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Abstract

As a resulbf soaring energy demand from a staggering pace of economic expansion and the related
growthofenergyA Y 1 Sy a A @S Ay RdzZaAGUNEB I / KAYyl 2@SNIi221 GKS ! yA
contributor to CQemissions in 2007. At the same time, China hasrtaegious actions to reduce its

energy and carbon intensity by setting both a sherm energy intensity reduction goal for 2006 to

2010 as well as a lortgrm carbon intensity reduction goal for 2020. This study presents a China Energy
Outlook through 260 that assesses the role of energy efficiency policies in transitioning China to a

lower emission trajectory and meeting its intensity reduction goals.

Over the past few years, LBNL has established and significantly enhanced its Chilsa Energy

Model which is based on the diffusion of ende technologies and other physical drivers of energy
RSYFYR® ¢KA&A Y2RStf LINBaSyida Iy AYLRNIFYy(d ySé I LILIN.
dynamic drivers of energy consumption and implications of gnefficiency policies through scenario
Fyrfteairxad ! oFaStAyS o6a/2yiAydzSR LYLINRGSYSy il ({

6a! OOSEt SNXY¥iSR LYLINRB@GSYSyi {OSYyIFINR2¢0 KIFI@S 06SSy RS
taken by the Chinge government as well as planned and potential actions, and to evaluate the potential

for China to control energy demand growth and mitigate emissions. In addition, this analysis also

SO f dz i SR -tdrmKdonyidstia2 aneryzsypaly in order to gauge fiwential challenge China

may face in meeting lorterm demand for energy.

LG Aa | O02YY2y pHelisstossill coftinué to gréwithfdugbdut thistcentury and will
dominate global emissions. The findings from this researchesighat this will not necessarily be the

case because saturation in ownership of appliances, construction of residential and commercial floor
area, roadways, railways, fertilizer use, and urbanization will peak around 2030 with slowing population
growth.¢ KS o0l aStAyS FyR It GSNYylIraA@dS aOSylFNR2a | faz
underscore the significant role that polidyiven energy efficiency improvements will play in carbon
mitigation along with a decarbonized power supply throggeater renewable and noefossil fuel

generation.
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Executive Summary

Inrecentyears, China has taken serious actions to reduce its enmaeyysity (energy consumption per

unit of gross domestic production) awdrbonintensity (C@per unit of GDR)Chit Qa MM K CA @S | ¢
Planannouncedn 2005outlined a goal of reducing energntensityby 20%from 2006to 2010 The

announcement wafollowed with extensive programs to support the realization of the gBaina also

announceda commitmentto reduce its arbon intensity by 40% to 45% below 2005 levels by 2020

late 2009 1n 2011, China announced dual goals of reduction of energy intensity by 16% and carbon

intensity by 17% during the £Five Year Plan period (202015).

Achieving the2015 and2020 gods will require strangthening andexpansion of energy efficiency policies

in all sectors of the economy includiimgdustry, buildings, appliancesguipment,andtransport, as well

as further expansion of renewable and nuclear power capaéitiiieving thé goawill require

continuing and strengthening ongoing actions by government and industry beyond efforts initiated

during the 11th Fiverear PlanGivenChind a O NXzGhelexpandidh bf ghe dlojal economy and

because of its high reliance on coal, maximefiiorts in improving energy efficiency, reducing energy

intensive output of industry and dramatic expansion of carbon emissions control energy technology are
neededtoa®RNBaa / KAyl Qa SySNH&y2050R Of AYIGS OKIy3aS Aaad

The researchpresented in this reporaims to aévelop a China Energy Outlook through 208th 2020

and 2030 milestonethat canbe used to assess the role of enegfficiency structural change in

industry, and new supply optior&2 NJ G NI YaAGA 2y Ay 3 /CQanyssidddrajeSt@? vy 2 Y& (i
in the longer term, and to examine thehallengeof meeting the shorter term goal in 2020.

In the years since 2005, we haestablished andignificanty enhanced thd.BNLChina EndUse Energy
Model based on the level of diffusion of end use technologies and other drivers of energy dérhand.
model addresses endse energy demand characteristics including sectoral patterns of energy
consumptionchangem subsectoral industrial outputtends in saturation and usage of enengsing
equipment, technological change including efficiency improvements, and links between economic
growth and energy demandA baseline Continuedimprovement Scenarior CI$ andan alternative
energyefficiencyscenario AcceleratedmprovementScenaricor Al§ have been developed to assess
the impactof actionsalready taken by theChinesegovernment, planned or proposed actions, and
actionsthat may not yet have been considerad,order toevaluatethe potentialfor China to control
energy demangrowth and mitigateCQ emissions. lraddition, we have used our judgment about
timing and extent of commercialization of carbon capture and sequestration (CCS) to describe our
scenario with CCS (CIS and AIS assume no CCS).

This analysialsoevaluated K A y I @ém dbnZegti@lenergy supply in ordir gauge the potential
challenge China may face in meeting ldegn demand The potential mismatch between supply and
demand will undoubtedlyaise some very difficult issud2enetration ofeach major energy supply

option (oil, gas, coal, hydro, nucleavind,biomass and sol&kvere projected out to 2050 using two

basic approaches$:or norrenewable fossifuel energy, derivative logistics curve calculations were used

in order to constrain the extraction profile to accord with the total volume of resgmwvailable for
extraction.For the renewable energy fornandnuclearenergy projections of installed capacity were
collected from a variety of sources, including official government statements (nuclear capacity by 2020);

viii



projections by research groupsd in academic journals (wind power and hydropower); and-own
estimates (biomass/solar; nuclear power in 2050).

The key results could be summarized as follows:

By 2050, primary energy consumption will rise continuouslyoth scenariogut approach a plaau

around 2040 foClSand AlI§Figure E]). Energy demand grows from 2250 MtceS600 Mtce in 2050
under CISIt isreduced by 90 Mtce to 4600Mtce in AIS in 2050, a cumulative energy reduction of 26
billion tonnes of coal equivalent from 2005 to 2050 CC®/ereimplementedunder theCIS scenario,

with 500 Mt CQcaptured and sequestered by 2050, total primary energy use would increase by 36
Mtce to 5517 Mtce in 2050 due to CCS energy requirements for carbon separation, pumping and long
term storage but carbon emissions would decline by 4% in 2050.

CQ emissionaunder bothscenariosapproacha plateau orpeakin 2025 (AIS) and 2030 (CIS). CIS reaches
a plateaubetween 2030 and 2035 with 12 billion tonnes in 20@Bilethe moreaggressivenergy
efficiencyimprovementandfaster decarbonisation of the power supplpder AlSpeakbetween 2025

and 2030 aB.7 billiontonnes in 2027CCS at the curreevelof efficiency and fronanintegrated

system point of view, however, wihly havea small nelCQ mitigation impactof 475million tonnesin
2050(seeError! Reference source not found.

/| KAYl Qa OdzZNNByd LISNJ OFLMAGEFE D5t FyYyR F@SNI3IS LISNI Ol
developed countries but has the potential to catch up by 2(HQure EQ). Both LBNLand ER& H np n
Aa0SYINRA2a aKz2g¢g GKIFIG /KAYEF gAft tfA{1Ste& adzNlJ aa
AGAtt NBYFAY 0St29 Y2NB RSGOSt2LISR O2dzy i NARSa f
2050 pathways are also noteworthy inaththeir per capita energy use will remain below most other
O2dzy iNASa 6AGK AAYAfIFINI D5t fS@Stad ! yRSNI/L{Z /KA
FYR {LIAY AY Hnpn SKAES dzyRSNJ 9wLQa ol &puséi®Sy I NA 2
Australia and France. These trends underscore the important role China can play in pursuing a more

energy efficient pathway of economic development.

t 2 N
A18

CNRY (KS AYOUSNYyFrGA2ylf LISNRLSOUADST /[ KAnsShssi T dzd dzN.
2050 GDP levels reach the level of Greece and South Korea in LBNL scenarios and that of the EU in ERI
A0SYINA2ad | 26 S 0S Nanisdioksiang rel@tivelylld® Aidd @idriablelin theih

NBfIl GA@St & aFt G FiguaBofirkicafng thak Secapit2Q@MiSsios mayyhot

increase significantly despite rising per capita GDP.

As seen irfrigure29, the CIS and AIS results fall within the range of otbsearchpublishedbut differ
significantlyin the shapeof their curvesManyanalysegroject continued exponential growth for China,
while our cases show a platedAlS) omuch slower growtl{CIS)n energy demantbeginningaround
2030to 2040 time framebecause ofhe saturation effects(appliances, residential and commercial floor
area, roadways, railways, fertilizer use, gtdecelerationof urbanization low population growth and
change in exportsnix to high value added productssexamined in this studySimilar deviation can be
seen interms ofthe CQ emission as shown in Figure-ESn all threescenarioexplored, a pak inCQ
emission around 2030 can be obsenauing tocontinuousenergy efficiency improvement as wal
decarbonizationn the power sector.
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Figure ES-1: Primary Energy Consumption in Different Scenarios
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Figure ES-2: Comparison of Carbon Emissionsamong Scenarios
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Figure ES-3: International Trends in Energy and GDP perCapita Compared to LBNL and
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It needs to be noted thathanges irmssumptionswill lead to significant deviations fro@ISprojections
based on the result from sensitivity analysis presented in Figufe B®ong the different sensitivity
analysidested, variables in the industrial sector had the largest impact on total primary energy use,
implying that there is a higher level of uncertainty surrounding these variables. For example, a 25%
increase in the growth rate @bther industr¢ GDRwhich drectly affects steel productigmesults inan
increase of nearly 800 Mtdey 2050in total primary energy use. Likewise, uncertainties in the
production of heavy industrial output and energy intensity of other industry subsector sésuhanges
in total primary energy use in the range of 300 to 700 Mtce in 20%Qr scenariosAs important

drivers of energy demand, commercial floorspace and GDP growth rate are also highly sensitive
variables that have important impaoon total enegy use.
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Figure ES-5: Sensitivity Analysis Scenario Results with Greatest Uncertainty

! Abbreviations are included in the section! y O § NJiirt theyhain rSparé.
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Othersignificantfindingsare:

Aggregateresults

T

Future energy demand reduction potent{@IS minus Al$) greatest in the industry sector in
the earlier years anih the buildings sector in the long run.

