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Introduction

This reportpresentsheresultsof a studytitled Costs and Benefits of Le@arbon Economy And
Society Transformation in Russia. 2050 Perspeciite.studywasaccomplishedy the Center

for Energy Efficiency (CENEf) in cooperationwith expertsfrom the Institute for Economic
Forecastingof the Russian Academy of Science, Energy Research Institute of the Russian
Academy of Science, Russian Presidential Academy of National Economy and Public
Administration (RANEPA), Gaidar Institute for Economic Policy (IEP), and Massachusetts
Technology hstitute (MIT). Someresultsobtainedby the InternationalEnergy Agency were
alsoused in the study.

This is a uniqueproject forRussia A numberof researchgroupshavedevelopedscenarionf
energyrelatedgreenhouse gas (GHG) emissions (@missionsfrom all activities that involve
fuel combustion andugitive GHG emissions in fueproduction, transportation, anduse
processes This was done building on preliminarily coordinated scenario assumptions
underlyinglong-term GHG emissionstrajectoriesto ensurebettercomparabilityof results and
wider coverageand appropriatestructuing of GHG emissioncontrol options fiAction plan to
ensurehe determined volumef greenhousgasemissiom approved byheRussian government

in April 2014 includesthe developmenbf greenhouse gas emission projections to 2020 and to
2030. Thisstudyis animportantsteptowardsthis planimplementation

The project purpose was to identifgostsand benefitsof Russids low-carbondevelopmento
mid-XXI century and to find out if low-carbon developmenth a mper s or dri v
economic growth. Involvemerdf severalRussianand foreign researchgroupsallowed it to

come up with welbalancedanswersto two questions:(1) is there acorrelationbetweenthe
economicgrowth in Russiaandtransitionto low-carbondevelopment trajectories; and (2) what
GHG emission control commitments can Russia make to 2030 and to 2050.

The report consists of three sections. Sectiga summaryfor policy-makerswhich presents
theresultsof the researchn a clear and concise forrt.formulatesthe basicfindings andshows
thedegreeof e x p eagreemént. Thisectionnot only showsemissiontrajectoriesbut presents
adetailedpi ct ure of the pot entysyaém. Eigeoelgypicturecalor o f
paletteis muchricher, thanthe one normally usedin official documentsi nc |l udi ng i n
Energy Strategylt displayswider and more comprehensivepotential alternatives for energy
sector development pathways2050.

Section Ilwasdevelopedoy CENEf and elaborate®n the coordinated assumptions underlying
long-term projections of greenhouse gas emissiapectories The participatingesearctgroups
kept totheseassumptionswhile developingtheir scenariosto ensurebetter comparability of
projectionresults and to better comprise and structure the variety of emission control options.

Sectionlll presents onlyhe contributionby Igor Bashmakov (CENEf)Contributions by ther
research groupsncluding by Yuri Sinyak (Institutefor Economic Forecastingof the Russian
Academy of Science), Alexey Makarov (Energy Research Institute of the Russian Academy of
Science), Sergey Paltsev aldlena Kalinina(MIT), Oleg Lugovoy, Dmitry Gordeev, and
Vladimir Potashnikov (RNEPA and IER are availabl®nly in Russian at .

This researchs intendedprimarily for the expertcommunityanddecisionmakers. Aresumefor
thegeneralpublic, i.e. for thoseinteresedin climatestabilizationissues was also developed, yet
is not part of thisreport This resumeis structuredas answersto twelve frequently asked
guestions


http://www.cenef.ru/

This reportbuilds on a seriesof earlier studiesthat focusedon whetheror not it is possible to
make aransition to lowcarbon economy in Russia. Tfiest studyin that serieSwasdevotedto
the identificationof f act or s b e hi n-clatd wreenhoasé gas emissawolyition
back in 19902011. The secondstudy’ focusedon the comparisonof Russi@s energyrelated
greenhouse gas emission projections to 2060weredeveloped ir20082012

Hopefully, this first ever positive experienceof cooperationand projectionsexchangebetween

the researclgroupswill lay a basisfor an ongoingforum to discusslong-term perspective®f
Russi@s economi¢ energy and environmentadevelopmentandthe results of this cooperation

will become a reliable base for decismma ki ng r el ated to Russi ab
control policies.

The authorswould like to offer their special thanks to Tatiana Shishkina &aliting this report
andtranslatingt into English and to Oksana Ganzyuk for getting it ready for print.

Theauthorswish to express their particular appreciation to WAREssia for providindinancing
required to publish B reportin Russian

Igor Bashmakov
ExecutiveDirector, CENEf
2007NobelPeacelrizeWinner (asa memberof IPCC)

! Bashmakov I.A. and A.D. MyshalEactorsdriving Russid@s energyrelatedgreenhouse gas emission. Analysis
basedon data from theNationallnventoryReport.i Moscow.Meteoagentstvo Roshydrometa, 2012. (In Russian).
2 Bashmakov I.A. and A.D. Myshak2013).Comparisorof energyrelatedgreenhousgasemissionprojectionsfor
Russiafor 2010-2060.Problemy prognozirovaniya (Problems of forecasting). In print.
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Sectionl

Summary for Policiakers



1 Global trends in greenhouse gas emission and
emission control targets

It has been proved that anthropogenic impact is the dominating factor behind global
warming. Greenhousgasabsorptionabilities of ecosystemarelimited. Therefore in the same
way that an attemptto add more waterto a full glassleadsto a waterspill over the tablecloth
relatively small (in relation to the carbonbudgej additional anthropogenicGHG emissions
increasgyreenhousgasconcentrationt theatmospherandcontributeto the globalwarming.

