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Executive Summary current policies. Policies

therefore be i mpl emented
External observers wor myy duwdiorug tWweetlhenonsacudienef
domestic consumption of oil wil/l crowd out exports
This is based on simpleFdg8tur&£pol akteiadSs Wintihc hSaydyige
that in a little more tfhh 20dygass QuiudMOARlapP KOG
become a net importer ofdiiHy®r&ddrbbhomuyea ssi mple ¢

According to our resul t s, t
However, our research dpesciney sSpwppoaritest h( sn Baesadc
on t he ibaseline scegahisampt maar @o¢c an@mind | | i on
assumptions in Oxford E@enonmniacys 0( MB ®Bbm)| eEemaDtmi ca l
and industry model s, We h ' ogrecwt hSa kit r Ap @lba®id6n
energy balances until Z®IhZuwmptnentdfre KAPMBRED. WwWh

Energy Model (KEM). We anrfalcuza emaVv areawll asesSing of

continuation of curren@SpHMmMefdngOHbl rese8rch sugge

_ _ | _ th](ca fgroIWth in ol and nat
i mmedi ate deregu at'ontﬂrouaﬁ trﬁre' Cceosn'versdyoml o f

phased deregul ation ofgaselt uprrbiicneesscyébd cpimbnined a

a combinati on of [ nceinr}§tvae|s| i&rgdc'y‘g%S‘f@"nbbinrmiscde

i ncreases that captureT many ,of the benefits of
_ he  alternative policies e
deregul ati on. . .
to a decrease in domestic

Our projections suggest3@fhadt" ?HhPpPelm¥éntPndOtheld
al ternapriiveei nfguednd techGO@N&GPUiRYeSEMERPTL POl icies
policies would likely @he&EIMRA§EVENBOIAIdDIp&’S 0n" &NfE
mor e efficient power geihehr ath®ngegapat yQ@pemi x. A
desalination technologiB8. MFhRt &ijned nigh j {Be pbyi gy
alter the transfer pricé&dabysigerd9eset"®Pdent OsNeSc tdfrrs
maintain the prices athiwhhaemn eaergentiisal spoamd ¢
househol ds. Future anal §5@Bdayidyseadn admgmMpend.he T hies t
l ogical step of adjusti hgt Wo@sehdmeadsteinCer PN FUMPE 4 ¢
transitioning Saudi Arabidadsfi eaet by lexvwenroniyhathopr

match the efficiency of developed nations.
Our results could be wused

For the Saudi ener gy eefofniocmyent wenéi gy trhamssei ti o
alternative policies acaprlve vahettohtearl deeccd rsd mincs ¢ @i
that ranges between $43f0olbliolw iaonr edmd m$®05tbahbkfen
(in real Uusb 2014), c o ntpeas weldt wirtohm acodtliecdiinvg sSheak
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The Role of Industrial Fuel Prices The equipment mix and fuel
the | ar-genswmnmirgy sectors t

r
I'n Saudi Arabia, transfiegry midginfienS sebrddepei ded WER:
sectors are administere¢ohPaPhder hkeo thalhan e sperqtco
budget s and me et develv\paptnéerntdeggﬂieﬁégIvgﬁ’ (athyd pet

promoting economic diversification). Thi s, however
creates both a |l ack of eaamnramitd yc o oSraduidn a tpioowe rb egtewnees
sectors and economic. i nefnftiiagiedrycicecosmpwistend nosechoanve
Methane and ethane $0.75/MMBtu
Arab light $4.24/bbl
Arab heavy $2.67/bbl
Diesel $0.65/MMBtu
HFO 360cst $0.36/MMBtu
Table 1 Transfer prices for fuels paid by the power, water, and petrochemicals sectors (Source: Council of MiniStard Reso|ution No. 5
Electricity & @@neration Regulatory Authority (ECRA) )
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fueled by a mix of crude®noinio,r er edfifnieadi eonitl @eredwurct s
natur al gas . The Joint a®idl obatiamplrnoivteimeetnitvse i(nJ ODh
(2014) states that direeneungg oudsec,rudvd tdhioclutapphaag
0.9 MMbbl/d in July 2014yraospabboati 8&npsectot of f &

countryos tot al producti on, the vast maj ority of
which was used for powe™WegeinMRraGYe®non these resul:
transition issues raised b

Putting the potential fuel saving from changing Mu kpteir i od version of KEM, w
industrial prices into perspective of wvarious policies on the

A total of 860 Thousand barrels per day (Mbbj/d) ¢ €N €T at i on mix an d _ fuel con
crude oil could have been saved in2011by growth in consumption. The
deregulating transfer prices of fuels betweensgectotso result from the policies

