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Introduction  

This report presents the results of a study titled Costs and Benefits of Low-Carbon Economy And 

Society Transformation in Russia. 2050 Perspective. The study was accomplished by the Center 

for Energy Efficiency (CENEf) in cooperation with experts from the Institute for Economic 

Forecasting of 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 Institute (MIT). Some results obtained by the International Energy Agency were 

also used in the study. 

This is a unique project for Russia. A number of research groups have developed scenarios of 

energy-related greenhouse gas (GHG) emissions (i.e. emissions from all activities that involve 

fuel combustion and fugitive GHG emissions in fuel production, transportation, or end-use 

processes). This was done building on preliminarily coordinated scenario assumptions 

underlying long-term GHG emissions trajectories to ensure better comparability of results and 

wider coverage and appropriate structuring of GHG emission control options. ñAction plan to 

ensure the determined volume of greenhouse gas emissionò approved by the Russian government 

in April  2014 includes the development of greenhouse gas emission projections to 2020 and to 

2030. This study is an important step towards this plan implementation. 

The project purpose was to identify costs and benefits of Russiaôs low-carbon development to 

mid-XXI  century and to find out if  low-carbon development hampers or drives Russiaôs 

economic growth. Involvement of several Russian and foreign research groups allowed it to 

come up with well-balanced answers to two questions: (1) is there a correlation between the 

economic growth in Russia and transition to low-carbon development trajectories; and (2) what 

GHG emission control commitments can Russia make to 2030 and to 2050. 

The report consists of three sections. Section I is a summary for policy-makers which presents 

the results of the research in a clear and concise form. It formulates the basic findings and shows 

the degree of expertsô agreement. This section not only shows emission trajectories, but presents 

a detailed picture of the potential evolution of Russiaô energy system. This energy picture color 

palette is much richer, than the one normally used in official documents, including in Russiaôs 

Energy Strategy. It displays wider and more comprehensive potential alternatives for energy 

sector development pathways to 2050. 

Section II was developed by CENEf and elaborates on the coordinated assumptions underlying 

long-term projections of greenhouse gas emission trajectories. The participating research groups 

kept to these assumptions while developing their scenarios to ensure better comparability of 

projection results and to better comprise and structure the variety of emission control options. 

Section III  presents only the contribution by Igor Bashmakov (CENEf). Contributions by other 

research groups, including by Yuri Sinyak (Institute for Economic Forecasting of the Russian 

Academy of Science), Alexey Makarov (Energy Research Institute of the Russian Academy of 

Science), Sergey Paltsev and Elena Kalinina (MIT), Oleg Lugovoy, Dmitry Gordeev, and 

Vladimir Potashnikov (RANEPA and IEP) are available only in Russian at www.cenef.ru.  

This research is intended primarily for the expert community and decision-makers. A resume for 

the general public, i.e. for those interested in climate stabilization issues, was also developed, yet 

is not part of this report. This resume is structured as answers to twelve frequently asked 

questions. 

http://www.cenef.ru/
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This report builds on a series of earlier studies that focused on whether or not it is possible to 

make a transition to low-carbon economy in Russia. The first study in that series
1
 was devoted to 

the identification of factors behind Russiaôs energy-related greenhouse gas emission evolution 

back in 1990-2011. The second study
2
 focused on the comparison of Russiaôs energy-related 

greenhouse gas emission projections to 2060 that were developed in 2008-2012. 

Hopefully, this first ever positive experience of cooperation and projections exchange between 

the research groups will  lay a basis for an ongoing forum to discuss long-term perspectives of 

Russiaôs economic, energy, and environmental development, and the results of this cooperation 

will become a reliable base for decision-making related to Russiaôs greenhouse gas emission 

control policies. 

The authors would like to offer their special thanks to Tatiana Shishkina for editing this report 

and translating it into English and to Oksana Ganzyuk for getting it ready for print. 

The authors wish to express their particular appreciation to WWF-Russia for providing financing 

required to publish this report in Russian. 

 

 

Igor Bashmakov 

Executive Director, CENEf 

2007 Nobel Peace Prize Winner (as a member of IPCC) 

  

                                                 
1
 Bashmakov I.A. and A.D. Myshak. Factors driving Russiaôs energy-related greenhouse gas emission. Analysis 

based on data from the National Inventory Report. ï Moscow. Meteoagentstvo Roshydrometa, 2012. (In Russian). 
2
 Bashmakov I.A. and A.D. Myshak. (2013). Comparison of energy-related greenhouse gas emission projections for 

Russia for 2010-2060. Problemy prognozirovaniya (Problems of forecasting). In print. 
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Section I 

Summary for Policy-Makers 
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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. Greenhouse gas absorption abilities of ecosystems are limited. Therefore, in the same 

way that an attempt to add more water to a full  glass leads to a water spill over the tablecloth, 

relatively small (in relation to the carbon budget) additional anthropogenic GHG emissions 

increase greenhouse gas concentrations in the atmosphere and contribute to the global warming. 