The anthropogenic impact can be mitigated through emission control policies. Thisis
exactly the focus of the UN Framework Convention on Climate Change (1992) and the
Kyoto Protocol (1997). The Framework Convention has formulated the goal of avoiding
dangerous anthropogenic impaoh the global climateAvoiding dangerousmpacs is currently
understoodas maintainingaverageglobal surface temperature charggow 1.5-2°C of the pre
industrial era. Th&yoto Protocolwas supposedo help industrializedcountriesreducetheir
emissionsdy 5% over 20082012in relationto the 1990level. In 2009 an unsuccessful attempt
to extendand expand the Kyoto Protocol was maideCopenhagen. Howeviemany countries
andgroupsof countriescommited to controlGHG emissionso 2020andbeyond.

In 2000201Q global GHGs emissionwas growing faster (at 2.2% per year), than in three
previous decadegat 1.3% per year over 1970-2000), despite the economic stagnation and the
efforts taken by thencreasing number of countries to implement the UN Framework Convention
on Climate Change and the Kyoto Protocol (Fid. @xrbondioxide emissionaccumulated since
1750 has doubled over the last four decades: 86fbin. t CO, in 1750 1970to 2000bln. t
CO,in 17502010 ¢ [> remainsthe majoranthropogenigreenhousgas(its share i2010was
76%). Methaneis responsibldor anotherl6%, nitrogen monoxide for 6%, and other greenhouse
gases for 2%GHGs emissionfrom fossil fuel combustiorin 2013exceede®2bin. t ¢ [>..q and

in the absence of tough emission control policies may grow Ugd{@0 bin. td [oeq by 2050

and to90bin. tu [5.eq. by 2100.

Energy sector (energy production, transformation, storage,transmission and distribution
processey is the major and the fastest growingGHGs source. In 2010 35% of GHGs
emissionwas observedn the energysector 24% in the land useandland use change21%in
industry, 14% in transport, and% in buildings. With indirect emissionsfrom electricity and
heat generationincluded the sharesof industry and buildings grow up t82% and 18%
respectively. Limitingglobal warmingto 25C will requirereductionin specific GHG emissions
from electricity generation to a level beld@0 g & Jf>..q/kWh in 2050 and nearly to zero in
2100.

Calculations show that without substantial additional emissioncontrol policies it will be
practically impossible to keep GHG (CQ.¢q) concentrations in the atmosphere a#50-500

parts per million over the next 20 years It meansthat unheardof emissionreductionefforts

will be requiredin 2030-205Q or that largescale use of technologies that allow for GHG
removal from the atmosphere or for atmosphere cooling will be needed beyond that period
Albeit mitigation of climateforcing involvessignificantcosts(andestimatedevelsof thesecosts

are very differen), they can be substantially reduced through the removal of barriers to the
market penetration of lowarbon technologies and throughitakaccount of a variety otlated
indirect positive impacts.

% This section réés on WGIII IPCC AR5 findings. See Climate Change 2014. Mitigation of climate change.
Summary for policy makers. Working Group Il contribution to the Fifth Assessment Report of the IPCC. Accepted
by the 39" Sessions of IPCC. Berlin, Gaany and T. Bruckner, |. Bashmakov, Y. Mulugetta and others. Energy
Systems. Chapter Tlimate Change 2014. Mitigation of climate change. Summary for policy makers. Working
Group Il contribution to the Fifth Assessment Report of the IPCC. http://wwevdpt



The major drivers behind global GHGs emissiongrowth were economicand population
growth that exceeded themitigating effects of energy efficiency improvemens, while the
impact of carbon intensity of energywas differently directed (Fig. 1). Accelerationof GDP
per capitagrowthresultedin the acceleratiorof the global GDP growth even with slowing down
populationincrease The ratesof energyintensity reductiondriven by improvedtechnological
andsectoralstructureof GDP were (1) lower, thanin the 9 Ge$ (2) uneven(the reductiontrend
was interrupted thrice over the last 10 years); and (3) insufficient to block prenargy
demandgrowth. Thisgrowth was determinedby sources in noiOECD countries Per capita

energyconsumptioronceagainshowedntensegrowthafters t abi | i zati on i n
Figure 1. Combination  of factors that determined global energy
demand and energy -related CO, emission dynamics in 1971 -
2010
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Global energy balance diversification trend was generally sustained but fossil fuels
maintained and strengthened their dominating role. Oil kept losing its market share
however oil consumptionwas growing up at 1% per year, primarily in transport and in the
developing countries. Aftepeakng in 2005 oil consumption inOECD countrieshas been
declining Naturalgasconsumptionwas growing up at 2.7% per year, yet over the last decade
natural gadost the statusof the fastest growing fossil fuel. karly XXI centurythe long-term
downward trendn the role of coal in the global energy balance was temporarily br@cad.
consumptionwas growing up at 4% per year and was responsiblefor nearly half of primary
energyconsumptionincrease. Coatonsumptionincreasen Asia alone(primarily in Chinaand
India) over 20002010 equaled the total increase global consumption ofenergy from all
sources irl990-2000.

Renewable energy sources were responsible for 13.5% of 2010 global primary energy
production and for 21% of electricity production. Renewableenergy sourcesbecamethe
third largest electricity generation sourceafter coal and natural gasand havegood chances
of becoming the second largest source by 202Blectricity generationby wind plantshas
grown up 5-fold, and by solar plants 26ld over the last decadén 2012 wind plantswere
responsible foR% of total electricity generationand from 2008 onwasrdthis share has been
growing at 0.3% annually OECD countriesand Chinawere responsiblefor the major part of
wind- and solar energy generation increase. Siereof hydro powerplantsin 2012 electricity
generation equalet.3%(BP, 2013).

t



Nuclear energy sector, overlaid with problems related to security, waste disposal non-
proliferation, and growing capital intensity, was responsiblefor only 11% of electricity
generationin 2012versus17% in 1993 The shareof nuclearenergyin global primary energy
productionhasbeendeclining since2002, and absoluteelectricity generation by nuclear plants
since 2006All thesetrendsformedwell beforethe Fukushimanuclearaccident in March 2011
After 2006,nuclearenergygeneratiorgrowth hasgeenobserved primarily in China and Russia.