To compare, the same-teny static version of from a continuation of curr
KEM shows that 230,000 bbl/d of oil would have .
been saved in 2011 if total electricity demand hadWe analyze include deregul

been 25 percent lower. If price elasticity-is, say, | Y€l s or introducingin nves
0.25, this implies doubling electricity prices. t ar i f f s. Our resul ts may

appropriate policies to fa

Previous research, Mat ag| teelr nalti ve20éehnolsd@®iwss tihne
potenti al economic gai ns t hat coul d have been

realized in 2011 by der @©@guwlieatof KEMt he transfer pri

of fuels among industrial sectors or by introduci

government credits to edd@euKAFSAREY Entema@ryt Mord erho rr e
efficient power generatéemer ccyapprcoédyci nighi andprewn sw
analysis demonstrates tHRatabas. muldhre asse c8 600 sMbchol v/ edr eoc
crude oi l could have beemosvaved IFhgROE12by focusin

Domestic demand Domestic demand,
and exports Exports and imports

Domestic demand

Petrochemicals Cement

Oil & Gas
upstream

Refining

End-use demand End-us€ demand,
and exports End-use/demand exports and imports

Figure 2 The sectors represented in KEM and the major flows among the sectors (Source: KAPSARC)




o~
Efficient I ndustri al Energy Use: T First

The version of KEM used Pbm;ygceingriogAnaWZE;dension of th
mo d e | used by Mat ar et al . (2015) . The <central

difference, however, -isOthapoltihdy cvheepisd eosh nfgospu imeui
period model that all owd ewsltso cefxamhnwest meni mgaetdi
alternative energy pol intaiienst aowercutt et Wwhdulst rtihae
previous verpseiroinodi sstaatdécpploedeesl ttdhat he electricity
examines -rtuthe cbaoegquencesowef &md idd=sasl ination firn
without the capacity topekasamsne whheht raarnesilidtowe etno
|l onger run. cent s/ k Wh, and gasoline pri

To find the equilibriun?.lifg%r a
forecast horizon of 203§ta¥|\’8aru
recursive dynamics thati'm%ﬂéﬁq%
This method is a compromii§? l%%
informati on, wi t h capacihg Flgg

t h model 6s hori zon evern twqqqghalusnc arf ntt'futuare
t h deci si ons, and -ptelre OFdL'Pé’PEiaOThO,f thaenasf'yréqle doe

model i mplications of thosueseeffic

detailed by Matar etd&Man¢o2015, 2014), the mod:«
calibrated to data f§@aragitihescYetndari @11, but al ¢
| udes partial data for what has already taken

i1 2014. We treat 2013NEnidNPh SDUlr St Yiad re%%%ﬂ
rs because the dat a fooretrrP§§199W§§‘H§ Ssecitn om;t)lhé'
our model, the plannlrrhethf"‘&re paonvgerEthe%neeratfoén €
ansion begins in 2015maAr{])} ﬁlnfl‘fjt’ Wéltlheé@)? MR§8ep

struction, whi ch ar e ?SIIQ& Ipﬁt%h/?)%lé%ramg(alBs 2% &
l uded. $0 Bt u or the en
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rview of the assumpti c
narios. Appendix D detail the assumptions ma
as to the cost.s of the t-eVMehnd<Ie(ﬁgOie$he current adr

unchanged in -ceabutmer ms f c
For specific details about how different sectors

represented in the modellhe Seod | MWt ag Sc¢emar.i os2@r®
2014').' Additignal develeupren?ﬁ'ohcyBase?nerpduced i n the
mu kpteir i od version of the mod in this paper
are described in Appendilxa B.hisl |sddmarmries yev&eeipnt
paper are expressed in teahstet!|l @ars cewi toH ZQled sasc
reference year. 2032. Since natur al gas su
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demand at current pricesmplwiecietxt agpebméenrt g udbtyasofn
gas suppiciomdsumongasectoasstt hfoehbs twheah a gradual
forecast horizon by maiquaantniitnige st hseo |l sda nmet steltd ok aWw

all ocation percentages gbgserwvemdni nakRlDddat Wens hofs e
something as simple andrelgviomusatast hbi scubregcaus ec d mh:
scenario is untenable ecamomindalaldymi enn & toeure dg oparli cies.
provi de a baseline f or grsahdoma Inlgy t hedubceendef it bs zoefr o
pursuing other policieslndhememtcalt akeel hegpuprchjasets
domestic gas supply in @mchntysseal nancduralelnacatgr & ¢ m
the various consuming setetearsndbapedcens .t Beicraustearie
of consumption in 2011.matThkies pimpésfinat abhoamatyi o
l ead to excess supply ifrorsdrme daorcgememd abedtuerd s .
over ti me, since the dematreuhsarﬁorilnh«KEMed:sodeﬁabueﬂ
do not grow at exactly h e rate and t he
technol ogy stock ChangeslnvestmentCredltse. We assume t hat
any natural gas tmdtl oicaWhanl @ oaemmedy i ctee¢eives an
to the electricity sectdmvesting in new power c
represents that portion of

