,with the majority of emission factor being taken from IPCC (2006) for GHGs and
EMEP/EEA (2016) for other pollutants. For fugitive emissions from the oil and gas industry, the study
used the2019 Rfinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories
(IPCC, 2019).
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2.6.3 Missing sources of emissions:

Uncertainty also results from incompleteness of information; this is due to missing emission sources
and is caused by incomplete soiic understanding of the emission processé®r example
emissions from ships wenmgot mentionedin many inventory studiedecauseof the assumption
that suchemissions were small. However, more recent years, ihasbecwme clear tkat sulphur
dioxide emissions fronships contribute substantially to genemlphur dioxideemissiongAbdut
Wabhabet al,, 2008) The shipping sector was not covered in this study because of a shortage of data

about the amount of energy it consumes.

Another example relates to the use of heavy fuel oil (HFO) for supplying energyprothection
processe®f cement and limeThis tudy noted that S@emissions from cement and lime plants are
very high; @pending on the processised and the source and concentration of sulphur,
SQ absorption in preheater/precalciner kiln systems has been estimated to range froum@70

to more than 95% There is thus a high uncertainty in results for the total emission of sulphur from
cement and lime industry, and it is probably overestimated, but there is no firm information

regarding the consequences of fission and its absorption by cement.

Another uncertainty concerns municipal solid waste and wastter treatment plants; these might
not be as high a source of £&mission in Oman as in other parts of the world, since the high
temperatures in the region might speed up the evaporation @tev and give ncchance for
anaerobic decomposition of organic material within solid waste disposal sites (SWD&}jample

of the dryness of a landfill in Omasgiven in a photo iAppendixF2.
2.7 Conclusion:

This chapterhas outlined the compilation @n emission inventorfor Omanfor the year 2010. It
was compiled from different sources using the LER® tool to determine the overall emission of
CQ, CH, NMVOCs, CO, BMSQ, NQ, BC, OC, and Mat well as their major sources. This emission
inventory will inform the process of deciding what action should be taken regardingathieols
necessary to meet ambieair quality standards and climate commitmentse results obtaineavill

also helpin more efficientlyplanningstrategies to reducgollution.

The findings showed that thtal amouwunt of CQ emission in 2010 was 50 Mt, and that thvas

mainly due to theburning of ratural gasfor electricity generatiorand the use of diesel in the
transpat sector and in electricity generation. Other sectors which contributed tped@ssions are

0KS AYyRdzAGNE &aSOG2NJ YR (GKS SySNHe& AyRdzaliNEBQa

131



¢tKS f S@St ,enfissitnyis ekgeédted tolchange in the near future as a result of the start
up operations of the Dugm Refinery and Petrochemical Project in the Dugm Special Economic Zone,
planned for 2019. In the first phaseude oil will be distilled to produce naphtha, kerosene, LPG,
diesel oil and ethylene, with production of propylene and otpetrochemical products being added

in the second phase. In addition, accordin@marQ Z2040Vision, the Dugm clean coal independent
power project (IPPWill start to operatein 2024 This will be a new source of energy for Oman, as

no coal is being comlisted atpresent However, if this goes aheadwill work againstefforts to

reduce climate changelThese future changes will be analysed within the baseline scenario in

Chapter 4.

The emissions estimated for Oman in 2010, apart from W€e of CHat 564 kt followed by SO
(160), NMVOCs (142NO, (137),PM:5(61),CO (51)NH; (18), BC (4), and OC (0.9) kt.

Fugitive emissions from the oil and gas sector contributed most i@a@HNMVOCs emissions while
the manufacturing industry sector was the maiontributor to S@emissions. The transport sector
was the main contributor tdNQ,, CO and Pbsemissions, with the agriculture sector dominating

emissions of NH

Thenational emission inventory generated from this study using L&APother inventores was
compared with inventories fromEDGAR andsAINSECLIPSrevealing both similarities and
differences between them. The key differences between this inventory and others are listed below,

along with the probable cause of each discrepancy.

1 Oil and gasector: emission factors (using the most updated version of IPCC, 2019),

1 Transport sector: the detailed method (stock turnover model) used in the road transport
sectorand the inclusion oflust emissions from unpaved roads

T Manufacturing industry sectorhe high sulphur (S) content for heavy fuel oil which is the

main fuel used in industry sector.

The resultant emission inventory presented in this chaptewides an overview of the air pollutant
emissions for Oman in 2010. Based on the presented hesnté&h will focus on the sectors which

are major sources of emissions and will highlight in detail their contribution to emission, along with
predictions for future emission. These predictions will be analysed in order to develop the most
efficientregulaory options neededo achievereductions in air pollution and GHG emissions; these

options will be discussed in Chapter 3.
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The rapid economic development, improved living standards, and increased urban population
density in Omanhave ledto increased aimpollution. As revealed from the emission inventory
conducted in this studyhe major sources of air pollution are fropower generationoil and gas
industry, manufacturing industry anglansportation This is particularly evident in coastal areas
where the combination of high population, industrial concentratiand unfavourablenatural
conditions for pollution dispersal agayate air pollution problents. Intense industrial activity in
seaport areasn Omanmakethem of the mostpolluted locations.Other prominent areas with air
pollution concerns include the capital Muscat where dense vehicular traffic contributes to high

ambient air pollution

The Sultanate of Oman has the advantage over leading the Gulf reghmng about changes in
regulations anddws related to air pollution and climate change for several reasons, the most

important of which are:

1. The Sultanate of Oman geographical location and its direct impact on climate changes such
as frequent cyclones, heat waves, extreme weather, andrtbensistency of rainfall rates

2. The other reason is the Sultanate 2040 vision of diversification of economy by focusing on
manufacturing industries, petrochemicals, logistics, tourism, and agriculture and fisheries.
Oman will be the most affected coumtwithin the region by climate change especially the
seaportsand will not be able to implement its plans in the event that climate changes
continue in this way. The Sultanate has not presented any initiatives or solutions in the
regional level by settingolicies that protect the region from the aggravation of the issue of
air pollution and climate change.

3. The last reason is that the Sultanate of Oman is exposed to transboundary pollutants (PM
and its components) as demonstrated in chapter five (Figat#2l) through pollution
transportation from neighbouring countries that the Sultanate cannot avoid unless it has a
voice at the regional level to make rigid policies on the air quality and within the Gulf region

at least.

The availabilityof data onnational activity and emission factqraspecially for the oil and gas sector,
is a key requirement for future updates and is essential if we are to mininiilsiee the uncertainty
in the estimathgof emissionsilt is therefore strongly recommended that a sy®atic database for

all sectors be developed urgently, and also be maintained. Such a database should include

10 Climate and health country profile, 2015 OMAWHO (http://www.whoint/globalchange/en/
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disaggregated activity levels and more appropriate local emission factors, as well as indicators of

technological performance and other relevantormation.
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3 Policies addressing air pollution and climate change in Omahe@LCCountries:
3.1 IntroductionandObijectives:

The aim of Chaptedis tounderstand the curreniegislationand institutional arrangements in Oman

in order to assess the strengths and weaknesses of the current environmental policy in the country,
the impact of the implementation of this policy on emissions, as well as to sugg®spolicy
changesthat could help to achieve lower emissioasd improved outcoms. This includes an
assessment of the adequacy of the current institutions, regulations, legislatios@exific laws,

and to relate this to international best practice. The research questimeR Ay (KA & OKI LI
the current policies which regulate activities related to air pollution and GHG emissions effective for

the current situation and futur® S @St 2 LIYSy (i K ¢

¢2 KSELI 2 FyasSN GKS NBaSIHNOK ljdzSadAaz2ys | adzN
was undertaken; this survey was conducted through intervieWse method used in #se
interviews isdescribed in detaih section 3.5.2 othis chapter outlining theapproachwhy people

wereinterviewed why thoseparticularpeoplewere chosenand what questions they werasked

This chapter analyseand describe policy-making processesin Oman and especially the
developmentofi K S O 2edmjfanmNéhidpolicies The analysis lsased oran assessment of the
literature, informed bythe interviews conducted with differerteople involved in th@olicy-making
processas well as by a consideration of peoplao are not currently involved, butshould be It
covers an assessmentlodw long it takes for a polcto be developed and implemented, and how
often it is revised It also asks whethethese policiesare evaluatedand ifso, how and by whom,

andassesses whethahere hasbeenany improvement in this procesempared to teryears ago.

Thecurrent regulations, legislation and guidelines that govemsaarelated tothe environmental
impacts relevant to climate, emissions, and air pollutiorin@ GCC in generaand in Omanin
particular, are discussed arahalysel. This analysis alstonsides their positive and negative
impact onLJS 2 L3uditQ &f life (health, aiguality)in order to assessvhether the policieshave
any gaps and drawbackand also asksvhether these have been investigated. Thridy reveals
possiblereasonsfor any negative impacts andevelopsideasfor resohing the issuesinvolved
Thosesuggestions will baurther exploredin the development of mitigation scenarios in Chapter 4,
which will ©ver activities related toh Y | ylag@ést emission sourcess identified in Chapter 2,

namely,energy, industry, anttansport
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This chapter also investigates how policies amgplemened and examines barriers to such
implementation, along with thedifferent points of viewinvolved: this enables better assessment
of the effectiveness othe policiesThe main questions being investigated here are these:

1 Are thecurrent policiesadequateto keep air quality within acceptabkafetylimits?

1 What otherlegislation could be implemented improve the situation?
1 Arethese policies implementedffectively, andif not, why not?
1

Is the enforcement of the policiesffective?

The study evaluatesucrent policythrough aliterature reviewthat complementsthe interviews.

The literature review has suggested a number of useful investigaible These includeomparing

air quality 10 yearago and now|ooking at whether there have been any media stodesering
climatechange or air pollutionrand athow mary caseselated toenvironmental issues have been

NI A&SR Ay (GKS O2dzNIiad ¢KS OKILIGSNI faz2z 3IAgSa |
stakeholders representing all segments of Omani socetyaimingto implement the vision and

Royal Bcreesof His Majesty Sultan Qaboos bin Saids #tudy focuse®n whether thevision has

included and discussed thlenvironment as an issuef strategic importanceThe visionis based

around three generalil KSY3&® LIS |yR {20ASGe¢s yd%@py2yYe
GD2GSNYIyOS | yR Ly aashvetizasha2ndihber oft keyNEsaellJédsighedSte =
committeesin the National Priorities Alignment of Strategigghis study also seeks to ascertiin

there are any environmentally relevantaws in the pipehe, andto outline the vision ot h Y | y

H n nfaréhe most emittingsectors in the country, namely energy, industry and transport, given

that the effects of the vision will affect the country for at least twenty to thyarsinto the future

Thischapter also introduces points made in theliciary and mediainterviewsaboutthe needto

raiseawarenesslt also summariseieedbackfrom other interviews aboupossiblechallenges and
obstacles, the overall picture artde planned stepsfor the future. The end of the lsapter suggests
different policies thesewill later be used in producing the scenaritend modelling them using

LEAPRIn the mitigationscenario chapterChapter 4.
3.2 The hstory ofthe development of a structure ofeironmenalinstitutionsin Oman:

The Sultanate of Oman @country that takes a special interest in caring for the environment. This
care emanates from Sultan Qabd@d#terest in environmental preservatioThe Sulta speech
on the occasion of the 15th National DayNoevember 1985 revead his deep concern for the

environment andhe need to findwvays to preserve it. He said@ds a result of our great concern for
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the protection of the natural environment, and our achievements in this respect, Oman has gained
arespectable position among nations concerned with environmental protection; yet we still have
to exert more effort and consider the special conditions relevant to this issue, when we come to
plan and implement development projects. We must proceed to dgvebntacts with regional and
international organizations concerned. It is a duty which must be undertaken by each citizen, to
guarantee the protection of our natural resources and public health against any harmful effects, and

protect the beautiful and ditinguished nature which God Almighty granted to our beloved Ognan.

In 1982 the Sultanate of Oman became the first country in the Gulf region to pass a comprehensive
law on the environment. Environmental law in Oman is now a mix of primary legislatioh(takes

the form of RoyaDecreedrom the Sultan), secondary legislatiomihisterial decisions and the
signing ofinternational treaties, conventions and protocols. Most areas of environmental law that
one would expect to see covered in highbgulaed countries, such ahose inWestern Europe,

are coveredin Oman albeit briefly but the law has not yet benefited from the higbvel of
development and interpretationthat has been achievedin countries where environmental

regulation has a longer hay.

Oman, however, is one of the few jurisdictions in the Gulf region which hagegratednational
environmental policy with higlhevel, crossutting bodies under the direct control of the
government thoughthis is not reflecied inthe extent ofthe implementation of this policy within
the country.In 1984 Omanbecame the first country in the region to establish a specific Ministry
for the Environment.On June 1, 198%n a visit to UNES@DOheadquarters, Sultan Qaboos
announced The Sultan Qaboagzk for Environmental Preservation. It is awarded every two years
and is open to individuals, institutes and organizatiarsund the worldthat work to preserve the
environment. It was first awarded to an environmental institute in tege of Filakrozen Mexico

in 1991. It is the first Arabic prize to be presented by UNESCO in this faidnétrnational level
(UNESCO, 2017)

3.2.1 Environmental Institutional structure

Many efforts have beenmade to strengthen not onlythe { dzf G I ytieniidé Qeparding
environmental issuelut alsoits keenness ttake necessary steps tmntribute to the international
effort to confront and combaiclimate changeand mitigate its effectsThe Sultanate signed the
United Nations Framework Convention @iimate Change (UNFCCC) at the first Earth Summit in
Brazil Conference in 1992, and then ratified iRgyaDecree No. 119/94, December 7, 1994. Oman
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also ratified the Kyoto Protocol to the Framework Convention on Climate ChiafygyalDecree
No. 1072004, October 10, 2004nd latelyratified the Paris Agreemeraf May 22,2019which had
been signed on 22 April 2018efore ths, responsibility for environmental mattersad gone
through several mgganizational and structural stageBhe first step washe establishment of the
Office of the Advisor for Conservation of the Environment in 1834nost important function was
the establishment and development of the projéatreintroduce the Arabian Oryx into their natural
habitat.

Since thenthere havebeen many other actions and institutional developments in Oman to protect
the environment and consenvts natural resources, as well as to address all forms and sources of
pollution. Some of the more prominent developmemnggarding air pollution and dtiate policyare
briefly described beloWTable 31).

Therehavealso beerseveral norgovernmentakctivitieswhichhavesupporedi KS 32 GSNY Y S\
efforts to protect the environment, including the establishment of civil society organizations such

as the Environment Society of Oman (ESO) ained Oman Green Awards. The ESO is a nen
governmentalorganization (NGO)hich aims to help conserve Oman's natural heritage and raise
awareness about environmental issudétswas founded in 2004 by Omarfiem different regions

and a variety of professional backgrounddowever, this environmental NGO focusady on
YENAYSS GSNNBaGNAREFE yR LINRPGSOGSR I NBIIahas LINE G
not paid much attention ta@ir qualityor climae changeexceptor awarenessaising activities such

Fa LI NGAOALI GAYy3I Ay (GKS WOINIK | 2dzNR o6& dz2NY A

in March in order to raise awareness of Climate Change.
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Table3-1: Chronological development of actions and institutions related to environment in Oman

Chronology: Actions and institutional developments

1974 Establishment of the "Office of the Advisor of Environmental Protection at th
Diwart of Royal Court".

1979 Establishment of the "Board of Environmental Protection and Pollution Cont
underRoyalDecree No. 68/79.

1985 Modification of the Ministry of Environment to become "The Ministry of
Environment and Water Resources" unéRoyalDecree No. 104/85.

1985 Modification of the Council dinvironmentalProtection andPollution Control to

the "Council for the Protection of thenvironment andWater Resources” under
RoyalDecree No. 105/85.
1986 Development of the terms of reference of the Ministry of Environment and

Water Resources and Environmental Protection Water Resources Council
under RoyalDecrees No. 91 and 92/86.

1989 Establishment of the Ministry of Water Resources and deteation ofits terms
of reference undeRoyalDecree No. 100/89.
1990 Modification ofthe organizational structurandterms of reference of the

Ministry of Environment aftethe establishment of a "Public Authority of Wate
Resources" undeRoyalDecree No. 11/90.

1991 Integration of the Ministry of Environment and the Environmental Protection
Council and the Ministry of Regional Municipalities to become "The Ministry
Regional Municipalities and Environment” undoyalDecree No. 117/91.

1999 Development of the terms of references of the Ministry of Regional
Municipalities and Environment und&oyalDecree No. 18/99).
2001 Integration of the Ministry of Regional Municipalities, Environment and Minis

of Water Resources o one ministrycalled "The Ministry of Regional
Municipalities, Environment and Water Resources" uriReyalDecree No.

47/2001.

2007 Establishment of the Ministry of Environment & Climate AffairRbyalDecree
No. 91/2007.

2008 Issuingof RoyalDecree No. 18/2008 specifying tmeandate of theMinistry of

Environment & Climatéffairs (MECARNd approving its organizational chart
including setting up a new Directorate General of Climate Affairs.

* Thisis one of the most important government atiesin the Cabinet of Oman

3.2.2 Environmental PolidGHGair pollution, and climate change)

Thelegal system in Omausually operates three tiers. The fundamental regulations are published

| &Royal RBcreest T LINR Y OA LXK S f S 3 A & ftdridl DeisjoagDilediyesDedozesf A & K S
and all detagkd requirements (technical and administrative) which are subjectetgularchange

(due to amendments to the international instrmts) are issued as guidelindtthey are only
recommendationsor instructiorsif they are actual ruleby therelated Drectorate GeneralAt the
nationalleveln Y+ y Q&4 SY@ANRYYSy Gl f NB I RSN thedCorisiidatiorr NR f &
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of the Environment and Combating of PollutigdRoyalDecree No. 114£001) There are a number
of otherlaws and ministerial decisiomghich coverair quality (Table &), andother more general
regulationsrelated to air qualitywhicharelistedin Table 33. Gher environmenal protectionlaws

andregulations are listed iAppendix A3.

Table3-2: Laws which regulate air quality in the Sultanate of Oman

No. Title Description Responsible
authority
1 SD:(114/2001) Law on the Conservation of the Environment MECA

and Prevention of Pollution

2 SD: 8/2011) Oil and Gas Law MOG

3 SD: (28/1993) Traffic Law ROP

4 SD:(35/1981) Maritime Law MOTC

5 MD: @1/2017)  Ambient Air Quality MECA

6 MD: @118/2004) Air pollution from stationary sourceStack MECA
Emissions

7 MD: 07/2018 Enforcement of Standard5SO 2530/20)®n  MOCI

energy efficiency requirements

Table3-3: Ministerialdecisionghat covers apects of air quality, pollution and environment

No. Ministerial Title of the Ministerialdecision
decisionNo.
1 MD: (18/1993) Management of Hazardous Waste
2 MD 200/2000 Crushers, Quarries & Transport of Sand
3 MD 187/2001 Issuance oEnvironmental approvals and final Environmental Perm
4 MD 39/2004 Marine Environmental Management Bylaws
5 MD 243/2005 Regulation for the control & management of ozone depleting
substances
6 MD 18/1993 Management of hazardous waste
7 MD 421/1998 Regulation for septic tasksoakaway pits and holding tanks

8 MD 145/1993 Regulation for waste water rases and discharge

Regionaly, the Gulf Cooperation Council (GCC) aims to create-autenectivity through unified
regulations in fields such as the environment, industry, and econ&weral reference laws have
been developed under the umbrella thfe GCC thatecognig that economicand industrial growth
can increase environmental pollutipandaim at protectingthe environment and health from the
adverse effects of pollutiaiThesdawsareadditionalli 2 & ¢ K SReguitjosaXlEntironmen
inGt KS D/ /whighiprovidesiadnmework for establishing wideeaching rules and regulations
on environmentallyrelated topics Table 34 liststhe GCQaws which are the moselevant to and

significantfor air quality All the lawsgivenin the table aretaken asgeneral principles whic
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establish minimum legislation for the member stateshow they protect theenvironment from
threatssuch as hazardous chemicals, waste, ozone depletion, and differemstdi/pellution. These

laws providearegional umbrella for national polesandare in lire with GCC laws

Table3-4: Laws which regulate environmeguality within the GCC countries

NO. TITLE DESCRIPTION APROVAL
1 The General Environment A comprehensive framewoikcorporating  Muscat,
Protection Law the basic rules for environment conservatic 1995

and protection

2 The Common Law for the  Thelaw aims at observing the environment: Muscat,

Environmental Assessment impact of various projects to preveany 1995

of Projects adverse effect®nthe environment, natural
resources and development.

3 The environmental criteria  The objective of these criteria and standard Manama,
and standards for the is to identify pollution levelsf the internal 2004
quality of air and water and and external environment in the GCC State

the controls thereof

4 The Common Reference  Objective of thdaw is to eliminate the use o Abu Dhabi,
Law for Controlling Ozore ozonedepleting materials and substitet 2005
Depleting Materials them with safe alternative according tahe

Montreal Protocol and amendments thereo

5 The Common Law for Wast Thelaw aims at protectinpumanhealth and Kuwait,
Management the environment from the hazards of solid 1997
and toxic waste through sound manageme

6 The Common Law for the  Thelaw aims at controlling the practices of Muscat,
Management of Hazardous the management ohazardoushemicalsn 2001
Chemicals the GCC States.

7 Coordination of procedures These procedures aim at enablimgpmber Kuwait
among Member States for states to utilize the existing facilitiexf any 1997
trans-border handling of other memberstate for the processing or

hazardous waste for the recycling of hazardous waste.

purpose of processing,

recycling or disposal

Sourcé?

Uhttps://www.gcc
sq.org/enus/CooperationAndAchievements/Ach@eents/CooperationinthefieldofHumanandEnvironmentAffairs/Pages/Environmenta

ICooperation.aspx
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To support international effort® presene the environment, theSultanate hasapproved a number
of conventions and protods in different fields; these are set out in Tablé&.3In addition, a
Ministerial decisionwas given (ND 30/2010) for the approvalof Clean Development Mechanism
(CDM) Projects under the Kyoto Protocol dod the establishment ofa Designated National
Authority (CDMDNA) to promote CDM projects in the Sultana@man alscsigned the Paris
Agreement or2/04/2016and mtified it on 22/05/2019.

Table3-5: Convention and protocols the Sultanate of Oman is involved in

United Nations Framework Convention on Climate Change
Kyoto Protocol to the United Nations Framework Convention on Clim Climate

Change change and
The Vienna Convention for the Protection of the Ozone Layer, The  Stratospheric
Montreal Protocol on Substances that Deplete the Ozone Layer Ozone

ParisAgreementon Climate Chang@JNFCCC
Basel Convention on the Control of Transboundary Movements of

Hazardous Wastes and Their Disposal Hazardous
Rotterdam Convention on the Prior Informed Consent Procedure for and chemical
Certain Hazardous Chemicals and Pesticides in Internafioadé waste
Stockholm Convention on Persistent Organic Pollutants (POP)

IMO conventions (IMO) Marine

1973 International Convention for the Prevention of Pollution from Sk protection
as amended by the protocol of 1978 (MARPOL1933)

The United Nations (UN) Environment Programme has credited Oman with having one of the best
recordson environmental conservation, pollution control and maintenance of ecological balance.
hYly A& S@Sy adaliSR a KI @Ay 3Syy S 220FSHEWKVER yii2aNd
Oman still currently facesiany environmental probleméncluding air quality and climate change.

In addition, the regulatory frameworlhas not yet specifically addressedoncepts such as
sustainability and renewable energy spte of the considerablglobalattention they haverecently

received.
3.3 The current Institutional Structure and Environmental Policy in Oman:

Establishing environmental institutions wilélp to provide effective responses to any changes in
the status ofthe environment as they carimprove current policiesand signdesignreffective

management strategie® combat environmental degradation.

Due to thegrowinginterest in the environmenin Oman the Sultanate establishecha&nvironment

oriented ministry in 2007 by Royal Decree No. 90/2001 is presently named the Ministry of
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Environment and Climate Affai(MECA). This wdsllowed on February 17, 2008y the issuance

of Royal Decree No. 18/200this determined the competences oMECAand the adoptio of its
organizational structuréFigure 31). It alsaincluded the establishment of the Directora@&eneral

for Climate Affairs, which is responsilite assess Y 3  h WlnefaQibtyto the risks posed by

climate change anfbr focusng onstrategiesof adaptation and mitigation of climate changebeatth

national and international level3he inclusion ofhe worda Of A Y I (1 S¢ & A (i Midisify G KS i
alsod dz33aSada I NBYSogSR F20dza dzZlRy OfAYFGS |yR a-:
3.3.1 Ministry of Environment ahClimate Affairs (MECA) structure:

The Ministry of Environment and Climate Aff{il8ECA) ishe government authorig responsible

for formulating plans and programs ftre protection of the environment anthe conservation of

its natural resourcedt dees thisthroughthe application of poliesthat will ensurethe protection

of the environment, combat pollution and maintain the various ecosystems within the framework
of the objectives of sustainable developmeits remit also includethe protection of wildlife,the
conservation of natureand the preservation and sustainable use of resourchsis also,in
coordination with the competent authoritiesresponsible formonitoring and asseggy climate
changeand acting to avoid the many potential impacts of climate change dm Y | yn&tdral,
economic and social systefis L A a a9/ ! @anadgelna tiSRsyoEchmate Ehangeby G 2
taking the necessaryadaptation actions,and by preparing national strategies that will mitigate

greenhouseagas emissions and will confront the potential risks they gb#eCA 2018)

332 [ga FYR aGNYGS3e NBIFNRAYI hYlyQa Sy@BANRY
CKAA aSOlA2y ¢Aff ARSYGATE GKS flFga yR adNI (S
will analysehe influenceof specific legislation on the differeeimission®f interest in this study. It

will highlight only the regulations that cover the major pollutants, emissions, and sources of
emissions identified in Chapter Two, but the complete set of regulations are given in Appendix B3.

3.3.2.1 The National Conseation Strategy for Oman (NCS):

In 1986, the Sultanate announced a National Strategi?fotecting the Omani Environmert.aims
generally at protecting the environment, evaluating and controlling pollution and finding and
implementing solutionsThe Cancil of Ministers adopted the National Strategy for Environmental
Protection and Conservation in 1995. The most important elements of this strategy are summarized

below:
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1 Renewable energy: Established the exploitation of local renewable resources derahat
priority.

1 Integrated resource management: Confirmed the importance of sectoral integration and
collaborative approaches in national resource management.

1 Monitoring and evaluation: Developed a system to monitor achievements regarding nature
conservatn and environmental protection.

1 Communityfocused: Confirmed the role and place of the human as the goal for
development.

1 Sustainability: Proposed policy frameworks for linking development activities and
environmental protection initiatives.

1 Environmentabhccounting: Recommended the introduction of natural resource accounting

and environmental costs in national income ledgers.

However, nadocumentoutliningthis strategycould be found, nor was ther@ny otherdocument
describing a decision withdraw it, and no information was available regarding its validity. It
asSsSya GKIFG GKAA ad NI (MNafodal Adaptation S Nitigatidh|ShrakellyS R 0 &
which is onits wao thea A Yy A & (i 8fNMagproa{Maik@Wardy, Personal communication
2019).How far thisNational Strategy for Environmental Protection and Conservasion

progressing, any revisions and evaluatiamsdesince 1995, and its most important achievements

will be covered irthe discussion section of this chapter.
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3322 hYlyQa LINRYI NBE RoyaDecw@lyarey a t tF gY

The principal environmental legislation in Oman is RoyarézeNumber 114/2001, the Law on
Conservation of the Environment and Prevention of PollutlRb {14/2001), which replaced the
previous basic environméal law, Royal Decree 10/1982helaw is composed ahree chapters
(1) Definitions and general provimns, (2) Rules and principles to ensutiee safety of the Omani

environment;and(3) Penalties These are divided into a total of 43 articles.

The Law on the Conservation of the Environment and Combating of Pollution defines terms such as
GUKS SY@ENRPYSYSHANRBY YSy Gl € LINPGSOGAR2Yés aGLIRft d:
GRAzYLIAYy3Aeésxs SGO® ¢KAa fl g YI1Sa AG YIYyRFG2NE 7
before setting up an establishment, and to follow the procedure specified by tmestdi of
Environment and Climate Affairs (MECA) to prevent pollution by minimizing waste at the source of
pollution. It also stipulates that such owners should refrain from carrying out or permitting any
discharge and release of environmental pollutamseixcess of the standards specified by the
ministry, but excludes from its purview any emergency measures to save lives or to safeguard the
place of work. The owner must maintain a register on the quantity, nature, and method of effluent
discharge at the gtablishment.The legislative obligations und®D 114/2001 require a high level

of commitment from theowner,suchasiza S 2 F al ff ySOS&aal NBE YSI adzNB
I R2LIGAZ2Y 2F GadlrdsS 2F GKS | NI ¢ thégeremton df wastd | LJL.
(Article 10 ofRD 114/2001).

This law prohibits the discharge of hazardous material, sewage and waste into wadis (dry river
beds), aquifers, rain water disposal networks, falaj (water management systems) and their channels,
and the se or disposal of treated sewage water without permisgjarticle 7 of RD 114/2001).

Ships and vessels are barred from discharging oil and other environmental pollutants into the
Exclusive Economic Zone of Om&ailure to comply with these duties, or @hbreach of this
legislation, can result in heavy penalties. Potential sanctions include suspension of activities,
substantialand incrementally increasing fines for individuals and corporates, including fines linked
to percentages of invested capital, gpotential criminal sanctions for individual breaches by
managersanddirectors actingn the course of their duties: KS & LJ2 f £ dzd SNJ LI &2a ¢  LIN
in relation to the remediation obligation set out in Article 41Rd 114/2001, which requirethat
whoever causes environmental damage shall removetii@town expense and reinstate the pre
existing environmental statyshey shall alsgpay any necessary compensation to those who have

suffered consequent loss. If the polluter fails to removedhases of the pollution withiaspecified
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period, MECA has the right to remed G KS RIFYF3S |4 GKS L2t f dzi SND

violation of this law range from OMR 200 to OMR 1 million, with imprisonment in certain instances.

According toArticle (29) of Conservation of the Environment and Prevention of Pollutianw,
"Oman believes that social, economic and environmental issues cannot be separated, and this is
what sustainable development meansSincethe beginning of theOmanirenaissancewith the
accession of His Majesty Sultan Qaboos bin Said in 1B&0Sultanatehas beencommitted to
ensuing economic and social prosperity in the development process without prengtice rights
of future generations. Oman's government is seeking to snaldy manage natural resourcasd
toraise A Y RA @A RdzZ £ 4Q &bSub@dserviigihe engiroriBny, \Ehdedmplemerting

developmentprojects that exploit environmental resources without damadimgm.

To this endthe Sultanate imposes severe pédines on those who threaten environmental security.
According to Article 42 of the OmalivironmentalProtection Code, in some cases penaltiean

be as high adifetime imprisonment or a fine of no less than 100,000 RO and no more than RO
1,000,000, plusequiring the polluter to remove the effects die pollution they havecaused. Such

severe sanctionare intended to deteentrepreneurs and factgrowners from violatinghe laws

The law as described abowmes not specifially refer to air pollution, but covers all type of
pollution; the term & | A NJ LJ® fot rdedtibreg/at all, except in the definitions section where
0 KS ¢ 2 Naplaned¥ieHocus of the law is to give a broad policy for the environment in total
and in general. This is sha, for example, in the article in the law which re¥déd/lioever causes
environmental damage shall remove it #teir own expense and reinstate the pexisting
environmental statusin addition to the payment of any necessary compensation to those whe hav
adzF FSNBR 02 Wih&ighde® generd, B clearky includais pollution.

3.3.2.3 Ministerialdecisiorii18/2004 Air pollution from stationary sources

Ministerial Decision No. 118/2004 on the Control of Air Pollution from Stationary Sources st§pulat
that owners must employ scientific methods specified by the ministry for the prevention of the
emission of pollutants, and for their treatment and disposal. This law prohibits the emission of
smoke over a specified density, atfte burning of orgasic ar agricultural waste in the open.
Approval must be obtained before installing a chimniey,example; if this is given, the chimney

must conform to the height specifications stipulatedese willdepend on its intended use.

Oman realizes the nedd maintain cleanair andto keepthe pace of economic and environmental

development goalsn line with human development goalsvhich aimto provide aliveableand
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healthy environment. Ministerial Decision NiL8/20040n the law of air pollution management is
aO2YyFANNXI GAZ2Y 2F (GKS {dzZ G yI lin $ 1@8amerygai2bMBre i Ay
sultanate begari 2 Sadl ot AaK | ylFaA2y It ySGg2N] F2N Y2y
are distributed in industrial areas to monitor air pollution levels and ensure thatdbewt exceed

the permitted levels. A number of mobile stations were alstabtished.The owner shall comply

with the standards specified ifable 36, monitor the particulate andjas emissions from time to

time, and report the results dhis emission monitoring to th#1ECAThe standards shown here are
numerical standards faources of emissions which are related to this study; other sources have not

been included but are attachedd MD 118/2004as an annexure (see Appendix B3).

Table3-6: Limit of emission from different sources béiem Ministerialdecision118/2004.

Pollutantsfrom different sources Limit Unit
General
DNAG FYR RdzAG 6fTc>Y RA 0.050 g/m3
Aggregate work
Particulates 0.050 g/m?3
Asphalt works

Bitumen fumes 0.030

. g/m?
Total particulates 0.050

Cementworks

Particulates 0.100

. g/m?3
Sulphur dioxide 0.035

Lime works
Particulates from kiln emission 0.100
Particulates from slacking 0.100 .
Carbon monoxide 0.050 g/m
Particulates from ancillary processes 0.050
Petroleum works
From catalytic crackers 0.100 g/m?3
Minimum efficiencyof sulphur recovery units 99.9 %
Organic compounds from fume recovery units 0.035 g/m?3
Hydrogen sulphide 5 ppm viv
Flaring in refinery and petroleum fields
Carbon monoxide 0.050
Sulphur dioxide 0.035
. . g/m?3

Nitrogen dioxide 0.150
Carbon dioxide 5
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Unburned hydrocarbons
Particulates

Nitrogen dioxide
Particulates

Unburned hydrocarbons
Carbon dioxide

0.010
0.100

Power plants

Plant generated by natural gas:

0.150

0.050

0.010
5

Plant generated by diesel oil (<0.5% sulphur):

Sulphur dioxide

Carbon monoxide
Nitrogen dioxide
Particulates

Unburned hydrocarbons

Ammonia

Urea particulates
Nitrogen dioxide
Carbon dioxide
Unburned hydrocarbons

Carbon monoxide
Sulphur dioxide
Nitrogen dioxide
Particulates

Unburned hydrocarbons

Nitrogen dioxide
Particulates

Unburned hydrocarbons
Carbon dioxide

0.035
0.050
0.150
0.100
0.010

Urea/Ammonia fertilizer factories

0.020
0.050
0.150
5
0.010

Firing sources (factory boilers)

Generated by diesel oil:

0.050
0.035
0.150
0.1
0.010

Generated by natural gas:

0.150

0.050

0.010
5

g/m?3

g/m?3

g/m?3

g/m?3

g/m?3

All the emissions analysed in this study {3GCH, NMVOCs, SONQ, COPM5, NH, BC, and OC)

are covered bylinisterialdecision118/2004as shown in Table-@, which means that MECA should

be controllingl KS SYA&aaAzya

27

iKSasS 3Irasa

Fy R

L2 £ € dzi |

person who violates the provisig of this regulation shall be punished with a fine not exceeding RO

152



3,000 and MECA may close the facility in case of imminent damage to public health or the
SYOANRYYSYyié¢o

3.3.2.4 Ministerialdecisio1/2017 AmbientAir Quality,

Thisresolution aims asetting air quality regulatiors for the owners ofa source of pollution oa

work areain Oman or any person responsible for such a source or workpl&be.regulation

cortains ninearticles. It prohibitsthe causing or leavin@f air pollutants exceeding the limits

specified inArticle 2 of the regulation and shown indble3-7. It is mandatory to establishmivate

control/monitoring station accorithg to set specifications (Articl&). The ownemust alsobe in

compliance withnternational standards and periodicaligport about the controls (Articld). When

the controls detect tlt average valuesave exceeded the limit sethe private control station must

be connected to the monitoring station established at the Ministryeolionment and Climate

Affairs (article6). MECA has a number of mobile and stationary stations for the detection of air

quality, and there are also other stations which are set up by the private sector and which submit

quarterly reports to MECA.

Table3-7: Maximum concentrations in the ambient air based on the MD 41/2017.

Pollutant Maximum concentration Average period of Unit
measurement
350 1-h
SQ 150 24-h
250 1-h
NG 130 24-h >3RY
PMuo 150
PM:s 65 24-h
NHs 200
NMHC 160 3-h
30 1-h 3
CcO 10 ahn mg/m

However, a comparison @dmarn and international standards reveals thatY' | y Qa

201 yRI N

much less strict than those set internationalkor examplefor PMxsOman has set &mit of 65

> 3 R daily compared wittheH p

> BeoMimended by th®/HO, andts daily limitovp n > 3k Y

for PMyisthree times highethan that inthe WHO guidelin@ h Y $Q/aQdNQ limits arealso

far higher, and therefore far less strithanthose set internationallyin addition, certain targets set

in the n the EU Air Quality Directite NBE YA &aa Ay 3 T NBD41/A0Y7A Fgr@xamdldl NJ f €
the EU Drective specifies target valued 50 (24h) for PMoand 200 (1h) for NQ to be achieved

by 2010(Maynard and Williams, 2018} is worth noting here that the standards in the talite
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Omanrefer to areas around industrial plantand not to the general ambient environmenthere

are no AQ standards for the general population/ambient environnie@man Additionally, MECA

is notmonitoring or following thePM. sparameters. This absence ahonitoring data and the lack

of transparency in Oman, influence the research design and recommendations that have been made

in this thesis.

3.3.25 ¢ KS { dzf 0 dieg forre8uRiag clid@te dhange:

Oman signed the Paris Framework on Climate Change Apr22016,and ratified it on 22May
2019.1t had also earliesigned the United Nations Framework Convention on Climate Change in
1992 andratified it by Royal Decree No. 119/1984d had also ratified the Kyoto Protocol to the
Convention by Royal Decree N@.712004

Oman has also ratified the Vienna Convention forBaection ofthe Qzonelayer,as well aghe
Montreal Protocol on Substances that Depl¢te Ozone Layer and their amendments in London
and Copenhagen. The Sultanate's efforts in the mdisme beena successasthe consumption of
ozonedepletingsubstances was reduced to zeless than the levels set by the Montreal Protocol.
The Ministerialdecision which regulates ozondepleting substances is under MD 243/2005
d NB 3 dzf I G A 2y an@irBaNdgemiérs of €x8ndapIBtPyf 3 & dzo Balbilé 330 S a4 ¢ X

The Ministry of Environment and ClineaAffairs in collaboration with the United Nations
Development Programmearried out a projecfor building capacitin the field of climate change

as preparation for the publicaton @f K S { dzf G F yIF 1SQa FANRG ylFraGA2yl €
change The reportwas formally approvedand sent to the Secretariat General of the Framework

Convention on Climate Change in October 2013.

Ministerial Decision No. 20/2016issuing the regulations for the management ofiroate affairs,
consissof 17 articles and 4nnexesand enableshe General Directorate of Climate Change at the
Ministry of Environment and Climate Affairs to apjyprovisions taany projects which coulaffect
the environment and climate chang€he nain tasks of the Directorate ages follows

i to develop and implement regulations and decisions on climate change adaptation and
mitigation;
to setthe standards to be ret;
to set ingructions;

to issue permitsand

= = 4 =

to carry out emission reduction measures.
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The owner of any project, facility or work area listedst obtain a licensefrom the Ministry.
The license lasts two yeamnd canbe renewed. The licensee is obliged to subamtannual
report on GHG emissions. Existing projéagea period not exceeding thregearsto fall in line
with the provisions of theegulations. Annex 1 lists thggeenhouse gass involved Annex 2
outlines which establishmentsand projectsare subjed to the licensing procedures; Annex 3
specifies the ranges of greenhouse gaabdswed and Annex 4ivesthe feesto be paidfor

licenses.

While these measuresnight be seen as evidendbat Oman is aware of the need to protect the

earth from climate changand is making a concerted effad reduceits global effects G KS O 2 dzy
actual performance record on the environment does not reflect this. For example, in September
2019, there was a tweet from a resident Bbwsher Governota about unpleasant odours and

polluted air making it difficult for people to breathe in that area. The residents suggested that the
source of the problem was thidina Al Fahabil refinery near Muscab a9/ ! Qa NBaL}Ryas
and gave no indication that might take measures to reduce the emissions from the oil and gas
LINEPOSaaAy3ad CNRBY GKS NBaSIFNOKSNRa O2YYdzyA Ol Az
the Directorate of Climate Affairs nor the Directorate of Environment Affairs were wilipgpvide

data or to cooperate with enquiries in any other way.