Combinationof thesefactors lead to a paradox in the decade of themost active GHG
emission control policiesglobal downward trend in carbon intensity of energy (1970-2000)
was reversed (Figl). As aresult energy relate@émissiors growthaccelerated (Fig. 2). 12011,
emissions went up b$% (according todifferent sources), and in 2018 another 2% (IEA,
2013;BP, 2013;Enerdata2013. Globaltrendsmaskbig differencedn the evolutionof regional
energyconsumption scale and structure and of regional emission evolution (Fig. 2).

Figure 2. GHG emissions fromfossil fuel combustion by sectors and regions in
1990and 2010
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Source: built by the authors basedIBA/EDGAR datase(IEA, 20123, JRC/PBL, 2012)data for Russia from the
2013 National Inventory; 2011 data for regions friéA, 2013a.

By 2010, Asia had become the major emitter with 41% shmatbe global emission China
moved the U.S. from the first place amongthe largestemitters, and India went third taking
Ru s s i a 06GHG enisaiangrawthin nonOECD countriesin 1990 accelerated from7B6in
1991-2000t0 5% in 2001-2010.Asian countriesspurred global GHG emission growth in 2000
2010 exactly irnthe energysector Asia wasresponsibldor 79% of the emission increase over
1991-2000 and for83% of the emission ingase in2001-2010. Despitethe fact that average
specificper capitaGHG emissiongn the world andin manyregions have declined, in Asia they



showed 64% growth (Fig. 2). I8hing they have exceededhe levels observed in som&uU
countries (for examplen France).

Economiesin transition, including Russig are the only group of countries whose 2010
emissionswere much lower than the 1990 levels. Only this group of countriessucceededn
decouplingeconomicgrowthand GHG emissions: in 2010, GDP of this region vi@86 above
the 1990 level, while GHG emissions were 29% lower.

In the absence of additional emission control efforts the warming will equal 3:Z2.8C in
2100. If the warming is to be limited to 2C, it is important to reduce global GHG emission
in 2050by 40-70%, and in 2100to practically zero. These are the findings formulated in the
Summary for policymakers prepared by the Working Group Il in the framework Bf 5
Assessment Repouf the IPCC.

2 Ru s s igeeénsiouse gas emission trends5

of ficial i nf or nedl®G enoission® can LR doansl indhé dlational Inventory
Report on GHG sources and sinks (hereinaftereferred to as the National Inventory
Report), which is submitted by the Federal Agency on Hydrometeorology and Environmental
Monitoring of the Russian Federation (Roshydromet) and prepared by the Institute for global
climate and environment of Roshydromet ahe Russian Academy of Scienfoshydronet,

2013). This National Inventory Report is prepared on the annual basis and presented to the
UNFCCC Secretariat 1in compliance wi t(AnneRlus s
incorporates industrialized countriemnd transition economies)Accordng to these datg
Russid@s 2011emissiorwas29% belowthe 1990level.

Whilst most countries kept increasingtheir emissions Russiaalone managed toimpede the
negative anthropogenic impact for a whole yearln 1991:200Q Russiamadethe largest
contributionto the reduction irglobal GHG emission The mosttangible emissionreduction
took placein 19901998 followed by a subsequent slow growtinich wascompensatetly the
growing sinks. In2011, Russid@s emissionsand sinks of all GHG from all sourceswere 51%
below the 1990 level. It is one of the most substantial reductions in the worl#8011 energy
related GHG emissionswere 30% below the 1990 level. In 20002010 Russid@s emission
demonstratedrery small growth. In1991-201Q cumulativeGHG emissionreductionin Russia
(incl. sinks) equaled 32.bin. t4 [oeq (Fig. 3). This is morethanglobal annualenergyrelated
t Jo emission(313 bin. ty fo.eq in 2017 (IEA, 2013).

During 1991-2010, Russia was the worldelader in cumulative reductionof GHG emission,

and to a large extent compensated cumulative emission increase in other regions of the
world. While global energyelatedu [, emission grew up by 45% ov&8902010,in Russia it
declined by 37%. Cumulative reduction of energlatedd [, emission in Russia over991
20llequal s 5 yearsd6 EU emission, exceeds 3 vy
of China.Emissions from thereergy sector and indugtiand leakages from the energy sector
dominate in the emission structut@n the whole, the share a#nergy sectoin 2010 total
energyrelated emission was 71%. The share of industrial process emission and leakages is quit
significant(22%)andis not to be ignored the analysis. The share of industry and construction

is 8%, of tansport 12%of commercial, residenti@nd other sectors 7%.

* Climate Change 2014. Mitigation of climate change. Summary for policy makers. W@king |11 contribution
to theFifth Assessment Report of the IPCC. Accepted by tffeSSsions of IPCC. Berlin, Germany.
® For a detailed analysis of GHG emission trends and factors in2@BDse¢Bashmakov and MyshaR012).