Immediate Deregulation by the government. The go:

This scenario provides CHhRE&dmhxiSfuend @lcionombc tPai ach
and serves as a benchmafkfiforereYnowitchodifti i @i edic§s
We can compar e t he ec @fldMinég s tgalied @f i Gahefror fue
scenarios with this-obhd €d8BC&skhenafaradiet Yt rCadysSet s
bet ween economic gain PanidndpBOiEhesreldmdti Ve a¢gosts
bet ween i mmediate dereg8F80RbhO antd OSwEr'r e h® ploh8aicly
and which meet the soci®hqr &Uaiast iPin.t pnehicsouhepgs |t
this scenario we use wofhsgritesthegsecipgéhgjdesp

oil products amldeanimegstPEilddy Rgrunder current poli
natural gas starting inf®dng that a range of inv

_ produce economic gains <clo
Gradual Deregulation under deregul ation. Wi t ho

In this scenario, begindi€fydnifasdoisest wfnspaw rhige
fuels are raised graduaPA¢dipg wbhfd bff“@esdfmfan6|13

markéearing prices for GAPRYGRtigynalygy dd T EhCU| FHt O
year period. met hod adoptedckrimdt me sln(jpl

reasonabl e computing capabi

Implicit Fuel Contracts scenario has been redesigne
I n t he I mplicit Fuel Cotnd rrtaict ¢¢ i ic mpalrsi,o ,wes e ati aes
continue to receive al lcorcuadde otisl ohndanatakalgagasr
petroleum products at | MMBtpu ,i creess p eecvteinv eilfy , t laenrde k &
no formdaler mMmorrgntractsdoad arisn T thees e prices, alr
petrochemical i ndustry. i nfvheisst meané nacrrieadi horscresnat he

7
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could be viewed as a pocoeinpeti cgp mpirolmi ser behive ¢ e c !

t he government and i nidnucsotrrpioarlat esst atkleeh ofl @ tr 5. es
Al t hough t he sectors bSucye namait oy alwi toha st-hmt te &tichedp tt $ ¢
admini stered price, t heusfeude | i nisst eaaldl oowe dc rteod i ft Iso v n'
where it is the most vradmnablhe, mueidteh oud e peanrfaarediyng
sector al guot as. We appt yl @ulsdtimp | tetadf ioffdreud @r ftoH e tche
price of —refined producitesc,chnewhergyg that admi midsiteelr ¢
prices of di esel and $if®nadlie®, egadadéd ton tthe inc
administered crude oi l PeEs gt MUuh ta phétedprbe/s etnhte vraa:
of their world market phifcehet pltahe sworl d price of
Compl ementing the price increase, for all years wi
introduce an investment 1Bfefdifforenge phhgtcwegn (igmpye
applied toartbloem mpower | Bedé@rddifen IS that an invc
technol ogies which are @¢OnRmMERt i aOSthelt 9 mMakreattde
Deregul ation Scenario. &heé inoneherdayyamtiel fhrifse pd ¢
i nvest ment credit appli@8 tohg3dQdPdcik HC amMyi tSitd e Mj i
given year is that whic®ngd&i nhsetlyseiddYi.-n the year
decision to build is made, and not when the capaci
comes online. This is Respsand®iscussiop the new
technol ogies with capinteal costs that decrease over
_ We use the sum of annual
Feedn Tariffs di scounted at the real rat e
As an alternative t o tihnev eesftfneecntti venesis t gf tthiee sc
government can, -imsteanidfgfapnofotiet heedaudi ener gy ¢

woul d achieve t he same g avwenrennaebnte aamandt maacmedeael 6s
capacity additions obsedvddeirenclke blet weethme mtc r @ me ¢
Scenarion Aafeéd consi stscrodé mgtaalanteegi sgi acurred
price for a given quantihtty CafrrenectPoilcictyy Sgpreodu ¢
using selected new techneksgitbse. amheailidradbehveaesdt:i

is that it guarantees a@amhai noverh wleewel2 0df5 raenvde n2@:
early in the i fe of tshcee nme Wo ¢ e@h mo lsohgoywns oi nt hTaatk
suppliers of t he techn®koegyulcatni olnovBerenaois b s prboyd u

wor ki ng down t he expersences causr vaee ,beamcédmiauw &l Ifyor e

Scenario Total net economic gain (billions of 2014 USD)