According to the Minister of Environment and Climate Affa@snanis@ NJ] Ay 3 2y (KS
{GNFGS3e G2 ! RIFILI FyR wadespécid tb startMr 205and vias y 3 S Q
mentioned in section 3.3.2.1. Howevéhe time of writing(August 2019), this strategy has not yet

been approvedh YI y Q& LINA YI NE , Reyal RhadiBey1¥42001 hat expetiedced
AAYAE I NI RSEF@aT dzLRIFGSa G2 A &appré&/alds 2085 FUGININE R G
has not been approved. Also worrying is the fact that the preliminary vision for Omani2040
committed to buildng a coafired power station; thiglecision suggesthat the environment is not

a priority.

3.3.2.6 Oil and Gakaw Royal Decree 8/2011:

The oil and gas law currently in use in Oman is Rogatee 8/2011which replaces the previous
badc Petroleum Law, Royal Decree No. 42/19#s lawRD 8/2011 makes it mandatory to obtain
prior approval before engaging in tlexploration, extraction, exploitation, storage or distribution

of petroleum or mineral resources. Prior approval is also needed to undertake activities involving
processing plants, pipelines, storage tanks, storage facilities, ports, jetties, offshtfiem&or

installations, sea and marine loading facilities, and pumps or pumping stations.
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The law requires licensed operators to conduct their operations in a manner that minimizes air and
water pollution; they must also ensure the safety of the healtll arellbeing of their employees

and the public. Any person violating this law is liable for loss or damage suffered directly or indirectly
by a third party or by the government, as a consequence of the violation. The compensation to be
made for such loss odamage is not limited to the direct loss incurred but also includes

consequential and economic loss.

The Ministry of Oil and G4MOG)has general authority to supervise the activities of the rights
holder under the Exploration and Production Sharing Agrent (EPSA) and the Oil and Gas Law.
The Ministry of Justice, pursuant to Article 6 of the Oil and Gas Law, has general judicial powers of
enforcement and implementation of thew. Chapter 8 of the Oil and Gas Law sets out the level of
punishment (whickcan include fines and/or imprisonment) for those found to be in contravention

of certain articles of the Oil and Gas Law. Such fines are in addition to any other fines or penalties

that may be imposed by other laws, including the Omani Criminal Law.

3.3.2.7 The Taffic LawRoyaDecree8/1993:

Vehicle emission control in Oman is covered within two entities and by two regulations. The first
controls the import of different type of vehicles and comes under the Ministry of Commerce and
Industry (MOCI), while theecond regulates the use of vehicles both on and off road and comes
under the Royal Oman Police (ROP). MOCI regulates the entrance of vehicles into Oman; these
vehicles must conform to the Gulf standards specified in GSO 42/20dtr(nehicles- General
Requirement3. The process is usually done through the GCC Standardization Organization (GSO) in
the Kingdom of Saudi Arabia (KSA). The Royal Oman Police regulates the use of the roads through
the Traffic LawRD 28/1993 and also lays down the traffic cad€he law contains related rules

such as vehicle registratiorraffic rules, safety, measurements and penalties.

The Gulf Standard$2/2015is a regulationconcerned with the generakquirements for motor
vehicles, and aims tensue high levels of saty, environmental protection, energy efficiency and
anti-theft performance It states thathe engine shall comply with at least Eure@Rhaust emissions
pollution limits(i.e. with ECE R 83 and ECE REGE R 83 and 49 amiform provisionsetting aut

the maximumemissionlevel of pollutants(accordingto the engineQ fuel requirement$ before a
vehicle is approved. Another regulation published and enforced by MOCI bans the import of vehicles

more than seven years old into the Sultanate, for envirental and safety reasons.
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The Taffic Law (RD 28/1993)regulates the registration of vehicles and all related activities within
the country. Vehicles can be registered under various categories: private, taxi, commercial, rental,
drivingteaching, governmet, diplomatic, onsularbody, United Nations, agriculture tractor,ator

cycle export, andnispection.The law states thatte following vehicles gl be subject to technical
inspection on registration andn license renewalcommercial vehiclegaxicabs and buseslriving
teaching vehicles belonging to the driviaghools, angrivate vehicles which are tepearsold or

more from the year of manufactureSecondhand vehicles imported from abad,old vehiclesand
vehicles sold in public auctiorege all subject to technicainspection upon registrationlf the
technical inspection prov&that the vehicle is defective, it shdde written off from the recordits

plates shall be withdrawn ariimay notbe repaired or re-registeedin the SultanateHowever, the
emission test part of such inspections is regulated only by visual inspection, and vehicles fail only if
SYAGOGAY3T ot O1 &Y FheRator vetictes may e seizédlif thiSksmdkekemigsion

is noticed or somesubstances or liqds areleaking from its tanksvhich may harm the roadsers

or form a hazard teheir security and safety

The traffic &w does not specifiany emission tesas part ofthe inspection procedureand there is

no annual inspection for the vehicles less tH#nyears old.

3.3.2.8 Maritime Law RoyaDecree35/1981
This Act consists of seven books divided into 392 articles, which cover the following areas:

on board the ship

ship's personnel

regulation of marine activities
supplying debts

exploitation of the sip

marine accidents, and

N o g s~ w B

marine insurance.

This Act shall apply to all maritirmavigation except for military ships or ships operating for public
interests. Actions concerning the establishment, transfer or devolution of ownership rights on the
board of ships shall be carried out by a formal letter or by a definitive sentence §urBdok | also
includes provisions orthe ship's documentsthe inspection on shipghe ownership of shipsthe
registration of shipsthe registration and revocation of rights related to ships; ships' owners and

suppliers of equipment. Book Il contaiprovisions on marine activity contracts, and on sailor and
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supplier dutiesThe povisions of Book 1V include: marine loans for exploitation; marine privileges;
LI 6 yAy3a 27F YtheNdnfisGatiod & ShipS; fpréc@utionary confiscati@md executve
confiscation. Book V addresses matters related to the lease of ships, marine transport cotiteacts,

transport of goods anthe transport of persons.

3.3.2.9 Auviation Law

P'ANI ljdzl £t AGe | aaz2O0Al (SR reguatebytiheYhteyidiégnalCivid Aviatiph 2 y A
Organization(ICAQ which regulagsall aviation industries worldwiddCAO has 191 members and

its regulationscoversafety, security anthe environment. Several factors have raised awareness

of the damaging environmental impact of aiavel: the globafjrowth rate in traffic awareness of

the emissions that affect local air qualitynd the steady increase in overall aircraft fuel

consumption

The current ICAO Standards for emissions certification of aircraft engines, which are ednitain
Volume Il of Annex 16, Appendix 2 to the Convention on International Civil Aviation, were originally
designed to respond to concerns regarding air quality in the vicinity of airports. To achieve
certification, an engine must demonstrate that its cheteristic emissions of HC (unburned
hydrocarbons), CO (carbon monoxide),xNéxides of nitrogen) and smoke are below the limits
defined by ICAO.

In 2017, ICA@dopted a new C£emissions standarfbr aircraft; this will reduce the impact of

aviation gre@house gas emissions on the global climaeking air transport the first industry

sector globally to adopt a G@missions design certification standafgontained in a new Volume

Il to Annex 16 of the Chicago Conventi@myironmental Protectignthe aircraft CQemissions
YSIFadz2NB NBLINBaASyGa GKS 62NI RQa TFTANREGemdbsiond I £ R
for any industry sectofThestandard will apply to new aircraft type designs from 208@craft type

designs already iproduction asof 2023will haveuntil 2028to meet the standardif they do not,
companieswill no longer be able to producitnem unless their designs are sufficiently modified

(ICAO, 2017)

3.3.2.10 Energy efficiency regulation:
Ministerial Decision 107/2018olled out energy efficiency standards for electrical appliances
adoptingthe GCC Standard GSO 2530/2016 on energy efficiency requirements and the minimum

energy efficiency limits of air conditionemhich are alsmbligatoryin Oman TheGSO 2530/2016
standard calledd 9y SNH& [l 0StfAy3 YR aAyAYdzy 9ySNH@
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/ 2 Yy RA U, 5p20ffi€NiE £nergy labelling requirements and the Minimum Energy Performance
Standard (MEPS) requirements #ory singlepackage of window type, spitystem norductedair
conditioners.It is an obligatory Omani standardnd is regulatedh coordination with the General
Authority for Electricity and Watethe Electricity Regulatory Authoritghe Public Authority for
Consumer Protection, the Ministry of Regional Muypadities and Water Resourceshe
Implementation and Followap Support Unit¥anfeedif?, and other related entities, institutions

and companies in this field. Article 3 of the Ministerial decision stipulates that an administrative fine
of not more than OMR5,000 will be imposed on anyone who contravenes the provisions of this
directive. The fine shall be doubled in case of repeated violati&ffarts are now underway to
prepare standards for lighting appliances)d also forother devices and equipmenthe report
statesthatd . @ HamMpX ff adlyRFNRa 2F RAFFSNSy(d St S

3.4 Oman within the GCC Institutional structure and Environmental Policy:

Air pollution and climate change are two of the main environmental probléamsg humanity
worldwide. Due to their climatic conditions, the GCC countries are highly vulnerable to the projected
impacts of climate change, which makes it very important to have joint activities and positions

among the GCC countries.
3.4.1 Environment Instutional Setup irthe GCC

Table (38) summarizes the status tfe development of environmental organizatidor Oman and
the other GCC countriés terms ofall the regulatiors affecting air quality oclimate change (GHG)

emissionsgn the GCCfrom 1972until today. Appendix C3 contains tH@CC Air Quality Policies

Oman was the firsbf the GCC countriet® establish a Ministry for Environment and Watéhis
ministry, along with the Council for Conservation of the Environment and Prevention of Bo)luti
were then merged into a new Ministry of Regional Municipalities and Environment in TA&ls

currentlythe Ministry of Environment and Climate AffaifdECA).

Tanfeedhis a government initiative that aims mainly at linking theagtgies of the main vital sectors of Manufacturing,
Tourism, Transport & Logistics, Mining and Fisheries to each other in order to diversify the national income resources and
fulfil the objectives of the Ninth Five Year Development Plan 2@1%20. It ado works towards a sustainable participation
between the public and private sectors.
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http://www.tanfeedh.gov.om/en/index.php

Table3-8: National environmentainstitutions in GCC countries (192Q02)(UN, 2003)and currently

Country 19721992 19922000 20002002 Current*
Initial Date Status Initial Date Status Initial Date Status
environmental environmental environmental
institution institution institution
Bahrain Environmental 1980 Dissolved Ministry of 1995 = Functional = Ministry of State, - Restructured | Supreme council
Protection Housing, Municipalities for environment.
Committee Municipalities Affairs and Bahrain will have
and Environment Environmental an Air Quality
(includes Affairs Strategy in the
Environmental near future.
Affairs Agency)
National General
Committee for 2000 | Functional =~ Commission for = 2002 Functional
the Protection of the Protection of
Wildlife Marine
Resources,
Environment and
Wildlife
Kuwait Environmental 1980 Dissolved Environmental 1995 = Functional Unchanged Functional Environmental
Protection Public Authority Public Authority
Council (EPA) (EPA)
Supreme Council 1995 = Functional Unchanged Functional Supreme Council
of EPA of EPA
Oman Ministry of Early Expanded Ministry of
Environment 1980s Environment and
Climate Affairs
Ministry of 1985 Expanded Ministry of 1991 = Expanded Ministry of 2001 Functional (MECA)
Regional Regional Regional 2007
Municipalities Municipalities Municipalities,
and Environment Environment and

Water Resources

Qatar Environmental 1981 Dissolved Environment 1995 Dissolved = Supreme Council 2000 Functional Ministry of
Protection Department, for the Environment
Committee Ministry of Environment and
Municipal Affairs Natural Reserves

and Agriculture

Saudi Meteorology and 1980 Functional Unchanged Renamed Presidency of 2002 Functional Presidency of
Arabia Environmental Meteorology and Meteorology and
Protection Environment (in Environment
Administration the Ministry of (PME) in the
(in the Ministry Defence and Ministry of
of Defence and Aviation) Defence and
Aviation) Aviation
National Unchanged
Commission for 1985 Functional Unchanged
Wildlife

Conservation and
Development (in
the Ministry of
Foreign Affairs)

Ministerial
Committee on
Environment Unchanged
1990 Functional Unchanged
National
Preparatory Functional
Committee
(WSSD)
UAE Higher 1975 Dissolved in Federal 1993 = Functional =~ The Environment 1996 Functional The Environment
Environment 1993 Environment Agencyg Abu Agencyg Abu
Council Authority Dhabi (EAD Dhabi (EAD)
Higher 1975 Reconstituted Unchanged
Environment in 1981 Unchanged
Committee

Source: Compiled from ESCWA, Governance for Sustainable Development in the Aralifi®&gitions and Instruments
for Moving beyond an Environmental Management Culture (New York: ESCW A ppO@3)6.

* Data provided from AbddMajeid Haddad, Regional Climate Change Coordinator, United rdafimvironment
Programme (UNEP)
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3.4.1.1 Oman

Environmental institutions in Oman underwent a long series of development and enhancement,
culminating in the establishment of the Ministry of Environment and Climate Affairs (MECA) in 2007

by Royal Decree 91/2007. MECA is the prime body in the sultaespemsible for overseeing all
SYGANRYYSyYyGlt AaadzsSa Ay GKS O02dzyiNBZ YR LINRO
02 Y2yAG2N) AYyRdzZAGNE QA O2YLIX AlFLYyOS gAGK fS3Irattl
O2dzy G NB Q& Sy dah ERigrimSny iinpatt asSa¥sinan (HIA) and other environmental
status reports are reviewed by MECA for environmental approval. One of the steps taken was to
restructure MECAR A 2 NBIF yAT FiA2y o0& NBY2QAyYy3 Ydzy A OA LJ f
managementF N2Y a9/! FFyR KIYyRAYy3 (KSasS (2 GKS LINK
Services Holding Co.) was established in 2009 by Royal Decree No. 46/2009, with Its main
responsibilities being solid and liquid waste management and management of sanitaryldandfil
Haya Water, a registered trademark of Oman Wastewater Services Company S.A.0.C, was
established in December 2002 as an Omani closed-gtirak company wholly ownedby the
government; its main responsibilities at@ develop, design, implement, operatéad maintain the
wastewater facilities in Muscat Governorate umdiee Royal Decree No. 69/200Bhe work of non
governmental organizations (NGOs) has been undertaken in Oman via the Environment Society of
Oman (ESO), which is a nrprofit organization @ying a major part in public awareness of
environmental issues in Oman. The ESO is the only environmental association representing civil
society, and its main aims are to help educate, raise awareness and enable public involvement in
conservation efforts® h Yl yQa y I GdzNF f KSNRARGF3IST GKS@ | faz
hYlyQa o0A2RAJSNEA rasdy awatepeSs@SirdEe chiarigi#thkaligh pFaBtivg

the Earth Hour event, it has no focus on air pollution, climate change, or angddéaues.

3.4.1.2 United Arab Emirates (UAE)

The Environment Agency Abu Dhabi (EAD)hich was stablished in 1996, is committed to
protecting and enhancintpe quality of air andgroundwater aswell as the biodiversity of théesert

and marine ecosystemBY partnering with other government entities, the private sector, NGOs and
global environmental agencies, EAD embracternational best practice, innovation and hard work
to institute effective policy measures. The Environment Agency sseekaise enwionmental
awareness, facilitate sustainable development and ensli@éenvironmental issues remain one of
the top prioritieson the national agendaNGOs are working to protect the environment with

community and public involvemengducation, and actioprograms, and ther national NGOs aim
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to promote the conservation of nature in the UAEhe UAE has a number of NGOs witjlabal
reputation, covering such environmental issues as sustainalitity recycling, such as tamirates
Wildlife Society andhe Emirates Environment Grouplone of the NGOs, however, focuses on air

quality or climate change.

3.4.1.3 Kingdom of Saudi Arabia (KSA)

The Presidency of Meteorology and the Environment is the principal authority responsible for the
environment in the KSA. lels a detailed and wetlefined institutional structure covering almost all
biophysical environmental aspects of the country. The institutionabpes divided into two main
subdivisions, Meteorology and Environment, but their activities are sometimedicech when

they operate as a centre for meteorology and environment with an emergency team that acts in
cases of natural disasters and floods as well as in erosion control. The only Saudi Environmental NGO
is the Saudi Environmental Socie(@ENS) which @ RSRAOF SR (2 & dzLJLJ2 NJIi A
environmental protection efforts and enhancing public participation and voluntary work by all

sectors of the community. SENS does not deal with either air quality or climate issues.

3.4.1.4 Qatar

The role of the Minisy for Environment in Qatar is to protect the environment through sustainable
growth for future generationst has six major unitdncludingadministraion, quality and planning,

and livestock and environmental managemenfhe ministry is responsibleorf creating
environmental legal frameworks and institutions that propose and develop policies and laws to
protect and control the environment, and that ensure the quality of environmental health and
safety. It also supports national, regional and interoaél cooperation regarding related issues and
activities. The Friends of the Environment in Qatar is an NGO that works in parallel with the Ministry
of Environment; it targets local communities, and aims to provide public awareness on
environmental issuesuch as recycling and biodiversity protection. It is not involved with climate

change and air pollution issues, and its main activities relate to beach cleaning, plastic and recycling.

3.4.1.5 Bahrain

The Supreme Council for Environment (SCE) in Bahrain igeangent entity in charge of the
RSOSt2LIVYSYyld 27F . I KNI AY Qa enfamiifoizbliStairableNkvaldp@ant. IF 2 NJ |
is also tasked witliollowing up on the implementation of this strategy with relevant ministries,
agencies and institutions. KIS {/ 9Qa YIFIyRIF(S AyOfdzRSa LINRGSO

human environment, ensuring the sustainability of its components, and preserving and developing
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its resources for future generationBahrain was also the first country in the GCC to estlaldn

online forum, here called -Environment Friends, where the public can exchange and share
knowledge and ideas on environmental issues and awareness. Bahrain is also much more advanced
than other GCC countries In terms of its independent environroeiehted NGOs, and the number

of its environmental societies. These include thavironment Friends Societthe Bahrain Youth

and Environment Societyhe Bahrain Environment Societgnd theArab Youth Climate Movement
(AYCMBahrain The latteris an in@pendent body thatis working to create a generatiowvide
movement across the Middle Eamtd North Africa tofind solutions tothe climate crisis, anthus

to assess and support the establishment of legally binding agreenetit® regionto deal with

climate change issues within international negotiations.

3.4.1.6 Kuwait

The body responsible for environmental management and practices in Kuwait is the Environment
Public Authority(EPA) The authority operates as part off the Higher Environmental Council. The
auil K2NRGeQa 2NBIF yAT lLdéfiked yahdf covérsi aliles (edeNBaspdct of theS f f
OA2LIK@AAO0OFE Sy @ANERYYSYy ihds intigtell he gfitiobdntirdrmentaldzs I A
Monitoring Information System of Kuwait (eMIS&}¥ystem airimgto estalish, build and maintain

a comprehensive geenvironmental database of Kuwait along with an enterpteses] GIS system

that will enableaccesgo the environmental data, and will also facilitate dafadate and analysis
Emission datdor SQ, NQ, G;, CO, PMbis recorded instantly via several monitoring stations which

are synchronized witMISK(EPA2015). Kuwait can also be considered as the leader in the GCC for
the establishment of NGOs, with the Kuw@itvironment Protection Socie()EPS) estaliisd in

1974 This was done in response thet first conference on the human environmertteld in

Stockholm, Sweden, in 19/&nd the resultinglecision toestablish UNEP atglobal level

In generalthen, all the GCC countries have established similavienmental institutional bodies

to serve the purpose of environmental conservation and protectidre najority of countrieshave
enabling Bvironment Impact Assessment (ElAggislation while others have specific localized
legislation and regulation@Briffett, 2000;ElFadel, 2004Al Azri et al, 2013) Since air pollution
deteriorates air quality and impacts on public health, these Bliags the probableenvironmental
effects of a project to be identifiecassessedndthen either prevented remedied or minimised at

an early stageTheEIA carthus helpallay any publiéears created by a lack of informatiabout a
project by sharing facts about its likely effects. However, there are a number of weaknesses in the

management of the environmenNone of the GCC countries has any process whereby members of
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the public can participate in the EIA approval process. Also, although the law lays down
requiremensfor environmental management plapequiremensfor the mitigation of impactand
requirements for impact monitoring the implementation of these regulations seems sometimes to
be less effective than is desirable. Also, none of the GCC countries carries oubmitgring of

their EIA system, nor is there amainingor capacitybuildingto make the system more effective.

Another issue needing attention arises from the fact that thairmenvironmental administrative
bodies inthe GCC countrieare funded through governments and comeder government control.
As nostof the government administitive institutions in GCC countries are centrally goveyiiesely
have their base in the capital cities. Howevex, number ofcountries are gradually starting to
decentralizeenvironmental managemernb the local levelTheUnited Arab Emiratedor example
has establisheda number of envionmental agencies under the gervision ofthe federal
government. Oman, Qatar and Saudi Araimaeset up offices and directorates in remote regipns
and thesework in coordination with the central administratiofAFSaqri and Sulaiman, 2014)
Neverthelessthese offices and directorates lack any independent decisiaking authority, and

thus have no real power.

GCC countries also restrict and control both thendation andthe work of NGOs in the region.
While mational N5Os have been actiyeéngagedy playing a lead role in the cleap of beaches,

in recycling, in the conservation of wildlife and in spreading awareness about all these NG@s,
such as Greenpeace in Western Europdiich use robust activism toput issues such as

envirormental pollutionand climate change on thegendado not existin the GCC countries.
3.4.2 Institutional Framework of the GCC

The main authorities of the GCC as a whole are the Supreme Council and the Ministerial Council.
The Supreme Councilttse highest autlrity and consists of the heads of member states. It holds a
regular sessiomt the end of each yeaasind extraordinary sessions upon requedthe Ministerial
Council acts as the filtering mechanism for the Supreme Council and consists of the Foreign

Ministers or other delegated ministers of the member states.

In 1985, aware ahe similarity of the development and environmental conditiaithe GCGtates,
but also of thepoor integration between thie plans fordevelopment andhe environmentthe GCC
Swpreme Council (6th session, Muscat Summit, 1985) adopted the docuradlatid ¢ KS t 2f A O

and General Principles of Environment Proteciiod K S D/ /. Thdséi golici€séieée toact as

164



the basis for developing strategies for future environmental &@ts; and contained several

principles,some of which were highly relevata air pollution and climatéssues, namely

Recognizing the serious impact on environment and natural resources in GCC member states
resulting from industrial and urban development operations and the need for sustained
development without prejudice to the environmental considerations, the Supremen€ib(28th
Session, Doha, December 2007) approved the Green Environment Initetideits GCC

Environment Action antinplemertation Plan.Q

The Secretariat, in cooperation witmember states, has beerndeveloping programs and activities
for the Green Erivonment Initiative withinboth a shortterm and longterm plan. Though this
initiative, the GCCdates have becomea leading model for achieving integration between
comprehensive development anthe conservation of environmental resources The Final
Dechration of the Supreme Council (14th session, Riyadh, December 1993) stressed the importance
of joint environmental action for converging policies, unifying environment laws and legislation,
enhancing national and regional capgcitraining of a labour force, raising environmental
awareness among citizens afat the conservation of natural resources. The Final Declaration of
the Zayed Summit (Manama, December 2004) also reiterated that conservatiba @fivironment

and reneval of itsnatural resource are essential factors for achievitige sustained development
that will improve the conditions and welfare ddCQitizers. The Declaration hascentlycalledon
member states to adhere tats balanced development action principleSopperation Council fo

the Arab States of the Gulf, Secretariat General 2019

Beside thereference lawswhich have been developed within th&CCframework of the joint
environmental actior(Table 34), the ministers in charge of environment affairsthe GCGtates
haveadopted an action plan that includeliagnosing common environmeadtproblems, reviewing
and unifyingthe environmental standards and regulatioimsthe GCCand promoting awareness,

research studies, traing, and information exchange.

One of the regioal organizations that aims to harmonize policies of the GCC countries is the Gulf
Standardization Organization (GSO). Timgiesthe various standardization activities and follew

up how they areimplemenied and compliance withthem; this is donein cooperation and
coordination with the standardization bodie$ eachmemberstate. The purpose of the GSO is thus

to develop the production and service sectors, foster ifB@C trade, protectonsumes, the

environment and public health, enhance the GCC eognand its competitiveness and meet the
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requirements otthe Gulf Custora Union andthe Gulf Common MarkefTwo examples relevant to

this study are thevehiclestandards and thefficiencystandards, which were discussed previously

in sections 3.3.2.7 and32.10. The principle of standardisation applies to many other areas, such
as building codes and other areas affecting health and the environment. However, so far compliance
with these voluntary and there should be consensus within the GCC member stateter to be

implementedas compulsorgtandards.

The GCC countriere clearlysimilarin their level of economic developmentiheir population

growth andtheir pollution sourcegsuch as sand storm@Jarahat, 2016 However, it appears that,

overall, the systematic monitoring of air pollutants in the GCC is poor. The exceptiona# &nalv

its eMISKinitiative, which aims tduild and maintain a comprehensivanvironmental databasaot

only of Kuwait but also@f the whole GCC regiomjong with an enterpriséevel GIS systerhat

would allowaccesd$o andupdate and analysis of the environmental d&aSQ, NQ, O, CO, PM

via several monitoringtations, as described in Section 3.4.1.6. However, any attempt to upscale
this initiative to the whole GCC would face many challenges, such as individulNGUrS 8 Q RA T ¥F

level of priorities, and an absence of transparency, so that thus far it is used only by Kuwait.

The first step for creating a unified plan would be the comprehensive and accurate measurement of
air pollutants throughout the GCC. The ritisig values would then be compared with the standards
set in developed countries, though these would need to be adjusted to take account of local
meteorological and environmental conditions. In the long term, such initial steps are needed in all
GCC counies (Omidvarbornaet. al 2018)but a number of other steps would further improve the
environmental performance. These include more researchrarironmental issues at both national

and regional level,ncluding an assessment of the steps needed to improve the efficiency and
renewability of various sectors, such as the infrastructure of the transport sector, and to diversify
the economy. These initiatives could tegisteed at an international level inrder to obtain both

recognition and support

There is a good deal of evidence to show that the GCC countrideany interested in working
together, such as the many environmeatiented policies established, the many steps already
taken by every coumy, and the manyleclarationsmade. The problem is, however, that in reality
these policies and recommendations are not besufpstantiallyimplemented, nor is there much
evidence of any serious intention to carry them qutvidence that could be showipr example,

by the existence of convincing action plans with details of responsibilities, deadlines, and review

and followrup strategies.
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Asthe Gulf Cooperation Council (GGGJ)es are highly vulnable to the advese impacts of climate
change, theres a definite need fotharmonized law and strategiet addressclimatechangeand

air quality. Given that all the GCC countries have national economic diversificplos, the
integration of climate change action (mitigation and adaptation) intoséyelans would go some

way toimproving their power and legitimacyindeed,a reporton precisely this topiwas published

in 2018 Entitled &Plan for Prospects for Climate Change Integration into the GCC Economic
5ADBSNBEATAOL fidodl K{I NI REFALB S G KS FLOG GKIFG GKS
highest per capita carbon emitters (Qatar ranked first and Oman thirteenth in 2014), national
development plans do not include overarching national targetated to climate change, such as
carbon intensity reduction targets, energy consumption reduction targets or an emission reduction
0 I NJAEsarihi, 2018)

3.4.3 GCC Nationally Determined Contributions (NDCs):

In accordance with Decision 1/CP.19 and based on the information mentiori@tision 1/CP.20
taken bythe Conference of the Partid€OPDn its nineteenth session, held in Warsaw from 11 to
23 November 2013inder UNFCC®hich invites all parties to submit their Intended Nationally
Determined ContributiongINDC)for the period pat-2020 the GCC countriesubmitted their
documens¢ individually- to presenttheir sustainable development plans and programs at national
level (Table 29), thusjoining the global efforto limit climate changeTheGCC countries will have
to implemert the measures set out itheir NDGif they are to qualifyfor the UNFCC@ dssistance

with finance, capacity building antle transfer oftechnology.

Table3-9: Summary of Nationally Determin€&bntributions (NDC) for GCC countries

Country Current Policies & Programmes Submission
date
Qatar Policies: 23/06/2017

The environment protection law 30/2002 sets out the national
ambient air quality standards.

The Qatar National Vision 2030 contains four pilleieman,
Social, Economic and Environmental development.

Mitigation priority:

Energy efficiency, clean energy and renewables.
Adaptation priority:

Water management, infrastructure and transport, waste
management, and awareness.
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Bahrain Policies: 30/12/2016
Environment law 21/1996
Decision No. 11/1999, for environment standard (air and water) a
Decision 3/2001 for amendment of some limit in decision 11/1999
Decision 1/1998 for environment assessment of project.
Decision 8/2002 for standards anuspection of emission from
vehicles.
Bahrain makes relatively minor contributions to global greenhous:
gas emissions arits mitigation potential will largely depend on
national circumstances, capacity and support. Being particularly
vulnerable to the impets of climate change, adaptation is a key
priority. The four key areaare: coastal zones, water resources,
human health, and biodiversity.
The Kingdom of Bahrain is planning to undertake the following
actions agheir adaptation targefor adapingto future
environmental and social issues, whidchultl also contribute to
reduction in emissions:
Improving the transportation network: bus routes were created
across the country to increase public transport efficiency and
attractiveness. Future projects inclutlee GCC Railway Project, anc
the Bahrain Light Rail Project which may contribute to the reductis
of personal vehicle use and emissions.

Kuwait  Policies: 23/04/2018
Environment Protection Law(42/2014)

The Environment Public Authority is currently paepg the
regulations and guidelines for the Environmental Protection Law
(42/2014), amended by Law (99/2015) which imidlude particular
topics of climate change such as reporting system of emissions,
adaptation and mitigation.

Mitigation:

Establishmentof projects to reduce GHGuch as producing clean
fuel, construcing anew refinery, produing energyfrom renewable
sourcesand MSWand creation of a mss transit system (metro) anc
railway project.

Laws and regulatiowherethe state of Kwait is seeking to fulfil the
increasing demand of its energy needs from renewable energy
sources by 203uwait to study the possibility of a gradual
reduction of subsidies on electricity and water, which will contribu
significantly to rationaling consumption and reducing greenhouse
gas emissions.

Adaptationmeasures

Strengthen coastal information systems, adaptiust stormsgreate
food security, use district cooling systein the new residential
cities, and adapt to lack of water resources.
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Saudi Policies: 03/11/2016
Arabia  Royal Decree No. 34, which approves Decision No. 193 relative t
adaption of General environmental regulatory system in the kingd
of Saudi Arabia.
Ministerial decision No. 1/1/4/5/1/924 has approved the rules for
implementation of the General environmental regulation and its
amendment by Decision No. 1/1/4/2391.

The actions and plans outlined in the NDC seek to achieve mitiga
co-benefit ambitions of up to 130 million tons of CO2eq avoided
annuallyby 2030through contributions to economic diversification
and adaptation.

Mitigation optiors:

Energy efficiency, renewable energy, carbon capture and
utilization/storage, utilization of gas, methane recovery and flare
minimization.

Adaptation prioriies:

Water andwaste water management, urban planning, marine
protection, and redution of desertification.

UAE Policies: 12/09/2016
The primary legislation for environmental protection in the UAE is
Federal Law Number 24 of 1999 for the protection and developm:
of the environment (Environmental Law)
UAE Vision 2021, whighO2 YL SYSY(GSR o0& GK!
{ONF 0S38Qs YR GKS blridAz2ylf L
Mitigation:
The d¢ean energytarget isto increa® theclean energy contribution
to the total energy mix fsm 0.2% in 2014, to 24% by 2021.
Energy Efficiency, by having green building regulatosappliance
efficiency standards, angy moving towards district cooling and
improving air conditioning efficiency.
Transportinvestment in lightrail and metro syem, federal freight
rail network withinthe GCCthe shift 25% of government vehicle
fleets to compressed natural gas.
Waste: developing a federal law to regulate and oversee waste
management.
Adaptation:
The UAE aims to mainstream climate change adaptat its
environment managemerdctivities through developing a national
biodiversity strategy action plan aradnational policy on climate
change adaptation. The main concerns are wetlands, coastal and
marine environment conservation, water managementgddood
security.
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Oman Policies: 22/05/2019
The principal environmental legislation in OmaR@yalDecree
Number 114/2001, the Law on Conservation of the Environment ¢
Prevention of PollutionRD 114/2001).

Ministerial Decision Number 118/2004fgg the Control of Air
Pollution from Stationary Sources.

The identified impacof climate change

Tropical cyclong& storm surgs, Flash floodingeat wavesSea
level rise Coastal erosion)Vater scarcity and desertification,
Reduction in fislstocks& impacts on marine environment and
agriculture.

Mitigation options (202€2030):

Reduction irgas flaring from oil indusy; increasngthe share of
renewable energy; increax) energy efficiency projecti® industries;
developng new legislation on climatchange which will support the
adoption of low carbon and energy efficislechnologies.
Adaptationefforts will be in the following areas:

Tropical cyclong coastal erosion and séewvel rise, Fisheries and
marine environmentWater scarcity and deséfication; Flood
protection; Energy security-ood security; anthe development ofa
national adaptatiorstrategy on climate impacts.

NDC targetin the absence cdinNDC, GHG emissions are expectel
to be 90524 Gdy theyear 2030However Oman willcontrol its
expected GHG emissions growth by, 28ming for88714 Gg during
the period from 202@Q; 2030. The projections of GHG emissions fo
Oman are based on economic and social growth.

The GCC countries have a lot of similarities (inclug@agmomic, socioeconomic and cultural) which

would suggest the advantages of their having a prior mutual agreement, on some points at least,

for their submitted NDCs. However, the differendeS I OK O2 dzy it NBE Q& LINR 2 NR § A
that they exhibitdifferent levels ofinterest in registering their actions an international level

Countries such as Oman and KSA have more progressiyeddQction targets than do other
countries, some of whom have not presented any plans for emission reductiom.cBantry also

highlights climate change mitigation actions in different ways, with Bahrain highlighting the
transport sector, Qatar, Kuwait, and the UAE the electricity generation sector, and KSA and Oman
the oil and gas sector. However, they are all adréhat energy efficiency and renewable energy

must be considered as targets for mitigation. (See Appendix D3)
3.4.4 Public Opinion of Climate Change in the GCC.:

FromFebruaryto May 2009,a survey was carried oub gaugepublic opinion on climate chang
was conductedn a voluntary basis andby questionnaires rather thaimterviews. For statistical

purposes, countries were groupedanclusters,with the GCQyroupconsisting oBahrain, Kuwait,
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Oman, Qatar, Saudi Arabend theUnited Arab EmirateQuegionnaires were sorted by the Pan
Arab Research Centre (PARC), a Gallop associate, which prepared the statisticl céparand

Saab, 2009)All figures were rounded to the nearest decimab the GCC resulese summarized

in Table 310.

Table3-10: Public Opinion o@limate Change in the GCC countries

Questions: Answers

1| I understand what climate chang Yes No
is: 96% 4%

2 | | believe the climate is changing | Agree 52y Qi 1y26

99% 1%

3 | Climate change is primarily th Agree Disagree 52y Qi 1Y
result of human activitieg
(industry, transportation, energy 89% 7% 4%
generation, etc.)

4 | Climate change is a seriol Agree Disagree 52y Qi 1Y
problem for the country of my g3o 8% 8%
residence

5| Do you think climate change w Health 84%
affect any one of thefollowing Drinking water 7%
sectors in your country? (you mg Food 72%
select any number of options) Coastal Areas 62%

Forests 35%
Tourism 38%

It will not affect any sector 0%
No answer 0%

6|1t is of a high importanceand| Agree Disagree 52y Qi 1Y
benefit that my  country|
participate in worldwide action tq 95% 3% 2%
limit climate change

7 | 1 will do what | can to reduce m Agree Disagree 52y Qi 1Y
contribution to climate change 92% 4% 5%

8 | My government isacting well to| Agree | Disagree 52y Qi 1y26
address climate change 37% 44% 18%

9 | In your opinion, what are ththree Reduce consumption (mainly energy) 65%
main measures to mitigatehe Educational andiwareness campaign 54%
causes of climate change an Ratify and implement international 45%
adapt to it? treaties and legislations

Environmental planning and monitoring| 41%
for megaprojects
Forest development and protection 31%
Scientific research 33%
Develop crops that need lesster 12%
Lowlying coastal areas protection 12%
No answer -
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The majority of respondents, 96% of people in the G@@erstandwhat climate change is, with
the highest percentage of those in Oman (100%). 99% of people in the GQ€lege trat the
climate is changingn Oman, 100% of people agree thaimate change is primarily the result of
human activities (industry, transportation, energy generation, etarjd 87% agree thatimate

change is aerious problem for the country.

Themainand SNE (2 { R®yodjtlde& diakezhyangé will affect any one of the following
sectors in your country@were Health 84%, Drinking water 77%, Food 72%, Coastal Areas 62%, and

Tourism 38%.

¢KS YI22NRGe 27F LIS2LX S dngpprance angbenefi Bat My countdy/ | & &
LI NOGAOALI GSa Ay 62NI RgAR St tHe Calirdtrg Igvel 108%o0ff Omemsii  Of A
FINBS 6AGK GKAAD | 26SOSNE (KS LlzotAdQa O2yFAR
the fact that thelevel of ambition in the NDCs is poor. This meidwas governments areot listening

to their people, which is also reflected in the lack of community participation in governmental
decisions. In addition, implementation dfg mitigation optiongresentedby the GCC countries in

their NDCs are conditienfor any UNFCCC assistandbe weakness in implementation so far
suggests that theGCCgovernmentsare not seriously committedto participaion in global

mitigation.

Overall, only 37% of the total populayio A y (i K Smy Bovérnmantk i€ actingiwell to address
climatechangé ® |1 2 3 SOSNE Ay h Yl yitthelGEC counydoghtishedwitnp vz =
its governmenf action on climatechange. This indicates that the confidence in government

decisions and action in Oman is much higher than that in other GCC countries.

Forthe three measuresneededto mitigate climae change causes and adapt to its effects, people

in the GCC voted for deicing energy consumption as the most important measure to mitigate
climate change (65%), with educational and awareness campaigns and ratifying and implementing
international treaties and legislation coming in second and third place. Howelvéie acounty

level, Oma@ & K A 3 K 83%dvas fhgefviBonmeiit planning and monitoring of megaojects
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and, in spiteof the damage caused I§ycloneGonu in 200%, protection of lowlying coastal areas

scoredzero.

It should be noted that there is some dispescy between the confidence of the Omani public in

0KS 3J2@8SNYyYSyidiQa FO0GA2y 2y IFyR LINRINBaa Ay
YSIFadNBYSyd 2F GKS I208SNYYSy(iQa | Oldzr £ LISNIF 2 NI
in the government, ti is not performing well, as evidenced by itéar decline in the 2018
Environment Performance Index (EPpwever, if these facts were better known, the pulsiowld

put pressure on the government tmntribute more effectively to the regulation procesmnd could

urge them to create greater awareness, sustainability, and renewable energy. Some possible
measures include approaching their parliament representatives, demanding action in the media,

and establishing nogovernmental organizations concernedtlwair quality and climate aspects.
wSOSyidftesxr | NBLRZ NI hes2018 StafelzBistkidakilByRndSrparakeBici§ R o ¢
Responsibilit(CSR) ithe MENA Regian® ¢ KS NB LJ2 NIi S E lovntrigs8riRludtig 3 K (i S ¢
all the GCC countriegnd sixteen sectors (Partner and Nbd, 2019)The main findings on the
environment and climate change in the GCC are outlined below, spifitial attention paid to

Oman.

The biggesthallengesaced byorganisationsn MENAas they addresthe impactof climate change

were found to be lack of awareness about clim@idated risk 2199 and lack of climate change

data specific to theiprganisations 9%9. Across all MENA countries, the same factors lay behind
the main challenges in implementing environmental strategies: a lack of awareness and a lack of
relevant data applicable to the specific organisation. For the majority of the MiBN#Atries, the

budget is seen as a secondary issue.