10



Figure 3. Emission evolution and structure by major sectors in the
Russian Federation ( E), Evolution of cumulative reduction in
GHG emissions in the Russian Federation (b)

3 500 000

3000 000 o
2 500000 4 S00C000
2 000 ooD 4 :1 COo0CoD
i
Ei1 SO0 OO0 E%'11 S000C0D
g :
o g
9: 1000000 4 += 2 000000T 4
3 §F
< 500000 4 I
= Fkzoocoon |
a T T T T T T T T T T T T T T T T T T T T T
2 000000T 1
=500 000
2000000
=1 0D QOO
c}v—nmimmhm@o-—mm*mmluwmg: 40000000
BEEGEEEERE0REE5888E88880
rrrrrrrrrr R R R R R R iaai
— \Waste World energyrelated CQ@emission

Zg;ﬁ:sut% o = Energy sectof CO,

Solvent ancbther product use Energy sectoi CO,, CHs, NO
oy e Total GHG, incl LULUCF
_Ha:, incllLLLlJJLLLlJJCéF':: . 1 012l GHG, excl LULUCF

oa,excﬂww k-
a b

Sourcel. Bashmakov and A. MyshgR012).

Reality dramatically contrastswith the generally held view that the economicstagnation of

the ear | yt h9%0 oneasj owa sf act or behi nd.If Bisbasl be®o s €
the only factor and no other policies hadhadany ef fect, then Russi a
exceeded the 1990 level as early as in 20Until 1995 declining economicactivity lead to
emissionreduction(Fig. 4). This happenedgainin the yearsof recession 1998 and 20009. If
economicgrowth had beeneven acrossall activities in 20002011 and energyand carbon
intensityhad not been declining, then in 2011 enemggted GHG emissions would hakeen

3.6% above th&990 levelHowever in reality 2011GHG emissionwas30%belowthatlevel.

Structural reforming policies in the Russian economy substantially contributed to
hampering emission growth and to practical decoupling f economic growth and CO,
emission).Potentialemissiongrowthinducedby economicgrowth wasneutralizedoy a number

of factors that were bringing the emission dowrn structural shifts in the economy were
responsible foB4.1% of such neutralization; reduction of specific GHG emission per fuel unit
driven by increased natural gas use for another 4.2%; energy efficiency improvement for 8.8%
growing capacity load for 298; and the price factor for 0.5% (Fig. ach percent of GDP
increase (reductig wasfollowed by only 0.35 percemf energyrelated GHG emission growth
(reduction).Since major emission sources include sectors that are only slightly affected by cyclic
economicfluctuations (energy industries, residential sector, and motor transport), with GDP
decline the structural factor relatively slows down emission reduction, while with GDP growth it,
on the contrary, slows down emission increase. The role of dgcliors grows upif capacity

load fluctuations are taken into account: wioapacity load drops during stagnati@pecific
energy consumption goes tiplowed by specific emissiongind when it grows up, a reverse
effect is observed.

11



Figure 4. Contributions made by four factors to annual evolution of
fossil fuel | |, emission
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Source: Bashmakov I.A. and A.D. Mysh@012).

Technological energy efficiency improvements also contributed to the emission reduction.
However, this contribution might have been more substantialwhile in reality it did not
exceed 1% per year. Thiateis aboutequalto whatwe see in the industrialized countrids.
fact, energyefficiencygapwith theindustrializedcountrieswasnot narrowed in20002010.

The reality has put to shame the thesis made by Andrei lllarionov that hampering C®
emi ssion threatens RUfsN2006D G0 8& c R ecammyahadsipeeco w t
growi ng wi t ho wtappfoximately 5% et annurglgiermined by an attempt to
live out another fale thesisof GDP doubling within 7 years, there may hawet no CQ
emission increase in 199810 whatsoeveil he basicmistakemadeby lIllarionov is thathe did

not take any accountof structuralshifts, butjust mechanicallyappliedthe resultsobtainedfor
countrieswith the investmentgrowth model (growth to a large extent determinedby the
construction of newcapacites) to Russia, where in 208011 restorative growth was
dominating (output increase through increased load of existing dapacit

3 There is no single road to the future. Evolution of
R u s ssigeeénhouse gas emission perspectives6

Despite the fact thatRussian expert communityinvolved in energyrelated GHG emission
forecasting is quite small, the scenario database is already wealeveloped andpopulated

with scenarios that were developed initferent years by both Russian and foreign expert
groups. In the work done by CENEf (20126 papes and 71 scenariagere analyed

Analysis of these scenarios grouped in 5 sefSig. 6) showed, that he uncertainty zone of
projected energyrelated GHGs emission trajectories was very largefor papers written in
20082012 emission projections for 2050 range between 220 and 6500 million tong, The
20082009economic stagnatioandsubsequente-evaluationof possibleeconomicdevelopment

® For a detailed analysis of GHG emission evolution projections see (Bashmakov and Myshak, 2013) and CENET
(2013).
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rateshavegiven up on the fiSisyphu® Wayo setof scenarioqtrajectories with GHG emissions
exceedings,000min. t & Joeq iN2050) Pr 0oj ecti ons wunder thhswmessiBas
asusual (BAU)scenarios build on the assumption that such parameters as GDP energy intensit
and carbon intensity of energy will show inertial dynamics keetaitiige retrospective rates, and

no rate acceleration policies, except those already adopted prior to thetmnjdevelopment,

will be successfullydeployed For most trajectories ithei Car b o n Pdf scénariadhed s e
emissionwill not go beyondthe 1990level until 2060 due to successful modernization of
Russian economylhe fiLow-CarbonRussi@ family of scenariosassumehat specialemission
control policies will be pursued including GHG emissiontax or emissiontrading coabed
methaneutilization and carbon capture and storage technologies; aceeléaisformation of

the fuel balance in the electricity and automobile transpectorsthrough the introduction of
emission quotas; etélowever this family of scenarioss characterized by moderate emission
chargeandquotas.Finally, the fiLow-CarbonRussiai AggressivePolicie® family of scenarios
assumehat Russia W}l maketoughemission reduction commitments.