The total national C£emissions mitigation potential of moving from a CIS to AIS trajectory of
development is 3.8 billion tonnes in 2050 with the power sector having the greatest mitigation
potential. In 2050, over0% of the intetrsector mitigation is from the power sector whereas
12% is from the transport sector.

Both theCIS and Al&enarie suggesthat the goal of 40%0 45%carbon intensityeductionby
2020announcedn 2009 is possibldt will, howeverrequire strengthening or expansion of
energy efficiency policies in industry, buildings, appliances, and motor vehicles, as well as
further expansion of renewable and nuclear power capacity.

The share of coal will be reduced from 74% in 2005 to aboutl®72050 in CIS, and to 30% in
AIS Coal demandh ClSwill approach itpeakin the late 2020s and reach it in 2081.3,000

Mtce. Most of the increase in crude oil demand is driven by a burgeoning transport sectaa with
growing share of oil demandVhike other sectors have declining shares of total oil final demand,
the transport sector wilfeach66%share of oil demanth 2050in CIS. This is comparaltethe
current U.S. transport share of 69%.

Thecommercial buildingt SO 2 N a S Y S NdBengfgy coNSirheBis modt evidenYih
GKS NAR&AS 2F FAYylLft StSOGNROAGE RSY!I WYh&ECI 2 NB
the commercial sector will be responsible for nearly ¢hied of all electricity demand. Under
AlSthe transport seair has growing share of electricity demand because of more aggressive
rail and road electrification.

Saturation effects are important in this outlook. The saturation of commercial space per
employee reduces construction of commercial space. This in tisrahary significant effect on
the demandfor steel and cement. Similarly, the saturation of fertilizer use per hectare of land
results in a flattening of chemical fertilizer production from ammonia. In contrast, expected
growth in percapita consumption foplastic supports strong continued growth in ethylene
production Appliancesales ancgexpansion of urban areas also drive electricity demand.

Heavyindustrializationled energy demand growthpproacha peak in the short termf 2015
for both CIS and Al&8nd industrial energy use will gradually decline as a proportion of the total
as transportation and building energy use growth domirndgéenandthrough 2050.

Industry

1

In spite of the relative decline Energy consumption of the energgtensive industrysectors,
they it still account for 47% of total industry energy consumption in 2@501Sdown from 61%
in 2005 in CIS scenarill energyintensive subsectors decline in energy use over time except
the ethylene subsectotJnder AlS, the largest subsecpotential for energy savingsiisiron

and steel, followed by noheavy industry and cement
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Residential Buildings

91 Although the ownership of many appliancessiheached saturatiorin urban areas, new sales
remain strongwith increasing urbanizatigrwith over470 million additional people expected to
become urban residents by 2050. As a result, electricity use from appliances will grow. rapidly
Urban fuel consumption from space heating will more than double, due to increases in rural
population and heang intensity in both CIS and AIS.

9 Rural electricity consumption will continue to grow in spite of the reduction in rural population
due to increases in per household use of lighting and appliances. Biomass consumption will
decrease considerably, withilsstitution by commercial fuels.

1 Residential primary energy demardll growrapidlyuntil 2025 0r2030. InCISdemand rises
between 2005 and 2030 anhaaverage annuahte of 2.8% After 203Q, it increases by only 0.6%
per year. This slowing of growithlargely due to saturation effects, as the process of
urbanization will be largely completmost households will possess all major appliances by,2030
and efficiency improvements in heat distribution will be largely complete

Commercial Buildings

1 Energydemand inthe commerciakector is currently growing rapidlgut there will be a slowing
of growth in the medium term, reaching a plateau by about 2030. Total commercial building
floorspace may saturate in the short term, butceuseintensity continues to havenuch room
to grow before reaching current levels in industrialized countries. In particular, lighting, office
equipment and otheplug loadsn commerciabuildingswill grow dramatically through 2030,
but level offthereafter in CIS

Trarsportation

9 Urban private car ownership is expected to increase to 8&@&million by 2050, witt80% of
these being electric catmnder ClSIncreasing this proportion to 70% in the AIS scenario resluc
gasoline demand by 8aillion tonnesin 2050. Thigproduces the unintendedesultthat China
beconesa gasoline exporter, as demand for ottwrproductsis notreduced commensurately.
Energy use for freight transport remains important in both scenarios and has a strong impact on
the structure of petroleumdemand. Although foreign trade becomikess importanin 2050 as
China relies more on domestic demand, bunker fuel (heavy oil) demdincbntinue to rise
strongly.Increased fuel efficiency of trucks for road freight, higher levels of electrificatitreof
rail system, and more efficient inland and coastal shipslerate diesel dmand growth, but
diesel remains the largest share of petroleum product demand.

1 Power decarbonization has important effects on the&fiissionsnitigation potential of
switchingto electricvehicle (EV) technology. Greater transport electricity use under AlS could
result in net C@emissiongeduction on the order of 5 to 10 Mt GQer year before 2030 and as
much as 109 Mt Cy 2050 because AIS power supply is less carbensive than CIS power
supply. However, in the absence of any decarbonization in the power s&dfsrwill increase
CQ emissions.
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Energy Production

1 Energy uséo produceenergy continusto increase from current levels of 150 Mtce to 0B3&0
Mtce in 20® under CISIt will increase to 325 Mtce in 2030 and 310 Mtce in 2050 under AlS.
This isequivalent to 1% t019% of total industrial energy use. Energy used in energy extraction
and processing in 2050 is led by the petroleum refining and coal miningrsetdgether
responsible for 7% of fuel use for energy extraction aqulocessing. With the declinia
o AflroAfAGeE 2F GKS aSrairte I O0O0OSaarofsSe O2Ff N
will increase, and with the decline in average gyadi crude oil for refining and increasingly
stringent product quality specification, unit refinery energy use will rise

91 Decarbonization also plays a significant role in CO2 emission reduction in the power sector,
primarily from the increase in nucledrydropower and renewable generation.

1 One of thelargest power sector mitigation potentiik from end-use efficiency improvements
that lower final electricity demand and the relat€XD, emissions, which is about half of total
CQ savings from electricity before 2030 and etiérd of total CQ savings from electricity by
2050. Another growing source of carbon mitigation potential is the rapid expansion of nuclear
generation, which increases from accounting for only 5% efs@@ng in 2030 to almost 40% in
2050.

1 Of the C@savings from power sector technology and fuel switching, greater shifts in coal
generation technology (i.e., greater use of supercritical coal generation) and higher renewable
and hydropower capacity each coifitnte similar magnitude of savings by 2050.

Energy Supply

1 Inboth scenariosChinaremains a net importer of oil and natural gas and becofighly
dependent on imports by 2050 (over 97%) basedt®remaining proven oil and gas reserve
base. Evenwithdzo a G | yG A f SELI yarzy 2F LINRGSYy NBaSN®BSi
remain over 75% in 2050.

T / KAyl Q& NBYFAYyAy3 SEGNIOGlIotS 021t NBasSNBSa | L
4 billion tonnes per year, meeting CIS demand, for only fetadively short periodunless
/| KAyl Qa NBaSNWBSa Gdz2NYy 2dzi G2 o6S fFNHSN GKFy Od
dependent on coal imports in the long run (after 2058}.lower levels of extraction such as
under the AIS scenario, domestic reses may be sufficiersgnd will last considerably longer

The model described here represents a comprehensive effort to praridegy efficiency and CO2

emissions reductiosOS Yy I NA2a | ONRPaa / KAyl Qa SySNHe& aedaiSyo ¢f
further analysisthe modelingframework developed for this study providesisefulframework for

continued exploration of issues and sensitivities of results as well as refining input data and assumptions
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Introduction

Risingcarbon dioxide €Q) andother greenhouse as (GHG) emissions largely resulting from fossil fuel
combustion are contributing to higher globakeantemperatures and to climate change. As a

consequence of soaring energgmand due to the staggering pace of its economic growth and the

related growth ofenergh Y 1 SY A A @S AYRdzZaUNEBR I / KAYl 2@SNI221 GKS
largestcontributor to energyrelated CQemissions in 2007. Since China is still in thdyesiage of
AYRAZAGNRLF AT FGA2Y YR Y2RSNYATFGA2yT G4KS LINROS
SYSNHE& RSYlIYyR® CdZNHKSN¥2NBZI / KAYylIQa NBfAIhyOS 2
recentyears, China has taken serfoactions to reduce its energytensity (energy consumption per

unit of gross domestic production) amdrbonintensity (C@per unitof GDRY KAyl Q&4 MMl K CA @S
Plan announceth 2005outlined goal of reducing energy intensity by 20% from 2006 t@20he

announcement wasollowed up with extensive programs to support the realization of the goal.idnd

Nov. 2009, China also announas@mmitment to reduce its carbon intensity by 40% to 45% percent

below 2005 levels by 2020.

aa
y ¥

Achieving the 2020 goalilwrequire strangthening andexpansion of energy efficiency policies in

industry, buildings, appliances, and motor vehicles, as well as further expansion of renewable and

nuclear power capacityAchieving this goalill require continuing and strengthening ongoing actions by
government and industry beyond efforts initiated during the 11th Ffear PlanGivenChind2 & O NXzOA | €
role in the expansion of the global economy and because of its high reliance on coal, unagfiforts in

improving energy efficiency, reducing energy intensive output of industry and dramatic expansion of
OFNb2y O2yiNRt SySNHeée (SOKyz2f23& | NB ViS®BRSR (2 IR
2050

Thisresearchaims to akvelop a Chia Energy Outlook through 2050ith 2020 and 2030 milestones

that canbe used to assess the role of enegdficiency structural change in industry, and new supply

optionsTF 2 NJ NI YAAGA2YAY I [GKG yajecoiyn tisDaggr2exr® andoPxaiminet 2 6 S NJ
the challengeof meeting the shorter term goal in 2020.

The past decade has seen the development of various scenarios describitgriongatterns of future

GHG emissions. Each new approach adds additional insights to our understandingegategiyiture

energy trends. In most of these models, however, a description of sectoral activity variables is missing.
Furthermore, eneuse sectotlevel results for buildings, industry, or transportation or analysis of
adoption of particular technologieand policies argenerallynot provided in ¢pbal energy modeling

efforts.