Omarn companieswere more focused orCSR strategies (85%Wan onenvironmental strategies
(20%) The mairenvironmental strategy challenges they saw themselves facing wekeoff relevant
climate chang data specific to theiorganisatiors (27%), wak regulatory incentives (23%ack of
awareness of climateelated risks (23%)difficulties in integrating sustainability throughout the

value chain (18%@ndlimited budges (9%)

13Cyclone Gonu was a powerful Category 5 storm, according to the Joint Typhoon Warning Centre, which hit Oman in June
2007 and caused Sfeaths and about $4.Billion in damage (200TSD). It is the strongest storm to hit the Arabian
Peninsula since recoikkeping began more than 60 years ago
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In the organisations #t do have an environmental and a holistic sustainability practice in place, the
focus varied. In the construction and industrial sectors, the majority of actions are aimed at
managing energy usage and GHG emissions in their operations, while Utilitiei$ aRe Service
organisations are more focused on engaging their customers in environmentally beneficial practices
and Personal Household Goods and Food & Beverage organisations invest more than others in
managing energy use and GHG emissions in theiplguphains. Oil & Gas and Chemical
organisations invest most in renewable energy, while Chemical and Transport/Logistic organisations
are focused on setting scientased targets for energy use and GHG emissions which they can

monitor.

Omanrankssecondafter the UAE in terms of the percentage afjanisationgroducing arannual
sustainabilityreport, with 49% of organizations in Omagporting annuallyon sustainability but

14% having no strategy at all.

This could lead to the following conclusion: Mogganizations are led by the desire to progress and

to create a more stimulating and attractive business environment than that of other organizations

in the same field of interest; this is linked to a desire to meet the international criteria for global
competition. However, the organizations admit that they could do better in the field of the
environment and climate change if the government vision were clearer, if there were more
awareness and if relevant data were available. They also believe thatdif@not the reason that

the government does not spend money on environment regulations, awareness and collection of
AYF2NXYIEGA2YT NIGKSNE GKS LINRPotSY FINRaSa FTNRY
for environmental action, and the fact thatdoes not see the environment as a high priority issue.

3.5 Adequacy of environmental current policy in Oman:

For thisthesisay dzZY o SNJ 2 F aSYAma (G NHzOG dzZNBR A yirorBdifranS 6 &4 6 S
levels involved in the developent and/or implementation ofpolicy, these included policyand
decisionmakers, members of the manufacturing and renewable energy industries, members of the

oil and gas industry (both upstream and downstream), as well as parliamentarians and members of
the media and the judiciary. This section will discuss and analyse these interviews in order to assess
the adequacy of current environmental policieSemistructured interviews strike a balance
between a structured interview and unstructured interviewte semistructured interviews, the
jdzSaidAz2ya FFNB 2Ly SyRSR (Kdzaa y28 tAYAGAYy3 0
(Gubriumand Holstein, 2002, McCracken, 1988). The purpose is to provide a setting/atmosphere
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where the interviewer and intervieae can discuss the topic in detail. The interviewer therefore can

make use of cues and prompts to help and direct the interviewee into the research topic area thus
being able to gather more in depth or detailed data set (Creswell, 2003, McCracken, 19&8, Pa
2002).The interpretive approach used in the intervielwsparadigmbased on the assumption that

social reality is not singular or objective, but is rather shaped by human experiences and social
contexts (ontology)ltis therefore best studied whiin its sociehistoric contextand by reconciling

the subjective interpretations of its various participants (epistemology). Because interpretive
researchers view social reality as being embedded within and impossible to abstract from their
social settings G KS@& G&A Yy ( SNLINB G &Y NBIytax G eLINE OXirdigh aNiI- (§ K & §
hypothesistesting procesgYanowD., 200Q. The interpretive approach was judged to be the most
suitable one for this thesi#\s Yanow (2000) explairs,! vy A y (i S NdahEoipdli€y &nallysisILINI

is one that focuses on the meanings of policy, on the values, feelings, or beliefs they express, and
2y GKS LINRPOS&aaSa o0& ¢gKAOK (GK2asS YSIyAy3a | NB ¢
3.5.1 Aim of the Interviews

The implemenation of policies in Oman is the main way by which air pollution and climate change
are controlled.The policy part of tis researchseeks to develop a comprehensive oxiew of the
policies in Oman which impact on the emission of GHGs and air pollitaniger to determine the
impact of policies on environment qualitiRelevant policies include climate policias, pollution
policies, land planningolicies and transport regulation8y evaluating the successand failures

of existing policieghe researchwill attempt to identify areas fofuture improvement.

Oneaim of the interviewsis to get an overview dhe policies, regulations, legislation and guidelines

that govern aeasrelated to environmental impact, and specifically those which alevant toGHG

and air pollutant emissionsn Oman. Another aim was tanalysethe policymaking processei

Omanand describe thevay thatenvironment policiesre developed, implemented and enforced

The chapter will also investigate different views dretdrawbacks of implementing thgolicies, and

will assessthe policieeffectiveness The focus will be orOman but it is alsostudied as
representative of the GCC countriesgeneral

¢KS 3IASYSNIf adzoeSO0i 27T (KSE (AdUIASND ALSypRa Gt AdY | ot &
number of specific topics being addressed, namely:

() The current legislation covering air pollution and climate change (GHG emissions).

() Processes of air pollution and climate change petieking.
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3.5.2

Implementation,enforcement and evaluation of policies.

What the 2040 Vision means for environment policies and émewable energy sector.

Method used to understand adequacy of environmental policy in Oman:

Theresearchdrew upon a mix of primary and secondarytadaourcesvhichincluded government

documents, legislation and statistjoshich were detailed in the previous sections of this chapter

Another key source of information came from themistructured intaviews with key stakeholders.

1.

<K<K <K<K<KKLK KL

<

Before conductinghe interviews,a summary of the policies governing air pathmt and
climate in Oman was developed, along withy case studies or stories related to those
policies,and an outline othe general path fothe implementationof the regulations.

The approah usedis the semistructured interview with a interpretive analysis Thiswas
organised around a set of paetermined operended questions, with other questions
emerging from the dialogue with intervieweeBhe interviews wereacheduled in advance
at adesignated time and locatigeachlasted betweer80 mirutes and an hour. gpendix
E3.

A triangulatel interview approach was carried otliroughinterviewing a range of people
who are involved in the poliegleveloping proces$yut who haddifferent levek of interest
and approaches. These peojteluded:

Policy makers
Decision makers
Environmentalists
Business professionals
Industries

NGO

Media

Judiciary

According to theLEARBC emission inventory analysmitlined in Chapter 2, the sectors

contributing most to PMs emission and ambient concentrations in Oman are:

1
1
1
1

Electricity generation,
Oil and gas,
Manufacturing industry and,

Transport
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Table 311 belowdetailsthe different categoies of participants along with theirtitles and the
organization each one represeniBwentyinterviewswere conductedand analysed. Two of them
were with ministers, and five with Under Secretaries. Others interviewed were people from the
PublicProsecutionOffice, along withrepresentativesfrom the transport sector and a representative

of the Parliament (the Shura Council). Industry was represented by six interviewees, four from the
oil and gas sector, one from the renewable energy sector and another from lthenlégr of
Commerce andndustly. There are also interviewees from the media, one from agovernmental
organization and one environmentalist. The interviewees were chosen based on the categories from
which information was needed: decisiomakers, policymakers, NGOs, industry, the dia, and the

judiciary, and all participated & S YA ma (G NHzOG dzZNBR Ay (G SNIASs &

Each interviewee answered the questions listed in Appendix E3; the answers provided the study

with the information needed, according to the category each interviewee represented

Table3-11: Interviewees based on sectors contributing to,P&mission in Oman for 2010

: Se(_:tors Energy sector RoadTransporﬁ SPEITE <F Industry sector
interviewees Aviation
MOTQRoad) MOTC (Marine)
Decision Makers MOG PACA (AviationROP (Vehicles Moc
PDO
Industry ORPIC - occl
Renewable Continental Shelf of Solar Technology,
Energy Industry
NGO Environment Society of Oman
Media Al Roya
Public Prosecution Office
Court
. Ministry of Environment (MECASupreme Council for Planni{§CP)
Policy . :
Makers Parliament (Shura Coungil

Abbreviations: MOGMinistry of Oil and Ga$MOCI:Ministry of Commerce and IndustigOP Royal Oman PolicBACA:
Public Authority for Civil AviatioQRPICOIl Refineries and Petroleum Industries Compah@TC:Ministry of Transport
and CommunicationPDO:Petroleum Development of Oma@CClOman Chamber of Commerce and IndusiMg@Q
Non-Governmental Organization.
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3.6 Interview analysis:

The interviews condued for this study were analysed around eight issues: current air pollution and

Ot AYFGS LRfAOASAIT AYLI SYSyldlidAzy |yR SyTF2NDS
Ay@2t @SYSYGzZ hYlyQa @GAaAz2ys NByYySslof SmeBty SNHE =
Table 312 below lists the organisations and stakeholders interviewed, and gives the codes that will

be used to identify the different interviewees.
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Table3-12 List of interviewees and their codes

Organizations

Code used in the analysi

Policy Maker

1 Ministry of Environment and Climate Affairs MECA

2 Supreme Council for Planning SCP

3 Shura CouncH Health and Environment committee Shura

Decision maker

4 Ministry of Oil and Gas MOG

5 Ministry of Commerce and Industry MOCI

6 Ministry of Transport and communicationTransport MOTC_road

7 Ministry of Transport and communicatiofPorts and Maritime MOTC_marine
Affairs

8 Public Authority for Civil Aviation PACA aviation

9 Royal Oman Police ROP_eghicles

Industry

10 Chamber of Commerce and Industry OCCI

1 Petroleum Development Oman Oil_producer

12 Oman Oil Refineries and Petroleum Industries Company Oil_Processor_1
Operation

13 Oman Oil Refineries and Petroleum Industries Company Oil_Processor_2
Environment Services

14

Oman Oil Refineries and Petroleum Industries Company
Government Relation

Oil_Processor_3

Renewable Energy

15 Continental Shelf of Solar Tech RE_industry
NGO

16 Environment Society of Oman NGO_1

17 Environmentalist NGO 2
Judiciary

18 Public Prosecution Judiciary
Media

Mo | Al Roya Press & Publishing Houdeurnalist Media_1

2n Al Roya Press & Publishing Housanager Media_2
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3.6.1 Air qualityand climate current policy in Oman:

This section will analyse the feedback given by the interviewees on air quality and climate policy. It
seems that all the environmental regulations concerning both air pollution and climatey gotic

the energy, transport and manufacturing industries are centralized under the Ministry of
Environment and Climate Affairs (MECA). MECA is also responsible for leading the implementation
of criteria and regulations laid out in international agreements which Oman has ratifietusit
address their implementation at the national level and ensure that there is no conflict with any

national regulations.

The Law on Conservation of the Environment ahe Prevention of PollutionRoyal Decre®D

114/2001, covers the three sectors storelevant to this study: energyransport and industry.

During the interviewMEC/Asaidthat the ministry is developing both a strategic ptarprevent the

impacts of climate change, and also, in cooperation with Sultan Qaboos Universif (SQUyial & L y A (i
blFEdA2y It [/ 2YYdzyAOFGA2Yy dzyRSNJ ¢KS ! YyAGSR bl GAz2
| 26 SHSNE G2 (GKS o06Sai 2 Wocinte@shdveltmt Be2ndfipiovedayiies t S R 3
time of writing (Malik AWardy, Personal communication).

MEC#Asaid hat the environmental law in Oman is one of the best laws in the region and is based on
international standards and criteria. He said that the law focuses on sustainable development and
that this is a priority for OmarHowever,RD 114/2001has beerin the process of beingpdated for

more than three years now antased on the updated informatiois in the cabinettbe council of

ministers) at the time of writing.

SCPRsaid he is not aware of the policy, but is sure that when they come across any ensir@hm
LaadzSa oRBEMNY tikSEa@NI a{GNIGSIAO tflyéeés GKSe@
any environmental aspects in the strategic plan will be addressed.

The main feedback on this context cafiem MECAwhich can beconsidered bothas a policy

maker and a decisionmaker | S &+ AR GSOSNE LINR2SOG AY hYly
license application, in which there are different requirements for different businesses based on
whether they are small, medium or large enterprises according to how far they may affect the
SYGANRYYSyGd 1ff 2F GKSAS LINR2SOla akz2dZ R O2Y
OCCmade an identical statement, noting that every industrial or commercial project has to get

permission from MECA FEmre starting any process. Additionally, all projects must be carried out
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within the designated industrial areas in Oman, and not in any other places. He also noted that there

are particularly strict regulations for crushers, and that these are also nreditoy MECA.

MOG MOCIMOTCroad and MOTC_marirad agreed thatMECA manages and oversgesicy RD
114/2001,andthat all entities have to follow that policy by lgwone of them speciéd the name
and numberof any Royal Decre®r any Ministerial Decisionthat took precedence over it. This
suggests that most of the decisiomakers are not aware of the details of the environmental law.
Some othem mentionedMECAR & & { AldbuthidwtBesicamplied withthe limits. For example
MOTC marinecomplaired about the strength of MEQRAguidelines forthe environment andthe
fact that MECAparticipateseven in the meetingsf the maritime organizatiorin order to ensure
that their voice is heard oanvironmentl issues Thatmears that MECAdoesactivelyparticipate

in relevant meetings to ensure that its laws are compligth.

PACAseems to have their own regulations as they come under the umbrella ditkenational
Civil Aviation Organization (ICA®)d have undertaken their own initiative by votarring in the
Global MarketBased Measure schemwghich aimsto minimize the environmental footprirf the
aviation industry by 2021. In the road transport sect®)P has its own specifications and
regulations which different vehicles must complywith;$ 84S ' NB Ay fAYyS gA0GK a
emissions are agreed between MECA and entities such as the Ministry of Commerce and Industry
(MOCI), the Royal Oman Police (ROP) and the Ministry of Transport and Communications (MOTC).

However, the vehiclegdicy in Omardoes not specify which body iesponsilte for regulatingair
pollution from road transport. The import of notor vehiclesinto Oman falls undethe GCC
Conformity Certificatesscheme which is run by th@ CC Standardization Organization (E8itich
started in2005and followedthe decision of the Ministerial Council of tl&SCQo have a common

GCC Conformity Certificate based on the relevant Gulf Standardsew motor vehicles. The
Emirates has since established its own vehicle regulationhasdipgraded its gasoline and diesel
quality to EURO 4 criteria in order to accomplish its targets and make cleaner fuel a priority. Oman,

however, continues to follow the older regulations.

The Oilproducersaid:dTheoil and gasector of Omansuch a$etroleumDevelopment of Oman
(PDO), are exploration and production companies which have their own specifications and
regulations. These agenerated from national regulaticissued by MECA bbased oministerial
decisionsaandRoyalDecree. When anything is not covered by thasgulations, PD@hen usesthe

best practice ad international standards, such dbe Shell Cmpany standards, to meet all
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environmental equirementg ¢ ibdicates thatgaps do existin the policy for the oil andjas
sector, and that thesaneed to be addresseaince company standards (Shell) shouldbeapplied
without being evaluated andadapted by the governmenfor nationateve use, and only then

enforced.

Oil_processor_@vas extremely insistent that theris only one law that covers the activities@if
Refineries and Petroleum Industries Comp&DiRPIC), and that this wB® 114/2001.

It is worthnoting here that theOil_producers from a governmenprivate share company, whereas
Oil_processois in awholly governmental sector, where the laws are likely to be more rigorously
applied. That is because many of the activities undertaken by companies are not covered by existing

laws, so that companies introduce their own specifications for these areas.

There was unexpected feedback froNGO_E ¢ K 2 | ainlsurdthe policies which cover air
pollution and climate change ate @I A f | 6f S 0dzi ¢ & BRI Aeida § KSY
piece of legislation whereby it is obligatofgr all government and nogovernment entities to

report whatever chemical produsthey - @S | y R ¢ K| (S @S NITHd shosihowi K S &
the only NGO concerned with the environment of Omapeashapsnot taking air pollution and

climate change issues asriously a# could

Judiciaryexplained thatfor air pollution issues they follow article 7 BD 114/2001 which states
GKFGY aLd Aa y20 Fftt2SR (G2 dzaS hYlIyQa Sy giNe
such quantities and types thatay adversely affect its intactness and its natural resources or nature
conservation areas and the historical and cultural heritage of the Sultanate. No pollutants shall be
disposed of in the natural ecosystems unless in accordance with the regulatiorsoaditions
AdaadzsSR o0& || RSOAaA2Yy FTNRY (GKS aAyAradSNmwéeé ¢KSe@
GKAOK aitldsSa GKS F2fft2¢6Ay3aY ab2 2y SN akKlffx
environmental pollution in ecosystems or in nature servation areas, above the pollution

a0 yRINRa FYyR RAAOKINBS ALISOATAOFIGAZ2YA (2 0SS
However, legalecordsshow thatno casegelated to air pollution or problems caused by air
pollution came tocourt in 2010 orn the nextthree yearsThis could be seen as an indication that

there are no problems with air quality and that industries are complying fully thihrules but it

could equally signal a lack of transparency or awareness, or a weakness in enforcetheriaaf
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3.6.2 Implementation and enforcement of policies (practices):

This part of the analysis will discuss the views and ideas of the interviewees on how well policy is
implemented. As decision makeMOG, MOCI, MOTC_road, MOTC_marine, P&@&RORagre=d

that policies are never completely implemented, with implementation always being dependent on
the availability of human and financial resourdeOTC_marineaised the issue of penalties, noting

that they are not high enough to prevent either individs@r companies from violating the limits

set. WhenMOG talked about priorities in Oman, he said that the environment is considered
secondary to the provision of clean water and electricity. HoweRaC Aand ROPoelieved that the

policies which cover their sectors are sufficiently implemented.

OCCkExpressed a somewhat different view, arguing thegislationis too strict, and meanghat

industries have no spade improve andcompet® | S & A RY stiicti® thdir policy an A I K f
the pressure of these policies on manufacturers is a big issue to them, an obstacle to their
RS @St 2 LIV ofliicarwhildagreeing that MECA has become strigt¢he development and
enforcement ofregulations and poligyexplains this as part gfworld trendd edate committed to

the Paris climate agreemefitK S & A RX ¢ a2 ndt bnydn emisstrs ButioNAIO G S NJ

environmental issues

Although NGO_1 is not aware of all environmental regulations, they do see iedeyj
improvement in the enforcement of polic¥Env_act however, talked about the need for more
awareness, more trained people, and more judiciary support so that policy could be properly
implemented,implyingthat the laws arenot sufficiently enforcedThis same issue was raised by
Judiciarywhen he said there are no judges specialised in environmental cases; in his view special
SYGANRYYSyYylUlt Ay@SadAi3alraz2zNB NS ySSRSR: a 6S
department specifically conceed with the environment. In addition, judicial control officers need

to be further educated on how to deal with cases related to air pollution and climate.

The policy maker MECA & I AfRlicied must be implemented sufficiently otherwise the
environmentin Oman will be negatively affected; but if that happens then the law will penalize the
violaizy s FyR Fft GeLlSa 2F @Azt A2y FyR LISYyltdASs

It can be concluded here thaterspective on the implementation of environmental policgre
widely varied, sometimes based on the interest the interviewee.Wheresomepeoplethink that
it is never possible to hav&00%implementation others believe that environmental policy is

already beindully implementedIn generalthough,it is clearthat thereis room for a good deal of
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improvement in policyenforcement with references to the need for greateuman and finanial
resources, awarenesand capacitybuilding, and above all,the need to qustion whether the

environment is being adequately prioritised as a lesyiein overallpolicy in Oman.

MOCIdescribedthe penaltiesfor not complying with thdaw asnot very harshbut felt that this

would be overcomewith the updating ofregulations. lis worth mentioning here thato the best

2F GKS FdziK2NRa 1y2¢6fSR3IASE GKS NS R A18/R01PIS NE A 2
intheY A y A & ( S Nuaawaiihg@pprovaliat the time of writinglOTC_maringhinks we need

more enforcemenbf policy He also noted the lack of regulation of air pollution specifiéalyhe
maritime sector, but believed that as soon as a law was passed, it would definitely be implemented.
He said that they are currently working with MECA to develop reguistthat would lower the
acceptable level of emissions and would also regulate a number of practices such as switching off
the engine while stopping in a potOTCroad said MECA deals directly with the companies
engaged in all road projects, and addressdl environmentelated issues, and that therefore he

has never come across any cases of the law on environmental issues being Brakd#eaid that

they had never received any air pollution complaints about aviation, and attributes this to the fact

thali SYQGANBYYSYydlf LRtAOASAE I NB FRSljdd §8t& SyTs2

implemented a regulation that banned the landing of older planes in Muscat airport for
SYGANRYYSyYyidlf NBFaz2zyada | yR | RRSRenfokddiHoveveh 3 NI
in my opinion, compliance is not measured by a lack of notification of pollution incidents, and it is
also likely that no pollution cases have been brought to court because of the high value placed on
tolerance in Omani culture ROP said éthe environmental policies in Oman areadequately
implemented ancenforced = | YR y20SR (0KIFG @GSKAOf Sa GKI G R2
will not have their annual licences renewed. However, the technical inspection that includes
emission cheks is only compulsory for vehicles that are more than 10 yeardR@ldPadded that

GKSe Iftaz2z KIFIgS AyalLlSOG2NBE 2y (GKS NRBIRA GoK2 a
A number of interviewees expressed the opinion that emissions and air quadigy not a major

problem in OmanWhile SCRadmitted to not beingaware ofthe effectiveness of the law to keep
hYlFyQa FANI ljdzZl £t Ad& &AGKRA Y nde@@Ondahashdersvery danéiil i a =
when it comes to air pollution as we febht the city of Muscat does nget have a level of pollution

that we need toworry about€ Hetherefore believegollution is withinacceptable limits. It seems

that theseissues have never been raised at the leveiatfonalpolicy-making, even byMECAROP

similarlybelieves thathe emission regulation forehicleds strict and prevergtpollution, although
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he did point out thaEMuscat andother Oman cities are not compadtke London, Parisar | A NB € £
a factor which would make pollution lesssible. His opinion, however, is based on visual
observation only; he is not taking vehicle technology into account, nor is he aware that adopting a

higher EURO level would result in a cleaner environment.

In the opinion ofshurg Omarn environmentallaw is amongthe bestin the GCC regioand coves

most environmental iages. However, for the researcher, this comparison does not make for a very
strong argument, as the GCC countries are similar to Oman in terms of their limited environmental
progress, andlo not provide a high standard of comparison. One criticism maddbsawas that

& G EeBaltiesdo not adequately reflect the seriousness of thelations.

MOGthinksthat we have to be realistic aratcept that zergollution, while ideal, is an imgssible

goal; at the same time, he believes that Oman should choosedace pollution as much as

possible HeLINJ A & S Rfollowihily ¢f €hé EURCtriteria in its fuel systemas very positive

because as he said¢hey (the EU countriedpok at the industry, they look at the technology, and

they come to a conclusion that today we can reduce thelSDJ)Y FNRY wmn (2 p F2NJ
his opinion is valid, the researcher feels that Oman, which has adopted EURO IlI criteria, could do
moreto reduce pollution by adopting more stringent EURO criteria. It is worth notingahsn Oil
Refineries and Petroleum Industries Comp&@iRPIC), when asked why they were not producing a
higher quality of gasoline and diesel, like that required in Rit@s,commentedthat the Ministry

of Oil and Gas (MOG) were the ones responsible for giving directives about fuel quality, but that

they had not done so in this cag®ersonal communicatio2018

There are different opinions about how strictly thewk are enforced MECAclaimed that
SYF2NOSYSyld A& OSNE &aUNROGEI gA0GK ALISOATAO LISy
the emission limits would definitely be penalised, with different penalties based on the type of
violation, all of which NB &G+ G SR Ay shukaBelielels ihat dedrex ofSleibiltybis
sometimes applied, compliance being more rigorously enforced at some times than at others, but

he said the executive authorities, the judiciary and MECA, are the two entihieserned with
enforcement. Env_act however, does not agree withMECA stating unequivocally that,

cenvironmental policies are not enforcediequately €

Theviewsabove confirmas hadbeennotedearlier, that each interviewee hahis/her opinion based
on his/hercareer and experiencegith MECAfor example both being the bodyhich ruks onthe

implementation ofRD 114/2001and alsabelieving that the law isbeingfully enforced. Although
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many of the intervieweeslo agree that there are someeaknessesn the law, such ashe
inadequacy openaltiesimposed,they also believe thasteps can be taken to overcome these in
the near future. The only interviewee who feels strongly that environmental law enforcement in
Oman is inadequate, Bnv_act Theresearcher find this opinionmore realisticthan the others
expressed, sincenv_acthas a wider knowledge and more balanced view of the situation, being a
former employee of both the Ministry of Environmental and Climate Affairs (MECA) and of the

Environmem Society of Oman (ESO).

Media_2 has been a reporter for eight years, but has never come across cases waingre
punishmentwas imposed ora company or a factorgs a result of their aipollution emissions.
However, inthe lasteight yearsthe media hagublished a number ofreports oreven feature
articles*aboutcomplaints from the public concerning pollutioglated issues, such #se increase
of SQ, the level of chest infections, ttepotsleft on walls outsidéuildings, and themell of smoke
from the illegal burning afarbageHe added thatvithin the lasttwo yearsthere had been no media
perceptionof air pollution asa crigs, or even as groblem significant enougho be coveredin a
feature ormajor report or interview; the only refererecto major environmental problems in Oman
would belimited toa columnisQ &  NJ# tidiridlumn Thenumber ofeven lowvisibility reports
on pollution issues isevy limited andwould usually come frona locationoutside Muscatsuch as
Sohar

Media_1 said the regulations about the hunting of endangered animals are clear, strict and
rigorously enforced, and that many organizations and bodies in Oman take this issue very seriously
and follow any cases. Many cases are brought to court, with penditsg implemented
NAI2NRdzaf eéd ¢KS YSRAI LldzofAakKSa | fFNBAS ydzyoS|
for endangered animals also resulting in a high degree of public interest in them. She also mentioned
that in environmenirelated cases here often was an overlapping of responsibility between
different entities such as MECA, MOQ®E ©ffice for Conservation of the Environment within the

Diwan ofthe Royal Courtand several others, with the number of bodies involved dependent on the
specfic case. This meant that it was difficult for journalists to cover these, unless the bodies

concerned collaborated with each other and with the media. Journalists also, she explained, had to

1A feature in journalism refers @ speciailnvestigation conducted by a journalist whiten writes an article focusing very
directly, and sometimes dramatically, on the issue or event. For example, they may investigate a specific complaint people
made and do interviews to get various views on the issue.
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adhere to the Bblications andPublishingLaw. Her views were consistent with those expressed by
Judiciary The statistical data show that eleven environmental cases passed through the courts in
2015, with numbers decreasing to four in 2016 and only one in 2017. Interestingly, all the cases

involved endangered species and nature reserves; not one involved air pollution.

Judiciarytalked about the process by which any cases of air pollution violation would be brought to
court. Several steps are involved; the first would be receiving an offgpalt from MECA judicial
control officers with a description of the case and photos of the location. The judiciary would then
call the offender and ask for an explanation, with the case then being referred to the public
prosecution (the Attorney Generalprf a decision. A number of criteria must be met before the
judiciary will accept a case; for example, the technical report must be signed by a qualified person,
and any records involved must come from calibrated measuring stations. Where the case involves
an environmental issue, an environmental expert would also be consulted before any decision to

prosecuteis taken.
Points made by the media and judiciary representatisas beclearlysummarised

1. Therehasbeenno mediacoverage of casevolvingair polution. The reasons for this
includelack of mediainterestin the subjectthe overlap of different entitiesnvolved in a
case, and the difficulties of getting people to work with/talk to the medR the
manipulativereputation of the press.

2. Most of the environmentrelated storiesin the pressare about endangeredgpecies One
reason is that wildlife conservation comes under a very active and powerful government
organization which frequently contacts the media with potential stories. Pollutidated
AaadzsSa INB y2d oNRddzAKG G2 GKS YSRAIFQa Faas

3. Onegap in the enforcement otlimate-changerelated law could arise from a lack of
awareness of the different steps that must be followed in attempting to bring a case ef non

compliance to court.
3.6.3 Revision and evaluation of policies:

Revision of policy as discussed here is the process of carefully reading a poleysaring that it

takes into account any changes happening either nationally, regionally, or internationally. The policy
must then be adapted and edited, in consultation with specialists in economics, politics, the
environment or any other relevant fiel@ngoing revision of policy is essential, therefore, to ensure

that policies best reflect and fit the current situation.

187



Policies must always be subject to a period of evaluation during which practices must be explored
and stories collected in order to mfm the process of revision. This evaluation period is an
important tool which allows issues to be raised before an evaluative decision is taken. Evaluators
must basically decide whether a law is effective and best kept as it is, whether it is too istaot o

lenient, or whether there are gaps in its coverage which need to be filled.

All the decisiormakersMOG, MOCI, MOTC_marine, MOTC_road, RAGROPRagreed thathere

had been periodic revision of policidsit MOGclaiming that the revision of the environmental law

had not brought a great deal of improvement. He expressed his desire for Oman to reach the same
level of technology as that used, for example, in preparing IPhone and EURO specifications; if this
were dane Oman could be more competitive in the global market.3He LING & &h8pR ¢hat (i K S
GKSNB IINB LIS2LX S 6K2 IINB g2NJAy3a KIFENR (42 02YS
AYLE @Ay3 GKIG hYlyQa SYy@ANRYYSyil é&scdmbamafroth NE 2
competing globally. Without specifying how often new versions of products, laws and criteria were
needed, he noted that those from top companies and bodies were presented periodically, were

always an improvement, and tended to involve g#iccriteria.

It is clear that the decisiemakersdo notagreeon how often policies should be revised. The main
responses variedvhen there isaneedfor it, every two years, avheneverinternational regulations
areupdated. Ly (G KS NB a S nBikrSdafldnel envirdniheyital 2aw and its regulations
should take account of a number of specific factors, and should be based on evaluation of how far
its targets had been reached and how effective it had been. It should also be responding to the
findings of ongoing new natiorddvel research studies, to any new issues that had arisen nationally,
and to all its global commitments. There should thus be a continuous and cyclical process of

revision, implementation and assessment.

NGO_1had no knowledgef how frequently the policy is revised, whiv_achoted that policies
are usually revised in order to meet new challenges. This meant that revision should not lssseen
animprovement when, for example, it lowered the environmental criteria fordktensible benefit

of the economy.

Shurawas convinced that no specific time period had been set for review of environmental policies,
noting that the last revision documen®D 114/2001, was published over fifteen years ago but its
implementation was oly started in 2016, a delay which he saw as an indication that policy is revised

only when there is a need for ile explained thatall legislationvasrevised and evaluatelly the
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members and committee members tife Sura Council and would be voted ofor approval. He
said that law RD 114/2001had been reviewethy members of the comrtiee, who had discovered

the problem thatthe penaltiesset for violations do not act as a vialdeterrent.

SCRuvas also not aware of there being any specific period set for revision, but pointed out that it is
usual for environment policy, whether an overall policy or one geared to specific sectors, to take a

long time to develop.

MECSaw the work orthe main giidelines and regulatiaasthe main change and improvement
occurringin the last few yeardHe citedRD 114/2001, the Law on Conservation of the Environment

and Prevention of Pollution, and the fact that its revision had started in 2017 and was stijl bei
worked on.Another improvement was the fact that monitoring devices are now located all over
Oman, and have been placed to cover the main industrial regMEBCA- RRSR G KIF G ahYl
now has a strategy for prevention of the impact of climate changs th based on the Paris
Agreement, and is alstommittedtotheY @ 2 G2 t N2 1202t ad ¢KS NBaSI ND
out that although at the time of the interview (201#)is strategywas said to bén its draft form

and alreadyin the minis& Nd@kinetawaiting approval, she had not been granted access to it, nor

been given any information about it, until now.

SCRaid that he remembers MECA having requested a budget for drafting an environmental policy
for industrial areasShurabelievedthat the environmental policy whichad beernreviewed by the
councilwould be published in the near futureHe saw this ashe only probable change in the
environmental policy of Oman, besides the guidelines and regulaitichsded the poly, whichhe

did notthink would be significantldifferent from those existing now.

There was a variety ofiewsabout whether policy evaluation was taking plab#OGnoted that
such evaluation was the responsibility of MECA, andahhbughhis ministry had given MEGHeir
opinions on methods for measuring pollutants, limits allowed and other factors related to the oil
and gas industryhe did not know iIMECAwasevaluatng their policyat that point. MOClbelieves

that MECA is evaluating the poljdyut did not saywhich evaluatiortools were being usedHe did,
however, givesome example of how MECA could evaluatgolicy, these included conducting a
governmentstudyto collectdata onhow frequenty people are visiting hospitglanother study to
assess the viewsd satisfaction levels gdeople liing close to industries, as well as research into
the manufactured Q ¥ S St the/r8gilatioredN2QT0_marinend PACAoth noted that their

situation was different; since they are members of international organimati™O and ICAO
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respectively, their policies and national bodee® evaluated byhose organizationsMOTC_road
agreewithMOGI 0 2 dzii A (i  {ISta giduata énvirbn@eéntal polic¥hey noted, however,
that MECAhad never asked for their comments views regardingevaluation of anyparts of the
environmental policyand added that whil¢hey had had some discussion and collaboration with
different MECA committees, there had been no interaction with the policy commiR&#xalked
about traffic pdicy, explaining that the ROP have their own evaluation specialist within the ROP,

andare evaluating their own regulations with reference to international reports and standards.

NGO_1did not know if the environmental policy was being evaluated or adtile Env_actwho
noted that revisionand evaluation are intertwined, believélsat MECAand otherentities would

only issue a piece of legislation afeethorough investigatiomad been carried out.

MECAitself explainedparts of the evaluation proces noting thatfive years agin 2013national

and international experts had beetonsultedabout a variety of environmental regulations. In
response to their advic€the waste management sector split away from MECAiamdw BeQH,

which has developed its owseparate piece of legislatiofhe same happenedith the sewage
sector, which isnow Haya¢ More controversiallyMECAalso said thatdifferent entities shae
responsibilityfor implementing the environmental lawand that evaluation is based on their
experience This conflicts with other points of view expressed, which put all the evaluative
responsibility onto MECA, but saw little evidence that the experiences and advice of other bodies
were sought or taken into account.

NG SNIDAS6SSa YIRS | ydzYoSNI 2F LRAYydGa | o62dzi
environmental position. FaMOG the weak point othe oil and gas sector is flaringg they asthe
ministry supervising the oil and gas operating companies, lalaoted azero flaring initiativeand

have made it compulsory for companitspresent their plans for zero flariffigr each particular
system.MOTC_marinesaid there had been changes for the better in maritime regulations, and
praised MECA for its efforts in thislfieFor example, MECA had spent millions of riyals on installing
monitoring systems in different ports of Oman in order to control emissions. They had also insisted
that any factory wanting to start business in a port should abide by strict requiremefasetgeing
approved, and had trained staff and hired experts to ensure that emissions were kept under the
acceptable limits MOTC_roadsaid there were no new regulations fooad specification and
classification,but that rules and regulatios for traffic were revised and updated whenever
necessaryPACAalked in generahboutthe main changes iair pollution/climatechangerelated

legislationrelevant to the aviation sector The aimshe explained, were thedpreparation and
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implementation of national psggrams vhich would includeneasures and actions to mitigate climate
change by addressing emissions from greenhouse gasksther harmful factors, whileaking into
account the compatibility ofuchmeasures withthe programs and sustainable developmenaips
AY hYl yoe

OCCihinks that there is nothing new in the regulation, exc#pit they arestricter than before. He
gave an example of crushdraving tobe at least 3 km away fr@anycommunity,and argued that

this made it extremely difficult tdind asuitablelocation.

NGO_JandEnv_acfelt unable to comment specifically dlne main changem air pollution/climate
changerelated legislation but NGO_1noted the possibilityof a new or updated policy, while
Env_actexpressed the view that there & great room for improvement in terms difuilding
awareness and recognition of climate change. Howelierdid not believe that there was any

consensu®n this even amongst policynakers.

Shuranoted that whenever there is rapiddustrializatiorthere isbound to be a lot of changes and

AYLI Ol IyR |ft&az2z SELX I AyYySRY™ defands thatYtl psfyQspecial S 2 3 N
attention to the environment. He thinks that Oman started well by establishing MECA a long time
ago, when no one else in the regiamas paying attention to these issues, but felt it was
dzyal GAaTEFOG2NE GKIG hYFyQa SYy@ANRYYSydlf tFgs
2O0SNXtt OAS6 sl a GKIG hYly ySSRa G2 KI @S al ol
tobemore2 NEI yAT SRéd 1S LINFAASR LI NIAFYSYy(d F2N dzy’
into one committee under the parliament; for him, this had made the link between health and

environment very clear to both members of parliament and the wider community.

It can be concluded here that although thdras beenrevision and evaluation of the environmental
law, there is no systematic procedure fiiis, and exceptShura, many of the peoplevho should

be part of itare notinvolvedin it or even awarehat it is taking placeAlsoimportant isthe lack of
consensuamong policymakers in recognising the dangers of climate change, although MECA and

other entities are working on strategyto preventits impact

15This is a reference tOmam ldcation which makes it prone to many hicanes and at the same time subjectedthe
transfer of emissions from neighbouring countries. Aletable isthe Khareef season, or the monsoons, which begin from
mid-June and last till the beginning of Septembeith the rains malngthe mountains anacountrysideof the southern
regiongreen.
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3.6.4 The Environmental policy development (Involvenadr&takeholders):

Stakeholder participatiom the policy development process widely advocated, but there i®
structured, empirical researdndicating that stakeholders have any involvement in or influence on

environmentalpolicy developmenin Oman

Oil_Processor_zaid there is no proper communication between them atid Ministry of
Environment and Climate AffairMECA, andpointed out that hecould see no effectivevay that
environmental plicy in Omartould be structured and developeéiso, &hough they would liketo
be consultedn policy at presentheyare merelyadheringto regulatiors made without their input
Theyfeel thatthey have muctbetter interaction withthe Ministry of Oil and GadOQG, where
they have been consulted in maogsesthan with MECAwhere they merelyimplementpolicies

but do not feel they havavoicein any decisions

Not surprisingly SCHs not part of the environmental poliepaking process, but does believe it
starts with oil and gas companies in coordination with MECA, a belief not supported by information

from Oil_Processor .2

MOCIwas not awareof any changes in air pollution/climatehangerelated legislatiorrelevant to

the manufacturingand constructionsector, but this is because this is not under his ministry.

OCCexpressed dissatisfaction with MECA in its relations with industry, saying that MECA had never
consulted them abouany of their regulation, although OCCI is a consultant party and works as the

link between government and the private sector.

NGO_1is not part of the process for developing environment policyOmanand is therefore
unaware of how the process works. This position also makes them feel unable to campaign for any
change, but in any case, their main interest is in endangered animals and wildlife rather than in air
pollution. Their role is simply to commigate their views and recommendations to MECA or the
Ministry of Agriculture and Fisheries (MOAF) if they become aware of the need to address a
particular issue; even here, they can only act if they having the evidence such as a scientific study.
Their inkerest is only for nature in general such as endangered animals and wildlife but not air

pollution in particular.

What is clear from all these communications is tWdE CAdoes notconsultstakeholdersor invite

their comments orits draft policies; nor dog it sharethe new policies once these are approved.
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Oman, then, has placed a high priority on environmental issues and has established a range of
institutionswhose job ido set standards and normsnplement policiesand enforce lawsDespite

the prominence accorded to the environment,oWwever, the interviews show thatpublic
participation in environmental governance remains weakth no clear policy for integratg
stakeholdersinto the environmental governance procedsowever,Shurg whose insitution is

OSY (NIt (2 ( Knking haxh coadpléeipictui® df thépblicy development process
and was able to present a logical system for developing environmental policy in Oman, as shown in
figure (32).

Policy development process
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Figure3-2: Policy development process in Oman
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3.6.5 Future (vision) of Oman:

All the interviewees were asked for their vision of Oman in the future, with special reference to
climate change and the environmelOG believes thatthe oil and gas industry will stibbe in
existence 2680 years hencealthough it will beproducing moe petrochemical products than
gasoline and diesel. He said we will be using electri¢ batghat thesewill bemade of plastics and
rubber whid come from petrochemical He also predicted thatag will bewidely used for
generatingthe electricity neee@d to charge electric car batteseHe thinkghat in 20-30 years we
will be mostconcerned abouthe management o$olid waste, waste that is dumped aiscentering
our ecosystemandismore dangeous than air pollutantsMOClhinksthat the futurewill be better
for the environment since new technology in indyswvill avoid pollution.People will be able to do
many jobsfrom home through computes, which will reduce theiseof transport,and manysmall
business and enterprises may disappaad bereplaced by online shoppinflOTC_marineelieves
the environment willbenefit from an increase irpeople using public transportyhich will all be
electric. In the maritime sector, he hopesthat ships will workon solar energyby that time.
MOTC_roa@lso hasa very positive vision in terms thfe environment,as his ministry plans fpave
more roadsand thusreduce air pollution as well asising better technology foroad paving and
construction They are also planning to createlarge road network fopublic transport and raise
awarenessabout the benefitof usingit. PACApointed out thatlCAOpredicts that the number of
aircraft will at leastdouble by that time, and that the number otourists using aroplanesfor
travelingwill increase by0%.Based on thseexpectationsICAO plagto continue updating their
regulationsin order toremain in linewith indicarsfor sustainable developmenthis is extremely
important for Omangspecially becaughe aviation sector is one of the sectors thahopes to rely
on in thediversification ofthe economy. RO &ishfor the future isto have trains thatarrive on
time, and more r@éanceon public transport to minimizéhe number of passenger car®CCthinks
Oman isalreadytaking good car®f the environmenfT A Yy Rdz& ( NB (pithe@cahahgsy (i & K

14% but theyexpectthis to rise in the future, along with a reducddpendence on oil and gas.