Figure 5. Energy -related GHG emission evolution trajectories to 2060
as projected by a number of research groups in 2008 -2012
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Presidential Decree No7 5 2 A On greenhowssse dgamdoptddins s i
September 2013 requires emission sustained at no more than 75% of the 1990 level.
Projections that were made in 26P812 building on very different economic development
assumptions are not very much help in understanding if Russia can reliably comply with this
Decree. Some other questions are also difficult to answer, for example: whaa n b e t he
of such reduction? Whatommitmentscan Russiamaketo 2030 andto 2050?Canit cut its
emissionby 50% or more? Answers are not obvious, but they are important, especially before
the new round of negotiations on the new glagkement which is to (may) be signed in Paris

in 2015. Thisproject was implementedexactly to find answersto thesequestionsby pulling
togetherefforts of severakesearclgroupsto updatetheir projections
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4 Coordinated scenarios and storylines

The project purpose was t o i de-garbonfdgvelapmentt s ¢
to mid-XXI century and beyond, and to find out if low-carbon development hampers or

dri ves Russi a0 s Beeaose the pnoject wasrinopiememted by severakiRo

and foreign research groups, it allowed to come up with abaédinced answer to the question if
there is a correlation between the economic growth in Russia and transition-tarhon
developmat. The study wasccomplishedoy the Center for Engy Efficiency (CENETf), the
Institute for EconomicForecastingof the Russian Academy of Science, Energy Research
Institute of the Russian Academy of Science, Russian Presidential Academy of National
Economy and Public Administration, Gaidar Institute focoBomic Policy (IEP), and
Massachusetts Technology Institute (The MIT Joint Program on the Science and Policy of
Global Change); besides, some projections made by the International Energy Agency were als
used in the study.

Long-term projections are essenal to reveal serious problems that can be faced by the
country in the future, and to make preventive decisions to mitigate, if not address, these
problems. The need to change the economic development model; problems determined by &
tough demographic sittian; the inertia of economic systems that requires both early decision
making and assessing the letegm consequences thergeafre all factors that lead to the

i ncreasing number of projections of Russi g
econonic subsystems not only to 20204Q but to 2050 and beyond.

Whil e all resear ch gr oup senewggeen vci or nopnrmeehnet nos 1 NYc
their calculations, these models differ in their level of complexityThey may also differ in the
approaches téongterm modeling (optimization or imitation models); riesolutionof energy
production and consumption procesest involveGHG emissions; and in GH{overageand

all thesemodels may reflect the impacts ofa wide range ofemission control policiesvith
different flexibility.

If balanced decisions are to be made, it is veryeneficial to be able tocompare projection

results andto estimate the degree of agreement or disagreement in the expert community

in relation to the most important parameters d sustainable development and GHG
emission control policiesTherefore, it is important that at least part of calculations be based on
coordinated assumptions and that there be a possibility to estimate the degree of expel
agreement or disagreement, whish determined by different concepts, analyssls and
scenario assumptionBrojections comparability depends on the scenario assumptions, models,
problems to be addressed, etc.

GHGs emission evolution scenarios to 2050 and beyond build on social and economic
storylines, which are too uncertain to be unequivocalThese storylines are embodied in
scenarios thaintegrate qualitative parameters of development (identification of conaegts
drivers of future development and a set of quantitative estimates of input variables, as well a:
other parameters of model§)ifferent combinations of these zones were selected for scenarios
development (Table 1).

In all, research groups develope®0 scenariosthat practically comprise the whole variety
ofAivi si ons o0 .dNbtalltntateix célls in big. 6 are equally populated; however, each
family is represented by at least one scen&BNEf considered 11 scenarios; IEF 8 scenarios;
ERI 2 scearios that were used for the concept development for the RF Energy Strategy to 2050
RANEPA and IEP considered 5 scenarios; MTI 2 scenarios; and 3 scenarios were considered |
the IEA publication2012 Energy Technology PerspectivélEA, 2012b). Scenarios with
moderate economic growth rates and Acurrent
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Table 1

Basic input variables for

Matrix of families of scenarios

Storylines (concepts of the future)

scenarios Dynamic growth Moderate Moderate Slow growth
extensive growth intensive growth

Population H M M L

GDP** H M M L

Factor productivity growth High (3-4%per  Moderate(1-2% Better than Low (0.5-1% per

determined by technological yeai) per yeay moderate (B% yeal)

progress per year)

Qil production H M M L

Natural gas production H M M L

Qil price H M M L

Emission control policies current policies  current policies  current policies  current policies
new policies new policies new policies new policies

vigorouspolicies

vigorous policies vigorous policies

*H i probable upper zone; Mmore probable zone;Lless probable lower zone.

** |f GDP is specified in the model, GDP growth parameters are not input variables.

Source: Igor Bashmakov. Section 2.

Figure 6. Distribution of scenarios by families
Economic growth rates ]
Dynamic Moderate Moderate Slow
intensive extensive
CENEf CENEf CENEf CENEf
£9 DGr-CP MIGr-CP MEGr-CP SGrCP
o5 IEF3-3 IEF 2-2-1,2-
g S 1241 ¢1,ERI RANEPA
Target BAU MIT
IEA 6DS Reference
n CENEf CENEf CENEf
-% DGr-NP MIGr-NP MEGr-NP
E IEA 4DS RANEPA
= CAP50
% RANEPA
TAX
0 CENEf
g2 MIGr-VP
S = IEA 2DS IEF
S a 2-2-1,202

Source: Authors
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Box1.Par amet ers of possible Avi si

ADy nami c These scénhrios assume sustainable GDP growth at a rate faster t
per year t hdroowng hmotdheer nfitzeapt i ono by the in
renovation of fixed assets, energy efficiency and dalpooductivity improvement, yet redtion
in capital productivity), and so requiring/assuming a radical increase in the saving rate
scenarios imply dynamic economic restructuring. The risks involved by these scenar
related to a bloated public sector and excessive regulatienoofomy which are incompatiblg
with the economic efficiency improvement, as proved by the evidence of all countrie
centrally planned economies. Besides, the risks include fast debt growth, which is incon|
with sustained dynamic economic gréwas proved by the experience of countries with me
economies.