Current Policy -

Investment Credits/Fe&dTariffs 430
Implicit Fuel Contracts 462
Gradual Deregulation 476

Immediate Deregulation 505

Table 2 Discounted sum of annual economic gains between 2015 and 2032 (relative to the Current Policy Scenario)
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hi gh economic gains seetrtkEsisernttheal dlyt ertrhaet ilvaer gsec einm@v «

arise in part from disphaclagrthechyso!| ofgi esl| iinn tph
generation with tfhessiintafoldas i foomr ohfi grhenr oi |l expor
generation technologies.oil revenues greatly excee

required for investment in
Figure 3 presents the projected net cash flows for
Saudi energy economy We mpraomesd r uwdttehd t hesseame ca
observed in the CurrentPpOmeEIri csyecs$®énaraiso.s howe Myt

cash flows are calcul athbda dambtimatisameofwalyi gds f u
economic gain, except tihmat at hernativeniesthmontoghe
financial costs are usefdl owsstieradt haendeadrley et si B b
over t he construction gpaphod howevehe Ipilahmltisghts

100
. 60 // }
= (\’\er\tC"ed\
E’_ 40 \avest
a
B 20
q ..
§ 0 ———Implicit fuel contracts
s 2015 }/ 19 2021 2023 2025 2027 2029 2031
] N
c-20
RPN

-40 ot Ares

\ \AGraduaI
deregulation

-60 "Immediate
deregulation

Figure 3 Annual net cash flows for the Saudi energy economy compared with the Current Policy Scenario

2017 2019

« -10

©

g Investment /\/
@ -20 credits
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2 /

g 30

A \Implicit fuel contracts
)

S 40

S

"

2

z \/

o \

Gradual
deregulation

70 !Immediate
deregulation

Figure 4 Annual net cash flows for the power sector relative-polCyr&zgnario
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i nvest ment credits in iincemtineiwaibheg tore muolpadaront
renewabl e and nucl ear shewé&notlhoegi ehar esSs of heel ect
government would bear hakthodl dpe betvesd mehdl1lx osrid
t his woul d significantlayjnal pwved. tThiee COGUiSp ment b ani
shoul dered by the power sgehta@fi.os in 2015, as the

echnol ogi es i s del ayed k

L - - t
The Implications of Fuel Pricing Policies on Future -
constru<times .| ead

Energy Consumption

Figures 5 and 6 illustr A scenario without nuclear generation P f i | e ¢
mode | projections fo 'r t In all alternative scenarios, nuclear technolcgﬁ/I ! a
natural gas consumption would progressively dominate the generation mix by
_ _ _ 2032. In thenmediate Deregula8cenario, for
Saudi Arabia exports si example, an average of 3.3 GW of nuclear capacity € f
products. The above fig is added every year between 2022 and 2032p Wd u s
domestically, even the realize there may be challenges to overcome fof ¢ ¢
products. As exports c nuclear to come online in Saudi Arabl.a. Therefor'eb y
. | we explored an Immediate Deregulation Scenario

scenario, we also corre e huilding nuclear is prevented. We found tfaf ¢
the net exports of ref| thevoidinbase load capacity would be mostiydfites €
shows the projected ene by a combination of PV and CSP plants. The|tetal f o r
oi | and gas condensat e net economic gain is then $500.1 billion. ergy
in the net export of refrmeuv provuuvcers-

Our analysis shows that 't he
Al'l alternative scenario$ pretdssigsufisanh aedudd

in energy use over the eBthhel bgregonncsmmyari&gd cwintt
t he Current Policy Scemalrieqguul i @&l | ansdc ein@pg i josi tt hF
mo d e | shows t hat domespfi 6dudxciel ausieeswouslydddeat i nve
endanger Saudi Arabiadsy@apPiilitygstoTRXPPhI STl P i
and petroleum products.gc&ENEN|i oshedr e@@ et ithhud NFppr o
current policies, the me dogfld sSHF WS stohatr baeh miycdle
efficiency improves ovefghbétéae t qopd sCcOMPaensoast esShdwr
demand growth. This is gdemegngitaye&dchpabheyPower

sector, where the addityoqn ehagefdsrgti @8nicadPmaciis
consi sts of conveytcil eg g@%i §& 1 NBmeSdii WG le€ Deregul at i

turbines -tyclcompiaeds, or buil ding new

combicryed e plants. Thus,Aasubsganei 8| showsntt lod i n
average &efficiency of eilnefcrtarsitcriutcyt ugeneirsat reguii me d
power sector increases demand tbhye 2032 .at 8amengf atf
around 49 percent by 2m&2esJTaiy tic racpdiagrei fdiecamn
increase from just over rZ®dmaperri mg@nti nicr eza®Gl3.in capac

growth and the increased r
cover equipment outages anc
A continuation of curremnthef Wailr r@mitc iPiogl iacnyd d d moarait
policies would not, howéwWeof eocwvembigenalnvelse maalt