Most organisationsMOG, MOCI, MOTC_marine, MOTC_road, PAGAROR had no idea about

what laws were in the pipeline but saw this as coming under MEGAOGY SY A2y SR h Yl
signing of the Paris Agreement and wondered whether it would become law; however, this was
3 Ay aSSy IIMDClalked hbouiren@valbedenergy and how the government is
pursuing this. They have alreadiprmedl G SFY Ol t £ SR & ®érlgrinSéEctiok ¢ 0 Y Sy

3.3.2.10) to introduce and facilitate the licensing progratended toencourag this businessthe
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team will alsopromote and set the regulations for the use of wind and solar as alterrsdiveil

and gasMOTC_maring¢alked abouttheir currentcollaboraton with MECA to develop a politiyat
would provide better environmentalegulaions forthe ports.He cited tle promotion of theuse of

solar energy for producing electricity within the posihda plan to make it compulsory faranes

to be electric instead of diesélielled PACAoted the environmental regulations for air transport
were under the umbrella of tB International Civil Aviation Organization (ICA®)OTCroad
explainedthat the law regardingtransport has already been published, with the regulatiors
explaining thdaw in the process of being published and expected to be available within six weeks.
Indeed, and d the time of writing, these revisedegulatiors have beenpublished but makeno

reference at all taair pollution.

Other interviewees shared their knowledge of possible laws in the pipeline,N@&® land SCP
not being aware of any, aninv_actmerelysuspecing that there were OCCbelievesthat the
existingregulatiors are now in the processf being revised. elwas the one voice expressing active
dissatisfaction; he felt thaany lawcurrently beingstudied or revised by the goverrent was sure
to askfor more restrictiors, when, as a representativad industry, he believed that the law was
already imposing too much regulation on their activiti@dECA by contrast, focused on its
environmentprotecting plans, such aaldng more monitoring devices to control air quality, and
establisting an environmentmonitoring section within the ministeywhich would use cameras to
monitor and control emissions. These surveillance cameras wouldalibeated imagethat would
work within a wide ange of @ylight illumination, and could capturair pdlution conditions,
including the concentration of particles mass (Mweather, temperature, humidity, and windll

of which are réated to the air quality leveMECAalso outlined their plans foSalalah, whereby they
would move all crushers away from populated areas and reduce the emissions produced by waste

disposal.

Most of the intervieweegould be seen tdnavetheir ownvision for Omafg @nvironmentalfuture,

such as more electric vehicles, more paved roads, the development and greater psibliof
transport, electronic governance, the diversification of the economy, and the use of solar energy in
the maritime sector However the representativeof the energy sector in Oman seems to be
disregardinghe problem ofair pollution, believingthat it will not be a problem for Omathe failed

even tomention any plano replace the use obil and gas with renewabldike wind and solar.tl
should be noted her that RoyalDecree 40/2018issued earlyn 2018 puts electricity undethe

Ministry of Oil and Gas (MOG) and transferghem all the powers and prerogatives associated
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with the electricity sectothat formerly belongedo the Public Authority for Elégcity and Water
(PAEW)This part of the interview did also ask about the penetration of renewable energyimto
energysector formerly dominated by oil and gas. This has in fact started to happen, and will be

further discused in the following section.
3.6.6 Renewable energy future in Oman:

RE_industryhinks the renewable energy business in Oman has been progressing faster this year
(2017) than in the previous couple of years, and noted that a few months ago a new regulation was
introduced to monitor theinstallation ofsolar panels in homedn addition, the government had

begun to grant licenses for companies in the solar panel installation business. He talked about how
Odzai2YSNBEQ ySSRa YR NBIdANBYSyilia KI Rspddfit yISR"
places when there was a power failure but now they wanted to install a general solar energy system

for their homes. He also pointed out that Oman had one problem with solar panels which did not
SEAAG Ay Yz2aid 20G§KSN Qauaes dihs pabels dvithKife aRddmdiicess K A C
their efficiency. They need cleaning more often than elsewhere, especially as Oman is a dry country

and there is rarely rain to help clean tham.

However,RE_industrexplained that Oman was already making significant strides in renewable
energy. One example was ti&dasgPoint technologyeing used irthe solar power facility Miraah,
whichisSELISOGSR G2 0SS 2yS 2F G(GKS® ¢k NirsR@id erfergyNAE S 2 i
power pant project is also under constructiom Salalafand, b the best of the authd2 knowledge

at the time of writing,it had started operating inthe second half of 2019.

MOGA | WRargimaking small stegsy NB Yy Sl 6 f S Of gr&ldkBrbothdnentid®edl y R
a potential renewable energyroject in Dugm?® which was beingliscussd with new companies.
RE_industrexplained more about the Maa projecE ¢ K2 & S té pgroducesdroand 6,000
tonnes ofsteam from solad Thesteamproduced will be injectedto enhanceoil recoveryand will
avoidthe CQSYA GG SR FTNRY h Y kofivertion® dieiNdiyytaiprodaieSstefreh

' Y2dzyiG 2F | 062dzi onn G2yySa¢od

16The Dugm Special Economic Zone is a model of an integrated economic development composed of zones: a sea port,
industrial area, new town, fishing harbor, tourist zone, a logistics center and an education anigtzone, all of which

are supported by a multimodal transport system that connects it with nearby regiocis aghe Arabian Gulf countries,

the Middle East, East Africa and Southeast Asia.
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It can beseen from thisthat the intervieweesall feel that the government is making progress
towards the 2040 Vision goal of having 38% of its energy framewables with a number of
achievements cited byepresentativesof different entities Another project is theSahim initiative

launched in 2017 by the Oman Awtity for Electricity Regulatigmnd usinga Y FANXY Qa S OK
for arooftop solar PV schemehich willprovide up to 250,000 residential solar PV assets totalling

1 GW in capacityThe project includes all staggspm pre-installation through commoning,

operation, remote monitoring and maintenanclso significant is the statement to the media made

by the Undersecretary of the Ministry of Oil and Gas in June 2019, saying that the Sultanate has
raised its 2030 target for renewable energy sharenfr10% to 30%. Public awareness of the

advantages of renewable energy is also growing, andwitliscusseth the following section.
3.6.7 Awareness:

Media_2described their efforts to cover the air pollution story, but explained that it was difficult to
communicate with companies and othetakeholders responsible ftie issue, as they did not want

to cooperate directly with media and tended to refer journalists to their statementpress

releases. Media_2explained that froma journalisf goint of view thiswould be seen ad | latk of
transparencg 0 dzi | RRSR ( KI {conipanotiiewiseXiiey il ségouiakdyoiir § 2
YyS6alJ LISNI AY | o0FR fA3IKGEZ 6KAOK YlIe FFSOG GK!

The reporter also explained thadif more thanfive yearstheir newspaper haghublisted a weekly

page entiteddAa G+ G S | y Rat discuSsedheSgroblems of the local peopland their
challenges iffife, including the challenges of individuals and local companiegarydayinteraction

with goverrment bodh S & ®¢ L & & dzS & pollufion & ¢/ @dverd®iry tNeS¢iuimh, fincluding

air polluion, but there are fewer casesf air pollution than of other types of environmental
pollutiony &adzOK | a (KS LRfttdziAy3a 2F GKS gl GSNI2F FI

Media 1 also described another initiative they had initiated to fulfil part of their responsibility to

NI AaS SY@ANRYYSyllt | gFNBySaaod ¢KAa o6l a GKS al
which covers a number of topics and brings together a wide vaofgparticipants, including school

and college studentsegioral and international experts, researchers, the private and government

sectors, NGOs and environmentalists.

Thesdnterviews indicatethat the media is notising the press to brinthe real cassof air pollution
in Omanto the attention of the public. There are several possible reasons for lduk: of

transparencylack ofinterest, and theébadreputation of thepress Howeversomemembers of the
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media have worked toaise awareness througtorganisng an annualsymposium where different
levek of peoplewith different levek of knowledge share and discusavironmental issues. The
researcher herself had the opportunity to participate in one such evitregOman Environmental
Forum held in Muscain April 2018 The overalltheme was Citizenship and Environmenivith
environmental citizenship, environmental policy, environmental investmamd environmental
awareness as key topics. The UN was involved isytposium, and the researcher was part of the

paneldiscussingiwareness

3.6.8 Area of improvement:

Il ydzZYoSNJ 2F (GKS AYyGSNWBASSGSSE YIRS &ddza3Saidarazy
pollution. NGO _lexplained that air pollution, air quality legislation and health were not covered in

their mandate, as they were a relatively small organization, with only seventeen staff, and are
focused on the conservation of endangered species, with their researchduutacy concentrated

on whales, dolphins, sea turtles, Egyptians vultures and frankincense trees. As the only

environmentrelated NGO in Oman, whhadsuggested was the formation of other environmental

NGOs who could target those areas.

Env_actaised he issue of policing the regulations, arguing that issuing even the best legislation will
YI1S y2 RAFFSNBYOS AF Al OFyQl 06S AYLI SYSYy(iSR«
vital; without this, the problem would remain.

Judiciarysuggestedhat there should bgudges specialisg in environmental cases, backed up by
environmental investigatorsand also a department under the public prosecution whidh
specificallyconcernedwith the environment.udicial control officersvould also need tining and

capacitybuilding to enable them to deal with this area.

MOTC_marin@ointed out that, although 80% of the freigtfansportaround the worldis by sea
little attention had been paid to reducing the air pollution created by shilesnoted thathere had

been far more progress with passenger vehicles, with increasing numbelectic cars

Env_actstated that major improvement is needed in building awareness and the recognition of

climate change. However, he felt that therenisconsensu®n this, even amongst policynakers

NGO_Ipointed out thatthere isnot enough coordination between ministries present,and that
better coordination would help to enforce and strengthen poligpy_acaddressed the same point,

recommending the establishent ofa central policymaking bodyto address environmerat issues,
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as well as the need to pay attention to thencept ofsustainable development, whichetthinkshas

been ignored.

Ly akK2NI3xX GKS pegpeSinisstiaraSofcoul b@iah&tdldvérdome challenges
regarding air pollution and climate policguch asthe establishment of NGOs whidbcus onair
pollution and climate changehe establishment of environmeat policing, with environmental
investigators and uydges; capacitybuilding and the raising of awareness within the different
organizationsthe restructuringof organisatiors involved with environmental ages to overcome
obstacles and finally,the creaton of dialogue within ministrieand companies, andetweenall
stakeholdersin order to developa better understandingof air pollution and climate change issues

and to find solutions for the challenges associated with them.
3.7 Discussion
3.7.1 Summanof the intervievs.

In summarythe interviews indicated thathe current legislation on air quality and climate change
in Oman hathe potential to ©ver all the pollutantsvhich are studied heréCQ, CH, NMVOC, SO
NQ, CO, PMs BC, OC, and N it is also capablef coveling the different source of these
pollutants, namely thgpower, oil and gagransportand industrysectors The regulations which
cover GHGs and climate change seem tbdiéer established antbetter definedthan those dealing
with air quality, this is not surprising, since thelimate regulations are derived mostiyom
obligations to international treaties and agreements, while there are no such international
obligations related to air qualityAlthough allthe questionsposedreferred to air pollution and
climate change policgombined it isnoticeablethat the issue o#ir pollution dew most ofthe attention
from the policy and decisiormakersinterviewed,andtheir answers largely highlightear pollutionand

made little referencdo climate change.

The structure of MECA as an organisation reflects a different relationship in the relative importance
of air quality and climatehange. MECA has two Directorate Generals; one is dedicated to climate
affairs while the secondovers all other environmeatissuesincluding air, water, soil, and marine
pollution, as illustrated in Figure 3.As human resources are the main driver for the process of
implemening, revising, evaluating and updating the regulations, the organizakistructure
explains why aigqualityissuesarepaid less attention thaclimate regulationsThis can also be seen

in the fact referred to earlier, whereih Y | ypén@ary environmental law,RD 114/2001), which

governs all environmental issues including air pollution, was pass2dOih but then not revised
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until 2017. At that point it was forwarded to the Shura council for review and comment, but at the

time of writing, the law is still under revision.

Another key issue concerning both climate and air quality regulationsisthel& ¥ G KS adl { S
voice or involvement in the environmental regulation development process. The stakeholders here
are the industries, the bodies which actually carry out the implementation of the law, as well as
NGOs, and others with an interest iretissues. Also lacking, more for climate regulations than for

air quality, isnational ¢ level studies agreed by all involved, showing the impact of environmental
damage on the counttyOman has no studies on climate change which support the decisions the

country has taken to comply with obligations laid down in international climate policies.

Discussions of climate policy often focus exclusively on carbon dioxide fDOthese emissions

are only one of the ways in which human activities affect glalialate. Methane and other forms

of atmospheric pollution also play an important role. International agreements, national policies
and corporate strategies addressing climate change all involve setting priorities for reducing
emissions of different climatgollutants(Allen, 20159 Ly / KIF LJISNJ ¢g23 hYl yQa
the year 2010, after GQwere estimated to be methane (@QHollowed by S¢ NMVOCs, and NO
respectively, and the main sources of those emissions weredfdoiibe the power sector, oil and

gas, the manufacturing industries and transport. Apart frira transport sector, these sources
seem to be well covered in the policy, MD 118/2004. Although the transport sector may appear to
be covered under the trafficalv, the inspection procedure this imposes does not specify any
emission test. The transport sector contributes heavily to the CQsRNGQ, and BC emissions, and
revising the inspection procedure is therefore important. Indeed, the traffic law failddceas the
pollution emitted from vehicles, nor does it specify which organisation is responsible for controlling
vehicle pollution. This could be done, for example, by the Directorate General for Standards and
aSUuNRft 238 o605D{ a0l ¢ K hdaksbbdy and ¥ WityfiDthe Mhistiy af Egfimércea G |
and Industry (MOCI).

The Ministry of Environment and Climate Affairs (MECA) of Oman has responsibility for eleven air

quality monitoring stations across the country; these are distributed to five govates, as listed

below:

1 The governorate of Muscat: one in Al Qurum near Mina Al Fahal port and the other near the
Rusayl industrial zone (two)

1 Wilayat of Salalah near the Raysut industrial zone in the Dhofar governorate (one)
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1 Wilayat Sur near the Sur inglial zone in the governorate of South Al Shargiya (one)

1 Nizwa near the Nizwa industrial zone in Ad Dakhiliyah Governorate (one)
There are six more stations in Al Batinah North Governorate, distributed as follows:

9 Sohar Industrial Port area (three)
1 resdential area near Sohar Industrial Port (two)

I Sohar theree zone (one)

These air quality monitoring stations measure seven kinds of pollutants, namely: carbon monoxide
(CO), ozone (p sulphur dioxide (Sf) hydrogen sulphide @3), nitrogen dioxideNG), non
methane hydrocarbons (NMHCs), and suspended particulates)BM not (PMs). There are also

a number of monitoring stations belonging to factories and private companies operating in the
Sultanate. However, several issues regarding the mdngastations need to be resolved. First, the
absence of regular maintenance and folloyy of these stations may result in unreliable air quality
data. Second, there are no monitoring stations in residential areas, so the safety of air quality for
residentsis not assessed. Third, the air pollution monitoring data is not publicly available, which
means that there is no information for those doing academic studies and or seeking to make policy

recommendations.

Levels of awareness regrading air pollution and climate change varied greatly between those
interviewed, with onlyMECAand Env_actshowing any interest in or knowledge of the impact of
either issue. Indeed, there is little awareness about environmensaileis in the country at large,

and air pollution and climate change are no exceptions. Among those actually involved in the policy
making process, levels still varied significantly. The Environment Society of Oman (ESO), the only
NGO in the country resporise for public awareness of environmental issues, focuses only on the
LINPGSOGA2Y YR O2yaSNBIGA2Y 2F hYlyQa ylI (dzNT f
involved in such issues as air pollution, climate change, energy efficiency, reaswaid the like.

Ly Ay@SadAaldrazy Ayidz2 tS@gSta 2F | g NBySaa | o2
sector found that ministries and regulatory bodies in Oman primarily supported the increased
exploitation of fossil fuels, a key reason for glew adoption of renewable energy sourcdda{mi

et al, 2014) A public opinion survey carried out in 2017 by the Arab Forum for Environment and
Development (AFED) in twertyo Arab countries, including those in the G@®ealed thatne of the

most important environmental challenges in the region is weak environmental awareness, a finding in

line with survey results from ten years earl{&aab, 2017)n the 2018 Environment Performance Index
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(EPI), Oman ranked 179 out of 180 countries in the air pollution category, and its scores had dropped
from 60.13 in the 2016 ERéport to 51.32 only two years lateAbdultWahab (2008) linked the
progressive deterioration of air quality in Oman with lack of both awareness and proper regulations,

both common in developing countries.

Although climate change might well be held respbfe for the natural disasters recently
experienced by Oman, such as tbgclonesGuno (June 2007), Phet (June 2010), Nanauk (June
2014), Ashoba (June 2015), Chapala (October 2015), Mekunu (May 2018), and Magutiyune
2019),the coverage of these e media was limited to the efforts to minimize the losses, with no
linkage made to climate change. However, after Cycioliekunu in 2018, the statement from the
YAYAEAGSNDRa 2FFAO0S adA3ISadiSR G4KS AYLI Olasanf Of A

important step forward in awareness at the poheyaking level.

¢tKS aSOG2NR ARSYOGAFASR AYy [/ KFLIWGSNI ¢g2 a GKS Y

following sectionsfrom a policy point of view.
3.7.1 Power sector:

Although Oman curreily depends entirely on oil and gas for its energy requirements, the main
contributor to CQemissions from Oman is not this, but the power sector, as noted in Chapter Two.
Oil output is declining and industry sources speculate that natural gas suppliebenayer
committed. This is beginning to result in an awareness of the need for a more diversified energy mix
GAUGK | Y2NB aSOdzNB adzllll e AF GKS O2dzyiNE Q& S
be met. Theother options, based on availabilityyd economic security, are solar and wind power.
Solar energy density in Oman is amongst the highest in the world, and there is significant wind
energy potential in coastal areas of south Oman and in the mountains north of Salalah. There is little
potentialin Oman for development of the other renewable sources, biogas, geothermal energy and
wave energy technologies (PAEW, 2016). A report by the Authority for Electricity Regulation (AER)
notes that existing Oman legislation lacks statutory mechanisms sq@dlgifidesigned to
accommodate renewable energy or to facilitate its introduction on a wide scale. For example, there
are currently limits on the supply and sale of surplus production of electricity. Potential new entrants
are keen that market rules be ameéed to allow distribution and supply companies to connect

renewable energy projects to their systems. However, a number of positive steps have been taken

Uhttps://ww w.omandaily.om/?p=597473
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since 2010, and there are signs that the government does want to make progress in this area,
recognisng the positive impact it would have on both the environment and the economy. For
SEFYLX ST GKS hYlLyYy wnnn @QAraiazy &asSidia | LISNOSyil
renewable energy, and the Undersecretary of the Ministry of Oil and Gas deaidtesimedia that

they were increasing the 10 % percentage share planned for 2030 to 30%. However, still more could
be done in this area by improving policy, and by encouraging residents and businesses to adopt
renewable energy. The hot and arid/searid dimate of Oman and the other GCC countries, as well

as the lack of rainfall, also facilitate the production and transpodearbsolswhich considered as
challenges to the use of solar energy. For example, frequent sandstorms durimg@ktaber result

in natural pollution, and dust storms could also influence the performance of alternative energy
sources (solar panels); a number of studies have recently explored how this issue affects the GCC
countries(Said and Walwil, 2014; Kazernal., 2015; Menoufi, 2017)0One found that 48% of the
accumulated dust i\sian countries was deposited naturally on solar paf@teidvarborna et al.,

2018) Research and innovation in this area clearly need to be supported, along with the
development of new projects which wilvercome the main challenges to renewable energy in the
region, such as dust. If this can be achieved, it will increase the efficiency of renewable energy,

reduce the expenses involved and result in a much wider adoption of renewable energy.

Oman has a@gady made it clear that it is preparing to adopt renewable energy technology, and has
announced the development of the solar industry as an energy target. In December 2017, The Oman
Power and Water Procurement Company (OPWP) announced a tender for a\&08oMr PV

project to be located at lbri. This is the first in a series of renewable energy (RE) IPP tenders that are
LX FYyYySR F&a LINI 2F GKS STFF2NI G2 YSSG (KS D2
generation by 2025 (OPWO, 2017). The 2(Qdt is to have renewable energy contributing 35

39% to electricity generation; the other major contributors are gas, which is set to decline, and coal,

which will start to operate in 2024 (Oman 2040 vision).

Oman has confirmed a shortlist of six rendolamenergy pilot projects to be installed. Four of these

projects are solar and two are wind projects:

1. 100 kW solar PB project in Hiji.

2. 292 kW solar project in Al Mazyonabh.

3. 1500 kW solar project, location not yet confirmed.

4. 28 kW solar proj in Al Mathfa including battery storage.
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5. 500 kW wind project in Masirah Island.
6. 4200 kW wind project in Saih Al Khairat, Wilyiat of Thur{tdgissain, Hawila and Kenne@916)

The Dhofar Wind Power Project located in the Dhofar Governorate will have an installed capacity of

50 MW, making it the first largscale wind farm in the Gulf Cooperation Council (GCC) region. The
wind farm (13 wind turbines) will help meet On@a@ 3IANB gAYy 3 RSYlF YR F2NJ S\
domestic reliance on gas for electricity generation; this can then be redirected toward more valuable
industrial uses and will preserve natural gas resources. The first turbine from the wind farm has
already be@ connected to the grid and has produced the project's first power. The wind farm will

see its twelve remaining wind turbines commissioned, tested and connected to the grid in sequence.
Once fully commissioned by the end of 2019, the wind farm is expectegenerate enough
electricity to supply 16,000 homes, equivalent to 7% of the total power demand of Dhofar

Governorate.

hyYly Aa faz2 Y2@0Ay3a F2NBINR Ay | NR2FG2L) t + &C
in May 2017 by the Oman AuthoritgrfElectricity RegulatiolAER. The Sahim initiative has been

structured in two phases:

1 Sahim | allows large households and businesses to install-scaddl grisconnected PV
systems at their own cost, and to receive an export tariff (the bulk sutpiif) for any
excess electricity which is exported to the grid, under a fieetdriff-like scheme.

1 Sahim Il will aim to promote widescale deployment of smadicale grieconnected PV
systems. This would involve somewhere between 10% and 30% of realdeneimises in
Oman, or around 250,000 rooftop installations, which equates to roughly 1GW of solar
capacity. Funding solutions will be secured by running competitions for private developers
to build, own and operate such PV systems at premises desighst&ER, rather than by

having the customers instal the systems at their own cost.

However, there is also a plan to build a lessironmentally friendly codired power station in
Dugm, as mentioned earlier in section 3.3.225roject whichwere oppo®d by peoplebecause of

fear of the air pollution it might creatd he Oman Power and Water Procurement Company (OPWP)
initiated the procurement of a Clean Coal IPP in 2018, following a feasibility study that assessed
various technical and economic aspextated to the coal project. At present, the project has not

yet been approved, meaning that some issues still need to be resolved. In the feasibility report the

OPWP carefully assessed the options available for importing coal. This included an assefsment
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the various qualities of coal available in the market, of the infrastructure required to handle coal
import and transportation, and of the issue of the distance of the plant location from the port. OPWP
would give the bidderdixable as to where they @urced the coal, provided that its quality and
technical specifications met the standards set out in the proposal documents. The project is based
on the use of lonash and lowsulphur coal, with the sulphur content expressed as a range. However,
this rangeis one of the coal specifications that is yet to be finalized, considering the impact of
sulphur content on emission$here was also an assessment of the various technologies available
in the market, with the preference going to the ultsaipercritical pilverised coal technology, which
seemed to have the greatest advantages (Zulaikha Bait Ishag, Personal communication). The
NBaSI NOKSNRaE O02YYdzyAOlIGA2ya sAGK Ylyeée LIS2LX S
the thread, and the project authositsubsequently launched a survey on Twitter which revealed
that 77% of the respondents do not support the construction of a-ficed power plant in Dugm.

| 26 SOSNE y2 RSOA&aA2Yy KIFad @Sd 6SSy YIFIRST FyR
projectsuggested that most of the people contacted were reluctant to speak operity give out

any information.
3.7.2 QOil and gas sector:

a9/ ! Qa O2yiNRf 20SN) GKS SELX 2AdGFGA2Yy 2F Sy SNH
RD 114/2001, which requirethat institutions engaged in exploitation of natural resources set up
controls to ensure their conservation. Government concessions for the exploration and production

of oil, gas and other resources include provisions that ensure commitment of the careEssito

observe the provisions of this law.

According to Article 9 dRD 114/2001, no "source" (that is, process or activity that may directly or
indirectly cause environmental pollution) or "area of work" may be established before obtaining an
environmental permit confirming its environmental soundness. An application for a permit must be

made to the Ministry of the Environment and Climate Affairs (MECA).

Before the application for the environmental permit can be approved, a detailed Environmental
ImpactAssessment (EIA) may be required. The question of whether an EIA is required is a matter to
be determined through liaison with MECA (Article BB,114/2001). In practice, an EIA is required

at virtually every stage of an upstream or downstream oil arglgyaject.

205



Where an EIA is required, the "owner" of a source/area of work (a widely defined term which would
include the operator of an oil or gas concession) must procure a qualified company, approved by
MECA, to prepare the EIA.

Ministerial Decisior118/2004 issued by MECA controls the level of air pollutants released from
stationary sources; these include flaring in refineries and petroleum fields. The directive lays down
numerical limits for emissions relating to flaring; these limits are for carbonoxide, sulphur

dioxide, nitrogen dioxide, carbon dioxide, unburned hydrocarbons, and particulates.

Reduction in gas flaring in the oil industry is one of the mitigation options presented in the NDC of
the Sultanate of Oman. At the same time, thi®©Gbelieves that the weakest point of the oil and

gas sector is its flaring activity, as mentioned in section 3.7.3, and it is for that reason that the
government is forcing oil and gas operating companies to present their plans for zero flaring by 2030
for eachparticular system. However, the implementation of this zero flaring in oil and gas does not
appear to be clearly defined, and seems to be optional rather than compulsory. Another area which
could be improved involves venting, which has never been regulatesither the oil andyas law

or environmental law.
3.7.3 3.8.4 Industry:

The industry sector emits all types of pollutants, with the major emission in Oman bein@ &0
industrial process emissions come from mineral extraction and processing, chemical production,
YR GKS SySNHeé& AyRdzaGNERQa 26y dzaS Ay 2Af NE ¥
Ministerialdecision118/2004, but enforcement of this seento be lax. WhildMedia_2did mention

a few cases of the general public complaining about issues such as an increasg cfeSO
infections and smell and smoke from the burning of garbage, he had never, in eight years of
reporting, come across a caseatompany or a factory being punished for polluting the air in any
way. Thissurely indicates failure of the relevant authorities to take action on air pollution; it is
not the fault of industry that they have not been prosecutdthe issue was not onlaised by a
journalist; there are also no judicial records of cases related to air pollution. Rather, the
environmental issues that came to court all involved threats to endangered species and nature
reserves. There was also, in the research interviswssmention by anyone of any systematic

inspections being carried out, either by decisimakers or by industry representatives.

The manufacturing industry sector in Oman is expected to achieve high growth rates of an average

of 10% during the Ninth Fiveéear Development Plan for the period 202620. Its contribution to
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gross domestic product, at current prices, will rise from 10.5% in the Eighth Plan period, to about
14% in the current period. The sector is considered an important economic sector, ardae(s

the growth engine for nowil activities. It can provide a large number of work opportunities for new
entrants to the labour market and increase the export value of-obractivities. However, if this
ambitious sector starts to grow without stricles and a solid base, then the challenges of
transparency, deficiency of records, enforcement of laws etc. might be difficult to resolve later. The
emission of air pollutants from industry is likely to rise significantly, and failure to implement and
enforce regulations will result in an ewgrowing problem. It must also be noted that many
industrial activitiessuch as construction, crushers, metals, and the like, have not been included
within this study for reasons explained in Chapter Two; but theseimportant and additional

sources of emissions and clearly ndede addressed in the policy.
3.7.4 Transport sector:

The transport sector contributes to the emission ofCOO, NQ PMesand others, but there is a

gap in the policy which should properlgrarol this sector. As explained previously, the transport
sector is covered by two laws: the traffic law under the ROP and the GSO standards for cars under
MOCI,. The issue of fugitive PM from driving on unpaved roads is covered under yet another body,
the Ministry of Transport and Communications (MTC). The MTC is embarking upon the
implementation of major projects related to the construction and establishment of roads. Following
on from MinisterialDecisionNo 77/2008, which formed the basis for the Defpaent of Road
Transport, there have been important bilateral agreements with regional and international
organizations to facilitate road transport with neighbouring countries. In addition, the Omani Land
Transport Committee has a mandate to coordinate roradsportation planning across government
agencies. Although the building of new roads by MTC will significantly decrease PM from unpaved
roads, there is little effective coordination between MTC, MOCI (responsible of importing vehicles)
and the ROP (resmsible for the actual driving on Omani roads). Nor do they seem to have any
common plan to improve vehicle technology standards (EURO) and thus improve air quality.
Another point needing attention is fuel quality; this should be in line with the vebidee quality
(EURO), and is an area where MOCI should work with MOG to provide higher fuel quality rather
than importing EURO 4, 5, or 6.

There has also been a sharp growth in air transport in Oman. Over the2DdTbperiod, the
number of departuresase more than &old, from 5,400 to 34,637. Over this same period, the

number of passengers more than doubled, rising from 173,000 passengers in 1975 to nearly 407,000
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in 2010. Air transport activities are coordinated by the Air Transport Department @ithieAviation
Authority (PACA) and the Sultanate is a member of the International Civil Aviation Organization
(ICAO) and the Arab Civil Aviation Organization. This entity, PACA, seems to have no coordination

with MECA and all the regulations which goviris sector are under the control of ICAO.

3.7.5 GCC policy:

The mainstreaming of climate and air pollution policy into broader sustainable development
objectives is discussed in the following section: it is essential both in terms of the harmonization of
policy within the GCC countries, and for the benefit of the region through economic diversification

and sustainability.

The GCC states are poor in natural resources other than oil and natural gas and the potential for
solar energy; however, the region stiteds to develop comprehensive and detailed environmental
A0NI 0S3IA0 LXIlya (2 SyadaNB (KS adadlrAylofS RS@
GCC countries are rich in renewable resources, but the energy sector is still characterisedyy a hea
reliance on fossil fuels, which has had an adverse impact on the environment and resulted in high

carbon intensity.

Klemes et al., 2012 recommended the adoption of an integrated, digtiplinary approach that
combines advances in cleaner producttenhnologies with the political implementation of policies

and programs designed to ensure sustainable societal development. Nash (2009) studied the
promotion of sustainable consumption and production patterns and concluded that the absence of
mandatory aiR  |j dzt yGAFAF0ES GFNBSGA YR RSFRfAYSA KI

economic growth from resource use.

In spite of the fact that the legal systems of the GCC have undergone dramatic, radical and
progressive change and development in the past 25 years, and that this change is continuing,
environmental legislation has not been taken very far in GCC counfiiese have been some
attempts to initiate this in the past but it has not received as much attention as economic
development, although international obligations have forced GCC countries to take some serious
action. The GCC countries have begun a prooéssldressing environmental sustainability that
started with their accession to UNFCCC and the Kyoto protocol in 2005, under which they are
obligated to take steps to reduce greenhouse gas emissions (Ramadhan and Naseeb, 2011); this also

applies to Oman.fle GCC countries are major-@ihd natural gagroducing countries, are among
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the top 25 countries for per capita carbon dioxide emissions, and are perceived as the main actors
blocking international climate change negotiatiofiéeiche, 2010)However, there has been an
evolution in policy development aiming to promote energy efficiency and renewable energy and to
YAGATIGS OtAYHES OKFy3IsSd | OKASHSYSyda AyOf dR:
pioneering initiative of Masdar City, the first carbfree city in the wold. Another major initiative

by the GCC countries was the organisation of th& Waited Nations Climate Change Conference

(COP 18 and CMP 8) which took place in Doha, Qatar in 2012. Oman itself is also building the lbri Il
Solar Independent Power Proje{lPP), the first and largest utiligcale solar project in the
sultanate, as well as the Dhofar Wind Farm. Miraah (Arabic for mirror) solar thermal project is

' y2G3KSNJ SEFYLX S 2F NBySs6lo6tS SySNHe SKAOGK gAf
in oil production. Although there has been considerable progress in formulating environmental
policies in the GCC states, environmental governance still lacks many dimensions. There is a need
for additional policy tools, especially the engaging of dhakgers (NGOs, the private sector, local
communities etc.) in drafting policies. This would improve the execution, monitoring and reporting

of environmental issues, would help to achieve the collective goals and would increase cooperation

at national and egional levels. Environmental institutioaso need to be greatly empowered if the

region is to achieve better implementation of environmental piekc
3.8 Conclusion:

The environmental law of OmaRI) 114/2001) has been under an updating process since 20d.7

Ad y2g Ay AGA FAYLFE aidl3Sz Ay (GKS aiyraildSNDa (
air pollution but does not address climate change. Complementary regulations under this law set
detailed limits affecting air pollution, air quliand the sources of emissions (MD 118/2004, MD
MMKHAMTO® a9/ ! A& Ff&az2 OdNNByilufte g2NJAy3 2y |
I tAYIGS /T KFEy3aSQd ¢KSNBE A& y2 LlzotAO | 0O0Saa i:
tasked with ommenting on it or providing any feedback during its development, and at the time of
GNRGAY I AG A& Ay GKS aAyadSNRa OFoAySaG F2NJ I L

The interviews conducted in this study showed that Oman lacks adeftled and systematic
approach to the processfaeveloping a policy to regulate sources of air pollution and GHGs. There
is not much evidence of involvement of stakeholders from different levels of industry and NGOs,
nor does the process seek any contribution from the public. The revision and ewalugtti
environmental policy to limit the control of air pollution is driven mostly by international

agreements and obligations, rather than by responsibility taken at national level. Specific criteria for
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criteria have not been developed. There are also weaknesses in the evaluation of the policy and in
the policy-updating process; evaluation is not a weditablished practice, and there has been no
consideration of the criteria needed in an evaluation process, such as effectiveness, efficiency, and
coordination with other existing policies. The implementationhef taw appears to face remarkable
challenges related to insufficient human resources, the need for capbwilying, a lack of
technology, and failure of stakeholders to coordinate. The analysis in this chapter indicates that a
lot both inspectors and phiters are failing to carry out many of the duties required of them.
Another area needing attention is the notable lack of interest in air pollution and climate change
within different levels of society, and the resulting lack of awareness. There is almrtage of
information provided to the public and in the media, and which reflects a lack of transparency in
A2 PSNYYSyilid h@SNIftfx GKSYZ hYlFyQa OdzZNNBy(d LRt A
be considered to be adequate, given the sifthe problem, and there is no effective control regime

that can reduce the pollutants covered in this thesis.

If the country is to face the new environmental challenges and regularly update its policy, there is
an urgent need for new regulations and astitutional commitment to environmental governance.

An analysis of the gaps in current environmental policy development is essential if the policy is to
be improved, along with an analysis of the factors needed for adequate enforcement. This study
believesthat Oman has a great opportunity for improvement in this area; it will succeed in
developing and effectively implementing a comprehensive procedure for the policy making process,

if the following points are taken into consideration:

(1) The process of intragting or updating the law should focus on addressing the priority
environmental challenges, problems, and threats the country faces both currently and in
the future, and at regional and international levels. This is difficult to achieve without
political sipport, human capacity, institutional coordination and financial resources.

(2) The engagement in the policy development process must be linked effectively with the
raising of awareness, more adequate implementation of the law, and the incorporation of
different dimensions of the law. All concerned stakeholders should be involved in the
development of the policy, including the public. This is another way of enhancing awareness
at community level, highlighting awareness of issues such as resource scarcign@ffic

and the benefits of adopting a leearbon economy. A policy which covers many dimensions
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will become holistic and closer to reality and will also make people more willing to
implement the law. Without public engagement, no real action will be impleex:

(3) Itis important to have a period of time for implementation before enforcement begins. This
will allow the discovery of any gaps in the practicality of the law, and will also highlight issues
such as the need for capacity building, human resourcesamitoring stations.

(4) There should be a systematic revision process, with tools to evaluate the law in the light of
changing technology, information, research, and new data. This will make the law more
dynamic and representative of actual needs. To de thilccessfully, political will is
extremely important. What is essential, then, is an exceptional change in the level of
awareness within the government, effective coordination between air quality and climate
policy, with powerful organisation to develomé deliver air quality and GHG reductions.

(5) The structural, cultural and socioeconansimilarities of the GCC statgsve them the
opportunity to have effective synergies that could be achieved from regional cooperatio
such as sharing information throhgfor exampleThe Statistical Centre for the Cooperation

Council
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4  Estimating baseline emission scenarios and developing mitigation policy scenarios for Oman
4.1 Introduction:

The aim of Chapter Four is to explore a set of emission scenarios that include a baseline scenario
and a number of alternative mitigation scenarios. The baseline scenario illustrates emission
projections under the circumstances of curremends and policies, whereas the alternative
mitigation scenarios illustrate the future for different sectors under a different set of policies and

socieeconomic conditions.

This study has produced one Business As Usual (BAU) baseline scenario for 208aratal eleven
mitigation scenarios which present different climate and air quality policy regimes. The method used
to estimate those scenarios will be described in Section 4.2. Section 4.3 will go on to discuss different
measures that could reduce emiggs in Oman, policies that are relevant and could be used to
implement different measures, and the challenges that might be faced during their implementation.
This chapter will also review the literature on emission scenarios for Oman and on other esuntri
and will compare different emission and mitigation scenarios within the GCC and in other countries.

The end of the chapter will discuss the results, as well as the uncertainties in the scenarios.

As highlighted in Chapter 3, the current and principaliemmental legislation in Oman that affects
emissions of air pollutants and GHGs is Royal Decree Number 188, 1it4/2001, the Law on
Conservation of the Environment and Prevention of Pollution; this was first published in 2001 and
is currently being dujected to a review andpdating processvhich was initiated in 2017 and is still

being finalised. There is no indication that the changes being considered will bring any improvement
to air quality in Oman, and there is no clear picture of plansafalimate policy strategy beyond

2020 nor any major discussion in the country about it. The only indications of this are references to
hYlFIyQa | RKSNBEyOS (2 GKS tINxA&a ! ANBSYSyd FyR GF
absence of discussion about @ifsle future mitigation policy choices, this study explores a number

of mitigation optionscenarios irder to provide information useful for policymaking in the country.
Additionally, imagining these policy scenarios being applied not only in Oman @it GCC
countries makes it possible to compare the future effects of these policies and assess their impact
on emissions in Oman itself and across the region. The scenarios were also developed in the belief
that if Oman is to have a thriving industrialo®omy in the future, it is essential that it rise to the
challenge of managing future levels of air pollution and their impact. The different emission

scenarios developed in this chapter use the existing emission inventory outlined in Chapter Two as
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a stating point, and refer to alternative environmentpblicies suggesteth Chapter Three, with

population and economic growth as drivdos future estimates
4.1.1 Emission scenarios:

In general, a scenario is a setinsistent storyline of how a future systermight evolve over time.

It involves the understanding of how trenadsn evolve, when driven by certain forces (social,
technological, demographic, etc.) and under a particular set of policy conditions; it can also show
how high or low the degree of certay would be. In simple terms, a scenario development process

is the exercise of building, exploring and assessing different visions of the future. It can be a strategic
G22f F2NJ 020K 2LISYyAy3 dzlJ LIS2 LY SQ& YhieleilevesyR Tz

of uncertainty are given.