AModer at e e xt éavelopment aprgahis group of trajectories is possible w
successdawn fimooder ni zati ono by the i1innov

oil&gas revenues, but with an account of restrictions related to the possibility of savir
growth. With a favourable situation in the hydrocarbon markets and improved factor prody
it is possible to attain-3% sustainable annual GDP growth. Theksirelated to the dominatir]
role of economic regulation against the background of passive business community and

dominating role of the state in the economy are preserved. Factor productivityr

productivity, energy efficiency) growth is lower, than in the next family of scenario
determined by lower competition pressure.

AModer at e i nt dlneseisvepariog mplyvrhodednization to radically improve
quality of governance, to prometdynamic investment activity and to improve fad
productivity through reduced monopolization and state interference with the economy. |
scenarios, 3% annual growth of GDP is possible even with a lessufalabe situation in
hydrocarbon marketshrough the improved performance of the economy, reduced corru
development of the private initiative and mediuamd small business, and therefore flow,
investments into less capHalenergy, and material intensive sectors. It is not so much
growth rates, as the growth quality that makes this family of scenarios different fro
previous group.

ASl| ow g Mamainihgdthe current model of political, social, and economic developr
given depleted drivers of growth and inability to makieansition to a new development patte
adaptation of economic and social policies to the reduced oil rent and lack of mechan
all ow for a capital transfer from the 7
development by thismodle may | ead to the fAmagic skior
GDP and inability of the improved economic performance to make up for the emplo
reduction and capital intensity increase.

Most projections agree that GDP growth rates will bemoderate and declining. The
scenarios substantially differ in the estim
as determined by different fvisionso of th
t hree segment sess phidmlbleclower gan@gnotvth ai 2% ih 20132030,at 1%

in 203:2050and potenti al termination of glmooew t h
probable zone) growth at2-4% in 20132030,at 1-3% in 203%:2050;id y nami ¢ gr o w:
probable upper zond growth at4% or more in20132030; at 3% or more in20312050. In

most models GDP evolution is an input variable; only in some modelsadjistedfor the
impacts provided by emission control polici€hviously, levels and structure of primary energy
demandaffect economic development parameters.
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Figure 7. Russia & GDP growth projections to 206 0
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Box 2. List of GHG emission control policies

ficurrent measure® i ncl ude policies ado mtugeds df summe
2013, withverification as required to attain the spediftargets. These policies partially inclu
the provisions of the fAlntegrated i mpl e
approved by the RF government on 25.04.2011;

finewmeasure6 i ncl ude policies whi céatalevel dtehst 2504
below the 1990 levél i ncl udi ng measures specified

yet. They may be launched before 2020. Sehmclude: development and deployment
economic instruments for GHG emission control; impdatation of additional energy efficien
policies, primarily in the industrial sector; implementation of measures aitoindevelop
renewable and nuclear energy and cogeneration; improvement of fuel efficiency of ve
promotion of passive building®ustruction.

fivigorous measure6 me a $ming & a prafound reduction BHG emissdns in relation tg
the baselinendsustainingthe emission at a level at least 50% below the 1990 level, inclt
electrification of automobile transpon@ substantiagrowth in hybrid car park transition to a
largerscale construction of passive buildings; deployment of carbon capture and storag
electricity and industriakectors; substantial increase tile CQ tax rate or more stringel
emissionrestrictiors introducedo increase tha [, price in emission trading markets.

5 Greenhouse gas emission trajectories

It was not GHGs emission control that hampered economic growth; vice versa, economic
growth slowdown, determined byentirely different reasons, and reevaluated economic
development perspectives became a maifigld contributor to the reduction in the upper
range estimates of future GHG emission (high agreement)In none of the 30 scenarios
maximum?2050 emissionsexceed3,100min. t4 [oeq, While in the precrisis calculations they
exceeded 6,000 mindt [>..q. BaselineGHG emissiontrajectorieshave shifted far downwards:
over 6 years(20082014) postrecessiorre-evaluationof economicdevelopment lead to a shift

" In compliancewith the target setin the PresidentialDecreeNo. 752 dated30.09.2013/ O n
emi ssion reductiono.

greenhous
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by 1,500-3,200 min. td [.eq. by 2050(Fig. 5 and8), which is comparable tar much higher
thanRus si a6s -2latddiGH®G enessiagflyP20min. ta [eq).

It is very likely that Russias energyrelated emissionsof three greenhousegaseswill
approach the absoluteupper limit (peak) before 2060 at a level at least 11% below the 1990
emissions(high agreement). Onlin two of thirty scenarioswith extremelylow probability of
simultaneous realization afcenario assumptionrSHG emissionggo beyondthe 1990 level
Developmentby ficurrend policies scenariodorms the baseline which doesnot approach the
1990 level until 2050 (Fig. 8). Imanyscenariosafter a peakGHG emissionsstart declining
before2050.