Instead, major analyses of lotgrm impacts oflGHGemissions to date have relied on aggregate

scenarios of energy supply and demand. The underlying drivers of all such scaranacro

socioeconomic variables (GDP, population) combined with storylines describing the context of economic
and social development. Unfortunately, these scenarios do not provide more detail than the sector

level (i.e., buildings, industry, and transtagion). This is to say that the scenarios are developed

without reference to the saturation, efficiencgr usage oenergyusing devices, e.cajr conditioners.

For energy analysts and policymakers this is a serious omiss&wme casesalling ito question the

very meaning of the scenarios. Energy consumption is driven by the diffusion of various types of
equipment; the performance, saturation, and utilization of the equipment has a profound effect on



energy demand. Policy analysts wishingdeess the impacts of efficienapd industry structure and
mitigation policies require more detailed description of drivers and end use breakdown.

In the years since 2005, we haestablished andignificantlyenhanced the.BNLChina EndUse Energy
Modelbased on the level of diffusion of end use technologies, and other drivers of energy defmand.
model addresses endse energy demand characteristics including sectoral patterns of energy
consumptionchange in subsectoral industrial outptriends in saturation and usage of enengsing
equipment, technological change including efficiency improvements, and links between economic
growth and energy demandi baseline Continuedimprovement Scenarior CI$ and an alternative
energyefficiencyscenario AcceleratedmprovementScenarimr Al§ have been developed to assess
the impactof actionsalready taken by theChinesegovernment, planned or proposed actions, and
actionsthat may not yet have been considered, in ordeetmluatethe potential for China to control
energy demandjrowth and mitigate emissions. buddition, we have used our judgment about timing
and extent of commercialization of carbon capture and sequestration (CCS) to describe our scenario
with CCS (CIS and AIS assume na CCS)

This analysislsoevaluated K A y | @eém dbn2egti@lenergy supply in order to gauge the potential
challenge China may face in meeting ldegn demand The potential mismatch between supply and
demand will undoubtedly raise some very difficult issi&=netration ofeach major energy supply

option (oil, gas, coal, hydro, nuclear, witibmass and solakvere projected out to 2050 using two

basic approaches.or nonrenewable fossifuel energy, derivative logistics curve calculations were used
in order to constrain the extraction profile to accord with the total volume of reserves available for
extraction.For the renewable energy fornandnuclearenergy projections of installed capacity were
collected from a variety of sources, including offic@lgrnment statements (nuclear capacity by 2020);
projections by research groups and in academic journals (wind power and hydropower); and own
estimates (biomass/solar; nuclear power in 2050).

Drivers of Energy Demand
Scenarios

Neither scenario representshat we believe would actually happen in the long term without policy
intervention. We put forth what we believe are distinct alternatives given current trends,
macroeconomic considerations, currendlyailable and projectedfficiency technologiesandpolicy
choices and degree of successful implementation of the poliBigh scenarios are driven by underlying
macroeconomic drivers, which will follow current trends to some extéiiwever, the model
incorporates important no#inear effects, especiglisaturation effects.The forecast of energy demand
underlying both scenarios does not take immnsideratiorresource constraints which, in the case of
China ardikely to besignificantin the long term Therefore, the model makes no claim as to tlotual
sustainability of the Chinese energy system.

Continued Improvement Scenario (in energy and carbon intensity)

TheGontinuedImprovementscenariodoes not assume that current technologies will remain frozen in
place, but that the Chinese economy wiintinue on a path of lowering its energy intensity as a
function of GDPHowever, efficiency improvements in this scenario are consistent with trends in
YWY NIFSISRQ AYLINRGSYSyidsz> | OKAS@OAYy3a S@Sta GKIFG
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Accelerated Improvement Scenario (in energy and carbon intensity)

TheAcceleratedmprovementscenarioassumes a much more aggressive trajectory toward current
best practiceand implementation of important alternativenergytechnologies Efficiency targets are
considered at the level of end use technologies, with Chinesessator intensities being lowered by
implementation of the best currently available products and processes in the short to medium term,
taking into account the time necessary for these techgigs to penetrate the stock of energy
consuming equipment.

Continued Improvement with CCS Scenario

A Continued Improvemergcenariowith CCS was added to explore the energy and carbon implications
of installing carbon capture and sequestration (CCS) technology to coal generation under the CIS
pathway of power development. The CCS scenario has the same generation capacity as GdSkadenari
assumes that sufficient C@8abled coal capacity to capture and sequester 500 million tonn€oh
2050¢ a level calculated following trend lines in tB@09 World Energy Outlo@db0 ppm scenario.

Under this scenario, 90% capture of carbonssitns for preand postcombustion technologies are
assumed with additional energy requirement of CCS for carbon separation, pumping asterlang
storage.

Table 1 Key Assumptions of Two Scenarios

Continued Improvement Accelerated Improvement
Macroeconomic Parameters
Population in 2050 1.41 Billion 1.41 Billion
Urbanization Rate in 2050 79 % 79%
GDP Growth
20102020 7.7% 7.7%
2020-2030 5.9% 5.9%
2030-2050 3.4% 3.4%
Residential Buildings
Appliance Efficiency Moderate Efficiency Moderate Improvement of new
Improvement (1/3 improvement| equipment in 201@ near Best
relative toAlS level Practice by 2020
Building Shell Improvements: | Moderate Efficiency 50% improvement in new
Heating Improvement (1/3 improvement| buildings by 201@ 75%
relative toAlS levél improvement in new buildings
by 2020.
Building Shell Improvements: | Moderate Efficiency 25% improvement in new
Cooling Improvement (1/3 improvement| buildings by 201@ 37.5%
relative toAlS levél improvement in new buildings
by 2020.
Commercial Buildings
Heating Efficiency Moderate Efficiency Current International Best
Improvement by 2020 Practice by 2020
Cooling Efficiency Currentinternational Best Current International Best
Practice by 2050 Practice by 2020
Building Shell 50% improvement in fraction of| 50% improvement in all new




Improvements:Heating

new buildings growing by 1% p¢
year

buildings by 2010, 75%
improvement in alhew buildings
by 2025

Building Shell
Improvements: Cooling

25% improvement in fraction of
new buildings growing by 1% p¢4
year

25% improvement in all new
buildings by 2010, 37.5%
improvement in all new building
by 2025

Lighting andequipment
Efficiency

18 %improvementby 2030

48 %improvementby 2030

Industrial Sector

Key energyntensive industries

Most industries meet current
world best practice energy
intensity around or after 2030

Most industries meet current
world best practice energy
intensity before 2030

Transport Sector

Internal Combustion Engine
Efficiencyimprovements

Moderate efficiency
improvements in fuel economy
of aircrafts, buses, cars, and
trucks through 2050

Significant additional efficiency
improvements in fueéconomy
of buses through 2050

Electric Vehicle Penetration

Hectric vehicle penetration to
30% by 2050

Hectric vehicle penetration to
70% by 2050

Rail Electrification

Continued rail electrification to
70% by 2050

Accelerated rail electrification td
85%by 2050

Power Sector

ThermalEfficiency
Improvements

Coal heat rate drops from 357 t
290 grams coal equivalent per
kilowatt-hour (gce/kWh) in 2050

Coal heat rate drops from 357 t
275 (gce/kwh) in 2050

Renewable Generation Growth

Installedcapacity of wind, solar,
and biomass power grows from
2.3 GW in 2005 t635GW in
2050

Installedcapacity of wind, solar,
and biomass powegrows from
2.3 GW in 2005 t608 GV in
2050

Nuclear Generation Growth

Installed capacity of nuclear
power grows froni7 GW in 2005
to 300 GW in 2050.

Installed capacity of nuclear
power grows from 7 GW in 200}
to 550 GW in 2050.

Demand Side Management

Totd electricity demand reached
9100TWh in 2050

Totd electricity demand reached
7,764TWh in 2050

Macro Economic Drivers

Key Drivers

One of the key drivers in our bottomp modeling methodology and scenario analysis is the urbanization

rate and growth of the urban population. China has and will continue to undergo changephysical
built environment as a result of rapid urbanization. For exantple,more megacities with populations
of 10 million or more andver fifty secondtier cities with smaller populations are expected through
2030. 290 million new urban residentere added from 1990 to 2007, andBBmillion new urban

% See sections on Industry for more details on scenario assumptions.



residentsare expectedfrom 2007 to 2B0 andanother 92 milliorto 2050.These new urban residesit
need to be provided with housing, energy, water, transportation, and other energy services.
Urbanization and the related demand for infrastructamed commercialresidential energy services will
be important driving forces for future energy consumptiarChina. To account for the potential effects
of urbanizationas well as interand intracity transporton energy demand in Chimag include
population growth and urbanization, or share of urban population, as mddwers in both scenarios.
The urbatiezation rae is projected to increase to ¥8in 2050 from 45% in 2007 (deigurel).
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Figure 1 Historical and Projected Population and Urbarization Trends

For all scenarios, macroeconomic parameters such as economic growth, population, and urbanization

are assumed to be the sam&gble20 @ ¢ 2 | OO02dzyd F2NJ SO2y2YA O IAINRSGK
rates of GDP growth were assumed for thexipd between 2010 and 2028etween 2020 and 203and

between 2030 to 205(QTable2). RapidGDP growth is expected to continue for the next decade, but will
gradually slow by 2020 as the Chinese economy matures and shifts away from industrialization.



Table 2 Key Macroeconomic Parameters for All Scenarios

2005 2050

Popuation 1.31 Billion 1.41 Billion
Urbanization Rate 43% 79 %
GDP Growth

2000-2010 9.4%

2010-2020 7.7%

2020-2030 5.9%

2030-2050 3.4%
Sensitivities

GDP growth rate havesignificant effect on total primary energy usén particular,increasngthe GDP
growth rate by 25% results in a 10% higher total primary energy consumption in 2030 while decreasing
urbanization by 12 percentage points to 67% in 2050 only lowers primary energy use b¥itj@2y.
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Figure 2 Sensitivity Analysis of Macroeconomic Variables



Drivers of Residential Energy Demand

Key Drivers

There are two mairrelated drivers to growth in the residentialildings sector: urbanization and

growth in household incomes. Urban households generally consume more energy than rural ones,
especially notbiofuels. Second, incomes are rising for both urban and rural households. The main
impacts of household incomgrowth is the increase in the size of housing units, which increases heating
and cooling loadandlighting, and the increase in ownership and use of enemysumingappliances

(Error! Reference source not foundPopulation increase is not a main driver of energy consumption in
China per se as population growth has slowed, and total population is expected to peak between 2020
and 2030.