Most scenarios, as noted by Rotmans et al. (2000), are hypothetical, describing possible future
pathways and dynamic processes, and representing sequences of events over a period of time.
Scenarios consist of statedtiving forces, events, consequences and actions which are causally
related, and start from an initial state (usually the present), depicting a final state at a fixed time
K2NAT 2y 1 £ OFY2 oO6nwnnm0 | RRa G2 GKA& Sroktf | yI
important function of both scenarios and environmental assessments is that they act as a crucial
bridge between environmental science and policy. They influence policymaking by summarising and
synthesising scientific knowledge in a form that can beduby policymakers to develop policies.
They help policymakers visualise the different aspects and connections of an environmental
problem, as well as its large time and space scales. Conceivably, scenarios and environmental
assessments can also help dggoirY | { SNB RS@AaS GKS LRfAOe aidsSLia

Emission scenarios describe possible future atmospheric emission trajectories as an outcome of
different driving forces such as economic activities, social trends and technology changes. They
often take a forecasting approach, taking an emission inverdsrthe starting point (in LEABC

GKA&E A& OGSNX¥YSR W dNNByd | 002dzyiaQ sAGK wamn |
sometimes known as emission projections. Emission scenarios can also take -eastaak
approach. The purpose of the bacasting scenario is to investigate the necessary path and the
measures required to reach the desired estdte. Emission scenarios are often leegm-

orientated, with time scales of 25 years or more.

Emission scenarios are by nature always quantitadimd typically make use of mathematical

models that simulate societal, economic and technological developments and their interactions.

215



However, scenario experts have also combined gualitative and quantitative elements in emission
scenario exercises. Thed€ emission scenarios are perhaps the -kastvn examples of an
emission scenario exercise that used a mixed (qualitative and quantitative) approach with narrative
storylines providing input to mathematical models that calculated future greenhouse gasi@nsis

under the different worlds described in the storylines.

Air pollution poses many risks to Oman (see Chapter Five) and these are likely to become more acute
if current development patterns persist. Moreover, it is foreseeable that new risks frgooléaition
will arise if the issue is ignored or not taken seriously. It is therefore most important to determine

the various ways that emissions might develop in future.

Emission scenarios and projections not only allow a better understanding of cureadistbut also

allow an assessment of the potential effectiveness of different emission policy interventions. These
can then be compared to the result of allowing current trends to continue, as described in the
baseline scenario. Another purpose of emigssigcenarios is to help raise awareness about the
emergence of new or intensifying environmental problems and to contribute to the policy process

of designing and assessing emission reduction strategies that can address them.

Emission scenarios are also dgeternally within policymaking organisations to evaluate different
policy options, including the option of neaction. They can also be used by governmental agencies
to track progress towards the meeting of emission &isgand air quality standards.

4.1.2 Baseline scenario (BAU):

¢tKS olaStAyS aO0SyINA2 Ay (GKA& addzRé Aa yl YSR
current accounts (2010), historical data to 2017 and future projection to 2050. The base year data
set has been developed from governmegency statistics and from the databases of international
organizations. It explores situations in which no further climate and air pollution policies are
implemented beyond what was in place in the year 2010. This means that energy consumption from
2010to 2050 is driven by growth in the population and economy but not by enreffigiency or
climate change policies. The combustion technologies/abatement measures in future years are
assumed not to change beyond the year 2010. In practice this means thaolhition emission
factors for the year 2010, as described in Chapter Two, have been applied for the entire peried 2010
2050. The BAllso includesthe planned introduction of coal and renewables for electricity

generation.
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The BAU scenario was develdp® show what the future might look like on the basis of the
perpetuation of current policies, taking into account all existing policies, but excluding any future
government target or policy. The model therefore uses historical trends of demographicargie

related data in Oman to project the enerdgmand and supplto the year 2050.
4.1.3 Mitigation Scenarios:

Mitigation scenarios are designed to meet specific emission reduction targets for different sources

of emission, and simulate the effect of implemag specific policy interventions.

The mitigation scenarios developed in this study involve the implementation of specific mitigation
options, usually individual technologies or measures, and investigate their effectiveness in reducing
SLCP, air pollutamtr GHG emissions. Aside from the BAU scenario, eleven other scenarios have
been developed and are summarized in Table more detailed description will be provided within

Section 4.2.

Table4-1: Main charateristics of the baseline and the eight mitigation emissions scenarios

Scenario name Policy / measures input Scenario overview
1 (BAU) baseline scenari 100% implementation o Describes hovan energy
climate and energy policie environment system will
which came into force befor¢  evolve into the future
2010 under the assumption of
implementation of current
government policy.

2 Power generation:
Renewable energ' Development of renewable
Scenario (RES) energy in the power sector b

increasing the share of sol:
and wind energy at expens
of natural gas and diesel.

Solarandw Yy R Sy SN
bl ddzNy £ 3AF & |

Zero Coal Scenario (ZC Cancel the plan for producin

electricity from coal Designed to achieve
reduction in emissions

targeting a specific sector.

3 Oil and gas sector: .
They inwlve measures,
o . . o P new polici r
Fugitive Reductior Avoid fugitive emissions b \eW policies o
: : combination of measures
Scenario (FRS) using advanced technology.

and policies.

217



Zero Flaring Scenario Zero flaring / upstream.
(ZFS)

4 Industry sector:

Efficient Industry Efficient industry
Scenario (EIS)

Clean Fuel Scenar Low sulphur fuels

(CFS)

5 Transport sector:
Electric Vehicle Penetration of electric
Scenario (EVS) vehicles
Public Transport Improving the public
Scenario (PTS) transport system

Paved Road Scenario Having more paved roads
(PRS)
6 Residential, commercial and public services sector

Residential Efficient Ai AC energy efficienc
Conditioning Scenarii regulation in  residentia
(REACS) sector

Commercial Efficient Ai AC energy efficienc
Conditioning Scenarii regulation in commercia
(CEACS) sector

4.1.4 Emission scenarios for Oman from the literature:

A review study bpmidvarborna et al. (201&)dicates that the major contributors to the overall air
pollution in GCC countriesere sand and dust from natural and anthropogenic sources, such as
cement, metal, stone cutting industries, fromhemical industries such as refineries and
petrochemicals, and from transportation activities . However, there is a lack of scientific studies on

this topic, and no organized data with a specific focus on particular areas and/or industries.

According to dta from the World Bank, the G@mission trend over the Gulf region increased in
the period 2004 to 2010, with the highest emitting countries being Saudi Arabia and the Emirates,
(www.data. worldbank.orgFarahat, 2016arahat et al. 2015Figure 41).
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Figure4-1: CQ emission over the Gulf region during the per28®4;2010using World Bank data
(www.data.worldbank.org; Farahat, 2016; Farahat et al. 2015)

Figure 42 below(Lahn and Preston, 2018hows that the GCC countriesaumuch higher amounts
of energy than other states with similar per capita GDPs, suggesting that energy resources could be
deployed more efficiently.

G. Lahn, F. Preston / Energy Strategy Reviews 2 (2013) 19—-30
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Figure4-2: Energy intensities relative to populationGCC countries and selected country comparisons. Energy is total
primary energy consumption whereas bubble size indicates per capita fossil fuel consumption (Lahn and Preston, 2013).

Charabi et al. (2018gvealed that GHG emissions in Oman have been steadily growing, at the rate

of 10% per year between 2000 and 2015 (15.654 Gg to about 65,913 Gg). This growth rate in GHG

emissions is significantly above both the population growth rate of 4.2%/year and the GDP growth

rate of 8.9%/year for the same period (World Bank, 2017), indicafing fi h Yl yQa SO2y 2

become morecarboh Y 1 Sy aA @So ! i (KS aconsudptionaf €@-equivalgn LJ2 L
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per person per year increased from 6.9 to about 15.7 tonnes, which makes the population patterns

also more carbotintensive.

Farzaneh et al. (20168uggeted different policies that could dramatically change the future course

of the Middle East region (including Oman), bringing the €filssions from its energy system to
zero by 2100. They outlined two factors which could play a major part in decreasingQhe
emissions of Middle East countrigmprovements inenergy productivity and a change to energy
sources with lower C£&mission factors such as gas, renewables and nuclear. Their results indicate
that nearly 43% of the global energy of the Middle Eagton could be supplied from nefossil fuel
resources by 2100.

In their baseline scenario, @émissions for the Middle East will increase from 7.6 tonnes per capita

in 2010 to 11.7 tonnes per capita in 2030 and 27 tonnes per capita by 2100. The baseline scenario
was based on demographics and socioeconomic historical trends, and demonstratesrthausth
longterm situation that could result from the aberrant consumption of fossil fuel resources in the
region. However, the zero GGcenario, shown in Figure3tbelow, shows that for Oman there
could be a big reduction in emissions between 2010 2080 and then a steadier reduction up to

2100.

The zero emissions scenario incorporates the broad policy commitments and plans that have been
announced by countries of the Middle East to tackle energy insecurity, climate change, local
pollution, and otherenergyrelated challenges. Those commitments include support for renewable

energy, energy efficiency targets and potential nuclear power plants; all aim to reduce greenhouse

gas emissions by 2100.

1600
1400 - m Bahrain
§1200 3 = UAE
EIOOO m SaudiArabia
§ 800 m Qatar
-
€ 600 m Oman
% 400 = Kuwait
200 m iraq
o | Iran
2010 2030 2050 2070 2100

Figure4-3: Trend of C&reduction in different countries (based on the zerg €fissions scenario). Oman is in the purple
(Farzane et al2016).
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El Fadel et al. (2013hvestigated the implications of using renewable energy (RE) for power
generation for residential consumption in the Middle East awarth Africa (MENA) region,
examining various RE penetration targets for 2010 (the base year) as well as those projected for
2040 (the end year). With the assumption of RE percentage contributions per scenario for Oman as
in Table 42, Oman would achieveeductions in GHG emissions in the range af20%6, based on

their RE reference targets, which translates into 0.5:83€nissions per capita. The current (2010)
estimated emission per capita for Oman is 1 #&hich indicates that the policy scenavould

result in a significant reduction of 50% in t€@er capita(El Fadeét al., 2003).

Table4-2: Omanspecific power generation percentage energy source contributions per scenario, (El Fadel et al., 2013).

Reference Scenario (same as current accounts)
Oll Solar Hydro Nat. gas Wind Coal
18 0 0 82 0 0
Policy Scenario
Oil Solar Hydro Nat. gas Wind Coal
15 5 0 75 5 0
Revolution Scenario
Qil Solar Hydro Nat. gas Wind Coal
6 33 0 28 33 0

Saleh et al. (2017used a buildig simulation program to investigate the potential of the
implementing several enereggfficient retrofitting strategies for a residential building located in a
typical hotclimate area of Oman. The house model was calibrated using actual weather data and
electricity bills for the same year. The calibrated model shows that improving the AC efficiency, using
insulation for both walls and roof, upgrading to LED lights, and improving the air tightness would
have a significant impact on energy consumption. Tdsiits from the study indicated that when
combining the best strategy in each category, the annual energy consumption for the building could
be reduced by as much as 42.%%alehet al, 2017) This result is similar to that estimated by
Alalouch et al. (@19)below.

Alalouch et al. (2019%xamined the potential for saving energy in electrical consumption if the
concept of energefficient houses was implemented in Oman. Energy consumption in the
NBEAARSYUGAlIf aSO02NJAY hYlLy 41a ONRGAOLFEtEE |yl
growth rate and historical consumption. Basasevalidated simulation modelsvere then
generated for a typical residential dwelling in different cities; shmaulation used a dynamic building
simulation software, and covered a wide variety of climate conditions in Oman. The study then

developed and simulated a variety of modified design cases that met the minimum requirements
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for code compliance in residentiuildings for four Gulf Cooperation Council countries, after which

an economic analysis was performed.

The researchers concluded that the energy consumed bydhielential sector could be reduced
significantly by 2040 (by 13.2% in a warm tropical aleno 48% in a hot dry climate) if proper
building codes were put in place and if energy efficiency measures were properly enforced in new
residential buildings. Figure4depicts the forecast energy consumption in the residential sector

up to 2040 for hree scenarios, namely, businessusual, minimum saving (warm tropical climate,

with GCC thermal regulation) and maximum saving (hot dry climate, with Saudi Building Code). It is
worth mentioning that the Saudi Building Code was launched in 2018, withpjplication being
mandatory for large engineering projects from 2019, and compulsory for small residential buildings
from 2021. It has also been available to all since its launch, and could be followed or a non

mandatory basis from that timeuch a codéhas not yet been laid down in Omgat.
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Figured-4: Forecast scenarios of energy consumption in the residential sector in Ort@m2049, (Alalouch et al., 2019

The significant reductions in energgnsumption indicated in these studies can help both policy
makers in government institutions in Oman, as well as property owners, to move forward and
undertake large retrofitting campaigns that would help resolve the current energy dilemma in the

country.

In conclusion, the fact that there are very limited studies of emission scenarios for Oman in the
literature could be seen as an indication that air pollution is not taken as seriously as it should be.
The limited studies also indicate that the impacipobr air quality and climate change constitute a
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serious problem for Oman and the region in general. This is considered by this study as a gap which

needs to be addressed through improvements in knowledge, awareness and policy making.
4.2 Method for estimatindpaseline and mitigation scenarios:

In creating a baseline scenario, it is necessary to consider how the overall activity within each sector
is likely to change in the future. Other factors to be considered include whether the proportion of
fuels and techaologies are likely to change into the future, whether the energy intensity in a
particular source sector is likely to improve, or if the emission factors associated with energy
consumption in a sector are likely to change. These variables may be affgcednbiltitude of
different factors; thesenclude sociceconomic changes within the country, such as changes in
population and GDP; technological developments; and specific policy interventions by local or

national governments, such as the end of pipe taabgies that would affect the emission factor.

It is therefore of primary importance to set so@gonomic drivers such as population growth rate

and GDP growth rate. In this study, data from the National Centre for Statistics and Information
(NCSI) is sl as the principal driver for historical population and GDP sewées; this data is then

used to develop the baseline scenario and to determine various mitigation scenarios. The baseline
scenario was constructed to 2050, with 2010 as the base yearltRekthe baseline scenario were

then used as a reference to compare with the mitigation scenarios. The baseline scenario is based
on businesssusual assumptions. It does not include new climate or energy policies, except for
those implemented prior t€010. Figure % summarizes the LEABC framework used to estimate

the baseline emission scenario and development of mitigation scenarios.

In this study, a businesssusual baseline scenario was generated, as described in Section 4.2.1. It
describes hovan energyenvironment system will evolve into the future under the assumption of
full implementation of current government policy (Scenario 1). The mitigation scenarios in this study
(Scenarios 2 to 10) were designed to achieve reductions in emissionsitheat specific sectors in
Oman (power generation, oil and gas, industry, transport, and residential and commercial sectors),
as described in Table-# They involve the comparison of specific mitigation options, usually
individual technologies or groupd technologies, new policies, or a combination of measures and
policies. They examine the integrated effects of simultaneously implementing multiple policies and
measures in those sectors which contribute most to air pollution in Oman, and are evalgaiedta

the backdrop of the baseline scenario, which simulates the events assumed to take place in the

absence of mitigation efforts. The mitigation scenarios have been divided into different sets, with
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each set of policies and measures described indiVigua Sections 4.2.5 to 4.2.9 and all other

assumptions remaining the same as in the tiasescenario in Section 4.2.4.

Populate
LEAP with
activity
data

Emission
Inventory

GDP & Populatior] | Sector

Policies & measures Mitigation
I N Scenario

Sector

EF: Emission Factors,
BAU: Business as Usual Scena

Figure4-5: LEARBC framework to estimate the baseline emission scenario and to develop mitigation scenarios

4.2.1 Business As Usual Scenario (BAU):

This section describes the data sources, drivers and other basic assumptions required to model the
0l aStAYS LINRP2SOGA2ya 2F hYlyQa SYAaaAizya |yR
and NonEnergy sectors iteded in the default LEAIBC template.

4.2.1.1 Key assumptions and data input:

The key assumption in LEMABC includes data related to the following: demographics (population
and population fractions), economics (GDP, GDP growth, average income, and value diddade

rates, crop production, and transport (% dry days). Tab® pfesents the demographic and
economic data for Oman in 2010, with the baseline scenario mostly scaled in line with GDP
percentage growth, shown in Table44 andwith the population gowth rate shown in Table 4.5.

The population fraction for different sets of ages were also populated in-lE2Based on data
from WHO, as well as on the PdMexposureresponsefunction-related disease rates which cover
Ischaemic Heart Disease, COPIke&t Lung Cancer, ALRI Disease, and Cardiopulmonary Disease.

A detailed method was used for transport assumptions; this is described fully in Section 4.2.2.
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Countryspecific activity data was used when it was available, or could be calculated from available
data. In the absence of countgpecific data, the study used general data from the International
Energy Agency (IEA), Food and Agriculture Organiza#d)(fhe International Renewable Energy
Agency (IRENA) and the World Bank.

Table4-3: Demographic and economic data of Oman in 2010

2.773 Million people National Centre for Statical

and Information (NCSI)
58.64 Billion US$ World Bank (Dataj
21.2 % [ year

The GDP figures in Table#are based on the Oman 2040 visiocFheaverage annual GDP growth
between 2000 and 2017 was 3.6%, with this growth projected to increase to 6% per aehueen

2030 and 2040.

Table4-4: Historic, current and projection of annual growth of Gl (

Year | 200 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010
0
GDP% | 252| -03| 33 | 75| 145 | 253 | 19.1 | 131 | 44.7 | -20.6| 21.2

Year | 201 | 2012| 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021
1
GDP% | 186 | 11.5| 24 | 46 | -13.8| -3.0 | 7.3 2.3 2.5 2.9

Year 2030 | 2040
GDP % *6 *6

Source: NCSI, *Based on Oman 2040 vision,-20Q@ average annual GDP growth is 3.6%, and for 2030 and 2040 is
estimated at 6%(%g is %growth)

Table4-5: Historic,current and projection of population in Oman.

Year | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010
Pop(000)| 2402 | 2478 | 2538 | 2341 | 2416 | 2509 | 2577 | 2743 | 2867 | 3174 | 2773

Year | 2011| 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021

Pop(000)| 3295 | 3623 | 3855 | 3993 | 4159 | 4414 | 4560 4740
Year 2040
Pop(000) 6860

Source: NCSI, 2020 and 2040 are estimated based on the high fertility scenario and adopting the policy of tleelucin
proportion of expatriates, (Pop is Population)

Bhttps://data.worldbank.org/indicator/ny.gdp.mktp.kd.zg
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The estimated population of 5 million in 2019, based on the latest United Nations estimates of
March 2019, represents a sharp increase over the 2010 census figure of 2.77 million, as can be seen
in Figure 46. The average annual percentage growth in poputabetween 2010 and 2019 has

been 4.7%. The largest city, and the capital, is Muscat, with a population of around 800,000. Nearly
50% of the population lives in Muscat and on the Batinah coastal plain northwest of Muscat. Despite
hYlyQa o0 SAaygét cduitrgin thesworld with a total land area of 309,500 Kirit is one

of the least densely populated, with just 16 people per square kilometre, which ranks it"dtii22

population density.
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Figure4-6: Oman population growth 1958050

Source: United Nations, Department of Economic and Social Affairs, Population Division (2017). World Population
Prospects: The 2017 Revision, DVD Edition

Two more important data sets, particularly relevant to the trangs@ctor, are the percentage of

dry days in a year, (part of the key assumptions discussed in Chapter Two) and the fraction of total
distance travelled on unpaved roads. These inputs are required to estimate unpaved road dust
emissions (PMand PM ) from the transport sector. The data in Tabké Avhich shows the length

of paved and unpaved roads in Oman from 2@007, was used to estimate the distance travelled

by different types of vehicles on unpaved roads. These estimates were made for baseline

mitigation scenarios, assuming thensa volume of traffic in both.
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Table4-6: Paved and unpaved road lengths from 2@0D1.7

28,903 30,460

29,685 30,545

31,365 31,622

32,605 31,446 km Statistical year
34,557 31,486 book, 2011 (NCSI
35,522 31,744

36,958 32,336

37,718 32,475

4.2.1.2 Demand basic assumption:

TheEnergy Demand mentioned earlier (in Section 2.3.2.3 of Chapter Two) is represented by seven
sectors in LEABC: Transport, Industry, Energy industry own use, Residential, Commercial and
Public Services, Agriculture/forestry/ fishing, and MpecifiedOthS N> ¢ KS RIF G Ay Lidz
future projection of these sectors, except for transport, were obtained figunke and Csereklyei
(2016)who estimated the elasticities of sectoral energy use with respect to national gross domestic
product (GDP) based orepcapita data for 132 countries over the years 180 0. The assumed

elasticities for Oman are shown in Tabl& 4
What is elasticity?

The % change in energy use associated with a 1% change in gross domestic produ@ykBP)

and Csereklyei, 2016 called energ&DP elasticity, and this condegill be used in this study as

one of the main data input assumptions for the baseline and mitigation scenarios. This concept is
developed by using per capita data for 132 countries to estimate elasticities of sectoral energy use
with respect to GDP; thesare then used to decompose the aggregate end&@P elasticity into
sectoral contributions. The Burke and Csereklyei (2016) approach involves studying final energy use
by five sectorg, residences, agriculture (including fishing), transport, industrg, services, as well

as other energy use not allocated to these five sectors. In addition to ei@Dgy elasticities, they

also present electricitgsDP elasticities by sector; if economic growth induces a relative shift toward
electricity, electricityGDPelasticities should exceed the ener@PDP elasticities. Their models will

allow GDP elasticities to vary according to the level of GDP per capita.
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Table4-7: Summary of elasticity data for different sectarsich are used in this study

0.97

0.97

0.78

1.18 GDP (Burke and
0.53 Csereklyei, 2016)

0.98
Stock turnover model

The elasticity for the residential and commercial/public services sectors was selected based on the
assumption that the energy used in these two sectors is all electricity (elect@iy elasticity of

0.78, and 1.18 respéeely). However, the assumptions for the industry, agriculture and fishing, and
energy industry own use sectors were based on the assumption that primary solid biofuels are
excluded from energy use in these sectors (the en@®P elasticity excluding prary solid

biofuels is 0.97, 0.97, and 0.53 respectively). The elasticity for thespecified other which are
G2G0KSNE OF(GS3I2NE y2i 02 @S NBRkeant Csercldei, 2B DA 2 dza ¢
Demand fromthe transport sector assumed in this study is based on a stock turnover model and

the use of vehicle survival patterns model developedHaynet al. (2011) The model is used here

as described in Chapter Two (section 2.4.1.3), to estimate the decrease in vehicle numbers with the
ANRPGOGK 2F @QSKAOES |13S F2NJ hYlLyT GKS&aS FA3dzNBa
ownership and scrappage.

4.2.1.3 Transformation basic assumption in electricity generation:

9f SOUNROAGE ISYSNIGAZ2Y AYy LIRGSNI aidl GA2VIBC, Aa Ly
asnotedin Chapter2.a I LI NI 2F hYlIyQa FdzSf RAOGSNAATAOI
t N2OdzNBYSyid /2YLIye oht2to0o Aa LIXIFYyyAy3a G2 NB
electricity generation from its current value of 100%, to 83% by 2024. The resulting 17% reduction
2F YylLGdz2NF € 3AFa Ay hYlFyQa ¢Aft opmenSsobdmndiwind g o &
0KS 5dz2j Y WOt SIy 02t Q AYRSLISYRSyYy( LI 6SNeaINR 2S(
statement in 2018 h t 2 t-y@a statement, 2018)The Oman 2040 vision document states that

no indigenous coal from Oman will be used for this electricity production. Insteaehisuhinous

coal for the power plants will be imported from overseas. More details of this are provided within
Chapter ThregSection 3.8).
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There will not be any reduction in the amount of gas consumed in the power generation segment
in terms of absolute numbers. However, the number of steps announced by OPWP to increase
efficiency, along with the planned increase in renewadatergy use and the setting up of a coal

fired plant, mean that the growth rate of natural gas consumption will decrease substantially. These

assumptions are shown in Table34

Table4-8: The planned percéage share of different source of energy for electricity generation in Oman in 2024

83 10 7
Source: (OPWP, 2017)

4.2.1.4 Fugitive emissions basic assumptions for the oil and gas industry:

Also included undethe transformation category are the energglated industry sectors that emit

soOl f t SR WFdZAAGA DS SYAaaiA 2 eanbustiosactivitied i the/all and | A y
gas industry. No activity data can be given here for the baseline sceaanwpjections for the oil

and gas sector are driven by the growth in the demand for oil and gas. However, fugitive emissions
(including flaring) from the drilling of new oil and gas wells are driven by predictions of the number

of new wells that will be dlled and the amount of gas flared. So far, almost 1,100 new wells a year

have been drilled across Omady different operators. These wells include both fracking and
conventional wells and both oil and gas (Ahme¢salmi, personal communication). The roens

NS oFaSR 2y SIFIOK FTAStRQ&a RS@St 2 LaMdhetumbadr of y T G |
wells that will be drilled and exploited until they are depleted. This information is usestimate

the projection for future oil exploration and pduction, which is shown in Tabled4

Table4-9: Assumption for oil and gas drilling 262850

1100 wells/year Ahmed AlSalmi (Personal
communication)

The data input for flaring, shown in Tablel@ below, is based on historical data for the actual

volume of gaslared between 2008 and 2017.
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Table4-10: Historical data of volume ofag flared from oil and gas industry

Year (1000) nilyear Reference

1404572
1443337
1293910
917862
1297166
1535396 NCSI
1568866
1427679
1667324
1735907
Source: NCSI statistical ydmok 2018

4.2.1.5 Non energy basic assumption:

Nonenergy sources of emissions, as mentioned earlier (Section 2.3.2.5 of Chapter 2), are
represented by five sectors in LEAT; fugitive emissions from the oil and gas industry, industrial
process emissions, sovén dza ST | ANAR Odzf G dzNB>X YR gl aiGSod ¢KS
these sectors was obtained frofBurke and Csereklyei (2016yho estimated the percentage

growth of different sectors; other projections have been estimated based on historicalgrer

1.1% growth
1.1% growth
1.1% growth Alexandratos and Bruinsma,

Livestock enteric fermentation Cattle (1.2%) 2012
and manure management Sheep and godtl.1%)
Poultry (1.7%)
Agriculture residue burning Ministerial Decision No.
0%* 118/2004 on the Control of Ai
Pollution from Stationary
Sources

*it is assumed that the practice is banned and the ban is enforced
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The main industries covered here in the category of industrial process emissions are minerals
(cement and lime) and chemical production, namely of urea and sulphuric acid. The projections of
urea and sulphuric acid production used here are based ontlenng projections for 2030 and 2050

for the Middle East/North Africa region made Bjexandratos and Bruinsn{@012)and shown in

Table 411.

¢CKS SadAYFdS FT2N) OSYSyd IyR fAYS LINPRdAzOGAZ2Y
period from 2000 to 2017, and on its lime production from 2005 to 2017; the figures are shown in
Table 412. Since cement production from the two main cement companies in Oman are the only
sources providing the country with cement, the demand here is considered as production. The
projection of cement consumption from 2018 to 2020 was provided by the Oman Cemapa@y
(OcCQ).

Table4-12: Historical data of cement and lime industry and projection for cement industry

Total Cement Demand (2009 Limestone production (200%

2016) & projected (201¢ 2020), 2017)
000 t 000 t
1,490
1,557
1,759
2,025
2,160
2,293 2,502
2,686 2,732
3,213 3,098
3,763 3,845
4,823 3,353
5,024 4,638
5,295 4,995
7,053 6,488
7,948 5,489
7,393 8,724
8,717 12,156
9,731 12,471
10,397 18,062
11,114
11,884
12,714

Source: OCC, NCSI and Minerals Year Book
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The agriculture sector in the neenergy branch covers the following activity data: number of each

type of livestock, and amount of fertilizer application by type and crop production.

The livestock projections (cattle, sheep, goats and poultry) in thidysbasically rely on the
assumption of the growth in number of animals (percentage increase per year) from an FAO analysis
(Alexandratos and Bruinsma, 2012)s illustrated in Table-41. However, the FAO gave no
assumption for camels, and the projection used in this study is based on historical data in-Table 4
13, on figures giving thgrowth rate for camels in Oman as 3.7% between 1989 and (I994a,

Salim and Samrd 997) As shown in Figure-4, the camel populatiotis only 2% of total livestock

in the country. However, if we decide to adapt the 3.7% growth as an assumption for future
projection, we must note that this is a higher growth percentage than thabther livestock,

whose growth rate is a maximum of 1.7%.

5% 5%

2%

H Sheep m Goats Camels

m Mules and Assem Poultry m Other Cattle

Figure4-7: Percentage of different livestock in Omar2@10

Table4-13: Historical data ohumber of camels in Oman

2003 110,520

2004 116,000

2005 117,300

2006 119,640

2007 122,070 Year Book for agriculture and
2008 124,520 fisheries
2009 127,010

2010 129,560

2011 132,150

2012 134,800

2013 242,850
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Other sources of emissions in the agricultural sector include fertiliser application and tfelcbn
burning of crop residues. The assumption of growth in fertiliser application is obtained from the
long-term projections made by the FAO and covering thexigd to 2050 (Alexandratos and
Bruinsma, 2012)Table 411).

Disposal of agricultal crop residues by efield burning practices is banned in Oman and the ban
is enforced by the Ministerial Decision No. 118/2004 on the Control of Air Pollution from Stationary
Sources (Chapter 3). It is therefore assumed that this activity does nofptake in Oman, as is

shown in Table41.

The norenergy section covers the treatment and disposal of waste, including incineration/burning,
the disposal of solid wastes in landfills, and aerobic and/or anaerobic treatment of municipal

sewage.
The assumtions used in this study for the methane emissions from MSW landfills are as follows:

f ¢KS a{2 3ISYSNIGA2Y NIXYGS Ay wnnn A& adzoaeSoi
fSaa GKIFIY M 13IkOFLAGFkRFI®ET 6KAOR Aa O2y JSN

1 The projection for the proportion of the population whose waste is collected is linked
directly to the population size. Be'ah, the national waste collection body, declared that
waste was collected for 100 % of the population in 2010; this study hasftrerassumed

that 100% of the population is covered by waste collection in future years.

As there is no untreated sewage discharge in Oman, there are also ho methane emissions from
domestic waste water treatment. The Oman Wastewater Services CompanyCS(Aaya) turns all
sewage into treated water which is then used for irrigation, plantations, fountains, and playgrounds.

Human wast is converted into fertilizer.
4.2.2 Mitigation scenarios for the oil and gas sector:

Two mitigation scenarios have been devedddor the oil and gas sector, and target the reduction

of BC, PMs, NMVOCs,and Gl ¢ KS FANBRG A& GKS WwWCdAAGADBS wSRd
energy consumption from 2010 to 2050 is driven by measures aimed at reducing fugitive emissions

in the oil and gas sector by 30% in 2030 and by 75% in 2050, compared to the figure for 2010. The
aS02yR Aada (KS W%SNR CfIFINRy3a {OSYINA2Q o6%C{O0OY .

is driven not only by economic growth but also by an iniiemto reduce flaring emissions from oil
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and gas production and refineries to zero in 20BBe mitigation options suggested for the oil and

gas sector were listed in Tableldandare summarized in Table .

Table4-14: Key assumptions of oil and gas sector mitigation scenarios: Fugitive Reduction Scenario (FRS) and Zero Flaring

Scenario (ZFS)

no activity data Extended recovery and useaather than
required, as the ventingr of associated gas, and improved
projection is driven control of unintended fugitive emissions from (
by the growth in production.
the demand for oll Reduced gas leakage from ledigtance
and gas transmissiorpipelines. Avoid fugitive emissior

by advanced technology.
Emissions control of venting and flaring ofaCFH
NMVOCs, and G@s follows: (2030,50,2050,7¢

Based on actual Elimination of flaring by 2030 based on Zerc
historical data of flaring initiative from oil and gas production;
volume of gas Methane flaring: (2030,0)
flared from oil and NMVOCS flaring: (2030,0)
gas industry as And from the refineries;
illustrated before in Flaring: (2030,0)
table 4.10b

4.2.3 Mitigationscenarios for Power sector (electricity generation):

Electricity demand in théain Interconnected SysterfMIS is expected to grow strongly in the
FaadzYLJAA2Yy F2NJ

YSRAdZY GSN¥Yo ht2tQa oFasS OFas

2021. This study proposes two scenarios it considers to be the most effective in dealing with the

high level of emissions N2 Y (KA & aSOG2N¥Y GKS WNBYySsl of S

08yl NA2Q®

The Renewable Energy Scenario (RES) encourages the country to look to new energy sources such

as solar and windTlhe assumption in this scenario is that it is possibledage a higher percentage

share of renewable energy (solar, and wind) for generating electricity than that stated in the

government plan. This would lower the percentage share for natural gas and diesel. The Zero Coal

Scenario (ZCS) suggests that if theegoment pulls back from their decision to set up a new €oal

fired LINR 2 S O (i futurdh p¥ahsyiill @o longer include the use of coal for generating electricity.

These mitigation options suggested for the power sector are summarized in Fable 4
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Table4-15: Key assumptions of power (electricity generation) sector mitigation scenarios: Renewable Energy Scenario
(RES) and Zero coal Scenario (ZCS)

(BAU) Measure of mitigation scenario

Szt =) OPWP plans to develop 2,600 M\ More ambitious vision for using
Slecpelden (225 of installed capacity of renewable renewables, going far beyond
energy (RE) projects by 2024, ol the government vision, as

renewable energy will generate a follows:
least 10% of electrical energy by
2025*, Solar:(40% in 2030, 50% in
2050)
Coal:(7% in 2024, 50% in 2030)  Wind:(10% in 2030, 20% in
Diesel:(3% in 2B) 2050)

NG:(50% in 2030, 30% in 205(
Diesel: (0%)

Aeifer @hr ezl Coal will bautilized to fuel up to Coal: (0%)
3,000 MW of generation capacity Diesel: (3% in 2016)
by 2030* NG: (97% in 2016)

*Source: (OPWP, 2018)

4.2.4 Mitigation scenarios for manufacturing industry sector:

Two mitigation scenarios are suggested for the manufacturidgstry sectorTheEfficient Industry
Scenario (EIS) and the Clean Fuel Scenario (CFS). Both were developed for greater efficiency and the

use of cleaner fuel, and are summarized in Tabl® 4

Table4-16: Key assumptions of industry sector mitigation scenarios: Efficient Industry Scenario (EIS), and Clean Fuel
Scenario (CFS)

(BAU) Measure of mitigation scenario

EfficientIndustry No change in energy  To reduce growth of the finanergy
Scenario (EIS) intensity intensity in the industry sector to (0%

2018) and,{.0/100)

Clecil slelsieczider - The percentage share To shift from using HFO in the indust

(CFS) of fuel in the to cleaner fuel as preventive action
manufacturing industry to reduce pollution as follows:
is: HFO: (2050, 0%)
HFO: 78% NG: (2050, 50%)
NG: 16% Electricity: (2050, 50%)

Electricity: 6%
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4.2.5 Mitigation scenarios for road transport sector:

Among the numerous mitigation measures available for the transport sector, the study is egplorin
only those recommended for Oman, and seen as most suitable for the specifieesociomic
context of the country. Three mitigation measures have been selected as control measures for
transport emissions. These are the Electric Vehicles ScenarioWB\¢BWwould increase the market
penetration of electric cars; the Public Transport Scenario (PTS), which would improve the public
transport system, and add trams; and the Paved Road Scenario (PRS), which would improve the road
system by increasing the ratiof paved over unpaved roads. These three measures, illustrated in
Table 417, were allselected becausef their potential for emission reduction. A combination of

the first two scenarios outlined would see an increase in the number of electric velindebe use

of public transport, and would also mean that energy consumption from 2010 to 2050 would be
driven by the desire not only for economic growth but also for a shift to cleaner vehicles and public
transport. The paved road mitigation scenario wibaim to have 97% of roads paved by 2050, and

thus to further reduce PM emissions in the transport sector.

Table4-17: Key assumptions of transport sector mitigation scenarios: Electric Vehicles Scengri®(BNMdSTransport
Scenario (PTS), and Paved Road Scenario (PRS)

penetration of electric vehicles:
Passenger cars:
(20% in 2030,80% in 2050)
Light commercial vehicles
(20% in 2030, 80% in 2050)
Heavy duty vehicles
(10% in 2030, 30% in 2050)

Motorbikes
(50% in 2030, 100% in 2050)
Gasoline and Urban buses
diesel vehicles (50% in 2030, 100% in 2050)

are projected
based on the Improving the public trasport system, and adding

stock trams. The assumption here is reduction by 20% ir
turnover 2030 and by 40% in 20%0 passenger cars km
model travelled.This would reduce the number of vehicle
described in users, andhe money usedn other forms of private
section transportation.It will also reduceoad traffic accidents
4212 in

Oman, and reduce demand for petrol and diesel
Unpaved roads play a major role in the emission o

PM:s, so having more paved roads will helpréaluce
PM s By 2030, 30% of unpaved roads will be pave
and by 2050, 70% of unpaved roads will be paved
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4.2.6 Mitigation scenario for Residential and commercial and public services sector:

It is known that most eldgdcity consumption in residentiabuildings isused to power air
O2yRAGAZ2YSNAZ fAIKGAYI LI AFYyOSa |yR gl GSNJ
conditioners are considered the most enef@y2 Yy adzYAy 3 | LILJ Al yOSazé ai
Implementaton Support & Followp (ISFU) unit set up by the Diwan of the Royal Court and tasked
GAGK | OOSESNIGAYT hYlLyQa S$02y2YAO RADGSNBATAOI

The annual growth rate of the residential sector is estimated at a high 28v&%h could result in
a similar increasin residential electricity consumption. However, as showthieystudy conducted
by Alalouchet al., (2019b) described earlierconsiderable amoumstof energy could be saveifl

proper buildingcodes wee put in placelf this were done for the perioddiween 2015 and 2040
his estimates were for reductions of fror8.2% in warm tropical climatereas to 48% in hot dry

climate areas.

This study has thus developed two mitigation scenarios to cedemissions from residential and
commercial sectors; these are illustrated in Tabl#84 The first is the Residential Efficient AC
Scenario (REACS), and the second the Commercial Efficient AC Scenarip (CtBa@Sbased on

the assumption of a 48%eduction in energy consumption by 2040, as shown in the study by

Alalouch et al., (2019).

Table4-18: Key assumptions of residential, commercial and public services sector mitigation scenario: Eff@tentAC
(EAS)

No change in energy Reduction of energy consumptio
consumption by 48% in 2040

4.3 Results and Discussion:

This study has developed a range of different scenarios, from the pessimistic assumption of the
Business As Usual scenario (BAU), in which no further air pollution and climate policy will be in place,
to optimistic scenarios where climate and air pollutimeasures are integrated and implemented.

It haspresentedscenarios focusing on the different sectexsl and gas, electricity generation, the
manufacturing industry, and transporivhich had been identified as the major sources of emissions

in Omanm the base year 2010.

237



4.3.1 Emissions trends:

Table 419 and Figure -8 show the total emissions for different gases and patrticles,(CB, SG,
NMVOCs, NOPM s CO, NE BC, and OC) in the businesausual (BAU) scenario for Oman in
2010, and also thprogression for 2020 to 2050. In the BAU scenario,gd@ssions are projected
to grow from 50 Mt in 2010 to 140 Mt by 2030, and to 315 Mt by 2050. Emissions; @nGH$Q
are expected to grow to 125 Mt by 2050. As can be seen from Figure 4.6, NOx.drav€kimilar

emission growth trends, while G@nd SQ@emission growth tends are significantly steeper.

Table4-19: Total pollutant emissions in kt for Oman for the BAU scenario

Effects 2010 2020 2030 2040 2050
CcQ 49,948 88,777 140,399 215,334 314,867
CH 564.8 687.5 743.9 945.0 1,248.7
SO 159.6 222.9 435.9 740.2 1,255.4
NMVOC 142.1 172.6 206.1 267.9 323.7
NO 136.9 156.3 247.2 419.7 705.3
PM:5 60.8 138.2 215.6 300.5 309.3
cO 50.8 69.1 995 153.9 201.0
NHs 17.8 20.3 23.4 28.1 34.0
BC 3.9 4.9 5.6 7.5 10.7
OoC 0.9 1.1 1.6 2.8 4.6
3,500
——C02/100
3,000
CH4
. 2,500 s02
'
= NMVOCs
9 2,000
o e NOX
[7)]
g 1,500 e PM2.5
Ll
1,000 —CO
——NH3
500 - 2 ——BC x 10
0 ——0C x 10

2010 2020 2030 2040 2050

Figure4-8: Baseline scenario emissions estimate f&fihOto 2050
The following sections will present thiesults of the mitigation scenarios for the major sectors in
Oman; the discussion of each sector will also ribee implicationsfor policy. Table 420 lists the
twelve scenarios developed in this study, and the abbreviations used for each. The-fimedsilires

scenario, AMpresents what would occur if all the ngation measures were combined.
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Table4-20: The 12 scenarios which developed in this study with abbreviation

1 Business as- Usual BAU

Oil and gas 2 Fugitive Reduction Scenario FRS

3 Zero Flaring Scenario ZFS

Electricity generation 4 Renewable Energy Scenario RES

5 Zero Coal Scenario ZCS

Manufacturing industry 6 Efficient Industry Scenario EIS

7 CleanFuel Scenario CFS

Transport 8 Electric Vehicle Scenario EVS

9 Public Transport Scenario PTS

10 Paved Road Scenario PRS
Residential 11 Efficient Air Conditioning Scenar REACS
Commercial and Public 12 Efficient Air Conditioning Scenar CEACS

services
(2-12) All measures combined AM

4.3.2 Oil and gas industry mitigation scenario:

The oil and gas industry, which includes gasoline service stations, gasoline transport and depots, oil
refining, oil transport, oil production, gas distribution, gemsmission and storage, gas processing,

3ra 3IFGKSNAY3I FyR 3+ a LINPRAOGAZ2Y S O2y G NRAROdzi SR
92% of NMVOCs, 69% of,CHL % of C®and 4% of SQvith minor contributions to CO and NO.