The larger package of emissioncontrol policies is used the lower absolute upper limits
(peakg oft hr e e Ru s sreleaed greeehouse gggmissionswill be (high agreement).
Policy packagesndstructuralandtechnologicabarameter®f economicdevelopmenaremore
important than GDP growth rates for GHG emissiontrajectories Significantreductionin the
median emission evolution is only observedwhen scenarioswith highly improbable fast
economicgrowth are replacedwith scenarioswith moderateintensivegrowth (by around500
min. ta [oeq, Fig. 9); andwith furthertransitionto moderateextensivegrowth scenarioor slow
growth scenariosthe emission ranges much more depermaht on the policy packages, than on
the economic growth rates. fivigorous policies scenariosemissionskeepat 35% below the
1990level.

Figure 8. Distribution of GHGs emission trajectories by emission
reductions
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Figures inthe multi-colourcolumn show the number of scenarios within a particular range.

Source: CENEf based on data provided by project participants (27 scenarios, excl. IEA)

R u s s GHGoesnission commitmentsmay be formulated in a way different from that of

many other countries:nottoir educe GHG e mbusisti ® ns bsyt aixMeoG H (
at xx% bel ow.Tthhies 1n®e9a0n sl etvheadtdo Russi ad6s emi ss
I n other words, while many countries are o
moveAupstreamo, as |l ong as its actual GQHG e
when itsactual emissiomloesexceed the target level, or the target is substant@igred, the
goalmaybe formulated in terms of absauGHG emission reduction, liker other countries.
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Figure 9. GHGs emission trajectories in individual scenarios
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Notes.The MIT projection was adjusted for 2010 emissiBmission levels in IEF projections are based on the IEF
energy balances and IP&pproved conversion factors.

Source: CENEf based on data provided by project particifantscenariok

Not all scenarioscomply with the target specifed in DecreeNo. 752 as sustaining the 2020
emission at 25% below the 1990 levéhigh agreement)lf this targetis to be attained it is
importantto both improvethee f f ect i veness of Acurrento po
ones.lt is very likely thatin finewo policies scenarioS<GHG emissionsin 2050 will not exceed

65% of the 1990level. In scenariowith fivigorous policiesGHG emissiongn 2050 may drop

to 50%of the 1990 levél

6 Energy- and carbon intensity reduction rates

As the economic growth slows down, energy intensity reduction rates decline (as driven by
the reducedcontribution from structural shifts and the narrowing gap with best available
technologiesi BAT), and deployment of lowcarbon technologies becomes increasingly
important for GHG emission reduction (high agreement)GDP energy intensity reduction
rates are determined by the scale of structural shifts in the economy: the fagpavitie the
biggerthe role played by structural shifts. As the economic growth slows down, the difference
betweerthe growth rates ienergy intense and other sectorsritgdiminishingthe contribution

of structural shifts. As technologies are renovaaed the energy efficiency gap with BAT
narrows, further progress improving energy efficiencypecomes more difficult to achieve.
These two factors determitiee slowdown inGDP energy intensity reductidrom 1.3-3.3% in

8 According to the available projections even Chinese energyelated GHG emissions will peak 20252045
(Namazuetal., 2013)
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2030 to1-2.5% in 2050 (Fig. 10pn If GHG emissionsareto go down, it is importantto spurthe
redudion in carbon intensity of primary energy, so that the 2030 value falls in the ZII0D
rangewith much fasterdecline thereafte(Fig. 10b). In ficurrend policies scenarioscarbon
intensityreductionratesdonotexceed ®%p er year , and i n scenaric
per year, on the entire time horizdn. scenarioghat imply profoundemissionreductionand
fivigorous policies carbon intensity reduction radically accelerates-&/@per year by the end

of the period.While until the 30-40&s emissioncontrol goals are basically attainedthrough
energyefficiencyimprovements, development of lewarbon energy sources becatige major

driver in the subsequent period

Figure 10. Evolution of GDP energy intensity and primary energy
carbon intensity in individual scenarios (%)
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Source: CENEf based on data obtained from project participants

7 Fuel and energy production and consumption

Primary energy consumption growth will be slow. not more than 1-1.5% per year until

2030 and lessthan 1% per year thereafter (high agreement)in most scenarioswith good
chancedor implementatiorprimary energyconsumption grow atnot more than 1% per year in
20132050to0 maximum1,400 min. tce in 2050rhe growth may be fasterto 2030, but thenit
slows downfollowing the declining economic growth rate (Fig.7) and expanding emission
control policy package.

Russiais on the edgeof making a transition to a developmentpathway with practically
constant primary energy consumption, which OECD countries have been dllowing for
nearly a decade and are expected to follow in the futurémedium agreement)n scenarios
with finewd and fivigorou® policies stabilization of, or even reductionin, primary energy
consumptions possible(Fig. 11).

Faster developmentof low-carbon energy sourceswill result in fossil fuel usegrowing at an
evenlower rate, than primary energy consumption:it is very unlikely that average annual
growth will exceed 0.7% (high agreement)in most scenariosfossil fuel (coal petroleum
products andnaturalgag usepeaksin the30-4 Gegandthengoesdown; this peakis the basis of
the energyrelated GHG emission peak (Fig. 1Zhe more aggressivelyinewo and fivigorous
GHG emissioncontrol policy packagesre used, the lower the fossil fuel use pé&kgorou
policiesmakefossil fuel use absolutely decline
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Figure 11. Primary energy consumption in individual scenarios
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Source: CENEf based on data obtained from project participants

Figure 12. Fossil fuel consumption in individual scenarios
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Note: Different initial levels of fossil fuel consumption are determined by imperfect energy statistics and by whether
or not any verification was made to account for fuel use reduction in the 2009 recession year.