Globally, thesize of the household (hnumber of persons per household) tends to decline with increasing
income and urbanization of the population. In the case of China,@ne Child Policy" enforced such a
decline with aerage household size in China pjpingfrom 5.2persons per household in 1981 3016
persons per household in 20@Bigure3). This trend is expected to continue, with urban household size
decreasing to 2@persons/household in 2020, the level of Japanese household size tBdegl.

household size wilemain at around.5 persons/householdor the next decade or longer.

In developed countries, household floor space per person has been gradually increasrag fast

the early 1970sSimilarly, in Bina, floor space per persondreased from 13.7h?in 1990to 24m?in

2008in urbanareasand from 17.8n?to 32.4m?in ruralareas In 20®, urbanand ruralresidences are
assumed taontinue to grow in floospaceto 46 m? per capita The decline in household size leads to

an increase in the total number of households in the region, which, together with the increase in living
area will multiply the contribution of energy demand from households.

AsFigure3 shows, urban appliance ownership exploded in the early 1990s. In forecasting future
ownership trends, we use an econometric model correlating historical ownershipwétegicomes to
predict future trends given an economic growth scenario. The general result is that, while we expect
significant growth in ownership, especially in the rural sector, saturation effects will become important
in urban households in the neauttire. Once nearly every household owns a refrigerator, a washing
machine, air conditioners and other appliances, per household electricity growth will slow. Some
growth is assumed to continue as incomes continue tq rssulting inmcreased usage (pscially air
conditioners), larger refrigerators, more lighting and more devices using standby power. Meanwhile,
space heating density and usage also increases with dwelling area and wealth. In addition, the model
takes into account prevailing trendsspace heating equipment choice, such as an increase in the use of
electric heat pumps in the Transition climate zone, and the ploagef coal boilers.

Significant opportunity exists to reduce energy consumption in households in two main areas:
improvement of equipment efficiency and tightening of the thermal shell of residential buildings.
Equipment efficiencyncreases as the stock turns ovenplementation of dbeling and minimum

efficiency performance standards (MERSEChinawill drive future effciency ClSepresents a

continuation and possible acceleration of therrent Chineseappliance standards and labelipgpgram.

By 2020, new residential appliances and heating equipment are generally of an efficiency level matching



current internationalbest practice.The currentschedule of Chinese standardsaken into account
explicitly in the construction of efficiency scenarios. For instance, the Chinese government recently
implemented neuy revisedstandards for refrigeratorsTheseefficiency ginsare modeled in the
Continted ImprovementSenario. In théAcceleratedmprovementScenario, we assume th&hinese
standardswill match international best practicgielding considerably larger energy saving than in CIS
(seeFigureb).

In addition to equipment efficiencylSconsiders improvements to the thermal insulation of residential
buildings. These improvementsanbe achieved through tightening and eméement of construction
codes, or through retrofits of heating controls and improvement of the efficiency of district heating
systems. UndeAlS new residential households are assumed to use half as much heating and 75% of
the coolingh y (i 2 R &l@saln tKe2CdSc&s& Beating improvement of new buildings is 16.7% for
heating and 8.3% for cooling.
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Figure 3 Historical and Projected Residential Living Area and Household Size
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Figure 4 Historical and Projected Urban Appliance Penetration Trends

120% -

Q

100%

80% CIS
60%
AIS

40% +

AC Energy Efficiency Rati

20% -

Refrigerators Energy Efficiency Index (

0%

2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

Figure 5 Efficiency Trends for Refrigerators

0

AIS

CIS

2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

Figure 6 Efficiency Trends for Air
Conditioners



Sensitivities

Uncertainty in the input variabkfor the residential sector, namely the projected residential flespace,
has small impact on total primary energy ussulting inonly 26increasen total primary energy use
with 25% more floospace in 205QFigure7). Changing residential floepace primarily affects building
materials such as cement, glass, aluminum and steel and thereby affects industrial eneltgy/mam
impact is on heating andooling energy. However, we assume that most residents continue to heat or
cool space only when occupied.
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Figure 7 Sensitivity Analysis of Residential Sector Variable

Drivers of Commercial Energy Demand

Key Drivers

Commercial hilding energy demand is the product of two factors: building area (floor space) and end
use intensity (MJ per it Forecasting commercial building floor space demands an understanding of
the drivers underlying the recent growth of the sector, and whibiese trends are likely to be heading.

In our analysiscommercial floor space is determined by the total number of service sector employees,
and thearea ofbuilt space per employeeThis approach differs from the conventional assumption that
commercialfloor space grows with GDRhich we consider to be unrealistiéccording to national

statistics, the fraction of Chinese workers employed in the tertiary sector increased from 27% in 2000 to
32% in 2006, raincrease of 19% in just 6 years. When thesmbers are corrected to include the

number of unregistered workers likely to be working in urban service sector businesses, the current
fraction is estimated to be 43%. As a general rule, as economies develop, employment shifts away from
agriculture and idustry toward the service sector, and this trend is expected to continue in China

10



leading to further increases in commercial building floor space. The potential for growth is not unlimited,
however. Chinese population is expected to peak by about 203thdtarore, the population is aging,

so that the number of employees will peak closer to 2015. By comparing Chinese GDP per capita to that
of other countries, we estimate that thertiary sector sharef workers will reach 60% by 2050. Under
these assumptins, the total number of tertiary sector employees will increase by only about 33% by
2030 compared to 2005. Floor space per employee has some room to grow: we forecast an increase of
about 25% by 2030 and 60% by 2050. Overall commercial floor spacé&etaphly double by 2050,

and construction in this sector majready be approaching its peak
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Figure 8 Commercial Floor Space Change

Commercial sector energy demand growth is likely to arise much more from intensity increases than
overall floor area growth. Chinese energy use per square meter is still relatively low. Due to the
presence of (often unmetered) district heat, space hegiimtensityin cold climates in Chiria already
comparable to that in Japan. However, space cooling and appliance energy is only a fraction of the
Japanese level. We assume that Chinese commercial buildings will reach current Japanesk levels
energy ntensityfor space coolingpy 2030, and thereafter grow only moderately. Space heating usage is
not expected to increasdn AlS, gace heating and cooling achieves current international best practice
by 2020, as opposed to only moderate improvementhm@IS Building shell improvement i8IS

applies to all new buildings, where it reduces heating loads by 75% by 2025 and cooling loads by 38% in
that year.AlSassumes about 85% penetration of higfiiciency equipmenbaving an energy intensity

of 50%ofi 2 Rl 2 Q& (.S@Sf o0& HAHp
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Drivers of Industrial Energy Demand
Key Drivers

We have analyzed in depfievenenergyintensive industrial susectors including cement, iron and

steel, aluminum, ammonia andfgtlene. For cement, steel and aluminum, the scenarios were based on

floor space construction aresnd infrastructure constructioas a proxyAmmonia production, in

contrast, was modeled as a function of sown area, which is expected to decrease sligitly by
F2fft26Ay3 OdzNNByYyild GNBYR&Z YR FSNIAEATI SNI AyGSyaari
ethylene production is driven by population growth and rising per capita demand for plastics reaching

current Japanese levels by 2030. For eatdihsector, we developegrojections of process efficiency

requirements and technology shift. We examined the energy requirements to produce and distribute
commercial energy.

Overall, the steep rise in outpfitom energyintensive industrial sectors expericedfrom 2002 to 2009
is not expected to continue. As shownFigurel3, both scenarioshow a leveling of output of cement
and some chemicals in the near ternth@rs such as steahd paper productionvill increase with an
AAGR 0f3% until 2020 and staleveling offor declining, whereas ethylene stands out asaneption
because of continuing growth of demand for plastics (reacBapai® 2007primary plastics demand
per person by 2025In addition,the surge in growth oéthylene demand assumes that China will be
largely selsufficient in ethylene production unlike today and that imports will be no higher than in
2008.

Inthe case of cememnproduction, future projectionisderived based on the amount of cement required

G2 02y aiNHzO(d / KAY Il W&lasddNbdHI Yiightvagskand\ebipiebsivay Daszhutbanipsvada
areas and new railway trackhis methodology takes into accowtmmergal and residential building
construction as well as targeted expansion of urban paved areas, highways and raitsackmary of

the drivers and assumptions for cement production in energy use is presentetbie3Error!

Reference source not foundBoth scenaris have cement production rising from 1.36 billion tonnes in

2007 to 14 billion tonnes in 200, thendeclining from 2020 to 2040, after which retirement of existing
buildings drive cement production to rise and plateau around 1.1 billion tonnes by 2045.
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Table 3 Cement Production and Energy Use Scenario Assumptions

Continued Improvement Scenario (CIS) Accelerated Improvement Scenario (AlS
Urbanization 79% in 2050 79% in 2050
Per-capita building ared24 m2 per capita in 2005; 39 m2 per capit
2030; and 46 m2 per capita in urban areas
2050 (ERI assumption) Same as CIS
Cement Use in Building
Floorspace 3 year rolling average of total new residen
" and commercial building floorspace Same as CIS
5 Cement Intensity of |Average cement intensity of 0.22 ton of
= Buildings cement per square meter of floorspace Same as CIS
% Cement Use in Highway3 year rolling average of total Expressway
< |& Paved Area Class | and Il highways and paved road &
S using projected growing length to 400
B vehicles/km by 2050 based on Japan's
-§ experience and width of 10.76 min 2050 |Same as CIS
o Cement Intensity of |1 ton of cement per square meter of highw
Highways or paved road Same as CIS
Cement Use in Railway]3 year rolling average of new rail track len|
Track based on stated targets of 120,000 km by
2020 and 150,000 km by 2050 Same as CIS
Cement Intensity of |Average cement intensity of 20,000 ton of
Railway cement per kilometer of track Same as CIS
Exports of cement Assume 2007 exports remain constant
through 2050. Same as CIS
2 lintensity Based on meeting 2005 current world bes{Based on meeting 2005 current world best
-%_ practice of 0.101 tce/t cement for Portland |practice of 0.101 tce/t cement for Portland
= cement by ~2025 and phasing out all shaflcement by ~2015 and phasing out all shaft
ﬁ kilns by 2020. Rotary kilns' final energy |kilns by 2020. Rotary kilns' final energy
i intensity reaches 0.099 tce/t cement by 2(intensity reaches 0.089 tce/t cement by 20
o and 0.090 tce/t cement by 2050 and 0.075 tce/t cement by 2050.
1% Fuels Steady decline from 2005 coal share of 84
to 70% by 2030 and 58% by 2050 Same as CIS
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Figure 13 Industrial Production Projection and Drivers

Industrial energyrequiremens can beloweredby new processs andefficiency improvement of
procesgsat the subsector levelln addition, fuel switching camultiply the energy sawgs and
emission reductioa TheChinesegovernmentplan calls for the industry sector to become more
efficient, and targets have been set espressedn a series ofjovernmentpolicies and development
goalsincluding thel1™ and 12" Five Year PlanTop1000 Enterprises Programnd programsto close
down inefficient processes and plants. Our basedisgumption haicorporatedtheseexisting and
planned policies.