These figuresvere presenéd earlier in Chapter Two, and Figur® 4llustrates the considerable

change to which these emissions would be subjected in a BAU scenario.

— CH4 NMVOC SO2

1,200 140
= 1,000 = 120
= =
S 600 s &
£ 400 g >
E E a0
200 20
0 0
2010 2020 2030 2040 2050 2010 2020 2030 2040 2050

Figure4-9: Baseline scenario emissions estimate from 201@%®2
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As outlined in Section 4.2.3, this study has developed two scenarios to reduce emission<ai,CO
NMVOC, and PM, by the oil and gas sector: the Fugitive Reduction Scenario (FRS) and the Zero
Flaring Scenario (ZFS). The following Figute 4-11, and 412 present the results that would be

obtained in each of these scenarios.
Fugitive Reduction Scenario (FRS):

FRS targets the fugitive emissions ob,GCH, and NMVOCs from oil and gas productibnFigure

4-10, the total fugitive emissions BAU (202@ 2050) are represented by the combined blue and
white parts of each column, while the white part of the columns represents the reduction in
emissions (mitigation) that would be achieved by the given years. Thus, by &0&@st 800 kt of

CQ emission out of 1,000 kt could be prevented via FRS. Even greater levels of reduction would be
achieved in emissions of ¢adhd NMVOCs, with 200 kt out of 290 kt of,®king avoidable by 2050,

and 90 kt out of 120 kt of NMVOC:s.

1,200
1,000
g
»n 800
c
il
3 600 O Avoided CO2 vs. Baseline
UEJ Hl Oil Production
o 400
(@)
200
0
2010 2020 2030 2040 2050
350 140
300 _ 120 ]
250 100
O Avoided
200 OAvoided CH4 80 NMVOCs vs.
vs. Baseline Baseline

H Oil Production m Oil Production

2040 N 0000000 ]
2050
NMVOCs Emissions (kt)
N N (o)}
o o o o
2010 I

POl  E—

2040 I
2050

CH, Emissions (kt)
- = [
o &8 8 &
2010 I
2020 I ]
2030 N ]
2020 NN ]

Figure4-10: Fugitive reduction scenario in oil and gas sector Avoided vs. Baseline, for CO2, CH4, and NMVOCs
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Zero Flaring Scenario (ZFS):

ZFS targets flaring within oil production; implementation of the scenario will stomdlaand
eliminate the emissions of PMand BC by 2030, as shown in FigutEl4In this scenario, 3500 t of

PMsand 2800 t of BC emissions will avoided, as compared with those in the BAU scenario.

4000 3000
_ 300 shalE 2500
\é’ 3000 \m/ 2000
S 2500 , 5 _
a2 OAvoided PM2.5 @ OAvoided BC vs.
£ 2000 vs. Baseline £ 1500 Baseline
L
0 1500 m Oil Exploration E)J 1000 m Oil Exploration
= and Prodtn m and Prodtn
a 1000
500 500
0 0
o O O O O O OO oo
I N MO I AN M I W0
o O O O O (ol olNelNolNo)l
N N N N N N N N NN

Figure4-11: Zero flaring scenario in oil and gas sector Avoided vs. Baseline, feafivBC

Figure 412 illustrates the reduction of NMVOCs emission in the oil and gas sector for each scenario:
the baseline scenario (BAU), the fugitive reduction sden@RS), the zero flaring scenario (ZFS),
and the All Measures (AM) scenario for the oil and gas sector. It is clear that the FRS would have a
greater effect on the reduction of NMVOCs by 2050 than the ZFS, while the implementation of both
scenarios woul reduce NMVOCs to almost a half, from 318 kt to 170 kt.

350
300

250

— B AU
200
/ —FRS

150 ZFS

100 = AM (0il and gas)

NMVOCs emissions (kt)

50

2010 2020 2030 2040 2050

Figure4-12: Comparison of NMVOCs emissions projection 2@0%0for the fugitive reduction scenario (FRS), zero
flaring scenario (ZFS), businasausual scenario (BAU) and the All Measures (AM) scenario for the oil and gas sector
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4.3.3 Electricity generation (power) mitigation scenarios:

a4 RSY2Yy&a0GNIGSR AY [/ KFLIWGSNI ¢g2r St SOGNROAGeE 3€
emissions in 201MB2% of emission, 24% of CO and 20% qf With minor contributions of Py,
NH;, BC and OC. Figurd @ shows emissions for the BAU scenario, with a particularly dramatic rise

in CQ emissions.
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Figure4-13: The change in electricity generation emissions based on BAU scenario.
This study developed two scenarios to reduce emissions ef CO, and NQOn the electricity

generation sector, the Renewable Energy Scenario (RES) and the Zero Coal SceRprithése

weredescribed earliein Section 4.2.4 and are illustrated in the Figures below.

Renewable Energy Scenario (RES):

RES aims to reduce emissions 0f,@, and Ny replacing the natural gas used for generating
electricity with solar and wid energy; the success it would achieve in reducing emissions is shown
in Figure 414.

By 2050, RES will be able to reduce @@issions from 123 Mt in the BSA to 23 Mt, a reduction of
100 Mt. RES will also avoid over 80% of NOx emissions that would occur in BAU, and haff those
CO.
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Figure4-14: Renewable energy scenarioeiiectricity generation, showing avoided emissions for&@ NOx and CO

The Ck NMVOCs, and Pi¥emissions would also be reduced, as shown in Figure. 4
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Figure4-15: Renewable energy scenario ieaticity generation, showing avoided emissions for NMVOCs, apelahil
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Zero Coal Scenario (ZCS):

ZCS would obviously have an impact on the &@d NQ emissions from the electricity generation
sector. Figure-46 shows that one third of the 205@zemissions, or 40Mt, in the BAU scenario

could be avoided by the ZCS; it could also reduceeNssions bynore than half (146 kt).

160 350
140 300
120 < 250
100 2 _
O Avoided CO2 -% 200 O Avoided NOx
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2010 &
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Figure4-16: Zero coal scenario in electricity generation sectoiidebvs. Baseline, for geand NQ

4.3.4 Manufacturing industry mitigation scenario:

The industry sector here includes the manufacturing industry, industrial processes involving
minerals and chemicals, and energy industry own use (oil refineries and otheryeandtgtry own
dZaSuvd LY uwnmnX (KA&a aSOG2N) O2y i NR 6 dziefRsiodis2 h Y I
49% of NOx emissions, 42% of OC, 41% 9f32@& of BC, 31% of Neinission, 28% of CO emission,

and 24% of Pik. There was only a minor contribution from NMVOCs. The 2010 situation was

detailed in Chapter Two, and the projected emissions for the BAU scenario are illustrated in Figure
4-17.
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Figure4-17: The chage in industry emissions based on BAU scenario

Two scenarios, maintp reduce emissions of 3Gand N@, were developed for the manufacturing
industry sector. These were the Efficient Industry Scenario (EIS) and the Clean Fuel Scepario (CFS
describedearlier in Section 4.2.5 and illustrated in Figure$8tand 419 below.

Efficient Industry Scenario (EIS):

Figure 418 shows that EIS, relative to the BAU, would reduce emissions,difyC3% (or 3 Mt) by

2030, and by 39% (or 14 Mt) by 2050. EmissidrS®would be reduced by 18% (45 kt) in 2030,
and by 39% (275 kt) by 2050.
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Figure4-18: Efficient industry scenario (EIS) versus BAU scenario emissions 80@0d NQ
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Clean Fuel Scenario (CFS):

In this mitigation scenario, the actidaken would be primarilypreventive,as it wouldinvolve the
industry sectoreplacingthe highsulphur heavy fuel oil it currently uses witleaner fuel. Figurd-
19 shows that in the BAU scenario there would be a sharp increase in the sulphur emissions from
the industry sector between 2010 and 2050, resulting from the parallel growth in GDP and industry.
Under CFS, however, there would be a significant drapar5Q emissions, with a cbenefit of

the reduction of C@and NQ emissions as well.
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Figure4-19: Clean fuel scenario (CFS) versus BAU scenario emissions 8®aad NQ

4.3.5 Road transport mitigatioscenario:

The transport sector includes passenger cars, light commercial vehicles, heavy duty vehicles, urban
0dzaSa YR Y20G2NbA{1Sad 'a RSY2yaldNXGSR Ay [/ KI L
emissions as follows: Remission (90%), PMemission (63%), CO emission (39%) Bi@ission

(17%), C©O(14%), BC emission (5%), and OC (4%). FigR@eshows how these emissions would

change in a BAU scenario, with some emissions increasing at a higher rate than others, and some
even decreasing. Thesariations can be explained by the fact that some emissions are more
stringently controlled by EURO standards than are others; the more highly controlled are therefore

not increasing as fast as the less controlled,PAhd CQ. Indeed, for N@and CO, thir emissions

per vehicle are decreasing. For MR road dust is also an important factor. Althougha¥Rhould

be mitigated by EURO standards, road dust increases this emission from the transport sector, which

is why there is a faster increase in BMhan in NQand CO.
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Figure4-20: The change in transport emission$ Wb 5, NQ, and CO based on BAU scenario

Three scenarios were developed to tackle emissions from the transport sector: the Electric Vehicle
Scenario (EVS), the Public Transport Scenario (PTS) and the Paved Road Scenario (PRS). Each of thes

scenarios targets a different set of pollutants, as uésed below.

Electric Vehicle Scenario (EVS):

The assumption here is that the penetration of electric vehicles is based on global market trends.

Different types of electric vehicles will have different percentage penetration; this was outlined in
Sectior4.2.6.

Figure 421 shows the projection for road transport sector emissions of, @0, NQ and PMs
from 2010 to 2040 in the BAU scenafide total emissions in BAU are represented by the combined
blue and white parts of each column, while the whittpof the columns represents the reduction

in emissions (mitigation) that would be achieved by the given y&aesesults show that EVS would
reduce the emissions of GACO, N@ and PMsby half by 2040.
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Figure4-21: Electric vehicles scenario versus BAU scenario emissions,fQCCOICand PM s

Public Transport Scenario (PTS):

The estimates in this scenario (PTS) are based on the assumption that public transport would

become more attractive ahthat more people would use it, a process described in Section 4.2.6.

Although the projection for the number of passenger cars does not change, the projected change is

in the distance travelled by those cars, which would decrease from 2020 to 2040 bexmnpe

would start to rely more on public transport. Figur22 shows that PTS would help to reduce,CO

PM.sand NQemissions by 5 Mt, 17 kt, and 1 kt respectively, compared with emissions in the BAU

scenario.
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Figure4-22: Public transport scenario versus BAU scenario emissionsfdPi@and NQ

Paved Road Scenario (PRS):

The PRS scenario envisages that by 2050, 97% of the roads in Oman would be paved. All types of
vehicles would thereforé&ravel greater distances on paved roads than they would do in the baseline
scenario (BAU), which would decrease the.R&inissions caused by road dust. These emissions
have a substantial impact on health, and the results of the mitigation will be distirssehapter

Five. Figure 23 shows that when all types of vehicles are travelling greater distances on paved
roads, and less on unpaved roads, there is a large reduction in thedPhission from road dust.

The results show that, by 2040, PRS would cedhe PM semissions from 268 kt in BAU to only 24

kt, a dramatic reduction.
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Figure4-23: Paved road scenario versus BAU scenario emissions igr PM
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Figure 424 illustrates the benefits to be gainedm the three mitigation scenarios suggested for
the transport sector: EVS, PTS, and PRS, when compared with the baseline scenario (BAU). It is clear
that the paved road scenario would the most beneficial of the three fos f#&tluction. The graph

also shavs the benefit to be gained if all three measures were implemented together, AM.
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Figured-24: Comparison of PMemissions projection 20Xk02040 for the electric vehicles scenario (EVS), paved road
scerario (PRS), public transport scenario (PTS), business as usual scenario (BAU) and the All Measures (AM) scenario for
the transport sector

4.3.6 Residential and commercial and public services mitigation scenario:

The results of this study show that, in the BAU scenario, energy demand in the residentiahgiéctor
increasefrom 902 ktoe in 2010 to 4,068 ktoe by 2050. The increase in demand in the commercial
and publicservices wilbe even greater, from 861 ktoe 8,408 ktoe. Figure-25 shows that almost

half of this energy igsed forair conditioning, while the other half is for lighting, cooking and running

other appliances.
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Figure4-25: BAU scenario of ergy demand, thousand tonnes of oil equivalent (ktoe), in residential and commercial and
public services sectors and Air conditioning (AC) share for both sectors
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These results clearly indicate that the reduction of energy consumption by air conditionindpenus
the priority within both sectors. Two scenarios were therefore developed to reduge@{dsions
in the two sectors: the Commercial Efficient Air Conditioning Scenario (CEACS), and the Residential

Efficient Air Conditioning Scenario (REACS). Thesargzewere described earlier in Section 4.2.6.
Commercial Efficient Air Conditioning Scenario (CEACS):

Figure 426 shows the results. If the CEACS mitigation scenario is implemented, it could avoid more

than 18 Mt C@emissions from the commercial andlgic services sector by 2050.
Residential Efficient Air Conditioning Scenario (REACS):

Figure 426 again shows the results. If the REACS mitigation scenario is implemented, it could avoid

more than 8 Mt of C@emissions from the residential sector by 2050.

With the implementation of these two mitigation scenarios together, the CEACS and the REACS,

efficient air conditioning could achieve a total reduction of almost 27 Mt ingd@ssions by 2050.
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Figure4-26: Comparison of G@missions projection 20k02050for the Business as Usual scenario (BAU), Commercial
Efficient Air Conditioning Scenario (CEACS), Residential Efficient Air Conditioning Scenarja@uiie BfeCA) AC
Measures (All EACS)

4.3.7 All measures scenario:

As this study shows, the most enerdgmanding sector in 2010 is the transport sector, followed by
0KS SySNHé& AyRdzZUONEQa 2¢y dzaS Ay LISGNRTf Sdzy
manufacuring industry in the third place. It is also clear from Figure 4.27 that the demand from
energy industry own use and from residential and other sectors is set to increase sharply by 2050;
this increase can be explained by the projected population gramnthby an economic development

plan which is focused on the expansion of services and indusiifiesmost demanding sectors in
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2050 are projected to be, in descending order: energy industry own use, residential and other
sectors (residential, commerciahd public services, agriculture and fishing, and -spacified
other), the manufacturing industry, and the transport sector. It has been noted that the demand
from the agriculture and fishing sectors is exceptionally low (6 kt in 2050) compared withdimat f
other sectors included in the LEABC categories (7 Mt, commercial and public services; 3.2 Mt,

residential; 3 Mt, norspecified other).

However, Figure 27 shows that the energy demand situation could be very different if all the
mitigation measure suggested were implemented. The energy demands from the different sectors

in BAU would be reduced, and one third of the energigtal of 24 Mtoe, euld be saved by 2050.
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Figure4-27. Oman historical ad future energy demand trends of the BAU scenario versus all measures Avoided (2010
2050)

Projections for C®emissions show that even more dramatic reductions would be possible when
compared to the business as usual scenario (BAU). Fig2Beshows reglts for seven different
scenarios by 2050. The most effective scenario here is the renewable energy scenario (RES), which

will reduce C@emissions by 37% by 2050.

Smaller reductions would be achieved by other scenarios; the efficient industry scéat8joand
commercial efficient AC scenario (CEACS) would see simileedtiétions to each other, with the
same being true for the electric vehicle scenario (EVS) and zero coal scenario (ZCS). Significantly,

then, if all the measures weleplemented, ©, emissions would drop by a drama@06%.
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Figure4-28. CQ emissions in the period 204050 under the six mitigation scenarios compared with all measures and

the BAU scenarios

Figures 429 and 430 below summarise and compare the mitigation scenarios and their impacts on

pollution reduction. Results from scenarios targeting the oil and gas sector show that FRS, the

fugitive reductionscenario, wouldgreatly reduce CHand NMVOGCswhile ZFS, the zero flaring

scenario, woulceffectively reduce BC emissions. Results for the transport sector scenarios show

that paved road scenario (PRS) and electric vehicle scenario (EVS) would both contribute to the

reduction of PMsandCO emissins with the paved road scenario achieving the more remarkable

reduction in PMsemissions and the electric vehicle scenario achieving a greater reduction in CO. In

the power sector, both renewable energy scenario (RES) and zero coal scenario (ZC®jpvkould

very well in reducing NOx emissions, with RES being significantly more effective.ihalustry

sector, the clean fuel scenario is the most effective in reducin@B@OCO emissions.
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Figure4-29: CH, CO, S®and NQemissions in the period 202050 under different mitigation scenarios compared
with all measures scenario and the BAU scenario
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building and transfer of techrlogy is conditional on its implementation of the submitted NDC.

The projections of GHG emissions submitted in the NDC are based on forecasts of economic and
social growth. In the absence of NDC, GHG is expected to be 90524 Gg in year 2030; however, with
mitigation and adaptation strategies, Oman would be able to slightly reduce its growth in projected
GHG emissions between 2020 and 2030, which would cut the emissions by 2% to 88714 Gg as
depicted in the chart from MECA shown in Figu#l4Ministry of Enwvonment and Climate Affairs,
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pathways focus exclusively on energy and industrial activities.
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Figure4-31:

considered for the GHG growth projections

OmanGHGs emission projection as business as usual scenario and mitigation scenario, 1994 has been

The emissions estimated in the BAU and all measures, AM, scenario of this study are plotted in

Figure 432. Under the BB scenario, the total emission of €&hd CHin 2030 is 141,000 kt, while

the AM mitigation scenario figure of 91,000 kt would achieve a 35% reduction by 2030 and 60% by

2050.

400,000
350,000
300,000
250,000
200,000
150,000
100,000

50,000

CQ Equivalent (kt)

2010 2020 2030

2040

Baseline

e Al measures

2050

Figure4-32: Oman Ceequivalent projection as BAU scenario and mitigation scenario (all measures) which revealed from

this study
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Comparing this study with the Oman NDC is difficult because of the lack of information about how
the NDC projections were made. However, the estimatthefGHG emissions in this study is likely

to be more accurate. This is because the base year for the Oman NDC analysis was 1994, so its
growth projections were made from that year, while this study had 2010 as its base year, giving it a
much more recent d& from which to make projections, as well as the use of historical data from
2010 to 2017.

When a comparison was made between this study and the NDC, it was found that the estimates of
emissions for the year 201€he base year of this study, were relatly similar, despite the base

year for NDC being 1994. However, there was a divergence between the NDC and this study for the
period between 2010 and 2030. This study has assumed that economic growth will continue based
on World Bank GDP growth figureshish would result in an estimate of 160 Mt £€% in2030,

while the NDC estimattor the same year is only 95 MT £%0. The reason for this lowerstimate
isunclear, because the NDC does not explain the growth rate that was used to create the baseline

projection.

In the climate change conference 2019,a new framework was developed for increasing the

0N yaLl NByoOoe 2F O2dzyiNASaQ OfAYIGS OKFy3aS 02
information be included in the NDCs; thimuld helpincrease thé clarity and transparency, and

make it easier to understand them. If Oman follows this framework in future, and explains the

assumptions that underlie it, it will be much easier to assess it and compare it with other studies.
4.4  Uncertainty:

Beside the upertainties related to activity data and emission factors already discussed in Chapter
Two, there are other sources of uncertainty related to the future projections considered in this
chapter. The major focus in this thesis is on policy, and on the reldifferences between the
estimated future emissions (and their impacts) in the various mitigation policy scenarios that are
being explored. For this reason, the study has not attempted to carry out a formal and
comprehensive uncertainty analysis. Alsahaiigh there is uncertainty around each individual

policy scenario, the relative differences between each scenario are not going to change.
The other sources of uncertainty in the scenarios are as follows:
4.4.1 Extrapolation error

There is uncertaintin the extrapolation of current trends into the future, and also in using average
values; these are both considered as sources of inaccuracy in this study. Technological change and
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socioeconomic development (GDP, population, etc.) are also sourcesastainty, and due to lack
of some data, available data have been extrapolated from observed tendencies to give the baseline

scenario.
4.4.1 Unknown developments:

When constructing baseline emission scenarios to analyse possible future trends, a number of
factors can create uncertainty. The emission scenarios are affected by a ladforofation on

future developments in technology, especially in the long term, with the pathways of technology
implementation being significant for most mitigation measurAsa.incomplete understanding of
future developments related to emission factors and of future s@tionomic developments are

also souces of error and uncertainty.
45 Conclusion:

Twelve emission scenarios have been developed and analysed in this studyUlse@&aario and

eleven mitigation scenarios.

In the BAU scenario, taken to 2050, all emissions show a remarkable increase with time, with CO
emissions increasing most rapidly. Although Oman is attempting to diversify its economy beyond

oil resources, thelemand for energy will continue to increase with the rise in population and GDP.

As aresult, the projections made here are expected to change in the near future due to the proposal
2F F ydzYoSNJ 2F LINRP2SOGaA Ay (K SetatdrblioNdatohn of RS @S f
the Dugm refinery and petrochemical project, scheduled for 2019, and theficedl plant

scheduled to start providing energy to the electricity generation power plant by 2024.

The study has explored the strategies outlineagdath scenario, with an assessment of the extent
to which these mitigation opportunities could reduce emission increases if they were adopted as

policy. The findings, by sector, were as follows:

The oil and gas sector has an opportunity to reducety24% and NMVOCs emissions by 30% by
2050 if It implements the fugitive reduction scenario, taking into account that Oman currently has
no policy to control venting from the oil and gas sector. This suggests that Oman should take steps
to control fugitive enmssions; it should also apply more advanced technology and should set higher

standards for monitoring of the processes of oil and gas production.

Although Oman has signed up for the zero flaring initiative, no effective action on this has so far

taken place. The chance of eliminating black carbon by banning the practice of flaring is possible if
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the zero flaringnitiative actually becomes a policl.this is implemented, it would reduce the BC

emissions in Oman from 2.8 kt in 2020 to zero by 2030.

For the power sector, both suggested scenarios RES and ZCS would be effective in reducing CO
emissions, by 81% and 34% respectively. However, govetnptams for renewable energy are
unambitious compared with the resources of solar and wind energy available. This study shows that

if the suggested percentage share of renewable energy is actioned, a major reductiopcauD

be achieved. The zero caalenario is a preventive action scenario that assesses and warns against
0KS 3I2@0SNYyYSydQa LIXly (2 &adF NI LINRPRRddZOAYy3 St SO
goes ahead with this plan, @@missions will increase by 89% on the baseline si@ibg 2050. The

ZCS, therefore, which means the government cancelling the project, will avoid that 89% increase

altogether.

The air conditioning scenarios for residential and commercial and public services would result in a
reasonable mitigation of G@missions, but if a policy combined these two scenarios, their benefit
would be much greater. Moreover, if the government plans for eneffigient regulation of AC

were also applied to other appliances, the LQ&missions would drop even further. It shdube

noted that the Sahim initiative already represents remarkable government progress in terms of
renewable energy policy; the initiative allows households and businesses to instatssaialgrid

connected PV systems, and is described in more dat@hapter Three (3.8.2),

The other mitigation option that the country should investigate for this sector is sustainable
building, which could be achieved by taking such measures as facilitating the penetration of energy
efficient equipment and appliancemtroducing tighter building codes, using insulation for both

walls and roof, upgrading to LED lights, and improving the air tightness.

The mitigation options suggested for the manufacturing industry sector would achieve positive
reductions in C@ SQ and NQ emissions. The efficient industry scenario would result in a 39%
reduction in each pollutanby 2050, while the SGmission would be reduced to zero by 2050 in

the clean fuel scenario. These mitigation scenarios are essential for Oman, sinceafelcdl® Q& LJt
for economic diversification is to increase the percentage share of industry at the expense of the oil
and gas sector, with the average annual growth of industry expected to be 7.8%. It is important,
therefore, that implementation of these soarios takes place in line with industry growth; if this is

not done, air quality, health and climate could all be negatively affected.
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The three mitigation scenarios suggested for the transport sector target different pollutanis, CO
PM.sand NQ. Allthree scenarios successfully and dramatically decrease emissions. The electric
vehicle scenario would achieve a 52% reduction indgQ@040, the public transport scenario would
reduce the N@emissions by 30% in 2040, and the paved road scenario woulckage PMs
emissions by 75% in 2040, an excellent achievement. If all three transport scenarios were combined
into one policy measure, the emissions of @@uld drop by 77% by 2040, from 64 Mt in BAU

scenaio to 15 Mt in the new policy.

The Oman NDC artke findings of this study can be compared, despite their having different base
years of 1994 and 2010 respectively. The comparison shows a similarity in their estimates of
emissions for 2010, but a divergence in their estimates for the period from 2€12@30. The NDC
estimate of C@eq in 2030 is 95 MT, while this study estimates it as 160 M&gdor the same

year. The more recent baseline year and the historical data used in this study mean that its estimate

of GHG emissions must be considered asaraxcurate.

The study can thus make the following recommendations for achieving additional emission

reductions:

1 Develop new legislation on climate change which will support the adoption of energy
efficient technologies and Increase enegfficient propcts in industries

1 Implement the three mitigation scenarios shown to make the greatest contribution to
decreasing the CQemissions of Oman: the renewable energy, electric vehicles and zero
coal scenarios.

1 The baseline scenario and the suggested mitigaioanarios presented in this chapter
provide the basis for an overview of the future of air quality and climate change for Oman.
Chapter 6 will use this overview to present strategic pathwayd regulatory choices that
can serve as a starting point for lmy-makers when discussing how best &shieve
reductions in air pollution and GHG emission in Oman.

1 Policy-makersneed tocollaborat first nationally andthen in the GCC and MENA regépn
in the area of air quality and climate changeo that they camddress common challenges

and planfor progress.
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5 Estimating Impacts of current and historic atmospheric emissions from Oman
5.1 Introduction:

The aim ofChapter5is to provide an updated estimate of the current impacts of major air pollutants
2y h Ydimaand health, as well as to estimate historic impacts using the tamge Energy
Alternative Planningntegrated Benefit @lculator LEAABQ modelling tool. It also aims to
understandthe contribution of SL®s, other air pollutants and GHGs from different emission

sources

This chapter will quantifyhe different impactof emissions through use of tHategrated Benefit
Cdculator (IBC), which translates emission scenarios from LEAP into impacts, such as avoided
premature mortality. It will base its calculations on the-tapdate emission inventorywhich was
developed in Chapter Two usitite Longrange Energy Alternativdahning(LEAP) tool, and on the

scenarios developed in Chapter Four.

Through the IBC tool, polispakers can see, for example, how many lives would be saved through
an emissions reduction policy; and they can view that impact by age, disease and cargribut
pollutant. LEARBC can also model how future emission reductions would reduce the rise in global
temperature, putting regional action into a global perspective. The chapter wilpegial attention

to the sectors which are contributing the most toet negative health and climate impacts in Oman;
this will be done to encourage policyakersto implementregulations andntroduceincentives for
emission reduction through recommendations which will be discussed in Chapter Six, the

conclusion to the stdy.

This chapter has two main parts: the first describes the method used to develop impacts on health

and climate via th& EARABC tool, while the second presents and discusses the results obtained.
Literature

A ountry-level analysisfor Oman by WH@2015)on the effects of climate change on selected
causes of death, revealed that in a high emissions scenario;retsted deaths in the elderly (65+
years) are projected to increase to arousdl deathsa yearper 100,000 by 208Qhis compares with

an estimated baseline of just over 3 deaths a year per 100,000 between 1961 and 1990. However,
the analysis also notes that a rapid reduction in emissions could limitre&died deaths in the
elderly to about 7 deaths a year per 100,000 in 208810, 2015)
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Another study investigting the effects of climate change and its impact on human health in Oman
and other Gulf countriesdicatesthat the region could semcreased mortality ratebetween 2070

and 2099due to cardiovascular and respiratory illnesses, thermal stress, anehsexdfrequency

of infectious vectothornediseasegHusain and Chaudhary, 2008he analgiswas based on long

term changes in the values of temperature, precipitation and humidity as predicted by global
climatic simulation models under different scenarios of GHG emission levels. Monthly data on
temperature, precipitation, and humidity wenetrieved from IPCC databases. The study used
average othe values for the period970 to 2000 as baseline, and then predicteti¢ changes in
humidity, temperature and precipitation for the perie@020 to 2050 and 2070 to 2098he next

step was the dvelopment of enpirical models to assess human health risk in the Gulf region
predicting the elevatedlevels of disease and mortality ratéisat would occur in the different
emission scenariodeveloped by the IPCThese models weredsed on epidemiologal studies on
various diseases associated with the chariggemperature humidity and precipitation ihot arid
regions Table 51 shows the results oprojected allcause mortalityand projectedDisability
Adjusted LifeYears(DALYE100,000 populationin Oman.lIt is clear that in 2100when the
population of Oman is projected to reach more than 30 million, there will be more than 277 cases
of mortality due to temperature each yedHusain and Chaudhary, 2008his works out as less
than one death in 100,00@yhich is far lower than the WHO hegglated deaths estimate above
(WHQ 2015)

Table5-1: Oman projected altause mortality and projected DALYs/100,000 populatiomf(Husain and Chaudhary,
2008)

2,768 301.5 30,548 3327.4 2.62- 1.0834 3604.9 277.5
2.82

2,768 13,121 30,548 144,805  2.62 1.0834 156,881 12,076
2.82

Ahmed & Choudrf2012)consider Oman to be vulnerable to the likely impacts of climate change,
the most significant of which would be increasmgerage temperatures. It is thus vitally important

for the country to integrate climate change mitigation and adaptation into its development
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strategies and policies, especially given that it is in the early stages of rm@oamd industrial

development.
5.2 Impact estimation method for Oman:

LEARBC has two integrated component®ne is LEAP, which has already been tsedeate the
emissions inventory in Chapter Twodato developthe scenariosin Ghapter Four; the second
component iIdBG which is usedh this chaptetto estimatethe changes impollution concentratns

and their impacts on climate and healthaken together [ EARIBCconvertsestimates of future
changes in national emissiongto two further elements: estimates of changes in PM
concentrations and their impacts on human health, namely premature mortaladpd secondly,
estimates of impacts onlimate, nhamelytemperature changein four latitudinal bandsThe tool is
particularly useful for examininghe multiple benefits of taking a@n on both longlived
greenhouse gasd&HG3¥and shortlived climate pollutants (SLCPalso,by comparing alternative
policy scenarios, it gives an indication of the benefits oféternarios in terms of thmpactsthey

would avoid One element not covered in this study is the impact on crops. There are two reasons
for this: first, the ozone calculains in LEAP are carried ousing an assumption of a linear
relationship between the emissions of precursors and the formation of azbiosvever, ozone
formation is nonlinear, a fact whichcreates ahigh level ofuncertainty in the impact results and
subsequently for scenarios in Oman, because when there is a large change in emissions, the
projected concentrationsnay not be realistic.fle ®condreason is thagagricultural production in
Oman is wholly dependent on irrigatipmeaning thatwvater rather than the availability of arable
land and/or suitable soils the critical constraintAs a resultOman hadittle agricultureandis not

selfsufficient in food indeed,most food is imported.
5.2.1 Results of other sources of data used in LIB&Ptool:

The first source of data used in LEIBE igshe GEOShem Adjoint modglby Daven Henze at the
University of Coloradagt a grid resolutiorof 2 x 2.5 degreesvhich is approximately 200260 km

at the equator.The GEO®€hem Adjoint model is a globallBchemical transport model (CTM) for
atmospheric compositioand isdriven by meteorological input from the Goddard Earth Observing
System (BOS) of NASA&GIobal Modeling and Assimilation Offide.essentially runs the model
backwards and creates results that relate the emissions to the concentrations of pollution in a

chosencountry (Henzeet al,, 2007) Figure5-1 showsa sample of the grid boxes of GEGBem.
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Figure5-1 The grid boxes of GE@&em

The GEOSChemderived coefficients quantify the sensitivity of PMoncentrations in the target
country to NQ, SG, NH;, BC, OC and mineral dust emissions in all grid squares across the world.
These sensitivities are calculated for a base set of emisdiontie year 2010. IBC analyses the
coefficients to look at the changes in PMoncentrations in the target country; these result from
changes in emissions in that specific country and also across the world. They are linear coefficients,
which means thaa change in emissions results in a linear increase/decreasezipdehtentrations

in the target country. However, the methodology does not account forlimear changes in target
PM.sconcentrations resulting from nelinear chemical reactions in thegmosphere, such as the

combination of NQ SQ and NH to form secondary inorganic aerosols.

The Adjoint model approach traces changes in a model response back to changes in all inputs, as
shownon the right side of Figure-8. The Adjointmodel is receptr-oriented, and suited for a
simulation with more input parameters than responses. In this study the intercontinental transport

of aerosols was performed with backward model simulatifres adjoint) In order to quantify the

impact caused by emissions vvarious regions using the forward sensitivity analysis, separate
simulations must be run for each of the regions. Each of the simulations perturbs the emissions at
one particulardocation, showing how emissions in the particular regions influence air quality at all
locations. In contrast, a singéaljoint simulation can show hoamissionginput data in this study)

at each of the locationkave animpacton Zone output he Oman enissiors) between 2070 and
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2099 this is shown by the concentration change in a particular grid box (which could be a city,
region, or part of a country) or in a weighted sum of concentration changes in all grid boxes covering

a country.

Forward Sensitivity Adjoint Sensitivity

o (111 (1)

Input:

Figure5-2 Forward and adjoint analyses in GECI&m (Koo, 2011)

The base/ear (2010) populatiomveighted PM sconcentrationsfor Oman used in IBC was derived
from the gridded GEGShem values of PMusing a downscalingrocedure at 0.1° x 0.1° resolution
(Kuylenstierna et al., in preparation). This procedure uses surface &Wcentrations from van
Donkelaar et al2016) thesewere derived from a combinatn of satellite and modelled PMdata,
calibrated to a global network oagroundbased PMs measurementTheadjoint coefficientsare
then used for future yearto estimatethe change in concentrations for emission scenaride (t
emission and the GE@Bem Adjoint give the change in concentration of &ZMand this is

subtracted from the PMsconcentration satellite data for 20)0

The concentratiofresponse function (CRF) is relationships which are formulae inlBEAHerived
from epidemiologicaltsidies and assume ldignear relationships between PMconcentration and

Relative Risk (RR).

All sources will be explained in detail in the following sectiéiggre 53 summarizesthe method

by whichthe impacts @ different pollutantson climate andhealthwere estimated
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5.2.2 Estimating healtimpacs:

To estimate the impacts of emissions on health, we need to estimate the extent to which people
are exposed to Pbkfrom emissions; thesestimates were described in Chapter Two. Two
parameters are taken into accounthen estimating PlMs concentrations: the first is the
transport of emissions, since emitted substances do not stay in one place but are moved to
different places by winds andybphysical processes like convection. The second parameter
relates to the chemical reactions in the atmosphere, where pollutants likead® SQcan be
oxidised to N@and S@ and where Nkican be reduced to NiHEstimating the impacts of P
emission®on health therefore requires the use of complex atmospheric models that will provide
the eventual relationship between the emissions in one place and the concentration gfiPM
another, and will then link these to concentratimasponse functions.He next three sections

discuss the steps involved in this process.

5.2.2.1 Step 1Howto estimate PMsconcentratios from emisiors:

Thecoefficientsthat are used in LEAIBC to represent the relationship between emissions and
concentrationsare calculated byunning the atmospheric modellirGEOSChem Adjoint model
(section 5.2.1)whichassumes that the relationship between emissions of the components of
PM.sare linearly related to the concentrationk other words, in the case of the coefficient
calculatedfor Oman, ittakes the emission in any grid in the world and linearly relates it to the
concentration of that component in Oman. By doing this calculation for BC, GCSAMNH;

and mineral PMsand then adding them all upye get theaveragePM: sconcentration estimate

for Oman.

5.2.2.2 Step 2How to estimate exposute PMs:

The concentration is weighted by populati@re. the value for Oman is a populatisreighted
PM. s concentration) so the concentration of PMwhere there aremany people is coated
more than the concentration where there are fempeople.Thus,the PM sconcentration in a
part of the countrywhere there areno people will not count at all in the populatiemeighted
averagewhich is the value which thegives an estimate othe averageexposureof people in

Omanto outdoor PM s.

For example, if a country is split into four grids as in Figetednd all the people are living in
grid (a), then the populatiomveighted PMsfor the whole country will be determined by the
concertration of PMsin this grid alone, and will ignore the concentration in the other grids, (b),
(c), and (9. Similarlyif 50% of the people are living in grid (a) and 50% are living in grid (c), then

the model will look at theverage othe concentratiams in grids (a) and (c).
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(@) (b)

(© (d)

Figure5-4 How to estimate concentration of PM2.5 weighted by population

In reality populatios are usuallgplit over all or almost all the grids (0% (a), 25% (b), 35%

(c), and 30% (d)) and the model will weight according to that Sfie grid represents the
sensitivity of PMs concentrations to emissianin different grids using linear coefficient.
However, the large size of grids in GEGfem 250 km by 200 km) means that there is a great
deal of uncertainty, as the tool takes a huge area of the country and calculates its estimate as if
the exposure was the same throughout that area. Another source of data was therefore used
by LEARBC; thisd finer in resolution concentration (2.5 km) alimiks to a population database
which comes from satellite data andasthe same resolutionThisimproves the calculation of

the populationweighed PMsconcentration aswas noted previously in Step 1.

5.2.2.3 Step 3Howto estimatehealth impactsrom PMsexposure

In order to estimate the health impacts from RMLEARBC uses th&xposure Response
Function (ERFBhown in Figure b; this relates changes iRV sconcentration tochanges in
Relative Risk (RRJhe relativerisk is the probability that a member of an exposed group will
developadiseaserelative to the probability that a member of an unexposed group will develop
the same diseaset assesses, for examplie risk ofchronic cardiovascular and respiratory

diseasaelated to thelongterm exposureof PMs.

ERF
PMe.s »  Health impact

Figure5-5: The relationship between PM2.5 and the health impacts

The GBD studf{Cohen et b 2006 used exposure response functions based on studies carried
out in North America and Europ&isstudy used a different approach, which assumes that the
same relationships apply in other regions of the world, including those wheresPM
concentrations are much higher, and where the composition of My differ. It also assumes

log-linear relationships between PMconcentration and RR, following Anenberg et al. @01
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and uses this to calculate the fraction of baseline deaths attaibie to a given change in

concentration.

The epidemiological studies come from losgrm cohort studies. In cohort studies, large
number of peopleare followed fora long period of timeand people exposed to specific risk
factors are compared with pgde not exposed to th@. The occurrence of diseases or deaths in
these two groups is observgrtospectivelyData from cohort studies allosthe estimation of
incidence rate angrematuremortality rate as descriptive measures of frequency, as welias
estimation ofRelative Risk (RR) agneasure otomparative effectPremature mortalityis a
measure of unfulfilledife expectancy, andecausethe deaths of younger people are often
preventable, the premature mortality rate is a measure that gives ma@ight to the deatls of

younger people than tthose ofolder people.

Epidemiological studies have documented an association between-sindongterm exposure

to varioustypes ofairborne particulate matter (PM) and mortality and morbid(fysiouri et al.
2014 Mohammadyanand Shabankhani, 201&hen and Lippmann 2009; Dockery and Pope
1994; Popeetet al., 2002; Vedal et al. 200FAnenberget al, 2016; Vodonos et a.2018;
Schwartz et al. 2002)WVhile most epidemiological research has been conducted in North
America and Europdhe evidence available from research in other regisnggests that the
associations between air pollutants atiteir effects onhedth are relatively consistent around
the world.However, some studies indicate a levelling off of risthahigh PM sconcentrations
found in many developing countrieshich has ledesearcherso RS @St 2 LJ a Ay G4 SI NI (!
NB & LJ2 y & S ¢ usngconeentrafodzdkBoise data taken from around the world, among
a variety of populations, and across a range of exposure concentrations including high PM
concentrations (Burnett et al., 2014) These IER curves were developed by leveraging
epidemiologicalstudies of ambient Pl, typically higher levels of indoor air pollution in
developing countries where solid fuel is used for cooking and home heatingylaed there
arevery high particulate exposure levels from cigarette smakihg IER approach was used by

the Global Burdenf Disease project (Anenberg et al., 2016).