The Technology Mix for Electricity Generation

10
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48%
45%
g
S 42%
=
£
9 39%
m
£
g 36%
33%
30%
2013 2016 2019 2022 2025 2028 2031
Figure 8 Average thermal efficiency of generated electricity by the power sector in the Current Policy Scenario

billion would be spent amouretxypparmd tahdedegeneapmadciony
capacity from its 2013 sdewvadiosTheefllnepclti ct he Flelwe
Contracts Scenario | eadsnter mihtet «emtnsrtegmnewd mlne ol aln

GW of additional capaciftagr, odpawhiitcyh tld Oba&ok aug tF
nucl ear and renewabl es.whfecnhitehveiyn gc atnlmet agepnei at edp
technol ogy mix would reqguidew$3vdadbiclolnidon iiomscapi't

i nvest ment .
Tabl e 3 s hiorwst &rhief ffse etdh a't W

In the I nvest ment Crediisa $d¢demaroifo,c alp2i3dt aGW ionfv ensetwn
capacity is brought onlniantei.onBhe raasswabbhtedndampiudcl
i nvest ment i s $384 bil ltihen.l nBes @8Rt Chediptoswe &c e
sector sees 52 GW of phohowmlasaiasr drPg/e ,c obr rG&V poofn d
concentrating solar powemd( ©SP)X,he2 rGWndfi nwei ryce,arasnd
46 GW of nucl ear powerl owest akpedal Téhredv § a.x@geme p e

The potential role of CSP in the Saudi power system

By examining the operating decisions made by the model, we investigated the added value of CSP with thermal stc

to the power generation mix. For example, the hiheneglidddion Scenario results in 11.5 GW of installed [CSP
capacity by the year 2032. The results show a complementary relationship with photovoltaic plants. When PV plal
operate during the day, CSP plants opt to simultaneously operate below capacity and store solar heat for later us
The stored heat is then dispatched to satisfy the early evening electricity demand and some of the nighttime loac
when PV cannot operate. This way, solar energy can be exploited throughout most of the day.

We further studied the sensitivity of using CSP capacity to contribute to the planning reserve. Due tq limitations il
ramping plants with thermal storage as described in Appendix A, all of the scenarios presented herelassume CS|
capacity does not contribute to the reserve margin requirement. However, we wanted to test the potential added
economic value to CSP if those restrictions were removed. We ran heréguhaitbat&Scenario assuming
that CSP with thermal storage can fully contribute to the planning reserve. This added value resulted|in an installe
capacity of 13.3 GW, or around two more GW versus when ramping limitations are enforcedl.

12
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[ Nuclear E Wind mCSP [J Photovoltaic mCCGT
B CCGT Cogen M Steam | Steam Cogen B Open Cycle GT W GT Cogen
{2020 }

100% -
80% -
60% -
40% -
20%

0% I T T T T 1

Current policy Current policy Immediate Gradual Implicit fuel Investment credits

deregulation deregulation contracts [feed-in-tariffs
100% -~
80% -
60% -
40% -~
20% -
0% -
Current policy Immediate Gradual deregulation Implicit fuel contracts Investment

deregulation credits/feed-in-tariffs
100% -
80% -
60% -
40% -
20% -
0% -

Current policy Immediate Gradual deregulation Implicit fuel contracts Investment
deregulation credits/feed-in-tariffs
Figure 9 The technology shares in total electricity generation (PO&% 2015
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) Feedin-tariff by technology (2014 US cents/kWh)
Online years )
PV CSP Wind Nuclear

20172022 6.51t0 6.0

20182019 7.9

20262032 8.1t0 7.6

20222032 5.9
Table 3 The range of feledtariffs applied to renewable and nuclear capacity to achieve the technology mix in the [Bvestrient Credits
in 2014 money