Although energy intensitilas declinedn mostindustrial subsectors over the yeargomparison with
international levetindicates that much more effort can be made in the futUfgurel4 showsthat for

the CIS casghe energy intensity in afiubsectors will decrease over time withe iron and steel
subsectorachievinghe greatest reductios; the paper subsector shows the second largest energy
intensity reduction The rate ofintensityreduction slovs down for allsubsectors after 2030Under AIS,
more rapid adoption of efficient technologies is expected to lower final energy intensities across the
major industrialsubsectors more aggressively. This results in a faster annual rate of decline in energy
intensity between 2005 and 2030, rang from intensity reductions e£.3% per year for iron and steel
production to-1.7% per year for ammonia production. The annual rate of decline in energy intensity
after 2030 is also faster for alibsectors except paper under AlS.

As shown irFigurel?, verticalshaft kilrs, whichaccountsfor about 35% of the total cement production
in 2007, will becompletelyreplaced bynew suspension preheater precalcin®fF) kilnsg whereasthe
share ofelectric arc furnac¢EAR in the iron andsteel industry will increasever timeasmore steel is
recycled. Under AIS, the share of EAF production will be further increased with the adoption of an
increasingly more effici@ technology mix and greater steel recycling ratégirel6).

®EABuse steel scrap or sponge iron as raw materials.
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Sensitivities

There is greater uncertainty surrounding energy drivers and key variables in the industrialiseator

other sectors. Thgreatestuncertaintysurrounds variablem the & kher Industry€ subsector that
includesthe chemicals industry, manufacturing and other light industry. For example, a 25% change in
a kher Industr€ GDP growth rateesultsin at least 10% higher or lower total primary energy use, or a
difference of 500 Mtce. Uncertainties surrounding the projected production of heavy industrial products
also have dargeimpact on total primary energy use
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Figure 18 Sensitivity Analysis of Industrial Energy Drivers

Drivers of Transportation Energy Demand

Key Drivers

Transportation demand is driven by demand for freight and passenger transport. Freight traissport
calculated as a function of economic activitgasured by valuadded GDRvhile passenger transport is
based on average vehiekilometers traveled by mode (bus, tra@mnd caj moving peopleAs illustrated

in Figurel9, freight transport demand is driven by faster economic growth inytsars to 203@s GDP
continuesits rapid growth. In later years, road freight growth is slowed to a linear function as the

relative importance of foreign trade in GDP is expected to decline. The important roles of both domestic
and international freight transport demand is reflectediivo major modes of freight transport: water

and rail transport. Water transport includes growing international ocean transport as well as domestic
coastal and inland transport while demand for road freight transport reflects primarily high demand for
domestic freight transport with doublingreight intensity forrail transport

For passenger transport, growing vehikilometers traveled in different modes is driven by population
growth and growing demand for personal transport with rising income levalstransport activity is
driven by demand for both domestic and international trawehich grows with GDP per cap{Eigure
20). Passenger rail transport activityill rise with growth of higkspeed rail and increased use of rail for
short distance domestic travaRoad transport ishte largest mode of passengeavel, which is driven
primarily by the burgeoning ownership of private cars that follows rising petecamome Figure22).
Personal car ownership is forecast on a-peusehold basis by relating current car ownership rates
around the world to household income, withslight adjustment for the fact that current Chinese
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personal car ownership is low even compared to countries of similar income. By 2050, personal car
ownership reaches 0.68 per household, which while extremely high compared to current values, is still
below current levels in the United States and Europlee high population density cities inChina, like

that of New York City, means that cars are generally driven less. Nonetheless, road transport grows
rapidy (Figure20). As personal income and private car ownership rises, motorcycle and taxi passenger
transport plateaus and water passenger transport declines modestly after 2020.
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Figure 19 Freight Transport by Mode
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Figure 22 China Car Ownership Trends, 2000- 2050

Besides transport activity, other factors that directly affect transport energy demand include declining
energy intensity for road and air transport as well as greater electrification in rail and private car
transport. In boththe CIS and AIS cases, thergy efficiency performance of internal combustion
engines (ICE) is expected to improve through 2050, particularly for road and air transport. For road
transport, lower energy intensity per vehidkdometer is expected with growing saturation of hybrid
vehicles and stricter fuel economy standards, with the most recent standards and current international
best practice informing potential efficiency gains for China to 2050 in both scenari§ there is

more significant and additional efficiency imprawent in lightduty vehiclesand mini busesEkctric
vehicles inAlSachieve70% market share by 2050 compared to 30%liis seen irFigure23. Rail
electrification affecting both passenger and freight transport is similarly much faster {854sSby 2050
compared to 70% in ClBherefore, the major drivers in reducing transport energy intensity include
technological improvements in conventiahCE, saturation of electric vehicles and rail electrification at
differing speeds between the two scenarios.

22



100% 100%

90% 90%
80% 80%
70% 70%
60% 60%
50% 50%
40% 40%

30% 30%

Vehicle Saturation
Vehicle Saturation

20% 20%

10% 10%

0% 0%

2000 2010 2020 2030 2040 2050 2000 2010 2020 2030 2040 2050
B Gasoline Diesel B Gasoline Hybric ® Gasoline Diesel m Gasoline Hybric
Ethanol mCNG uLPG Ethanol B CNG = LPG
Electric Electric

Figure 23 Car Saturation by Fuel Type, CIS and AIS Scenarios

Sensitivities

Uncertainties in the transport sectalrivers, including both passenger and freight stock and activity,
have much smaller impact on total primary energy use than other sectors. Specifically, increasing car
ownership to 90% of US levels by 20560r the equivalent of a 250 million increasepirivate car stock

by 2050-- increase total primary energy use by 100 Mtce, less than 2% of the(kagaire24). Lowering

the penetration of electric vehicles byé percentage points has barely visible impact on total primary
energy, with only 7 Mtce increase by 2050. Similarly, lowering ocean freight agtikigylargest

subsector of freight activitg by 25% decreases total primary energy use by less than 1%.
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Figure 24 Sensitivity Analysis of Key Transport Energy Drivers

Drivers of Transformation Sector

2050

This analysis examines the potential growth ofdcavbon electricity generation through fuel switching
and dficiency improvementsin all threescenarios, the capacity growth of levarbon fuels and
renewableis modeled firstCoal is used to close the gap between electricity demand andossil

electricity supply.

Fossil Fuel Power Generation

The AIS scenario includes maximurovgih of noncoal electricity generation capacityon-coal

capacity reaches 1200 GW in 2050 undera@t&l600 GW by 2050nder AS. Coal capacity is calculated
as the amount requiredilling the gap between total demand and generation by ramal fuels. Aide

from fuel switching, the AlGasealso examines the implications of more efficient efiedd electricity

generation.
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Figure 25 Power Generation Capacityby Fuel Source CIS and AIS Scenarios

In addition, a CCS cas@as added to explore the energy and Q@plications assuming sufficient GCS
enabled coal capacity to capture and sequester 500 million tonnes gfeC@ear in 205@ a level
calculated following trend lines in tHaternational Energy Agencl © ! 200Q\&orld Energy Outlook
450 ppm scenario (IEA, 2009)nder this scenario, 90% capture of carbon emissions forapiek post
combustion technologies assumed withan additional energy requirement of CCS for carbon
separation, pumping and loAgrm storage

The efficiency of codlred electricity is calculated as a weighted average of the range of combustion
technology shares. Whereas the share of ultra super critical coal generationes50% in2030 and 75%
in 2050 in the CIS scenarioclimbs to ®% andd5% in the AIS scenarés a result of the shutdown of
small inefficient plantsRigure26). This technological shift results in the scenario fidétiency levels
shown inFigure27.
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Plant

Power generation capacity factors are held constant with the exceptimatiral gaswind power, and

hydropower. The ratural gas capacity factor is expected to falB&% as these plants are expected to be

used exclusively for peak generatishile the wind capacity factor is expected to increase to a

maximum of 30% over timen kthe case of hydropowethe capacity factomcreases from 38% to 45%
based on projectionfom ERI(ERI, 200 Forthe other generation technologies of nuclear, biomass,
solar and coal, the capacity factors are expected to remain constant at 88%, 25%, 19% and 90%,

respectively.

Non-Fossil Fuels and Renewables

For the renewable energy fornasd nuclear, the constraint on productionassumed to béhe
construction of new generation capacifijo develop supply curves, projections of installed capacity
were collected from a variety of sources, including official government statements (nucfeanityaby

2020); projections by research groups and in academic journals (wind power and hydropower); and

own-estimates (biomass/solar; nuclear power in 2050).
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Renewable EnergiNDRC, 200hat cdls for 300 GV hydropowerby 2020, including pumped
storage and small hydro. In thdS this hydropower capacity target is reached anckrall capacity
continues to grow until 2050, reaching 400 G\ttie maximum ecoamically feasible exploitable

capacity(reference) In theCIS casdotal hydropower capacity reaches 250 GW in 2020 and 320 GW in

2050.

Wind capacity projections draw updhe China Wind Power Repdtti et al, 2007. Total wind capacity
grows from 1.3 GW in 2005 to 100 GW in 2020 and 450 GW in 20808ptdl50 GW in 2020 and 500

GW in 2050 foAIS
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tidal energy, angeothermal energyBiomass and solar power capacity were both modeled for this
analysis.