The Global Burden of Diseases, Injuries, and Risk Factors Study 2010 (the GBD 201&asoject)
a major study(Lim et al. 2012)n which Burnett et al.(2014) estimated the population
attributable fraction (PAF) from exposure to ambient M hey developed Rfeinctionsfor
each of the 187 countrieacluded in the project; these coverdae entire global expage range

for four causes of deatim adults: ischemic heart disease (IHD), cerebrovascular diseasee]st
chronic obstructive pmhonary disease (COR@Nd lung cancer (LC). They uiRl information

from epidemiologial studies of longerm exposure to particulate matter not only froambient
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air pollution secondhand tobacco smoke, andctive smokingbut also from studies of

household ai pollution aused by the use of solid cooking fuel.

They alscexamined the relationship between BNMexposures and another health outcome
included in the GBD 2010 projedhe incidence of acute lower respiratory infection (ALRI) in
infants. Because infants and younchildren are noractive}smokers, the largest PM

exposures considered for ALRI are froausehold air pollutioriBurnettet al, 2014)

The study also created antegrated exposure response (IER) mdaeintegrating available RR
information from studies of ambient air pollutionsecondhand tobacco smoke, household solid
cookig fuel, andactive smokingActive smokingxposures were converted to estimated annual
PM.sexposure equivalents using inhaled doses of particle migss then possible to derive
population attributable frations for every country based on estimated worldwidengbient

PM.sconcentrationgBurnettet al.,2014)

The Exposure Response Function (ERF) inseBARBC is the Integrated Exposure Response
(IER) curve from Burnet et al (2014); it is shown in FigiteThe shape of the responseirve

at different concentration levels (i.e., the slope of the concentratiesponse factor at different
concentrationsjndicatesthe extent to which different air pollutant mixtures pose more or less
risk, and the degree to which concentratioesponse relationships found in one population can
be extrapolated to others with different lifestyles, age struets, and medical care (e.g., from a
U.S. cohort to other countriesThe solid lingepresents pedicted values oRelative Risk from
the IER modelthe line of dashes represent35% @, the dotted line showsype-specific RRs
andthe error bars ar®5%Cls for ALRI in infantfhe study used separate graphs to represent

each of these other diseasdsiD stroke, COPDandLC(Burnet et al, 2014).
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Figure5-6 the Integrated Exposure Response (IER) auinieh describes the relationship between relative risk (RR)
and PM2.5 concentration ( Ambient air pollution; AAP, Seband tobacco Smoke; SHS, household air pollution;
HAP), (Burnett et al., 2014)
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While consi@rable epidemiological evidendadicatesthat outdoor air pollution, prinipally
PM, is a major risk féar for cardiovascular diseas€YD in developed countriesthere isonly
limited researchinvestigatinghis associatiorn developing countriesand very little indeed for
the Middle East egion (NASSE2015) This means that a number of limitations must be

acknowledged

1 Exposurelevelestimates are subjedb uncertaintiesconcerninghe magnitude and spatial
distribution of emissionsas well as thechemical and physical processefluencing the
impact of emissions on pollutaconcentrationsThe exposure levelan also be correlated
to lifestyle, and thignight be different from place to placén Oman, for example, people
spend most of their time indoors because of the hot weather aodhe actual exposure
might be less.

1 Risk factors: Oman may have risk factors not widely found in North America and Europe, so
that the causes of death may be different. For instanbete isuncertaintyabout thetotal
dust emissions and burdens amalso about what fraction of that dust ipossiby
anthropogenicLelieveldet al. (2015)found thatemissions from residential energge such
asheating andcooking prevalent in India and China, have the largest impacpeemature
mortality globally, whereas in the U8Anissions frontraffic and power generatio are most
important, and inEurope, Rusa and East Asegricultural emissionarethe largestelative
contributor to PMs. In the Middle East, including Oman, natural sources contribute greatly
to mortality; where anissions from power generation have particularly large impacts on
PM.sconcentrations, they frequently go unnoticed as they are masked by desert dust.

1 The locations of the cohort studies are not representative of Qrfiiis creates uncertainty
becausethe exposureresponse curvédnas been appliedo populations with exposure to
different mixes of particle type§he composition of Pbsmight be different in Oman from
its composition in North America and Europe. In Oman, for example, the Bdmtains
much more desert dust than the Bl¥in NAmerica and Europe, where the greatttent
of agriculture is likely to result in more hIWhat this means is that, even if the RM
concentrationis similar, what we are actually breathing in is quite different. Epidemiological
and toxicological studies in the Middle East have found that dtorm eventshave a
significant impact on respiratory admissions, and PM has particularly adverse health effects
in cases of asthma and respiratory and cardiovascular diséasiesiriet al, 2014) There is
thus more uncertainty regarding the chronic health and mortality impacts associated with
exposure to dust in Oman than there is in studies dealing with typical air pollution in
industrialized countries, which is where most of the epidemiologichiort studies have

been carried ou(Lelieveldet al,, 2015) Other studies carried out in the Middle East have
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allowedcomparison with other stdies around the worldFor examplegoncentration levels
of toxic trace metals observed in Riyadh city during the dust se@siwarbi, 2009were
higher in PMo and comparable in PM with levels found in studies for polluted cities
elsewhere.Alolayan et al. (2013mployed source apportionment, back trajectorgnd
concentration rose analyses to identify sources of ambient &M Kuwait City and to
quantify their contributions to Pie. They identified five sources contrilig to PM s soil
and sand dust (54%), oil cdsastion (18%)the petrochemical industry (12%), local traffic

(11%), and transported traffic/smelter emissions (5%).
5.2.3 Emission climate impacts:

The climate impactquantified for this study is the average global temperature change. To
calculate this in LARIBC, an intermediate variable is used; this is called radiative forcing (RF)
which is subsequently related to global temperature change using Absolute Global
Temperature Potential (AGTP) metric. Radiative forcing is the balance (difference) béteeen

incoming and the outgoingnergyfor the planet.

The sun's visible wavelengths of radiation pass easily through the atmosphere anaaethch
Approximately 51% of this sunlight is absorbedhst earth's surface by the land, water, and
vegetation. Some of this energy lie-emitted back from theearth's surface in the form of
infrared radiation Different substances affect the warming of the atmosphere in different ways.
Whereas the GHGs absorb IRliegion, BC warms the atmosphere because the black particles
directly absorb the energy from visible light. Other aerossigch asulphateand OG reflect

sunlight and reflect the energy back out into space, cooling the planet

Longlived GHGs mix wellith the atmosphere, so that the effect of emissions on the
atmospheric concentration and RF is independent of location, source type, and season. In
contrast, the impact of Short Lived Climate Forcers (SLCF) on the radiative balance is highly
sensitive tothe latitudinal and altitudinal location of the precursor emission and the emission
source type. Different chemical and meteorological background environments and chemical
coupling from cdocated emissions affect the production efficiency and lifetimehef SLCF,

which influences the resultant perturbation of atmospheric concentration. Thus the SLCF RF

depends on local and regional conditigkunger, 2012)

According to the IPCC (2013), the increase indd@ssions and the resulting increase in the
atmospheric concentration of Gas been themost important driver of the increase in
radiative forcing (RF) from psiadustrial times to the present day. Air pollutants (CO, NMVOC,

NGOy, SQand aerosols) and other greenhouse gases,(84D) have also had an impact on RF.
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It can be difficult to asess the RF effects of GHG and air pollutant emissions. This is because RF
is not always the direct result of the atmospheric concentration of these air pollutants and GHGs,
but is also the result of their indirect interactions in the atmosphere. Theseeitdeffects

include both chemical reactions by the air pollutants and GHGs, leading to ozone formation, and

also the physical reactions which result in cloud formation and cloud composition.

In spite of these difficulties, quantitative estimates of thaséirect effects can be mad¢PCC

2013) Over the past 260 years, emissions 0f, @B, N.O, BC, CO, and NMVOC have all resulted

in an increase in RF, while emissions of 8C and mineral dust have contributed to a decrease

in RF. The emissions of Ndid NH have had both a positive and negative effect on RF, but with

a negative net impact. Interactions between aerosols and clouds have resulted in a negative RF,

but the contribution of individual emitted compounds within mixes of aerosols is unknown.

5.2.3.1 The effect oGHG®N global warming

Greenhouse gases in the earth's atmosphere absorb the longer wavelengths of outgoing infrared
radiation from the earth's surface. These gases then emit the infrared radiation in all directions,
both outward toward spce and downward toward earth. This process creates a second source
2F NI RAIFGAZ2Y & N¥YQuigiae ratigtidn fidrh tNdisEntaid indrated Fadiafich
from the atmosphere; which causes the earth to be warmer than it otherwise would be. This
process is known as the natural greenhouse effect and keeps earth's average global temperature
at approximately 15°Gf the concentration of greenhouse gases increases, then more infrared
radiation will be absorbed and emitted back towagdrth's surfacegcreating an enhanced or

amplified greenhouse effe¢Figure 57).

l. The sun's visible wavelengths of radiation pass easily through the atmosphere and
reach Earth. Approximately 51% of this sunlight is absorbebdeagarth's surface
by the land, water, angtegetation.

Il. Some of this energy is emitted froearth's surface back into space in the form of
infrared radiation.

. Much of this infrared radiation does not reach space, however, because it is
absorbed by greenhouse gasestie atmosphere, and is then emitted batdward
the earth's surface as infrared radiation. This process is known as the greenhouse

effect.
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Figure5-7 GHGs effeé?
5.2.3.2 BlackCarbon (BC) particles effect:

Black Carbon (B@harticles heat the air by absorbing sunlight, warming the atmosphere by
emitting that energy through heat (infrared) radiation and conduction to the air around them.

This differs from GHGshich albw sunlidnt to pass througtthem, but absorb thesk NIi K Qa K S|
radiation and reemit it to the air (Figure ). BCis therefore far more effective at absorbing

energy thanGHGsWhenBCpatrticles age in the atmosphere, they become coated by relatively
transparent or trankicentchemicals, increasing the siakthe particlesandthusthe probability

that sunlight will hit them anavill thenbe absorbed by thm® ¢ KS&a S & BG&tRles O2 | i

heat the air more than do newly emitted, uncoatB€particles(Bond, 2007; Jacobson, 2007)

Infrared (heat) released by Earth
Infrared (heat) released by CO2, BC
Sunlight scattered by all particles

Figure5-8 : BC effect, (Bachman#009)

One of the most important differences between £ghd black carbonBC)is how long each
remains in the atmosphere. The effective atmospheric lifetime of @@issions is over a
century. As a result, G@nd other longived GHGs are relatively evg distributed around the
globe, reducing some of the uncertayrih estimating their effects. This persistence also means

that it would take some time to realize the benefits of a reduction ia €&flssions. By contrast,
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BCand other combustion particlgsersist in the atmosphere faynly a short period, frondays
toaweeko ST2NB (KS& | NB NBY2OSR o6& NIAYyS &ayz265z
hundreds to thousands of miles from source regions in this tB@nd other particles tend to

be found in highest concentrations over regions @@alryindustry,large populations ancdhigh

levels ofemissions. Concentrations are much lower over oceans and landmasses distant from
source regions. This means ttiae effectsof BCon temperature, visibility, and rainfall can be
considerably stronger in and near source regions. The short lifespGalso means thaits

effects will diminish very quickly following reductiangemissions.

5.2.3.3 Cooling aerosols:

The warming caused by Gid and black carbon is partially offset by light scattering from other
particles producedby combustion, such as organic carbon (Ostiphates (fromsulphur

dioxide), and nitrates (from nitrogen oxides). Incoming sunlightattered in all directions by

these particls, whichreduces the amount of sunlight that reachels NJi K Q & and ttaNJF I O S
results in cooling. The amount of black carbon relativethe amount ofother particles is a

critical factor in assessing the impact of combustion sources oatdirn general, sources with

higher black carbon (warming) to organic carbon (cooling) ratios are meitg tik result in a

net warming(Bond, 2007)The warming and cooling causedthg absorption and scattering of

ddzyt AAKG o6& AND2NYS LI NI A OF&ster ét 20022 y & A RS NB

Different pollutants thus affect thenergy balance and affect radiative forcihgoughdifferent
procesegs.Relativey small changes in the amounts@HGs, BC or cooling aerodolihe earth's
atmosphere can greatly alter &balance between incoming and outgoing radiation. Earth then
warms or cools in order to restore the radiative balance at the top of the atmosphere

(Bachmann, 2009)

5.2.3.4 Howdo we go from emissions to radiative forcing?

There are two categories of pollutants, the lelned and the shortived. These are listed in

Table 52, and discussed below:

1. Longlived GHGs (GON:O), arenamed for thelength of theiratmospheric lifetimes
which can balecadescenturies orevenlonger. They are globally mixed, which means
that any emission of a pollutant results in a global change of concentration of that
pollutant. That change of concentration, along with the change in global concentration
that it causes, also makes a changeadiative forcing (RF), the change based on the
standard relationship as calculated by the IPCC.

2. ShortLived Climate Pollutants (SLCP) are@4;,and Q. Where this type of pollutant

is emitted is important, because they only spend days, or at mostsyaa the
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atmosphere. So if BC is emitted near the Himalayas, it can be deposited in the Himalayas
and will affect the radiative forcing there, while if it is emitted in South America, for

example, that is where it will have an effect.

Table5-2: Life time of different emissions in the atmosphere (Maione et al., 2016)

5.2.3.5 How toconvert emissions into climate impact:

A number of factors affect how these pollutants change radiative forcing: how the emission is
transported, the chemical reaction that arises and how the final pollutant is deposited.
Atmospheric modellindGEOShem aljoint] is used to convert emission estimates into the
OKI'y3aS Ay NIRAIFIGAGS F2NOAYy3I onpwCuv o6& YSlIya s
of radiative forcing to change by emissions from different grids (Fig@rartd 510).

In order to estinate the change in average global temperature from radiative forcing, -LEE\P

uses the variabld=orcing Respons€unction (FRF)Shindell, 202). The Forcing Response
Function (FRF) comdsom a global climate model. The model represents radiative forcing,
weather patternsand meteorology, a well asthe experimentswhich arerun based on the

following assumption: if we have this change iniRIEn we run all of thse processes (rainfall,

wind patterns, etc.)what is the effect on the average global temperature?

Global Climate Models (GCMs) have evolved from the Atmospheric General Circulation Models
(AGCMs) widely used for daily weather prtin. These GCMs also include an Ocean General
Circulation Model (OGCM) that simulates the circulation of the oceans. Climate models are
based on welkstablished physical principles and have been shown to reproduce observed
features of recent climateral past climate changes. There is considerable confidence that
AtmosphereOcean General Circulation Models (AOGCMs) provide credible quantitative
estimates of future climate change, particularly at continentad &arger scaledPCC, 200, p.

591). In his study, the relationship from the global climate model and Boecing Response
FunctionA & dza SR G2 SadAvYrdS GKS OKFy3aS Ay | gSNI 3
The AbsoluteGlobal TemperaturePotential (AGTPyyhich is derived using thercing response

function, provides an estimate of the global mean temperature response to a given emission
0FrasSR 2y GKI G SYAa&aAa 2ighQfdimedShiheédt dl., 2005TheyAbsel@e | & |
Regionalfemperature Potential (ARTP) is an analogue of AGImByitles estimates of regional
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surface temperaturgesponses to emissions, accoungf for the regional radiative forcings (RFs)

caused by the emissiorfShindel] 2012)

o o
o o
o

Figure5-9 Radiative Forcing compatdo emissions in different grids

2 KSYy GKS AYLI OG 2y OfAYIFIGS owCY n¢SYLISNI G dzN
sensitivity of Radiative Forcing (RF) to changes in emissions in different grids, which gives the

change in RF for all the differecomponents.

FR ~
RF ——J 4, n¢Sy

Figure 5-10 The relationship between radiati
forcing and change in temperature.

Figure 5.11 summarises the processes by which dBEBRonverts emissions intmpacts on

health and climate, as discussed in the two previous sections.
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ERF Exposure Response FunctiéiRF Forcing Response FunctioghGTP Average Global Temperature Potential AGTP change inAverage Global Temperatur

Figure5-11 HowLEAP convert emission into health and climate impact
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5.3 Results and discussion:

In this section of the chapter, the impact assessment ob£M health and climate will be
assessedanalysed and compared with similar estimates made in other studigexplained

earlier, the impact of ozone on health and on crops will not be covered in this study.
5.3.1 Components ohational anthropogeniPM; s:

Figure 512 shows the contribution to PMin Oman from emissions that occur within the
country, emissions tt occur in other countries, and emissions from natural background, with
figures derived from this study and its use of LHEB®. It is clear that the major constituents of

total PMbsO2 YS FNRY (GKS ylFddz2NI £ o6F Ol ANRdzy mady 02y
and arid area. Indeed, as can be seen in Figet2,5n 2010, the anthropogenic emissions of

PM.s from Oman itself were much smaller than the emissions affecting Oman from the rest of

the world.

National emissior
3%

Rest of the worlc
15%

Natural
background
82%

= National emission = Natural background = Rest of the world

Figure5-12 NationalPM, s concentration compared with PMfrom rest of the world and natural background in
2010 based on LEABC (TotaPM: s concentration: 47 pg rf)

Figure 513 does not show emissions from the natural background, but compheerational
emissions of PWswith those from the rest of the world, for the years 2010, 2030 and 2050.
Disappointingly it can be seethat the contribution of national emissions will increase markedly
in the future; by 2050 they will be almost on a peth those from the rest of the worldThis
also shows thain 2010the nonsoil dust emissions Omancausel PM sof below 10ug n1® as
a populationweighted mean which iswithin the WHO guidelinein 203Q however, it is

projected to exceed thiandin 2050 to be almost double this guideline value.
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Figure5-13 PMp s concentrations projection (20k02030- 2050)disaggregated into contributions from emissions
that occur within Oman, and from anthropogenic emissions from other countries

The left hand side of Figurels} below shows the anthropogenic RMnationaland rest of the

world). The whole columnthat is bothblue and white parts, represens these anthropogenic

PMs, in the BAU baseline scenario, with the white part of each column representing the

emissions that would be avoided if all measures were impleied. The right hand side of Figure

5-14 represents the total load ¢tM.s emissions, including those frothe natural background

The figure also breaks the anthropogenic R2Mto national emissions and those from thest

of the world Although the enissions from natural backgrouragle almoststaticovertime, they

have a severely negatieffect on OmarQair quality PM sfrom the rest of the world also plays

Fy AYLRNIFyY

NEES Ay

hYlFyQa |

A NJ

Inegbtiberaide >

collaboratewith neighbouing countriesso that they reduce their PhM4emissions.
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Figure5-14 All measures avoided anthropogenic Rdoncentration compared with BAU scenario
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Figure 515 shows the constituentsof anthropogenic PMs from national emission as a
percentage share, with the left hand figure showing amounts for 2010, and the right hand side
showing predictions for 2050. The percentage of componenttsfrapogenic PMsfor 2010

are as follows SQ constitutes 49%as (NH:),SQ, with NO, constituting 21%asNHNG;. Black

carbon and oganiccarbon have only a 3% and 2% share respectieyeverthe percentages

of constituents are predicted to change in the future, with a notably sharp increaSip$Q,
GK2a4S LISNOSyGlr3sS akKkrNB gAftft NRaAS (2 cy?> 068& H
time that such figures have been presenteaihd possession of such data will allow us to

compare the components of our emissions with those ofrist of the world

Other BC ocC Other| |BC| |OC
3% 3% 2% NH3| | 6% 1% 2%
22% NOXx 17%
21%
S02 S02
49% 68%
= BC s OC = NOx = SO2 = NH3 = Other = BC # OC = NOx = SO2 = NH3 = Other

Figure5-15 Percentage share of pollutants which make up anthropogenigsiivihe BAU scenario, (Ldfand side
2010 and Right had side 2050)

5.3.2 Oman pematue deaths attributable t®#Ms

Particulate mattewith diametersa YI £ £ SNJ G K| Yy H @ pys) is tfie pdINBWIBINNE R
the greatestimpact on human health. This studyestimates that in 2010 there were
approximately711 case®f premature death fromPM;sassociated withanthropogenicand

natural emissions such deaths will risto 1810 cases in 2030, and will againuble to reach

more than 4400 cases in 2050. To giweaparison with the 711 premature deaths attributable

to PMxs in 2010, he WHO estimatedO5 deaths attributible to household and ambient air

pollutionin the same year (Chapter 1, Section 1.2.2).

Figure 516 provides a breakdown of the information dmet remature deaths attributable to
PM: s, categoriing themby age groufand cause of deattAccording to estimates itinis study
the increase irthe numberof prematuredeathswill occur mainly in the elderly, with the70

age group being most severdimpacted. The percentage of deaths this age categorywas
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52%for 2010, with predictions of 47% for 2030, and 74% for 2050, with the deaths mostly caused

by ischaemic heart disease and stroke.

5,000

m Over 70 years\Stroke
4,500

m Over 70 years\Lung Cancer
4,000 )
m Over 70 years\Ischaemic Heart
Disease
3,500 m Over 70 years\COPD
3,000 B Less than 5 years\ALRI
m Age 50 to 70 years\Stroke
2,500
m Age 50 to 70 years\Lung Cance
2,000
B Age 50 to 70 years\Ischaemic
Heart Disease
1,500
m Age 50 to 70 years\COPD
1,000 Age 30 to 50 years\Stroke
500 I m Age 30 to 50 years\Lung Cance
I I

m Age 30 to 50 years\Ischaemic
Heart Disease

people

2010 2030 2050

Figure5-16 Premature deaths in 2010 attributed to Rbbased on age group and cause of death, and projection for
2030 and 2050 as BAU scenario

This studyrevealsthat out of the 711 premature deaths in 2010 attributed to PMfrom
combined national emissions,messions from the rest of the world, and from natural
background, 138 deaths could be attributed to anthropogenic. RMs is shown in the
breakdown in Figure-87. Most of these deaths can be attributed to,S@ith NQ and NH
being the next largest cdrbutors. If we are to avoid these premature deaths, it is important to

reduce these pollutants.
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m Over 70 years\Stroke

60
m Over 70 years\Lung Cancer
50 m Over 70 years\Ischaemic Heart
Disease
m Over 70 years\COPD
40 H Less than 5 years\ALRI
% m Age 50 to 70 years\Stroke
8
o 30 m Age 50 to 70 years\Lung Cance
m Age 50 to 70 years\Ischaemic
Heart Disease
20 m Age 50 to 70 years\COPD
Age 30 to 50 years\Stroke
10 m Age 30 to 50 years\Lung Cance
l || i m Age 30 to 50 years\Ischaemic
o - 1 . N - Heart Disease

BC NH3 NOx oC SO2  Other

Figure5-17 Premature deaths caused by national anthropogenie £dvhissions for 2010.

Figure 518 illugrates how fampremature deaths attributable t&® M. scould be reduced if all the
measures suggested in Chapter Fourwere implemented. The left hand box, however, shows that
the natural backgroungdat 82%remains the largestonstituent of total PMs. The right hand

box shows the total number of deaths due to anthropogenic emissions, with the white parts of
the columns showing the premature deaths that could be avoided, with figuré@2f445, and

654 in 2030, 2040, and 2050 respectivelhe figurealso clearly shows that 50% of the

premature deaths i2050 couldbe avoided if all the Chapter Four measures were implemented.
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Figure5-18 All measures Avoided vs. BAU scenario for the premdeaths attributed to PMs

In Figure BL9 it is clear that, based on the all measures suggested in this study, all the premature
deaths attributable to national Phpemissions can be avoided by 2050, although those caused
by emissions from the rest of ¢hworld, primarily surrounding countries, can only be avoided in

future if there is effective regional cooperation.

1200
1000

800
O Avoided vs. Baseline

600 O From National Emissions
400 m From Rest of World Emissions
- i i

, M

2010 2020 2030 2040 2050

Premature deaths attributed to PM

Figure5-19 All measures Avoided vs. BAU scenario for the premature deaths attribu®dd tqnational and rest of
the world)
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5.3.3 Global Temperature Change:

The climate impact of pollutantesultingdirectlyfrom h Y | yefigsions namelythe average
changein globaltemperature, is shownin Figures-20; those emissions will caus®#®0L°Crise

in average globakmperatureby 2030, and &.003 °Crisein 2050.

m 2020 m 2030 = 2040 m 2050
0.004
0.004 0.0034
0.003
0.003 0.0022
0.002

0.002 0.0013

0.001

Temperature change C)

0.0005
0o ]
0.000

Figure5-20 Global temperature change due to Oman emissions

The benefit of mitigation scenarios in avoidingpl@l temperaturechange due toOman
emissiongs illustrated in Figure-81. According to the graph, the transport mitigation scenario
would be the most beneficial scenario to adopt, since it would be capable of avoiding 0©005
by 2050, with the oil and gas scenario and the electricity generation scenario avoiding 0003
and 0.0002°Crespectively; all these are compared with the baseline BAU scenario. The graph
shows a different trend for mitigation measures in the industecter, which target the
reduction of S@emissions. This can be explained by the fact that, as explained in Section 5.2.3,
sulphate can be considered as cooling aerosol. Fige22 8lso clearly demonstrates the

difference between S£emissions and others.

0.0008
0.0006 = Avoided vs. Baseline
—~ (transport)
& 0.0004 ) i .
o = Av0ided vs. Baseline (oil anc
f_—% 0.0002 gas)
g 0 Avoided vs. Baseline
% .0.0002 2010 2020 0 2040 2050 (electricity generation)
g& -0.0004 Avoided vs. Baseline (AC)
2 -0.0006
= Av0ided vs. Baseline
-0.0008 (industry)
-0.001

Figure5-21 Avoided vs. baseline global temperature change projection ¢2080) for different sector scenarios
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Figure5-H H

NELINE&ASylia K2g¢g (GKS AYRADA Riddrebsindd  t dzi |

decreasing lpbal temperature Greenhouse gases basically warm up the climate, whil@a&®D

NO.work in the opposite direction by lowering the temperature.

0.005

0.004

0.003

0.002

0.001

0.000

Temperature changéC

-0.001

-0.002

CHA4_direct
CH4 _CO
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m Black Carbon Aerosol
m NHXx Aerosol
m NOx Aerosol
—_ - m Organic Carbon Aerosol
All measures IBaseIine I m Ozone
m SOx Aerosol

Figure5-22 Comparison all measures and BAgrsario of the effects of different pollutants in global temperature

change due to Oman emissions

The net effect on climate of all the measures suggested in this study is illustrated in FRRire 5

If Omanwere to

implementall the measures for emissioreduction explained in Chapter Four,

the country could avoid a 0.00005%@ange in global temperature by 2040, and a 0.0003°C

changeby 2050 compared to the baselindt can be seen that between 2025 and 20l

measuresvere implemented, the tempetare wouldgo abovethat for the BAU scenaridhis

is because removing the cooling aerosols;, 86d NQ, from the atmospherevouldimpact the

temperature faster than removing the warming GHGs. It is expected, but needs more study, that

there would be

abigger change beyond 2050he graph also shows that if onf§r Pollution

(AP) measures are implemented, without GHG and BC measures, the effect on the climate will

be even worse and will increase the temperature above the BAU scenario. This clesidgabus

that it is of vital importance to integrate air pollution and climate policies.

0.0040
£ 0.0035
0.0030
0.0025
0.0020
0.0015

Temperature change
©
o
o
[y
o

0.0005
0.0000

e (AP) only
Baseline

All measures

2010 2020 2030 2040 2050

Figure5-23 Comparison of the effects of baseline (BAU) scenario and all measures scenario in global temperature

charge due to Oman emissions
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5.3.4 Comparing results with other impact estimates:

Chris Malley fronthe Stockholm Environment Institute (SEprkdeveloped a magor Oman
and theGCQegion which wadased on ECLIPSE emissi@BLIPSE viam the [IASA GAINS
model) and showedthe contribution to national populationveighted PMs concentrations
from different source sectors and differepollutant emissions in 201@ased on the ECLIPSE
emissions shown in Figure-Z8, the contribution to national populationveighted PMs
concentrations from different source sectors and different pollutant emissio@man for 2010

can be summarized dsllows:

It shows clearly that shipping contributes 12.59% to the; Pddncentrations, mainly through
SO (32%) and NK(28%). This applies for the other sectors:

V  22% of PMsin Oman comes fronthe energyindustry sector, and this is mainly from
SQ, NOand B&missions.

V  22% of PMsin Oman comes frorthe transport sector, and this is mainly from OC, BC
and NQemissions.

V 18% of PMsin Oman comes frorthe manufacturing industry sector, and this is mainly
from SQ, NG, and NHemissions.

V  15% of PMsin Oman comes fronthe agriculture sector, and this is mainly from NH
emissions.

V  12.59%o0f the PMsin Oman comes from shipping, and thisniainly from SQ (32%)
and NQ (28%)emissions

¢KS 02t 2dzNJ AYRAOI(GSa ( K%toRVAstoBcergrations iK Gmadfeoi i NA 6
emission of that particular pollutant (e.g. SOIG, NH XSG O®d0 FNRY GKIFG asSoi
same colour grid has the same effeBasically the redder the grid square, the larger the

contribution from emissions dhat pollutant from that source sector

There are many similarities between the percentage contribution of pollutants tasBivbwn
in this figure and the results estimated by this study in Chapter Two. This not only makes this
figure relevant to Oman hualso gives added validity to the mitigation options explored in

Chapter Four.

When discussing this figure, several points must be made. Firstly, the pollutants included here
are only those contributing to anthropogenic Piwhich means dust is excludedsecondly,
the figure overestimates the percentage contribution of ammonia from agriculture tesPM

this might be because the agricultural sector in Oman is much smaller than that in most other
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http://www.iiasa.ac.at/web/home/research/researchPrograms/air/ECLIPSEv5a.html

countries, so the high contribution estimated by ECLIRgEt be related to use of an estimate

coefficient irrelevant to Oman.

Third, justification of these results requires an exploration of wind patterns in Oman and the
region, as some of the pollutants emitted come from neighbouring countries. For example,
2010, the major contributor (21.86%) to PMn Oman was the energy sector, and its main
emission was SOHowever, much of these $@missions come from the UAE, Qatar, Bahrain,
Kuwait, and KSA.

agriculture (15.14%) biomass burning (1.03%) _ crop buming{l:WZ%J domestic [5‘5?’%] § £nergy 21.5§%I _ industry (18.08%) shipping (12.58%) . fransport {22.1_4%] waste (2 17%) .
\ W f 1 Y \ \} -
(y I r,;'ﬂ \\ :—.:_ =
; ‘I o
y 2
y 7 g

[ T RS R

(%90782) Xou

%EEFIF o0

%68 1) Wd 1oqio -

|G L —

ug m-3 grid-1
=

0-8.14e-06
8.142-06-8.14e-05
8.1-05-0.00081
0.0081-0.02
0.02-0041

Figure5-24 The contribution to national populatieweighted PM2.5 concentrations from different source sectors
and different pollutant emissions in Oman for 2010
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Appendix A5 shows a graph of wind patterns in Oman, with the aramebseasonal means (DJF

winter, MA Spring, MJ early summer, JAS late summer and ON Autumn).

1 Annual: the prevailing winds are S/SW especially over the south, middle and east of
Oman.

1 Winter: The NE trade winds (NE monsoon) affect the east, middle and ebGiman,
while the rest of the country gets NW winds.

1 Spring: S, SW, SE winds prevail, except for reetst Oman which gets NW winds.

1 Early summer: Typical summer winds, where the SW monsoon winds affect areas from
South Al Shargia to Dhofar, while thest@f the country gets dry NW winds.

1 Late summer: Similar to early summer but with more intense winds. There is also some
SE wind penetration over the Sea of Oman.

T Autumn: The start of the NE monsoon winds prevails for most of these two months.
5.4 Uncertainty:

Beside the limitations outlined in the section dealing with methodology for estimating impacts

on health and climate, there are other general limitations:

Theassessmendf the impact of & pollutionon healthand climatecombinesinformation from
different sourcesand on many topigsincluding estimategbollutant concentration,exposure,
demographicsaerosol radiative forcingnd therelationship between ambient concentrations
and health outcomes. Each of the information souraesed carries with it some degree of
uncertainty, whichinfluencesthe precisionof and confidence in the healtand climateimpact
results. These uncertainties propagate the impact assessment moves througth stageln
addition, pojecting future demographicchanges is subject to uncertainties regarding
population agingand migration, as well asthe epidemiologicaltransition from infectious

diseassto chronic diseasesyhich are more affected bgxposure taair pollution.
5.5 Conclusion:

From the discussion irhis chapter, it can be concluded that Phoncentration in Oman is
currently within the WHO limit; however, this concentration is projected to increase four times

by 2050 if no measures are taken to reduce;R&issions.

It has been revealed for tha$t time that the largest constituents of national Rpre SQ NG,
and NH. If Oman implementsll the measures suggestad Chapter 4the countrywould be
able to avoid all premature deaths attributed to national PMy 2050. However, even more
can be done iit initiates and carries out extrmeasureghat particularlytarget SQ, NQ, and
NHs.
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For Oman to improve its air quality and avoid fhremature deathghat can beattributed to
emissions from therest of the world it needs to takefurther steps towards regional
collaborationso that PM, s emissionsfrom neighbouring countriecan also be reducedn

addition, further studiesare clearly needed into emissions frahe natural background.

This chapter has also shown that temperatal@nge is a complex issue, and cannot be looked
at in isolation. Targeting the cooling aerosols AS4hd NG alone will create a shoterm
increasein temperature while reducing the emissions of warming greenhouse gasea@D
CH will only impact theglobal temperature in the long term. This brings us to the importance
of the integration of air quality policy and climate policy, which will be further addressed in

Chapter Six.
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6  Opportunities for Oman to mitigate atmospheric emissions
6.1 Introduction:

In this thesis | set out to investigate the problems associated with air pollution and climate
change, to investigate the potential for integrated control of these problems and to look at the
importance within this of control strategies for Shduived Cinate Pollutants. Chapter Two
identified the major sources of emissions causing air pollution and climate change in Oman; with
Chapter Three exploring current policy and its implementation in Oman and the GCC countries.
Chapter Four examined the best meassirto mitigate these emissions, with Chapter Five
FdaSaaAyd GKSANI AYLX AOFIGA2ya TFT2N) 6KS KSIHf GK
final chapter demonstrates how Oman could make further progress to limit emissions; the
suggestions are based dime Chapter Three analysis of the existing legislative framework, and
investigate the suitability of that framework for implementing the measures that would be
required for progress The chapter also attempts to use the findings of this study to develop a
framework through which Oman could achieve emission reductions; it also seeks to outline the
RATFSNBEYOS GKAa O2dzZ R YoeirjgSandi®RshowldvIOm&h @an playS | £

its part in the global effort against climate change.

Chapter Six, the proposes ways that Oman could use already available opportunities to
mitigate its atmospheric emissions, suggests convenient options open to the country, and
discusses the significant impacts on air quality, health and environment that these could bring
It also makes recommendations to the planning authorities for actions they could consider and

implement in the future.

This chapter will revisit the hypothesis set at the beginning of this study and will examine
whether it has been proved or disprovetl.will conclude by identifying other opportunities for
future research that will contribute to the improvement of air quality of Oman and will promote

participation in the climate change discussion.
The three questions raised in this chapter, then, are:

9 Hrst: Are air quality and climate change important for Oman?

1 Second: Is it possible for Oman to implement measures that will significantly reduce the
impact of both Air Pollution (AP) & Climate Change (CC) in both thearehthe long
term?

1 And third:What changes are required to make this happen?
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6.2 Air quality in Oman:

Air quality and its impact on health are as important for Oman as for the rest of the world, where
people globally are very concerned about these issues. Tablgrésents estimates ohe total
emissions affecting air quality in Oman in 2010, along with the source of those emissions; it also

gives the 2050 projection for those emissions, based on the BAU scenario.

Table6-1: Total emissiongkt) in Oman and their main sources

Manufacturing industry 160 1,255
Oil and gas industry 142 324
Transport, Manufacturing industry, anc 137 705
Electricity generation

Road transport 61 309
Road transport 51 201
Agriculture 18 34
Residential, and Industry 0.9 5

PM.sleads to premature mortality and many other ndexal health impacts. The increases
projected for S@ NG, BC, OC, PM(i.e. BCOC but also other primary emissions) and; Nifl

all increase Plsconcentrations. Although in 2010 the composition of 2M Oman was mainly

as dust, mostly of natural origin, and was also affected by emissions from the rest of the world,

the amount d anthropogenic emissions of national origins is projected to increase by 85% by
2050, as was shown in in Chapter Five. However, if all the measures suggested in Chapter Four
were implemented, 89% of the PMO2 Y OSY (i NI G A2y & NBa dzf iGnsgb@Ad F NB Y
be avoided by 2050. In 2010, the concentrations ot AMere well above the WHO guideline

gl t dzS§ 2 F3. Then soibdlist dmponent already exceeds this guideline figure, but
anthropogenic emissions are making the impacts worse, and it & ¢hiallenge that

governments in the region could effectively address.

This study has outlined the main sources of the emissions that contribute to national PM

pollution in Oman:
1. Transport (responsible for 81% of the Pdmissions in Oman)
2. Industrialprocess emissions (responsible for 10% of the §dvhission Oman)
3. Oil and gas industry (responsible for 5% of the; Pénission in Oman)

PM semissions from the transport sector are set to increase to 86% in 2050, even taking into
account the ambitiou8AU scenario for road transport, which would bring engine standards in
line with the most up to date EURO engines. This is because the increase is related to emissions

of road dust from unpaved roads.
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Natural dust makes up the highest percentage ot P&hd although the reduction of this source

of PMbsmight be difficult, it is certainly possible to reduce the anthropogenic part of it. This
source could be related to land degradation caused by overgrazing and other practices and will
be affected by dathate change, which will further dry out the soil and thus exacerbate the
problem. At the national level, this needs to be addressed through more research throughout
the GCC region to find out the potential for reducing emissions, as well as awarars#gs to
highlight the issues; action must also be taken on practices like overgrazing. Regional
communication also needs to be enhanced so that unified actions can be taken under the

umbrella of the GCC cooperation mechanisms.

The levels of Phkpollutionsare already having a serious impact on health in Oman, with the
scenarios in this study projecting that this will only increase in the future. The number of
premature deaths attributable to PMwas estimated at 711 for 2010; this could rise to more
than 4000 in 2050. This increase, however, would not only be caused by the increase in
emissions and thus in higher Rbtoncentrations; most of the increase can be attributed to
population growth (from 2.8 M in 2010 to 7.0 M in 2050), and to the fact thatghpulation

would include a higher number of older people.

Whatever the reason, air pollution impacts on health are set to increase significantly, with
premature deaths likely to increase nearly six times by 2050, and those parts of the problem
that canbe addressed by government need careful consideration. The results above suggest a
clear need for an updated air pollution policy addressing the specific issues related to Oman, as

well as for further action across the GCC region.

6.3 Climate change in Oman:

Climate change is extremely important for Oman, and many sources of air pollution are also
sources of greenhouse gases and SLCPs. The effects of climate change have already been
experienced in Oman and the GCC region in numerous ways, such as the thfreqsency of

severe heat waves, increased sand storms, changing rainfall patterns, and cyclones which have
become more frequent and more violent. A recent report by Germanwatch (based on data for
1998;2017) ranked Oman as the®2@host vulnerable countrin the world in terms of the Global
Climate Risk Indé%

Table 62 shows the emissions of major greenhouse gases and black carbon in Oman for 2010,
along with the main sources of these emissions and the projected increase in emissions by 2050

in the BAU senario.

®David Eckstein, Marieena Hutfils and Maik Winges, 2018
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Table6-2: CQ, CH and BC emissions (kt) in Oman and their main sources under the BAU scenario

Electricity generation,Road transport, 50,000 314,867
and Manufacturing industry

Oil and gas industry 565 1,249
Manufacturing industry, Oil and ge 4 11
industry, Residential, and Ro:

transport

hYlFyQa DI D SyixAdaaizya 02YS Yl A ydederafoNahdthebkS Sy
and gas sector), as well as from road transport and from manufacturing industries. As shown

earlier in the study, the main sources of {&ission in Oman are these:
1. Electricity generation (31%)
2. Road transport (23%)
3. Energy indusy own use (16 %)
4. Industry (14%)

According to the BAU scenario developed in this thesis, there will be a massive increase in total
CQ emissions by 2050 if action is not taken now. Thipdgtcularly true for electricity
generation, which will rise &m 31% of the total in 2010 to 45% in 2050. However, these
increases are not inevitable. According to the analysis in this study, if Oman implemented all the

measures proposed in Chapter Four, it could reduce its emissions tly@0% in 2050.