A key practical differ eﬁLiEbCoriSlsmptiohH)KEIebtrfilCityeGErhemﬁdmt Crec

are applied at the pointI OfSaiu [ |Investrgecr)[tr,i Cvlvr%
t he -ifreetdari ffs are <calcu Iated fA ??1 "t t he
. : cr ude I and flned petr
capacity comes online.
woul d ot change even unde
Exploring the Investment Credit arericeel fueling future generation
TradeOffs presents the amounts of fu

used for electricity gener a
We have used one set 050??'55f9é5’e c\pgliﬁ:gss tia{‘kethieni

l nvest ment Credits Scen@@iepler Ve @r{_so-l-hienvceosr{gtgrﬁr}teid(

two contrasting cases: {&c¢|0iNfe Wegnkiee&p: atnh 8 ycyrpr en
administered fuel pricegebudidddaoidpseditrieddt3Gehl difes
credit for all alternatyyel d ewdnpbpogheéd Whnth hgato
we raise the fuel pricete@FnoPlloegviieosus| ¥x deper iibnedy
t he Il nvest ment Creditsscehganarni o Deditt&c!WrcEhang
i nvest ment credits. We r d pluaddi ntlghea uf 9-& &K e whaShen £ o r
performed exactly I|ike tpet@Ger gant nReldiewue dSoqygedhagrdar
where even the 50 percA®torcdiendg tt odi dlurnormodreake al
alternative technologiepeecemomiedalf,r ogn vtelme tphewero
fuel prices. N o economi@22gaiin hiismmeedlhiosde deibegwod
introducing credits whihe healgect begubedl apricem.t
|l atter generated a di scount ed sum of annual

economic gains of $72 YRungNagigal Gasinthe gapidi ECORgMYe v

Hence, compared with thascHRpvlLbarhl Vgadelsesg98amea t
gain of t he Invest menti mCoaretddd,S t HG &N &raljios,es alhe
additional $360 bi I I i onmplcjiaend Be mesaved mivket p
compl ementing the fuel Pdti €emilmecd emys et hwel t o dced p i atsa
credits. These results dhghyy getoddmy,i mpford dadicreg o1l
packaged policy that i sabpdegs PFoybhr eneagursehsows o t |
achieve -ttolagi tfallel cost rvaatl iuees ot hatt uarrael gas in th
necessary to encourage Sdenaadooptanodn coofmpalrtesr nat itw
technol ogi es. projectieonthe price of oi
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Figure 10 Fuel consumption for electricity generation
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Figure 11 The calculated marginal value of methane in the ideremiiton Scenario

i ndustri al sedtthhats we tt dykeen eisrmetmt@eni awwnt i | 202 2, due
anal ysi s. The two pri cesst eaarme pelsasnetnt wat hy ac od e U laft
unt il crude oi l i s no | opdgemeuwds dd fcaormep cowmd ri ngee nienr a2
in 2018. The gas price bdessdd nesn bebausex otgheen oauasp i n

stock adjusts to wusingpgaseatire@nsef ftilcda emad gi. nallt
projected t hat S 0me HFaO ousd ubsOe do e f oMMBg aawem t he
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Conclusions The scenari os that i ncent

alternative power generati<

I'n all our scenarios Saf&i "REEbifP" c &ntdirse as N&

maj or exporter of crude'BF[G%%%Spéprglueedmpprr'ocdeuctts
. anal ysi s, hlgher f

I n al | al ternative pollc¥ sc??arlo th? countS ¥n0
_ ) mofr e e I cl ent p a

capacity to export i s queater at the. en af (a

] ] ost's, whi'l e malntalnlng a

pl anning horizon than 'stho'w% nogw. IRrﬂ)?%%esceHﬂarleoqsu

show increases 1in SaUd"nAtrraobd'uacosng bii dvd Yt nteOnt © XProd

and raise its economic cp¥hRl Usyve AEmMBRhEt PEt & Oh oOW I't

anal ysi s, fears of a denfolsithe of N tites @Biohioimy ct 0g a€i:
through the years of ourmestewdiyyf aatri @ nmiwshpllaecenta.i nt ai n
wel | bel ow their marginal v
Renewabl e and nucl ear power technol ogi es have
generated significant i'ﬁ‘lttepgléghlﬂl %8Utd|n tal'b;?rb.('o‘
model ing shows that thepé r({%inr? gtoitljnmgfs é’vl?rurentnoftu
_ 0 nuc edar and renewabl e p
pricing policies would o % Q ltlce the economic
) t Ci genération woul
signals that are necessqryInovesntcnpeuﬁgt?g“e '(Bafr%h?ni g ts
alt.er.natlve.power gener_caﬁdrpd“ested;fhn?lh‘i)%'etyp_%”dmeaarh
efficient mi x of capackle¥hdiYPESs HPdded nahi vpeash ue
pricing ancd eidnivte spponeincti egr owsosullyd dwed rpe sttoi mat e proj ec
facilitate the integratfianl|l wrfe adft etrhneatsiivnep | tee ortordcell
into t he Saudi ener gyansyestogn miactndmodehi ewid h a
efficiencies close torlepPiesentadd @It i nSgu ¢ hf radsm KE
deregul ation. The potenet”'earlgye%bﬁb?nmco‘cgacionusntfh§f5-