Source: CENEf based on data obtained from ptgjadicipants

It is very likely that coal consumptionwill peak before 204Q and very unlikely that average
annual domestic coal consumption growth rate will exceedl% (high agreemeit In
scenarioswith active deploymentof finewo and fivigorous policies coal consumptionrmay drop
1.5-3-fold in relation tocurrentlevel (Fig. 13).
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Figure 13. Evolution of coal consumption in individual scenarios
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The most significant reductionin coal consumptionmay take placein 20202030 after the
carbon price is introduced and makes coal energy uncompetitive sG@mdyantiakcarbonprice
increaseo promotecarboncaptureandstoragemay sustainthe role of coal in théuel balance of
theindustrial and electricity sect®after 2030.

Most projections agree that Russia has reachear is about to reach oil production peak,

and that oil production will start declining thereafter (high agreemet Evolution of
domestic crude oil consumption is to a large degree drivehdrgfineryscale. © 203Q crude

oil consumption grows or stabilizedepending on the scenario, and then stabilizes or drops
following the production declin@=ig. 14). Petroleunproductsconsumption growtlgprimarily in

the automobile transpgrtdespite significant incrsa in natural gassein the transportector,
leads to the reduction of petroleymroductsexport potential.

It is very unlikely that averageannual growth in domestic natural gasconsumption will
exceed 1% (high agreement)in most scenarios especiallyin those that imply finewo or
fivigorous emissioncontrol policies natural gas consumption stabilizes or even declines (Fig.
15). The widest range of natural gas consumptionestimatesis observedi n t he A Dy |
Growt hd group of 23GandE8tlebin.ind & :2050h e fiMederte Growthd
scenariosthe range is not so widdhe shareof naturalgasin the energybalance willremain
high. Itmaygo downto 40-50%in 2030andto 30-45%in 2050drivenby finewo andfivigorous
policiesinduced increasein the deploymentof low-carbontechnologies Substantial energy
efficiency opportunities, especially in electricity generation, areimportant factor that
determinesrelatively slow growth of natural gas consumptiondespitethe growing gasusing
equipnentstock.
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Figure 14. Evolution of crude oil consumption in individual scenarios
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Figure 15. Evolution of natural gas consumption in individual scenarios
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Source: CENEf based on data obtained from project participants

Most scenarios agree that natural gas reserveswill be adequate to sustain anticipated
production levels. However this is not the casewith oil reserves and so high economic
growth scenariosare not really likely (high agreemeit Cumulativeoil productionover2014
2050in dynamicgrowth scenarioswith high oil and gagroduction levels is not sufficiently
supported with prowkoil reserves (Fig. 16)lhereis lessthan50% probabilitythatoil reserves
are sufficient to sustain giroductionat the 2050 level foanotherlO yearsin otherwords it is
time to launch petroleumproductssubstitutionprogrammes in the transport sector.nh@any
scenariosumulativegasproductionis not sufficiently supported with prowdegas reserves either.
However the probability of sustainingnhaturalgasproductionlevelsto 2050 andeyondis much
higher: about 85%.
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Figure 16. Natural gas and oil : cumulative production and reserves
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8 Electricity consumption and low-carbon generation
technologies

In all scenariosto 2050,electricity generationand consumptionwill be growing faster, than
primary energy consumption. It is very likely that average annual growth in electricity
consumption in 20132050 will be 0.82.2%, and 2050 electricity generation may amount to
1,250-2,400bin. kWh. The share of primary energy consumptionfor electricity generation
showssustainabk growth in all scenarios, same as the share of electricity sector in tfassil

fuel emission structure(high agreemeiutIn 2020, electricity generatiormay amountto 1,050
1,250 bin. kWh (Fig. 17). Beyond 202Q as the major sectors are electrified, fuel gets more
expensi ve, and Agreend and nucl ear el ectr
consumption growthmay somewhatccelerateln more probablescenarios 2050 electricity
generation will not exeed2,400bin. kWh The lbwestprojectionestimategor 2050arearound
1,250bIn. KWh.

Given growing share of primary energy consumption for electricity generation, reduction
of specific GHG emissionper unit of electricity produced becomesthe key factor in GHG
emissioncontrol policies (high agreemeiit One possiblemethodof attainingthis goal is by
improving the efficiency of electricity generationat coat and gasfired power plants (with
subsequent development of carbon capture and storageotegies) but a key role is to be
played by lowcarbon electricity generatioVith currentpolicies alone specific emissionwill
go downfrom 393 g & [»/kWh in 2013to 3303909 ¢ [/kWh in 2050 Fig. 18). In scenarios
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with fAinewd policies specific emissiongoes down to 220290 g & [»/kWh in 2050, and in

scenarios with NAMO1Fg do[tk8VD in PO6J. Suchiredustiontis mnly
possiblesubjectto a substantialncrease in the share of lewarbon electricity generation.

Figure 17. Evolution of electricity generation in individual scenarios
B dynamic growth ficurrento
moderate intensive growth Ainewdo pol i
moderate extensive growth . ivi gorouso
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Source: CENEf based on data obtained from prgjadicipants

Figure 18. Evolution of | |, emission per 1 kWh of electricity production
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ficurrento pol finewd polic ivi gorouso pol

Source: CENEf based on data obtained from project participants

The share of electricity generaion from low-carbon sources (hydro, nuclear, and
renewables) is a function of electricity consumption evolution, electricity export, and
development ofnon-fossil fuel generation(high agreemeitin 20002013 this share stayed at
33-35% In the 2050 perspective, different evolution of the share lofv-carbon electricity
generation is observed in different scenarios. It is very likely, th203®this share may fall in

the range betweeB0 and45%. In 2050 dependingon the evolution of electricity demandand
progressn nuclearandiigreerd generationit may vary between39 and50%infin e wo p ol i
scenarios and grow upto605 % i n fAvi gorouso policies scen
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