Chind@ nuclear capacity in 2020 is based on QRirecenty announced butnofficialcapacity targebf
86 GW by 202(Zheng and Mao, 2009

These growth rates fanon-fossil based electricity generation are remarkable and exceed 10% on annual

average basis for solar, wind and nuclear capd@ipled). In the CIS case, totakialled solar capacity
in China in 202@eachesover 25% otumrent global installed capacity andnd capacityreaches ove60%
of current global capacity

At these capacitiesenewables do not exceed theroportionthat has beerdemonstratedelsewhere
(Germany, Denmark) to be fullgtegratableinto the grid.Moreover, China is increasingbcused on
integrationy A (1Sirong and Smagtgrid program igrimarily designedo support renewabléntegration,
with less focus on demand sideanagement

Table 4 Key Assumptions of Power Sector Scenarios

Key Focus 2050 Primary 2050 C@ | 2005 Installed 2020 Installed| 2050 Installed| 2005 - 205(

Energy Emissions Capacity Capacity Capacity AAGR
CIS |Continuing efficiency | 2278 Mtce | 3484 Mt CQ |Solar: 0.07 GW|Solar: 6 GW Solar: 60 GW [Solar: 16%
improvements and fuel Wind: 1.26 GW|Wind: 100 GW |Wind: 450 GW |Wind: 14%

shifing Nuke: 6.9 GW [Nuke: 86 GW  |Nuke: 300 GW |Nuke: 9%

Hydro: 116.5 G\Wydro: 250 GW |Hydro: 320 GW [Hydro: 2%
AIS High efficiency and 1723 Mtce | 628 MtCQ [Same as CIS |Solar: 10 GW |Solar: 70 GW |Solar: 17%
renewable eletricity Wind: 135 GW |Wind: 500 GW |Wind: 14%
generation Nuke: 86 GW Nuke: 550 GW |Nuke: 10%
Hydro: 300 GW |Hydro: 400 GW [Hydro: 3%
CCS [Capture and 2311 Mtce | 3008 Mt CQ |Same as CIS [Solar: 6 GW Solar: 60 GW |Solar: 16%
sequestration of 500 M Wind: 100 GW |Wind: 450 GW [Wind: 14%

CQ emissions by 2050 Nuke: 86 GW Nuke: 300 GW |Nuke: 9%
Hydro: 250 GW |Hydro: 320 GW [Hydro: 2%

Sensitivities

In this study, sensitivity analyses of varying penetration of carbon neutral electricity generation were
conducted based on the CIS pathway of demand rather than on At8dnto separate the effects of

CCS from accelerated efficiency improvemewsh all else equal, the impact of CCS on primary energy
demand and emissions reduction can be identified by comparing the CIS scenario with CCS scenarios.
The CCS base scemafeatured 87 GW of capacity equivalent t&h4f total power capacity 2050 the

CCS low case dropped to 1% of total capgd2idyGW) andhe CCS high case rose to 107 GW of capacity
In 2050, he redudion of CCS capacity caused a 8#1CQ emissionsncrease while the increased CCS
sensitivity case resulted in a 293 kduction of C@emissions. The remeble energy base case

assumes 535 GW of renewable capacity in®@emprising21% of total capacity. The low case drops

to 11% and the higltase mcreases to 2%. With the low case featunga larger change fio the base

than the high case, the lorenewable energy sensiity cases result in over 408t change in C©

emissions. This suggests that switching to renewable fuels has a larger impact on emissions than CCS,
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though this effect also results from the larger base penetration of renewable electricity generation.

Figure28illustrates the results of the electricity scenario sensitivity analysis.
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Figure 28 China Power Sector Sensitivity Analysis Scenarios in 2050

Drivers of Energy Extraction
In addition to different scenario assumptions abdi transformation sectgrthe model also included
assumptions about the energy intensiveness of energy extraction, processing and transformation.
China is a major energy producer as well as consunderNII 2 F
to extractprimary fossil fuels such as coal, natural gas and oil and to operate processing and conversion
plants producing derived products such as electricity, coke, and petroleum prodiitiite
technobgical improvementsanraise the efficiency afesourceextraction over time, there is also a
corresponding decline in resource qualityer time This may result from factossich as deeper coal
mines, lower coal qualityandsecondary recovery in thaeil and gas sectorsvhich subsequently raises
the total required energy investment into these sectd@&milarly, althoughechnology in the energy
processing sectonmay also improve in efficiency, more stringent standards for product quality (such as

lower sulfur contenin oil product3 requires more intensive processing overall, increasing total energy

0 K Senddgydixyfaind\id uSeil

consumption. In this mode&nergy extraction was examined using assumptionshfeiEnergy Return

on Energy Investment (EROEI) ratio, or the quotiénisable acquired energy from coal, oil and natural

gasover energy expended, for coal mining and oil and natural gas extracéidditional assumptions
about conversion angrocessingefficiency levels for coke, oil refining and electricity generationewe
also included for both scenarios.

* Energy return on energy ingement ————— is typically calculated to include the indirect inputs on the

energy input side as well (e.g. embodied energy of machinery). In this study, only direct energy inputs are
considered.
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Coal Mining

Forcoal miningthis study assumes that the final energy intensiveness per ton of coal produced will
increase after 2006 with continued extraction from existiegervesin other words, more energy will

be required as an input to coal extractionthe easiest reserves are exhausted and new and less
accessible reserves are exploit@kcause this study considers only the direct energy inputs to energy
extraction, the inverse of energy intensiveness isaqa EROEI, and this figure for coal mining, based
ontrendsin other mature coal producing nations such as the US and the UK, will declin@#réwin
2005 to 20 in 2025 and further decrease to 10 in 208t total final energy consumed in coal mining
can be calculated by dividing total coal production by EROEI.

Oil and Natural Gas Extraction

As with coal mining, the final energy intensiveness of oil and natural gas extraction are expected to
increase over time with a declining EROEI. For both scendnie final energy intensiveness of oil and
natural gas extraction is expected to increase from 0.10 in 2007 to 0.13 tce per tce of oil and gas
produced in 202%nd 0.25 tce in 2050At the same time, the EROEI for oil and natural gas extraction
declinesfrom 9.54 in 2007 to 8 in 202&hd to 4 in 2050as has been observed in other mature oil and
gas producing countries such as the US

Coking

From 20@ to 2005, the energy input to producing coke diogd dramatically from 0.17 to @45tce per
tonne of coke. After 2005, the energytensity ofcoking will continue to decrease but at a much slower
speed for both theCIS and AlScenarios

Oil Refining

Oil refining is also expected to experience declining energy efficiency. Curreditly, ElQ& Y S+ & dzZNB 2 -
NEFAYyAYy3d STFAOASYyOe Aad | 6SAIKGSR AyRSE GKFG OFEO
based on the type of secondary processing equipment installed. By this measure, refining efficiency has
continued to increase. Heever, in this study, efficiency is considered without volumetric adjustment by
comparing crude oil throughput to energy inputs. From this angle, it is expected that China will

experience the same trend in total energy use as was seen in Japan in tfesvasicades, where unit

refinery fuel use increase by 34% from 1990 to 2007 (Japan Petroleum Energy Centetn20es).

Japanese case, rising refinery energy use was primarily the result of a shift towards lighter oil product

yield that is more energintensive and improvements in fuel quali#ks China is also expected to

increase production of lighter oil products and improve fuel quality for environmental reasotisthe
ClsandAlSscenariosare assumedo have decreasing efficien€liigher energyritensity)in oil refining

unit process at rates similar that what Japan has experienced

Aggregated National Results

Energy Consumption

For the CIShe analysis shows that Chilenergy consumption would double from 2005 to 2050, with
anannual growth rée (AGR) 08.4% from 2005 to 2030, and3®% from 2030 to 2050. The primary
energy consumption will rise to 5,484tce under the assumptionf continued government policies
fosteringtechnology advancement, restructuring the economy, along with the adopifesustainable
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development measuref=igure 33. Both CIS and AIS shavplateauin energy demanéround2040;
however, suctachievementvould requireaggressiveolicy measures to support industriaform and
energy efficiency improvement, mostringentappliance standarsland building codes, electrification

of the transportationsystem, and the further improvement the supply ofelectricity. If realizedthe
energy denand for AIS could be reduced by 948e to 4558Mtce, a reduction of 7% fom CIS levels

in 2050, or cumulative energy reductionrmdarly 26billion tonnes of coal equivalent from 2005 to 2050.
As illustrated in thd=igure30, under both genarios, the total primary energy consumption will largely
be supplied by coafrom 73% in 2005 tet7% in 2050 in CIS aB@% in AlS.
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Figure 29 Primary Energy Consumption in Different Scenarios

Note: AlS is Acceleratéthprovement Scenario, CIS is Continued Improvement Scenario, IEA Equiv. refers to

O2y @SNIAYy3a 9wLQ& ydzYoSNR (2 L9! SldzAa@drftSyd 3IAGSy GKFG
SlidzA @1 £ Sy NI GKSNJ GKIy L 9! totogvet pfimaty pléticitydZEhS reufis in@l £ 2 NR F A o
3.01 lower gross energy content for renewables and biomass.

As seen irrigure29, the CIS and AIS results fall witlihe range of other scenarios published by Energy

Research Institute (ERI3 wellasthe IE@ wL > HandT L9! T wanndpd & . 20K [/ L{
2020 results for its reference scenario and its alternative, low carbon, 450 parts per (ppion

stablization scenarid@ ! FGSNI vnunX / L{ RAGSNHSA FNBY L9! Qi NBH1
by 2030 because it is not a business as usual scenario, but rather reflects continuation of current and

planned portfolio of programs. Similgr the aggressive additional efficiency improvements and
RSOINB2yATFdA2y SyO2YL)l aaSR o6& ! L{ NB&adzZ da Ay I f
ppm stabilizatiorscenario. @ HAapnX ! L{Q&a (20t LINAYINBE SySNHE dz
accelerated low carbon scenario but below its low carbon scenario when the same conversion factors
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are used for expressing ndassil fuel electricity in primary energy terms.ikewise, both the CIS and
CIS with CCS scenarios emesistent with ER Efficient Scenario until 2030, but diverge and fall below
the ERI Efficient Scenathy 2050 The AIS shows vedjfferent growth pattern but nonetheless
comparable with the ERILowCarbonscenarig although the energy consumption in 2050 in AIS is
lower. We have not evaluatedlausinessasusual scenario (BAU) largely because it is not likely to
happen, thus @omparisorto ERBaselineScenariavas not possible

The share of coal will be reduc&@m 74% in 2005 to about 47Bf 2050 in CIS, and could be further
reduced to30% in AlSIinstead, more energy demand will be met by primary electricity generated by
renewable andhuclear sourceswhich could reach 32% withrther decarbonisatiorin the power

sector under the AlS. Feteum energy use will grow both in absolute tesand the relative share to
overallenergy consumption, attributing to the increase in vehicle ownership as well as the freight
turnover in transportation sectofFigure30).