could be attained as re§ ItthPfs 6(!)1ier§te pooulrlmses 0

significant. A gradual 98[5[999 af bl@nopftl%é‘eﬂ)r-d)dd;tt
shown to yield a smoofle tgredfasSnidt {0 Rash pf@duct
technol ogies without MueChgs @k @r irceedsu Catriedo Nf jixkdt hpo
economic gai ns observedhewiftuh utdei ncmmeldisat e mao d
Deregul ation Scenari o. for electricity and transpo
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Appendix A The Dynamic Framework: A Recursive Approach

Mu l-pteir i od, dynamic models have the ability to capt
which the decisions are made and in subsequent pe
i nvest ment decisions in situations where there ar
i nterest-of fThwi tth aglteati ¢ model s is that dynamic mod
variables totaling roughly the numbperri @fd wardied b ltda:
number of periods when the model is deterministic.
number of variables aofdf ®qlhaté one, beo debkiern whle Mmade il
|l ncl uded i-of ftsheise theddet ai |l i n each period, such
considered, and the number of periods in the model i
The standar d apeprriocad hmadnela imulttd set a sufficientl

the structuper iodd trmoedesli ngndke opti mi ze over the whol
mat chi ng nflme mhalilon assumption in most economic mod
full i nformation does not represent the real unce
i nformation by generating a probability distributi
model for each possible outcome. The problem with
one period to the next, |l eading to a tree of possi
exponentially with the number of time periods. Ex a
di stributions are often unknown. For exampl e, t he
anticipated as a possible scenari o when planning i
The standard behavi eprerafodt heo dsed | utsi arh atto adad treul tsiev e
stabilize into a clear pattern. In the case of <cap
of the types of generation equipment that are ecor
planning horizon no |l onger changes the solution in
having a solution close to this property makes it |
Given the issues associated with choosing a planni
known as recursive dynamics: capacity is added wit
and the model i s solved recursively, stepping for\
planning horizon covers five years. As the model S
and in the | ast year of the forecast, T, the hori z

Stated more for malal ymy otphec noopdte Imi peart fi otnmsotfl ,tee@&pglaci t )
and optimizes opertat i Whge ni+eic,n stylmenrsc afpoarc iyteyardeci si ons
yeatrstl+, 2 t+H+ 1 are replaced with an optimization o
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In this myopic framewor k, thet&b(kf{(b,fH}é)ddisngthoeappar<
val ue t+kKn oyffearhe economic depreciatiobhdkamtsbida |l Leted c

i= i nterest rate

L

useful | ife of the equi pment

| = i nvest ment cost measur ed at t he t i me the fa
constructi on.

The annualized capital cost i s
I
a =
-1 1
=01+ 1)
At tti meKEM the cost of kRemtr died omfgei pmentr si ont he
of the annualized capital cost over the remaining
H-k
>
Cep = Q —_—.
Lk L (1+10))
j=0

The agent optimitezani ohern ef ceraec hbpaeeairoedw eodp ta smi & amu lon
years. The only capatl tiyn tthheg d sl uteitcan niesd Ati-the agraaapr a «
capacities are discarded as their onl wyl ersosl emyiormpitche
solution process then movest+tlo wiitrhd itmhaed énleenc @swpebi il m d
t+1 t htr+oug+h Again, onl yt+tlhearree srudttasi Meod-mowytkealr sobsieng
year s.

The model di stinguishes three different kinds of ¢
pl ants currently wunder constructiabeybohede wbaali secx
under construction. Projects already wunder constru
decommi ssioning of existing capacity, are includec
forecast year. Theé ovhppsnciheg Sobluutltitoni wegraof iinter

when moving f+talrward to year

Consider a pllpeadar s heao begudred3his plant can be ad:-
t+k(k’{O,T}.if the Il ead time is suffici.dmte motboinl d st

decision to build this plant c¢ enmdddelh aavles ob eaelnl ommasd ee (
|l ow capital costs, such as turbines, to bembddeéel it wi
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Appendix B Plants Already Under Construction

At the initial condition, power generation and wat
are included as existing capacity. Pl ants that wer
have been completed. To be conservative, al | pl an

added as existing capacity at the-lemd easfentbBeitheexrp
power plants already under construction or for whi
model can only decide to build gas turbines.