This potetial reduction in C@emissions and other GHGs and SLCPs, as well as the reduction in
emissiondeading to cooling aerosols, wouklS RdzOS (G KS ySi AYLI OG0 27
global temperature by 8% by 2050 compared with the BAU scenario, andph@iement could

be even greater with further efforts to reduce €&hd other warming pollutants.

An ambitious climateehange mitigation policy has become particularly important for Oman at
this point, as the country has initiated a heavy industrialisapeogramme aimed at increasing

the share of industry in its G2 thus helping to diversify the economy away from oil and gas.
The industries are mostly situated on the coast of the Arabian Peninsula, the area most
vulnerable to cyclones, which are liketo increase in frequency and severity as a result of
climate change. This means that these industries, and thus the economy as a whole, are
themselves greatly at risk, making it vital for Oman to move forward and engage seriously in

the global climatedebate.
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6.4 Integrated air quality and climate policy:

Although Oman is currently more interested in its economic development than in air pollution
or climate change, it is still possible for the country to develop without damaging the climate or
human he#&h. Oman faces a number of choices about the ways that it is going to develop, and
this study identifies ways in which it can develop economically while still reducing GHG

emissions and providing better air quality in and for the future.

One challengeonfirmed by this study ihe factthat the most important measures to improve

air quality and human health will do so at the expense of the climate. This is because the main
pollutants to reduce Pisare S@and NQ, but both of these give rise to cootj aerosols. If

their emission levels are reduced, more warming will occur. This implies that if Oman is to help
win the battle against climate change, it will need to focus far more on reducing the warming
substances. Given that climate change also affdutman health, it is vital to integrate the
approach to air pollution and climate change in as many ways as possible if the sultanate is to
develop a wealthy but cleaner future, and reduce emissions to the benefit of both national

health and the global ithate.

The following section proposes and discusses Air Quality (AQ) and Climate Change (CC) policies

which could be integrated to bring both national and global benefits.

6.4.1 CQ affecting longterm climate change:

The renewable energy scenario (RES) aimepitace natural gas for generating electricity with
solar energy (50% by 2050) and wind energy (20% by 2050); this would lead to a reduction of
100 Mt CQ@by 2050. In addition, 86% tfie NG emission in BAU would be avoided by 2050,

and half the CO emigms.

The zero coal scenario (ZCS) is a scenario that looks into the possibétgrmfoningthe
governmentof its planfor havinga 7%¥ ( KS 02 dzy {péhkradian fr&i cBabyP0RA. O A ( &
The implementation of the ZCS would avoid 30% ofdéfissions by 2050 (40 Mt) compared

with the BAU, and would lead to a reduction of more than half of Biissions by 2050,
avoiding 168 kt.

Implementing these two policy scenarios would achieve 140 Mt reduction sbZ 2050, with

an added benefit foair quality (from S@and NQemission reductions) as well.

These policies now come under the Ministry of Oil and Gas (MOG), and the proposed update of
the policy implies the evolution of a more ambitious strategy with a higher percentage share of
renewables in the power sector. The coal plant being planned biwiB& should be replaced

by renewables, and no further steps should be taken towards building it.
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6.4.2 SLCPs (BC andsC#ffecting neaterm climate change:

Implementationof the zero flaring scenario (ZFS) would not only reduce but actually eliminate
all the BC emissions from the oil and gas sector in Oman; they would go from 2.8 kt in 2020 to
zero by 2030. It is definitely possible to eliminate black carbon by banning the flaring practice,
and this can be done if the zero flaring initiative to which Omanesigmp becomes a fully
implemented policy. All that is needed is a time frame for the ban to be approved by the Ministry
of Oil and Gas (MOG), and for the Ministry of Environment and Climate Affairs (MECA) to actively

begin monitoring and inspection.

The fugitive reduction scenario (FRS) works on the assumption that oil and gas production will
continue to 2050 without any decline in the amount of drilling, processing, transportation, and
distribution it carries out. However, if the industry achieves a 5a#aagon in fugitive emissions

by 2030, and a 75% reduction by 2050, then it will reduce ébtission by 200 kt by 2050.
However, this FRS will only be achieved successfully if, and only if, MECA makes it a serious part

of their policy, and improves theirpcedures for inspection of the oil and gas industry.

The renewable energy scenario (RES) discussed earlier would be able to achieve a 75% reduction
in CH emissions from the electricity generation sector by 2050, since renewable energy would

replace natwal gas and iis thegeneration of gas which leads to fugitive emissions of methane.

6.4.3 Pollutants affecting PM(SQ, NG, NH, BC, OC dust)

In Oman, the premature deaths attributed to Pbare mostly caused by emissions of, 30Q

and NH. The effie@nt industry scenario (EIS), which proposes increasing the efficiency of the
industry sector, will be capable of reducing 39% of &f@issions and 40% of N@missions by
2050. This type of policy would come under the Ministry of Commerce and Industryl\Mi&C
ministry needs to take steps to include an industry efficiency initiative within plans for each

industrial sector.

The clean fuel scenario (CFS) aims to move away from using heavy fuel oil (HFO) in the cement
and limeproducing industries and teplace it with cleaner fuel, so that by 2050, the use of HFO

will be at 0%, with natural gas and electricity at 50% each. This would serve as a preventive
action and would result in a significant drop in.@@issions, with a zero emission target being
reached by 2050. The same policy scenario will also serve to reducenN€sions by 91% by

2050. This policy requires collabomtibetween both MOG and MOCI.
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The zero coal scenario (ZCS) and the renewable energy scenario (RES) will not only have
advantags for climate regulation, but ZCS will also be able to reducesisions by half by

2050, and RES will substantially decrease thgdi@ssions by the same date.

The transport policy scenarios also play a very important role in the reduction ,ofaRDCO,

and of PMsin general. The electric vehicle scenario (EVS) which advocates the penetration of
electric vehicles into the market, will reduce CONd PMsemissions to half by 2040, while

the public transport scenario (PTS) will achieve 33%é¥hissions reduction and 29% PM
emissions reduction by 2040. In Oman, dust emissions from vehicles travelling on unpaved roads
are a much greater source of PM emissions than the relatively small amount of exhaust emission
of primary PMs(mainly bla& carbon). The paved road scenario (PRS) is thus a very important

scenario, and could result in a 75% reduction irp Bihissions by 2040.

In terms of policy framework, the electric vehicle scenario (EVS) will be partly driven by
international trends, sice most vehicle production companies are in the process of moving
towards electric cars. For Oman, what is most important is that they, with other GCC countries,
lead the movement to change to electric vehicles. This will involve collaboration botmaiétio
(between MOCI, MOG and the Royal Oman Palice), and regionally (between MOCI and the GCC).
The responsibility for implementing the public transport scenario (PTS) will fall to the Ministry

of Transport and Communications (MOTC), which must ensurethigashift towards more

LJdzo f AO GNF yaLRNI Aa O2YLI GAGES GAGK GKS YAy
strong enough, plans can be even more ambitious than those suggested here. The last few years
have seen a number of awarenesdsing activities taking place, as well as major investment in

a public transport system that is providing more access to and greater flexibility in options for

traveling around both cities and the country as a whole.

However, further progress is still needed compensate for population growth, and the
institutional framework must be restructured if it is to cope with the fast economic and
population growth that is taking place. The adoption and implementation of the paved road
scenario (PRS) would be thepessibility of two entities, with the main roads coming under the
Ministry of Transport and Communication (MOTC) and the rural governorate roads being the
responsibility of the regional municipalities. In terms of readiness, the MOTC already has a clear
plan in place to pave more roads, and has made it a priority, while the regional municipalities
tend to provide paved roads mainly when driven by plans for the idigion of residential

houses.
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6.5 Developing the policy:

Chapter Three of the study has showmat the overall legislative framework in Oman has
adequate potential to implement the scenarios that were identified in Chapter Four and
discussed in the earlier sections of this chapter. However, although the overarching framework
might exist, a good d# of new policy and associated legislation would need to be developed
and put in placeBased orthe estimatedrelative effectsof air pollutants and GH®bn climate

and mortalitywhich obtainedirom the developedscenarigin this studytwo summary graph

are illustrated in Figue 6.1 and 6.20f the avoided premature deaths and the avoided
temperature changef different scenarios vs. baseline scenario (22080) Table 6.3 shows

the scenarios abbreviationand for more details, chapter Ho have introduced them

sufficiently.

Table6-3 Scenarios abbreviations:

Fugitive Reduction Scenario Clean Fuel Scenario
Zero Flaring Scenario Electric Vehicle scenario
Renewable Energy Scenario Public Transport Scenario
Zero Coal Scenario Paved Road Scenario
Efficient Industry Scenario Air Conditioning Scenario

It is clear from Figure 6.1 that titeree best scenariein terms of reducing premature deaths
by 2050are the clean fuel scenario (&voided deaths)the renewable energy scenario (63
avoideddeaths)and the zero coal scenario (57 avoided deaths). The least important scenarios

are the fugitive reduction scenario atioe public transport scenario.

80

= CFS avoided PM2.5 deaths vs. Baseline
70 EIS avoided PM2.5 deaths vs. Baseline

ZFS avoided PM2.5 deaths vs. Baseline
60 ZCS avoided PM2.5 deaths vs. Baseline
2 = ACS avoided PM2.5 deaths vs. Baseline
§ 50 = PRS avoided PM2.5 deaths vs. Baseline
© = PTS avoided PM2.5 deaths vs. Baseline
§ 40 = F\/S avoided PM2.5 deaths vs. Baseline
) = FRS avoided PM2.5 deaths vs. Baseline
3: 30 = RES avoided PM2.5 deaths vs. Baseline

20

10

0

2010 2020 2030 2040 2050

Figure6-1 Avoided deaths of differersicenarios vs. baseline scenario (2Q080)
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In Figure 6.2, the change in the global temperature were compared for the different scenarios
The more effective scenario which will be able to avoid mgiabaltemperature changavas

found to be the electricehicle scenario.

0.0006

= ACS avoided temp.
0.0004 change vs. Baseline
= PRS avoided temp.

L 0.0002 change vs. Baseline
= PTS avoided temp. chanc
S 0 vs. Baseline
s EVS avoided temp.
5 2010 202 2050 change vs. Baseline
© -0.0002 = CFS avoided temp. chanc
E’_ vs. Baseline
£ -0.0004 == E|S avoided temp. changt
Q VS. Base“cTedt )
= =[RS avoided temp. chanc
e -0.0006 vs. Baseline
o = 7FS avoided temp. chang
-0.0008 vs. Baseline
= 7CS avoided temp. chanc
-0.001 vs. Baseline
= RES avoided temp. chanc
-0.0012 vs. Baseline

Figure6-2 Global temperature change of different scenarios vs. baseline scenaricZ260)

To maximize the environmentghvoided temperature changand health(avoidedpremature
deaths)benefits (thesoO f £ SR Wi 2 ga plot oftEavyidedcRaNgezi fe@perature
from each scenario against th@voided mortality (n ¢ @& ) fler2D20-2050 has been

summarized in the followingraphs of the dfferent scenariogFigures6.3and 6.4.
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Figure6-3 The avoided change in global temperature against the avoided premature moddiitys. deaths) for
20202050 for the different scenarios from right to left: Air Conditignscenario (ACS), PaRxad Scenario (PRS),
Public Transport Scenario (PTE3gctric vehicle scenario (EVS), Clean Fuel Scenario (CFS), and Efficient Industry
Scenario (EIS).
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Figure6-4 The avoided change in global temperature against the avoided premature moddiitys. deaths) for
20202050 for the different scenarios from right to left: Fugitive Reduction Scenario (FRS), Zero Flaring Scenario
(ZFS), Renewable Energy Scen&teS)and Zero Coal Scenario (ZCS).

Thescenariosvhichwould benefit climate more thaair quality and vice versa are discussed in

the following as demonstrated in Figure @&3d 6.4

1) Air Conditioning ScenaripACS) It is clear thatreducingelectricity demawl for air
conditioning in households and commercial and public seatdlisavoidtemperature
increasebecause of the reduction of G@ndslight reduction irpremature deaths

2) Paved Road ScenafiBRS)Pavingmoreroadswill avoiddeathsdue to the redution in
the anthropogenic PMsbut it makesno muchdifference toglobalwarming

3) Public Transport ScenarfBTS)Will avoid both deaths andlobalwarming.

4) Electric Vehicle scenar{&VS)Will avoidboth prematuredeaths andylobalwarming

5) Clean Fuebcenariq CFS)Although it will reduce deaths, it will lead to increasgidbal
warmingbecause S{s taken outfrom the atmosphere.

6) Efficient Industry Scenari(ElS)Will reducedeaths but increaseglobalwarmingg |
guess because 5@ taken outHowever, in the long term, after 210Q@Q reduction
from thisscenarioshoul reduce warming.

7) Fugitive Reduction ScenariBRS)Reducingmethanewill reduceglobalwarming but
that does not affect Pi¥kand so no change prematuredeaths.

8) Zero Flarig ScenaridZFS)Will redue BC and PWsand sowill reduce premature

deaths andylobalwarmingas well.
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9) Renewable Energy Scena(RES)Will reduce prematuredeaths andglobalwarming
due to the reduction of C{and air quality pollutants.

10) Zero CoabcenarioZCS)Will reduces deatldue to reducing SOHowever,CQ does
not take overto lead to benefit for climatdbecause of the government plan which is
included in the baseline of generating electricity from coalr®y in 2024and 50% in

2030.

Teble 6.4 gives an overview of how different scenarios will affect the future by 2050 in terms of
the avoided deaths and avoided temperature change globally. This will allow prioritization of
the most effective actions thas recommended andould be pursud by Oman government in

order to maximize the bendfof human health and warming.

Table6-4 the effect of different developed scenariosrationaldeaths and global temperatutgy 2050

Fugitive Reduction Scenarit 0 F nonnn
Zero Flaring Scenario 1 0.00015
Renewable Energy Scenari > 60 > 0.0002

Zero Coal Scenario > b5 Negligible
Efficient IndustryScenario > 40 Negligible
Clean Fuel Scenario >70 Negligible
Electric Vehicle scenario 10 0.0005

Public Transport Scenario 1 Negligible
Paved Road Scenario 10 Negligible

Air Conditioning Scenario 10 Negligible

From the abové-igures6.3and 6.4andTable 6.4The best scenarios in terms of avoided deaths

in 2050 are as follow:

Clean Fuel Scenario (CFS) > 70, Renewable Energy Scenario (RES) > 60, Zero Coal Scenario (ZV
> 55, Efficient Industry Scenario (EIS) > 40

Whereasthe best scenarios in terms of avoided temperature change in 2050 are as follow:
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Electric Vehicle scenario (EVS) (0.0005 °C), Renewable Energy Scenario (RES) (> 0.0002 °C)
CdAAGADBS wWSRdAzOGA2Yy {OSYINAR2 oO0Cw{ 0I15€) ndnnnH

The Renewable Energy Scenario (Rie&) all other scenarios in reducirigpth premature

deaths and temperaturehangeby 205Q taking into consideration the G@eduction (avoided
global temperature change) might take longer than 2050st@meother scenarios to see the
benefit, such asZero Coal ScenariZCS)Efficient Industry Scenari(EIS), andClean Fuel
ScenariqCFS).

A combination of both existing and new legislation will be requiféiman is to take effective
action to achieve the emigm reductions of which it is capable, along with their benefits to

health and climate. The existing legislation that can be used includes:

T w2éltf 5SONBS b2d wmmMnkuHanamMI (GKS W[lIg 2y I
[ 2Y0olrGAy3 2F t2fftdziazyQ

f MinisteriddecisionrmMmy K H nnnX kg 2y WIAN LRffdziAzy -

f Ministerialdecisionmn MK H AMT = W! YOASY G ' AN vdzZ £t AdéQ €I

f Roya5 SONBS ykHnAnmMmMXI WhAift YR DIFIa [ 6Q

T w2elf 5SONBS HykmoppoI GKS WENFIFFAO [ 6Q

However, there is as yet no legislation in place tteat address the following issues:

1 The policy for the energy sector (oil and gas and electricity generation) needs to specify
the percentage share for renewable energy in the power sector. Regulations must also
be developed to enforce the zero flaring goal as well as to reduce fugitivesiemisof
methane. Another issue requiring regulation is the venting of methane in the oil and gas
sector; thus far it has not been covered by laws relating to the activities of the Ministry
of Oil and Gas (MOG) nor by any law relating to the Ministry af&ment and Climate
Affairs (MECA).The governmentherefore needs to wsappropriate technologies to
facilitate emission control programs for the industrial and private sectors; these must
be more consistently applied andgorously enforced than happens at presentf
effective control is to be achieved.

1 Road transport is the second largest contributor to, @dissions, and this is an area
there is a good deal of room for emission reduction. Shifting the finance from subsidising
fuel to improving the public transport infrastructure will substantially reduce road
transport emissions. Another positive measure is the increased penetration of electric

vehicles, but for this to happen, decisions need to be taken at both national and regional
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leves. Current procedure for the annual inspections of vehicles also needs to be revised,
and the rigorous testing of vehicle emissions must be included.

1 Policy for the industry sector also needs revision. This will involve a decision for
manufacturing indusies to shift to cleaner fuels, and other decisions aimed at bringing

about an improvement in industrial efficiency.

An increase in the political will to address the problems is a key factor if Oman is to make the
required changes to existing legislati@amnd is to develop the new legislation needed to
implement the measures described. Interviews with key members of government and other
stakeholders showed that at present there is a very little understanding of either the issue of air
pollution or of clim& change. Most policy makers do not link the recent increases in the
frequency of heat waves with climate change, nor do they consider the issue of air pollution as

a priority. The NGOs are not active on these issues and the media is silent. The &anpollu
legislative and regulatory systems that do exist are based on international environmental
standards set by organisations such as the World Bank and the US EPA, and there is currently no
evidence of national interest in building on or improving thesmdards to make them more
NBLINBaASYdlFGABS 2F GKS O2dzy iNBQa aAildz G§A2Yy |y

There are a number of barriers to overcome before the scenarios can be put into place. First of
all, although Oman is rich in the sunlight andeviesources that would facilitate the production

of renewable engyy, it is also a country rich in fossil fuels. As a result, it is reluctant to give up
oil production unti renewableshavetaken a steady place in the energy markets, desyle

fact thatthe oil and gas sector the main source o€limate-changerelated emissions in the
country. Although the oil and gas sectoay on the one hand desire to achiexesignificant
reduction in its emissions, the sector is also powerful and ambitious, aglt iace challenges

in the political will needed to make the required changes. Procedure for dealing with the air
quality and emissions data collected from the fixed and mobile monitoring stations constitutes
another challenge, as the data will have to &#ectively analysed and employed if it is to

support policy makers in setting out new policy and reduction plans.

This study has a number of recommendations for the action needed to increase the attention
given to air quality and climate change in tlmintry, and to show the importance of integrating

them at policy level. The recommendations are:

1 Raising awareness within the policy makers, public, media, and judiciary.
1 Involving more stakeholders in the policy development process.
1 Encouraging researdt national and regional levels in the fields of climate change and

air pollution, and their health impacts.
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{1 Taking steps to strengthém Y I Y Q &in régoralefd international communications.

6.6 Future work:

A lot of PMsis natural soil dust which iesponsible for a percentage of premature deaths, and
nothing can be done to avoid that. However, part of this natural dust is from anthropogenic
sources due to land degradation. As yet there is no solid information about how much soil dust
is from anthrogenic sources, but they are known to play a part. This is not just a problem for
Oman; it is a regional problem which needs further work in collaboration with the GCC and other
neighbouring countries. Natural dust is a part of life in Oman, but behali@mange can
mitigate its impact; people should learn to stay indoors particularly during sand storm episodes,
and the country could implement an early warning system to alert people so they can avoid

exposure to heightened soil dust days.

Sand storms & another big issue to Oman, and we need more studies investigating the
implications of climate change for sand storms in the region in general; we also need more
research on how much anthropogenic activities affect the natural dust, so that those astiviti

may be avoided as far as possible. The health risks posed by sand storms should also be studied
and evaluated, wittan emphasi®n those aged 500, who make up the most vulnerable age
group. This age group will become increasingly dominant in thedutmd if nothing is done,

the number of premature deaths will increase.

Another area needing to be investigated in future work is dtweurrence of cyclones and an
evaluation of their risk to Omamspeciallyto the industrial and economic portH isimportant

for there to be investmenin the modelling and support of research studiashis area

For all this to happen, it is essential to create the political will, to raise awareness, to involve the

public in the policymaking process, and to ensugeeater transparency.
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Appendix Al): Diagrammatic Presentation of Sultanate of Oman

Sultanate of Oman

Aribian Gulf

Aribian sea

This diagram is not an authority on international boundaries

Source: Oman health vision 2050
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Appendix A2): Branches within LEABC tree source of emissions.
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Cont. AppendixA2):
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Appendix B2): Data Collectiohoop for Oman

High priority data requirements relevant to the SLCP measures
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AppendiXC2: Data Collection Loop for Oman

Datarequirements forcompiling a more accurate, complete national emission inventory

Data Collection Loop for Oman

Data requirements for compiling a more accurate, complete national emission inventory:
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Appendix E2: ORPIC plants production of fuels and petrochemicals, for end use or for further

downstream processing.
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Appendix E2: Al Ameratandfill(Photo taken by the researcher).
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Appendix (A3)ist of laws and regulations in the Sultanate of Oqiatated to the environment,

waste, permitting, climate affairs, on sustainability, etc.

No.

Title

Description

Category

Authority

comments

RD 34/74

The Marine Pollution
Control Law

Marine
Pollution

RD 68/79

Establisment ofthe
Board of
Environmental
Protection and
Pollution Control

Institutional
development

These decrees
are considered
the
cornerstones of
the institutional
environment in
the Sultanate.

RD
114/2001

Law on Conservatiol
of the Environment
and Prevention of
Pollution

Environment
Pollution

MECA

RD 26/81

Sanctioning the
Convention on the
Preventionof Marine
Pollution by
Dumping of Wastes
and other matter

Marine
pollution

MECA

RD 40/81

Sanctioning the UN
Industrial
Development
Organization Charte

Industrial
development

MECA

RD 67/89

Authentication of UN
Convention on the
Law of the Sea Law

Maritime law

MECA

RD 119/94

Authentication of
Basel Convention or|
the Control of Trans

boundary
Movements of

Hazardous Wastes

and their Disposal

Hazardous
waste

MECA

need to be
checked

RD 119/94

Authentication of the
UN Framework
Convention on
Climdae Change

(UNFCCCQC)

Climate
Change

MECA

RD 73/98

Accession to Vienng
Convention on
Ozone Layer
protection and the
Montreal Protocol
on Ozone depleting
substances

Ozone

MECA

10

RD
107/2004

Ratification of the
Kyoto Protocol on

Climate Change

Climate
Change

MECA
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Issuing a Board for

11 | MD 202016 | Managing Climate GHG MECA
Affairs
MD Air pollution from Emission
12 118/2004 stationary sources standards MECA
MD Crushers Quarries & Dust
13 200/2000 Transport of Sand emissions MECA
Issuing Regulations
MD for the Protection of
14 107/2013 the Ozone MECA
Ozone Layer
Amendment of MD
15 | MD 67/2015 107/2013 Ozone MECA
Management of non-
16 | MD 17/1993| Solid norhazardous| hazardous MECA
waste waste
17 | MD 18/1993 Management of hazardous MECA
hazardous waste waste
MD Regulation for waste
18 145/1993 water_ reuses and | waste water MECA
discharge
| should check
19 | RD 272003 Mining Law Mining g K2 Qa
responsibility
Regarding
Guideline Environmental L
20 No. 22 Conditions for refineries MECA
Refineries
Organizing the Environmental
MD 187 Issuance of Approval of
21 2001 Environmental new MECA
Approval establishment
Environmental
Modification of MD | Approval of
22 | MD 682004 187-2001 new MECA

establishment
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Appendix (B3): Oman air quality sexd/ironmental regulations.

Provided separately
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Appendix (C3): GCC Air Quality Policies: (documents provided by UNEP)

Provided separately

322



Appendix (D3): GCC countries National Determined contribution (NDC)

Provided separately
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Appendix (E3): Method of interviews

Interview Strategy
Research project: Investigating the BenefitSbbrtLived Climate Pollutant Strategies

in Oman and other Gulf countries

Aim of the Interview:
To answer the following research question:

Are thecurrent policies which regulate the activities related to air pollution and GHG

emissions effective for the current situation?

This projecits the first investigation in Oman ofi@t Lived Climate Pollutants (SLCPs) as a
group of pollutantsaaffectingOmanand other Gulf Cooperation Council (GGdTintries. It will
focus on investigating the implications of an SLCP strategy in the GCCarmdjiee how it

could bestreduce SLCP pollution and its impact on health, climate, and the economy. The
implementatian of policies in Oman is the main way by which air pollution is controlled. The
policy part of the project seeks to develop a comprehensive overview of the policies in Oman
which impact on the emission of GHGs and air pollutathisse includeclimate poicies, and
regulations concerningir pollution, land planning, and transpoithis overview will helfp
determine the impact of policies ahe quality of theenvironment. ByT'he project will

evaluate the successs andfailures of existing policiesand thenattempt to identify areas for

improvement in the future.

The aim of these interviews is tdbtainan overview of althe policies, regulations, legislation
and guidelines that goverissuegelated tothe impact of various sectors on tlemvironmen.
The interviews will lookarticularly at those policies, laws and guidelinglgvant to GHG and
air pollutant emissions in Omaand will also seeto analyse policynaking processes and
describe the development of environment policieghie country They will also investigate the
implementation and enforcement of those policjeshat different stakeholders see &s
drawbacks of implementing thenirhey will also seek to discover hetective the policies
areand whether stakeholders sdbe situaton inOmanasrepresentative othat inthe GCC

countriesas a whole

The interviews will coveas an overall theméThe Policies of air pollution and climate in

h Y | ydth a number ofopicsbeingaddressed during the interviesy as follows
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The current legislation coveringr gollution and climate change (GHG emissions).
Processes of polieyakingfor the areas ohir pollution and climate change.
The mplementation, enforcement and evaluation of policies.

The2040vision for environment policies artte renewable energgector in Oman.

Method followed

The projecidrew upon a mix of primary and secondary data sources including government

< <K <K <K K< < < <

documents, legislation and statistics. The researcher also coedwssmistructured

interviews withkey stakeholders.

The researcheused the information gathered in the interviews to develoguanmary
of the policies governing air pollution and climate in Oraad an outline of how the
regulationsare implemented. Any case studies or storiggiven inthe interviewsand
related to thase policiesyere alsocollected.

The approach used in the sestructured inteviewwasan interpretive routethat
developeda clear question thathe researcher wishet® addressThe broad question
wasorganised around a set of predetermined opended questions, with other
questions emerging from the dialogue with intervieweeselviewswere scheduled in
advance at a designated time and location outside of everyday events ard last
between 30 minutes and an hour.

A triangulatel interview approachwascarried out by interviewing a range of different
levelsand typesof people hvolved in the policynaking process, including:
Policymakers

Decisioamakers

Environmentalists

Business professionals

Leaders ofridustries

NGOrepresentatives

Mediarepresentatives

Legal representatives

Selecting Interviewees:

Based on LEABC emission inventory analysis were able to identifythe sectorswhich

contribute most to the PMs emissiors and ambient concentrations in Oman, both
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now and in the future (2050). They difee transportand the manufacturing and

constructionsectors.

The map developed by Chris Malley for Oman and the regfimwedthe contribution to
national populatiorweighted PM s concentrations from different source sectors and

different pollutant emissiongevealing thathe main sectors aatributing to PM sare:

Road Transpor22%,

Energy Industry 22%

Manufacturing and Construction Industr8%
Agriculture- 15%

Shipping 13%

= =4 4 -4 -

On the basis of this information, the researcliecided to interviewthe following types of
people:policy-makers, decisiomakers and specialists in tiod andgasindustriesand
in the road transportand manufacturingconstructionsectors sincetheseareas are
responsible foi75% of PMscontribution. Thefollowing table shows the different
organizatias from which people wereinterviewed basel on the major sectors
selected. Although agriculture contribig&5%o0f PM, s emissions, none dfs
representatives werénterviewed, becausea good deal of the agricultural pollutants
affecting the country aremitted byneighbouring countriesather than by Oman

itself.

The interviewees were chosen based on the following classificatiecisionmakers, policy

makers environmentalists, businegseople journalists, and judges.

Eachindividualintervieweegavethe answers to the set of questions listbdlow according to

the classification field they represented.
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Major sectors contribuing to PM, s emission in Oman.

Energy Industry

Sectors Oil & Gas Road Transport + Manufacturing and
Interviewees Shipping Construction
MOG: MOTC (Road): MOCI:
15t priority: Minister | 15 priority: Minister | 1% priority: Minister of
Decision of MOG. of MOTC. MOCI.
Makers 2" priority: Under 2" priority: Under 2" priority: Under
Secretary Secretary of Secretary of
MOG. MOTC. MOCI.
ROP (Vehicles):
15t priority: DG of
Traffic of
ROP.
Industry 15t priority: (HSE) of | - 18t priority: Chairman of
represenatives PDO, OCCI, H.E Said
Mohammed Saleh Said Al
Al-Salmani. Kayoumi
2" priority: HSE of 2" priority: Deputy
OXY Chairman of
OCCl
Renewable Nafath Renewable Energy

Chief Executive Officer, Abdullah Alsaidi
Continental Shelf of Solar Technology,
General Manger, Majid Alawi

NGG

Environment Society of Oman

15t priority: Board Member: Mr. Ahmed Al Rashdi,
2" priority: PR Officer: Ms. Dana Al Sarhani,

Media

Muscat Daily

1%t priority: Journalist, ® priority: Reporter

Times of Oman

15t priority: Journalist, ® priority: Reporter

Court

Public Prosecution Office
1t priority: Attorney General Hussein-dilali

2" priority: Deputy President of the Court SaleFRashidi

PolicyMakers

Supreme Council for Planning

1t priority: Deputy Secretary General, Talal Alrahbi
2" priority: Directorate General of Planning, Hilal Alzadjali

Parliament (Shura Council)

Legislative committee
1%t priority: Mohamed Alzadjali," priority: Khalid Alsadi

Health and Environmerdgommittee
1t priority: Ali Alqutaity
2" priority: Ahmed Alhadrami

Abbreviations:

MOG: Ministry of Oil and GasMOCI:Ministry of Commerce and IndustfigOP Royal Oman Polic®RPICOIl Refineries and
Petroleum Industries CompanyAEW Public Authaty for Electricity and WatelREIEPublic Establishment For
Industrial EstatesDPWR Oman Power and Water RecruitmeMOTCMinistry of Transport and Communication,
PDO:Petroleum Development of Oma®XY Occidental of Oman In@CCIOman Chamber d@ommerce and
Industry.HSE Health Safety & EnvironmerdG:Directorate GeneraPR:Public Relationship.
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Processes for recording interview data:

Audiotape recording were maddor recordingthe interviews for documentation and later
analysiswith note usedto highlight the more interestinggints emphasised by the
interviewee.In order to ensure reliable recordings, the researcher practised with the tape
recorder pior to usingit for the interview, and khd extra batteries and a baekp recorder on
handduring the actual recording

Informed consent:

The intervieweswere allinformed about the aim and objectives of the projeafith the
researchereadng outthe consent form at the beginning of the interviews and meetifigs.
consent formclearly statechow the data and answers to questiogained in the interview
would beused.Interviewees were alsmformed thatthey couldwithdraw their participation
at any time prior to the publication of any research, without giving a reésosuch
withdrawal Atthe beginning okachinterview, the participantwas asked whether theyere
happy to be recordedf they agreed, they were asked to sign the consent form. If the
interviewee dd not agree to being recordedhey couldstill take part in the studybutthe
researcher wouldtake notesdetailingtheir responses.

Confidentiality, security and retention of research data:

The answers ofle OK A y (i S NIJ A BeseSdti€d andinly theaeésdakcher hadccess to
this codes; access was kept tonginimum. Theonly data gathered was thatxcessaryor
answeingthe research questiongfter the interviews, he recordingsvere carefully guardegd
andwere erased after transcriptiohmadbeen verified or once analysimscomplete.
Intervieweeswere askedvhetherthe researcher might quotthem andwhether she could
attribute data or information to them or their organisation.

Flexibility:

The intervieweavas offered the choice of having tir@erviewin either Arabic or Englistn
any casavherethe interviewee askdto be sentthe interview questions by email, a good
reasonhad tobe given beforghis was agreed.

Transcribing data:

After transcribinghe tape-recorded interviews into texthe researchefistenedto the
audiotape while reading the transcriptiorthis was dondo ensure accuracygf interpretation.
When there wasny difficuly incapturing the spoken word in text form because of sentence
structure, use of quotations, omissigmaistakingof words or phrases, or argther source of

doubt, thereseacher then made thgudgment call.
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Using software programs to assist with data management and analysis:

Software programs do not analyse dabait can be a tremendous aid the process otlata

management and analysis. Atlas ti, Folio Views and NVéwoanputerassisted qualitative

data analysis softwar@hichcan save time, make procedures more systematic, reinforce

completeness and permit flexibility the process ofevision ofanalysis

Manual Analysis of data:

Another way of analysing the dataas/to do it manually, by coding, ranking and classifying

the answers. The following are examples of environment indicators vaoighl be used for

determining whether policies are effective:

1
1

Whetherair quality was better or worsen yearsago

Whether there had been any stories about air quality or climate change in newspapers
or magazines?

Questionnaire

Whether there had been any legal cases concerning environmental issues, and if so,

how many.

Questions for the Oil and Gas sector:

)
1.

10.
11.

Decisiommakers

Whatis the process in Oman for developing and implementing environment policies to
regulate the oil and gas industry?
What policies in Oman currently govern the way that the oil and gas industry affects
air pollution and climate change?
Do you think they ar sufficient to keep air quality within acceptable safety limits? If
not, what other legislation is needed?
Are these policies revised systematically? How often is this done?
Are these policies implemented effectively? If not, what do you see as tiseméa
behind this ineffective implementation?
Are these policies properly evaluated? If so, how and by whom?
52 @2dz GKAY]l hYlFyQa AN LRftdziAzy LRfAle
policies in the GCC countries as a whole?
From your perspective, are the relevant policies effectively enforced?
What changes have there been since 2010 to the legislation and policies related to
how air pollution and climate change are affected by the oil and gas industry in Oman?
Are there ary other relevant laws in the pipeline?
What forces in Oman drive the legislation about air pollution and climate change?
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12. How do you see the oil and gas sector 20 to 30 years from now?

(2) Industries:

1. Do you follow any guidelines or regulations in all thegesses carried out in your
company? If yes, what are these regulations?

2. Does your company have any plans to introduce more advanced envirosfniendly
technology? If yes, please give examples.

3. Do you think there have been any developments in the diugon and climate
change policies as they affect the oil and gas sector in Oman?

4, How do you usually deal with fugitive emissions? Have you improved or are you in the
process of improving your monitoring system to address and minimize leakages?

5. Howdo you deal with the water (brine) you produce?

6. Can you describe any experience or incident related to an air pollution issue in your

company? If so, how did you address the issue?

Questions for the Transport sector:

(2) Decision makers

1. What is the process in Oman for developing and implementing environment policies to
regulate the transport sector?

2. What policies in Oman currently govern the way that the transport sector affects air
pollution and climate change?

3. Do you think they are dficient to keep air quality within acceptable safety limits? If
not, what other legislation is needed?

4, Are these policies revised systematically? How often is this done?

5. Are these policies implemented effectively? If not, what do you see as the reason/
behind this ineffective implementation?

6. Are these policies properly evaluated? If so, how and by whom?

7. 52 &2dz OKAY]l hYlIyQa AN LRftftdziAzy LRfAOe
policies in the GCC countries as a whole?

8. From your perspectiveggre the relevant policies effectively enforced?

9. What changes have there been since 2010 to the legislation and policies related to
how air pollution and climate change are affected by the transport sector in Oman?

10. Are there any other relevant laws ihé pipeline?

11. What forces in Oman drive the legislation about air pollution and climate change?

12. How do you see the transport sector 20 to 30 years from now?
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Questions for the Manufacturing and Construction sector:

(2) Decision makers

1. What is the process inr@an for developing and implementing environment policies to
regulate the manufacturing and construction sector?

2. What policies in Oman currently govern the way that the manufacturing and
construction sector affects air pollution and climate change?

3. Do youthink they are sufficient to keep air quality within acceptable safety limits? If
not, what other legislation is needed?

4, Are these policies revised systematically? How often is this done?

5. Are these policies implemented effectively? If not, what do yee as the reason/s
behind this ineffective implementation?

6. Are these policies properly evaluated? If so, how and by whom?

7. 52 @82dz GKAY]l hYlLyQa AN LRftdziazy LIfAaode
policies in the GCC countries as a whole?

8. From your perspective, are the relevant policies effectively enforced?

9. What changes have there been since 2010 to the legislation and policies related to
how air pollution and climate change are affected by the manufacturing and
construction sector in Oan?

10. Are there any other relevant laws in the pipeline?

11. What forces in Oman drive the legislation about air pollution and climate change?

12. How do you see the manufacturing and construction sector 20 to 30 fr@ansnow?

2) Industries:

1. Doindustries in Omarollow any guidelines or regulatiorigr the processes carried
out intheir companie8 If yes, what are these regulations?

2. Are thereany plandor industries in Omaito introduce more advanced environment
friendly technology? If yes, @se give examples.

3. Do you think there have been any developments in the air pollution and climate

change policies as they affect theanufacturing and constructiosector in Oman?

Questions for policy makers dealing with multiple sectors

(2) Policy makers:
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1. What is the process in Oman for developing and implementing environment policies to
regulate theoil and gas, transport anghanufacturing and construction secgd

2. What policies in Oman currently govern the way ttreg oil and gas, transport and
manufacturing and construction secgmffectair pollution and climate change?

3. Do you think they are sufficient to keep air quality within acceptable safety limits? If
not, what other legislation is needed?

4. Are these policies revised systematically? Hidtgn is this done?

5. Are these policies implemented effectively? If not, what do you see as the reason/s
behind this ineffective implementation?

6. Are these policies properly evaluated? If so, how and by whom?

7. 52 &2dz GKAY1 hYl yQéecbnsidbiedd tepremntatte/of thd2 f A O &
policies in the GCC countries as a whole?

8. From your perspective, are the relevant policies effectively enforced?

9. What changes have there been since 2010 to the legislation and policies related to
how air pollutionand climate chandge

10. Are there any other relevant laws in the pipeline?

11. What forces in Oman drive the legislation about air pollution and climate change?

Questions foNGO & Environmentalists:

1. What is the process in Oman for developing and implenmgngéinvironment policies?
2. What policies in Oman currently govern air pollution and climate change?
3. Do you think they are sufficient to keep air quality within acceptable safety limits? If

not, what other legislation is needed?

4, Are these policies revisexystematically? How often is this done?

5. Are these policies implemented effectively? If not, what do you see as the reason/s
behind this ineffective implementation?

6. Are these policies properly evaluated? If so, how and by whom?

7. 52 @&2dz (KA yolutiom Nolicy @i be kohdiibred as representative of the
policies in the GCC countries as a whole?

8. From your perspective, are the relevant policies effectively enforced?

9. What changes have there been since 2010 to the legislation and policies redadiéd t
pollution andclimate change?
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10. Do you see any gaps in the environmental policy? If so, what are they?
11. Are there any other relevant laws in the pipeline?
12. What forces in Oman drive the legislation about air pollution and climate
change?
13. Can youell a story ordescribe a experience or incidenthat showshow a law
2NJ LRt AOe OlFY YI1S hYlLyQa Sy@ANRYYSyl

Questions forBusinessman (Renewable Energy)

1. What is the current situation regarding renewable energy in Oman? And whatulo
predict for the future?

2. What are the benefits of renewable energy for the economy?

3. What are the obstacleandchallenges to the adoption of more renewable energy
strategies in Oman?

4, What are changes to the law are needed to enable greater use adinable energy
and thus benefit the environment?

5. From your perspective, what have been the main achievements in the renewable

energy sector since 2010?

Questions forJudiciary andVedia

1. Have there been any cases/stories in the courts or the media retatady
environmental policies or legislation? Have the courts handed down any punishment

for the breaking of any environmental legislation?
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Appendix A5): The annual and seasonal meafsOman wind patterns (DJF winter, MA Spring,

MJ early summer, JASdaummer and ON Autumn).

Annual DJF
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Source: Oman meteorology, Dr. said Alsarmy, DJF (December, January and February)
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