{AYy0OS (GKS AYyAGAFGAZ2Y 2F NBF2NXYa AY MPTyYy I dzNDIFYyAT |
economic development. Energy demand growth was further spurred by the boom in infrastructure
construction and by the boom of expe2tNA Sy 1§ SR AYRdzZAGNE F FGSNI / KAyl Wwa |
Organization (WTO) in 200Existing studies havdemonstratedthat the share of industry sector

against the total has increased, and at the same time gifnergy intensivendustrysubsectorsuch as
cement, steel and chemicals hagewnmuch faster than other subsectors, which resulted in the
overallenergy intensity gain in the whole economy between 2002 and2B0en aftethe Chinese
government madesignificanteffort toward the goal ofreducing energy intensity per GDP by 20% from
2006 to 2010, the trentbward increasing energintensity industryhas not been reversed. However,
amongthe driversof the energy growth-aside from urbanization andstconcomitant expansion of
residential constructiorcommercial construction, fertilizer use, and appliance ownership also affect
energy demand. In each of these areas energy demand is likely to level off due to sateffatids:
commercial floor spacequ tertiary sector employee has already attained developedntry levels,
nitrogenous fertilizer application rates are already among the highest in the world, and urban appliance
ownership is already very high, suggesting thdustry energy consumptiotihat are used to make
buildingmaterialsor appliancewill likely to reach a plateau around 2Q1Buture energy growth will be
driven mostly bythe transportation andresidentialbuilding sectos, and the shift in sectoral energy
consumption is in line ith global social and economilevelopmenttrends Unlike past trend in China
Figure31 alsodemonstrateshat the buildings sector could account for the largesttpor of future

reduction inenergy demandAs most of the industry outputs peak amalustrialenergy consumption
reachesa plateau, there are many driverstime building sector such as rising number of housing units,
per capita floor area, urbanizationdrease, and demand in more energy services, pursuit of more
comfort level will all contribute the energy demand growginpvidingmore potential in reduction.

® ERI results @rconvertedto IEA equivalent given that ERI follows the convention of using power generation
SldA @It Syt NIGKSNI GKFYy L9! YR [.b[Qa dzaS 2F OIF t 2NRTFA
3.01 lower gross energy content for renewabland biomass.
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Overall, the growth oannualenergy demand in China could range fr8@% t02.8% between 2005

and 2030, and @.to 0.1% between 2030 and 2050, while GDP experiences an avemagthgate of

7.1% from 2005 to 2030, and 3.4% from 2030 to 20%0s impliesivery largereduction in energy
consumption elasticity of GDP even in the laggressiveClS scenarjavith over 76% reductiorelative

to 2005 levels by 205@-{gure32). The energy elasticity is in both CIS and AIS notably lower than that of
any prior historical period in China.
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Figure34illustrates that/ K A ¥urréhéiper capita GDP and average per capita energy use is still very

low compared to developed countries but has the potential to catch up by 20201 K [ . b[ | YR 9 w!
Hnpn aO0SylFINR2a& akKz2g GKF G [ el ofpdr tapita GAP| Witfitd GD® dzN1J &
gAft atAtft NBYIAY 0St26 Y2NB RS@OSt2LISR O02dzy i NASa
projected 2050 pathwayare also noteworthy in thatheir per capita energy use will remain below most
20KSNJ O2dzy iNASa 6AGK AAYAfIFNI D5t fS@Sft &duthh yYRSNI / L
Y2NBF FYR {LIAY Ay wunpn 6KAfS dzy RSN 9wLQ&a 61 asS ao
usein Australia and FranceThese trends underscore the important role China can play in pursuing a

more energy efficient pathway of economic development.
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Figure 34 International trends in Energy and GDP Per Capita, withChina 2050 Scenarios

Carbon Emissions

Figure35illustrates that carbon emissioscould reach geak in the late 2020s to ear®3030s inboth
scenarios, al2 billiontonnesfor CIS ir2033and 9.7 billion tonnesfor AlSin 2027 Thecontribution of
the moreacceleratedmprovementin carbonemissionreductioncould lead to aumulativereduction

of 86.5billion tonnes of C&rom 2005 to 2050predominatelyattributable to the decreased use of coal
and electricity in derand sectors, and the decarbonization of the power sectdnder AlS, annual
emissiorsin 2050 alone could be reduced to aroundillion tonnes from 1 billion tonnes of CQO
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Figure 36 Carbon Emissions Outlook for CIS and AIS Scenarios

Among sectorsthe singlelargestemission reduction potentidletween the Cl&nd AlSanbe seen in
the commercial and residentidluildings sector, followed by the industry sector, aslustratedin Figure
37. The hdustrial sector shows earlgchievemenin emissionreduction, but inthe long-run, more
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reductioncould beachievedhrough moreaggressiv@olicies, measureand technologymprovement
in building sector and lead to more than half of the emissiuluction over the 45 year period.

14,000 ¢ Agriculture
Industrial 11,931 Continuedimprovement
12,000 H m Transport pe 11162
2 Commercial T
.%10,000 | B Residential
IS
w
3 8,000 |
- Accelerated Improvement o
8 7,352
2 6,000 |-
c
)
c
£ 4,000 -
=
2,000 F

0

2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

Figure 37 Carbon Emissions Difference betweeiffwo Scenarios by Sector
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than AIS because it includes aggressive CCS assumptions after 2030, which was not considered under

AIS. Interestingly, the CIS with CC®ade has only slightly lower emissions than the CIS scenario,

suggesting a small net mitigatiampact of only 475 million tonnes of i@ 2050, or 4.5% less than the

total emissionsa 2 NE2 OSNE |4 gA0GK 9wLQa 26 OISNBSadAISY R I O0¢
both peak in emissions in the 2030s. Likewise, all three LBNL scenarios are also very close in scale to IEA
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Figure 38 Comparison of Carbon Emissions between Scenarios

In many respectd, K A ¥i09&@%6 carbon intensity goaltlined in the Copenhagen Accordntinues

I KAyl Qa yS¢é SYySNHE RSOSt 2 LIO&seringhait thekRé% ehergy K & 0 S3t Yy

intensity goal between 2006 and 2004l likely bereached® the remaining portion of the carbon

intensity goal must & achieved over the next 10 yeaBoththe CIS and Al&enario demonstrates that

with continuousimprovement such reduction rate ssible andy 2050, the reductiorcould be as

much as 80% in the CIS scenaFim(re32). However, such reductiowill require strengthening or
expansion of energy efficiency policies in industry, buildings, appliances, and motor vehicles, as well as
further expansion of renewable amdiclear power capacity. Thus achievement of the carbon intensity
goal will require continuing and strengthening ongoing actions by government and industry beyond
efforts initiated during the 11th Fiv¥ear Plan.

From the international perspective, Chi2 & ¥ dzl dzZNBS OF Nb 2y 2dzift 221 | € a2
2050 GDP levels reach the level of GreeceSmathKorea in LBNL scenarios and that of the EU in ERI
A0SYIFNA2aD | 2 ¢S DS NanissioRsirefdiatvaly |hdSmnd retarkabldiheir / h
NBfFGAGSt @ aFfl (FiguaB9jirdicafing thak Becafit2A@MiSsjorismaly yot

increase significantly despite rising per capita GDP.

®In late February of 2011, Premier Wen Jiabao announced that China achieved a 19.1% drop in energy per unit of
GDP between 2006 an 2010 (Li, 2011).
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Figure 39 International trends in CO, emissions and GDP per capita, with China 2050
Scenarios

Coal

Asseen by the shifting endses of coal demand, the sharp decline in coal use is actually the result of
fuel switching in the power sector with aggressive deployment of more renewable antbasihfuel
energy. Specificallyhe transformation sector is reg®nsible for the vast majority of coal engesin

both scenarios through 205@igure40). Of the transformation endises, coal demand for generation
flattens and delines as a share of total coal demand under accelerated decarbonization in AlS.
Specifically, under AlS, the share of coal used for power generation dramatically declines from 43% in
2030 to 16% in 2050 as a result of fuel switching to nuclear, hydropameerenewable. In contrast, the
industrial enduse demandemainsrelatively flat as a share or in absolute numbers under both
scenariosUnder CIS, codemandwould peak aB017 Mtce in 2035hnd could reach the peak earlier
andat lower amount of 217 Mtce in 2019 under AIS.
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Oil

In terms of the rising share of petroleum in total primary energy use, most of the increase in crude oil
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demand is driven by burgeoning transport sectdhat is increasing its share of total oil us&hile the
other sectors all have declining shares of total oil final demand, the transport sectgrewvifrom 55%
of the total toin 2005to 66% in 2050 under CIS and to a shglower 62% under AIS with greater
transport electrification and efficiency improvemer{igure4l). By 2050, the Chinese transport
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Figure 41 CIS and AIS Qil Final Demand by Sector, 2005 2050
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Electricity

The@ YYSNOAIFIEf aSOG2NRa SYSNHAYy3I NBtS Ia | YI22NJ SyS
St SOGNRAROAGE RSYlIYyRZ ¢KSNBE Ay RdzshoidtiadofffeSodthel y Ay 3 &K
O2YYSNODALE &S0 2Aged?). nHach| ufiderACySIthe dtimétdal séctor will be

responsible for nearly onthird of all electricity demand despite continued efficiency improvements in

heating and coolinggquipment and lighting. The transport sector under AlS also has growing share of
electricity demand because of more aggressive rail and road electrification.
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Figure 42 CIS and AIS Electricity Final Demand by Sector, 20052050

Sectoral Results
Residential Buildings

AsFigure43 and Figure44 show, residential primary energy demamontinues to grow rapidlyput this
growth wil slow by 2030. I€ISdemand rises between 2005 and 2030 at a rat@ 8% per year, but
increases by only 6% per yeathereafter. This slowing of growth is largely due to saturation effects, as
the process of urbandion will be largely complete andost households will possess all major
appliances by 2030.