Existing steam and gas turbine capacities that exc
to the plan published by ECRA (2010).

Project Name Capacity (GW) Technology Expected year of operatiop
SEC PP12 2.00 CcC 2015
SEC PP10 2.20 GW of GT to be conve Conversion to CC 2015
Rabigh 2 IPP 2.10 CcC 2017
Shugaig Steam Power Pla 2.64 Stgggjmtr?zgzgngas 2017

Jeddah South Thermal Pov

Plant 2.65 Steam 2017

Qurayyah IPP odgo /1 HAMT

Table BL Power plants already under construction across Saudi Arabia as of 2014 (source: KAPSARC analysis)
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Appendix @ Assumptions Common to all Policy Scenarios

The projected growth rates of popul ation are wused
The projections published by ECRA (2010) are wused
with the peak electricity demand appraasechidngnaha0 f

petroleum productd.are shown in Figure C

We rely on public estimates for the future supply
2014, Saudi crude oil production in 2032 is projec
to be just short of 13 million barrels per day. T

remain constant over ti me.

We cal cul at e -opdojpercitceeds cirnudree al UsSb (2014) per b e
projections of GEM and deflating the series using
exporter with spare capacity, it may value a barre
| ower than the international mar ket price. As show
significantly influences the magnitude of the econ
val ue crude oi l saved at i ts i nternati onal price;
addition, we estimate the export prices for refine
bet ween their prices and that of crude oil remains

Esti mated domestic demand and export -Igrowppl yiedaqt
projections of the Central Depart ment of Statistioc

2.5 e Refined oil products domestic demand

e Petrochemicals domestic demand
Cement domestic demand

«+«+e« Refined oil products exports ot

2 |eesses Petrochemicals exports ik :
Cement exports .

e Saudi Industrial Production Index

15

Growth ratio relative to 2011

0.5

D e

2011 2014 2017 2020 2023 2026 2029 2032
Figure€@L Esti mated nati onal demand growth for sectorsdé outfputs ar
(sources: KAPSARC analysis, Oxford Economicsd Gl obal Economic
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Ar abi a, we use Oxford Economicsodd Gl obal I ndustry N
petrochemical s, refining, and cement sector s; we U
we use projected real GDP and estimates for i ncome
ai med at meeting domestic demand,; an elasticity of
for petrochemicals demand, -YMous @fhe( Z@1 d)e, oifs Oa dBMBI, i
refined oil products. The difference between proje
exports in the model. In the case of petrochemical
201 2, and apply the projections of GIM thereafter.
exports is extended through the planning horizon.
captured in the model is increased by the projecte
| ndex

Saudi natur al gas production is projected by EIA
bet ween 2011 and 2032. The split between ethane an
constant. We also assume that natur al gas produce

domestic consdmpteil ow. dTashpll@ay€@ t he supply estimates
price of Arabian Light crude.

2015 2020 2025 2030 2032
Arabian Light crude price (2014 USD/bart 68.81 111.67 130.85 139.87 144.38
Methane and ethane supply (QBTU) 3.39 3.56 4.01 4.50 4.67

Table €l Projected Saudi Arabian natural gas supply and the price of crude oil to 2032 (sources: KAPSARC analysis, GEM, EIA (2013))
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Appendix @ Cost Assumptions

The estimated costs for power generation technol

summari zed-1i n ATAblcesbs are given in USD (2014), W
i mport price index for capital costs and the Saudi
uses i-andjlwdtieoch r eal USD, the costs of conventional

variable operation and maintenance (O&M) <costs are
fixed O&M costs of PV and onshore wind turbines de
used by I EA (2013). We also consider the degradat.
and Kurtz (2012) reported a degradation rate of 1

CSP, the expected percent reduction in the cost re
Il RENA (2012). The evolution of <capital and fixed
Figufie Dhe decrease in the costs of renewabl e tec

adoption rates over the time horizon.

The costs incurrexscfrrudmeirnatral laidndgedant oS@ he-gasst s
desul furizati on; capital and operation costs of a
Protection Agency (EPA) (2013). Additionally, EPA
t he hipdhenrt iconsumption of electricity to operate a

Technologies represented in the desalmordatlisonar epewe
established, and therefore, we use constant real [

Figure BL Profiles of capital and fixed O&M costs over time for renewable technologies (source: KAPSARC analysis)
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