The main effect of thé\lS pathways to cap the longerm energydemand plateau at a significantly
lower level, abouR3% lower than irCISn 2030. Further growth iAlISis nearly zeroso that by 2050
energy demand i27% below ClEffects of this magnitude in any sector are significant, and show that
policy actions taken now to cap energy intensity in{imaiustrial sectors can contribute greatly to

I KAYl Qa FoAf Ale IntdssdraigthSopririidEan of fensity yeRudtion is
magnifiedby the decarbonization of the power sector.
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Figure 43 Residential Primary Energy Consumption by EndUse
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Figure 44 Residential Primary Energy Consumption by Fuel, CIS and AIS

Energy demand in residential buildings has been rising very fast in recent years. The forecast for further
energy consumption growth in this sector, and the difference between alternative scenabiasaid on

the degree to which energy consumption levef§, when, and at what level. In boIS and AJS

household energy consumption will continue to rise over the next few years. Energy demand growth is
expected across end uses, especially for appliances (including air conditioning), and for space heating
Appliance consumption grows most rapidly, but plateaus by about 2030, in both urban and rural areas.
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In absolute terms, urban appliance consumption energy demand is d&woutimes as high in 2030 as

in 2005 to reach over 20dtce. In rural ares, applance energy consumption increases by a factor of 10,
also reaching nearly 20@tce. Space heating grows more gradually than appliances before 2020.
Thereafter, demand growth for space heating is slower, but this growth continues through 20a[5, In
residential energy demand plateaus by 2020, and stays level through about 2040, at which point
increased space heating demand causes total demand to rise again, in spite of efficiency improvements.
This earlier plateau in thalSleads to significantly lowaedemand considered over the length of the

forecast. Figure45 shows that savings opportunity in the residential sector are distributed across end
uses, with applianes and space heating showing the largest savings.

These results show that, in the residential sector, even as energy demand grows with GDP (since
appliance ownership in the model is directly related to household incoinie)growing more slowly and,

in the long term becomes even more decoupled. Ah8demonstrates the potential for household

energy consumption in China to become completely decoupled from economic growth in the long term.
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Figure 45 Residential Primary Energy Use and Potential Reductions by EndJse

Commercial Buildings

While building energy demand in the commercial sector is driven by different variables than that of the
residential sector, the patters expected over the medium and long term amilar. Specifically,

energy demand in this sector is currently still growing rapidly, but there will be a slowing of growth in
the medium term, reaching a plateau by about 2030. Total commercial buildingsfltace may

saturate in the short term, bugnd uses of energy havenuch room to grow before reaching current

levels in industrialized countries. In particular, lighting, office equipment and other end uses in these
buildingsare expected to grow dramatically through 2030, but then level off.
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Themain dynamic of energy consumption in commercial sector buildings revealed by this study is that
energy growth will be largely dominated by intensity increases, rather than overall increases in
commercial floor area. As noted above, increases in commdailaing space will be limited by the
YydzY oSN 2F 62NJ] SNE | @t Af | abviie the2corbiia activity B Mis febtdr A y
will continue to gain in significance, growth in the physical infrastructure will by no means keep up with
growth in value added GDP. The first main implication of this to contributed to the future ongoing
decoupling of energy demand with economic growth.
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Figure 46 Commercial Primary Energy Consumption by End-Use
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Figure 47 Commercial Primary Energy Use by Fuel
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Industry

Within industry, the energy consumption of the seven sectard y 3t SR 2 dziiteriny / KAyl Q& f
development plan for substantial energy efficiency improvements will gradually decline relative to other
sectors, though stilhccount ford7% of total energy consumption in 2050, down from 61% in 2005 S.

In the casef the iron andsteel and cemenindustriesA y LJ- NI A Odzf | NE / KAyl Q& SELIS
rapid industrialization and infrastructure development to more intensive growth and expansion in the

services sector after 2010 underlies the slowdown and eventeeline in total iron and steel output

and in the growth of the cement indust(Figure49). Amongthe sectors it h 1§ KSNJ Ly Rdza i1 NB ¢ = 2
increases in energy consumgm growth are expected from the refining sector, the coal mining and

SEGNI OliAzy &aSO0G2NE |yR GKS 2Af FyR 3+ & SELX 2N) (A2
challenged by the requirements to produce cleaner fuels in the face of g psaportion of highsulfur

crude oil in the processing mix, will need to add substantial numbers of eim@agsive secondary

processing units such as hydrotreaters at existing refineries. Similarly, both the coal and oil and gas

industries face higherreergy consumption driven both by an expansion in the scale of activity and in

rising unit energy costs of extraction as the resource base is drawn down.

The energy use of each of these ssictors in absolute terms all decline modestly over time. The only
exception is in energy use by the ethylene sglotor, which grows notably from a 4% share of total
industrial energy use in 2005 td% share in 280. The model results for projectedlSand AlSindustrial
energy use reflect key differencesanly efficiency improvementsyith a290Mtce reduction in energy
use underAlSin 2030, and®274Mtce in 2050 as seen irFigure48.

Themore efficient AlSlevelopment trajectory has differing impacts on energy reduction in each of the
sevenindustrial subsectors.Between 2005 and 203@he iron and steebnd cementsub-sectois
comprisethe largest energy reduction potential undeoth CIS and AIS scenaniben compared to

other subsectors.However from 2030 to ZiD, the largest energy use reduction potential in this
scenario is in thaluminumsector, followed by th steelsector. As the suBector with relatively low
production and net imports, ethylene haggativeenergy use reductio

"The gvenindustrialsubsectorsanalyzed in depth in this study include iron and steel, cement, aluminum, paper,
ammonia, ethylene and glass industries.
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Figure 49 Industrial Primary Energy Use by Subsector

Possibly even more important, however, are the implicatiohihiese trends for the industrial sectors.

This effect is considerable. Energy demand in China is clyrdorhinated by a few energyntensive

sectors, particular by the main construction inpgtsement and iron and steel. The recent explosion of
construction in China has had a driving role in these industries, and therefore Chinese energy demand as
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a whok. The slowing of this construction boom will therefore have a major impact as seen by the
peaking of industrial primary energy use around 2030. Under AIS, the largest subsector potential for
energy savings is the iron and steel subsector, followed byher (northeavy)industry and cement
subsectors.
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Figure 50 Industrial Energy Savings Potential by Subsector

Transportation

In primary energy terms, the impact of improved efficiency in motor vehicles and accelerated
electrification of passenger cars and the national rail system lowers total transportation energy use in
2050 by107Mtce compared to CIS. This is particularly evident in the reduction of petroleum use by
nearly 46 Mtce, offset by increased use of electriciBigure51). This iseident as well in examining
energy use by transportation mode for both passengers and freightre consumption for passenger
road transport declines by aboufl@ Mtce owing to the higher penetration of electric vehicl&sglre

52). Because electrification of vehicles is primarily applicable to passenger cars and not-tiskamge

or heavyduty truck or bus transport, it is assumed in both scenarios that intermalbustion engines

will remain predominant, yet improved in efficiency over this period. Similarly, efficiency gains in both
water and air transport remain the same in both scenarios as well.

The fuel mix for transportation shifts between the two scenari@kina primarily relies on diesel for

transportation (truck, train, inland waterways), and this reliance remains in both scenarios as the

potential for fuelshifting is less than in the case of gasoline. Gasoline consumption begins to decline
absolutely &er about 2030 in the AIS scenario as growing use of electric vehicles displ&tgsrgd3,

Figure54). Demand for heavy oil for ship bunkers continues to rise, reflecting expectations of continued
IANRPGUGK OoFfoSAG G £26SNINFGS&a0 2F [/ KAYFEQa AYyiSNYyl!
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2050

In total, oil demand decreases by 1ddllion ton of oil equivalentNItoe) in 2050 in the AIS scenario
compared to CIS. This is predominately due to the displacement of gasoline, but additional volumes of
diesel are saved through increased rail electrifma LPG savings result from improvements in cooking
and water heating equipment in the residential and commercial sectors, and saving of refinery gas are
due to the reduced need for refinery processing of crudéragureb4). In terms of refinery processing
capacity and crude oil demand (including domestically produced and imported crude oil), it is assumed
effective refinery capacity will be 95%adgregate dome#t demand. Because of the demand mix, this
results in large volumes of both refined product imports and exports.
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Figure 55 Petroleum Savings in the AIS Scenario

The demand pattern for oil as seen earlieFigure54is fairly well balanced with refinery product

output given the slate O NHzRS | yR GeLiSa 2F (SOKy2t23ASa Ay dzas
trends to 2050 result in significant imbalances between what is demanded and what can be produced
from refineries, even considering potential shifts in the output slate as #mahd slate changes.

Because refineries operate as a coproduction process, attempts to balance domestic production of one
product with demand will most likely result in imbalances in other product types. Indeed, in both
scenarios, China becomes more depentdon a mix of product exports and imports to balance

production and demandHigure56). In the CIS scenario, a strong focus on diesel maximization in
refineries comimed with improvements in diesel vehicle efficiency and continued electrification of the
rail system results in a diesel surplus, while growing imports are needed to satisfy demand for naphtha,
gasoline, jet kerosene and heavy oil (bunker fuel). LPGhéomiost part, remains in balance. In the AIS
scenario, however, after a short period of gasoline deficit owing to rapid increase in car ownership,
aggressive displacement by electricity results in a gasoline surplus. The remaining products remain in
deficit. Although this imbalance can be somewhat mitigated through further investment in refinery
technology, the imbalance shows that policies focused on a single fuel (e.g. gasoline in personal cars)
can have unintended consequences for both the refining searal foreign trade.
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Figure 56 Major Oil Product Imports and Exports

The lower transport final energy demand in AIS can mostly be attributed to savings from more
aggressive fuel economy improvements in lighty bus fleet andyreater EV penetration, with rail
electrification having a diminutive effedtigure57). In particular, additional fuel economy
improvements in buses and fuel switching in cars under AIS had the greatest gasoline final demand
savings with 117 Mtce in 2050, followed by diesel savings from rail fuel switching at 26 Mtce in 2050.
However, diesl energy savings are offset by an increase in electricity demand for rail, with 24 more
Mtce needed to power 15% larger share of electrified rail n 2050.

Figure 57 AIS Change in Transport Final Energy Demand Relative to CIS
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