The anthropogenic impact can be mitigated through emission control policies. This is 

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 impacts on the global climate. Avoiding dangerous impacts is currently 

understood as maintaining average global surface temperature change below 1.5-2
o
C of the pre-

industrial era. The Kyoto Protocol was supposed to help industrialized countries reduce their 

emissions by 5% over 2008-2012 in relation to the 1990 level. In 2009 an unsuccessful attempt 

to extend and expand the Kyoto Protocol was made in Copenhagen. However, many countries 

and groups of countries committed  to control GHG emissions to 2020 and beyond. 

In  2000-2010, global GHGs emission was growing faster (at 2.2% per year), than in three 

previous decades (at 1.3% per year over 1970-2000), despite the economic stagnation and the 

efforts taken by the increasing number of countries to implement the UN Framework Convention 

on Climate Change and the Kyoto Protocol (Fig. 1)
3
. Carbon dioxide emission accumulated since 

1750 has doubled over the last four decades: from 900 bln. t CO2 in 1750ï1970 to 2000 bln. t 

CO2 in 1750ï2010. ʉʆ2 remains the major anthropogenic greenhouse gas (its share in 2010 was 

76%). Methane is responsible for another 16%, nitrogen monoxide for 6%, and other greenhouse 

gases for 2%. GHGs emission from fossil fuel combustion in 2013 exceeded 32 bln. t ʉʆ2-eq. and 

in the absence of tough emission control policies may grow up to 50-70 bln. t ʉʆ2-eq. by 2050 

and to 90 bln. t ʉʆ2-eq. by 2100. 

Energy sector (energy production, transformation, storage, transmission and distribution 

processes) is the major and the fastest growing GHGs source. In 2010, 35% of GHGs 

emission was observed in the energy sector, 24% in the land use and land use change, 21% in 

industry, 14% in transport, and 6% in buildings. With indirect emissions from electricity- and 

heat generation included, the shares of industry and buildings grow up to 32% and 18% 

respectively. Limiting global warming to 2
ʦ
C will  require reduction in specific GHG emissions 

from electricity generation to a level below 100 g ʉʆ2-eq./kWh in 2050 and nearly to zero in 

2100. 

Calculations show that without  substantial additional emission control policies it  will  be 

practically impossible to keep GHG (CO2-eq.) concentrations in the atmosphere at 450-500 

parts per million  over the next 20 years. It means that unheard-of emission reduction efforts 

will  be required in 2030-2050, or that large-scale use of technologies that allow for GHG 

removal from the atmosphere or for atmosphere cooling will be needed beyond that period. 

Albeit mitigation of climate forcing involves significant costs (and estimated levels of these costs 

are very different), they can be substantially reduced through the removal of barriers to the 

market penetration of low-carbon technologies and through taking account of a variety of related 

indirect positive impacts. 

                                                 
3
 This section relies on WGIII IPCC AR5 findings. See Climate Change 2014. Mitigation of climate change. 

Summary for policy makers. Working Group III contribution to the Fifth Assessment Report of the IPCC. Accepted 

by the 39
th
 Sessions of IPCC. Berlin, Germany; and T. Bruckner, I. Bashmakov, Y. Mulugetta and others. Energy 

Systems. Chapter 7. Climate Change 2014. Mitigation of climate change. Summary for policy makers. Working 

Group III contribution to the Fifth Assessment Report of the IPCC. http://www.ipcc.ch/ 
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The major  drivers behind global GHGs emission growth were economic and population 

growth that exceeded the mitigating effects of energy efficiency improvements, while the 

impact of carbon intensity of energy was differently directed (Fig. 1). Acceleration of GDP 

per capita growth resulted in the acceleration of the global GDP growth even with slowing down 

population increase. The rates of energy intensity reduction driven by improved technological 

and sectoral structure of GDP were (1) lower, than in the 90ôes; (2) uneven (the reduction trend 

was interrupted thrice over the last 10 years); and (3) insufficient to block primary energy 

demand growth. This growth was determined by sources in non-OECD countries. Per capita 

energy consumption once again showed intense growth after stabilization in the 80ôes and 90ôes. 

Figure  1. Combination  of  factors  that  determined  global  energy  
demand  and  energy -related  CO2 emission  dynamics  in 1971 -
2010  

  

Sources: Databases (IEA, 2011a); (IEA, 2011b); (BP, 2011). 

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 consumption was growing up at 1% per year, primarily in transport and in the 

developing countries. After peaking in 2005, oil consumption in OECD countries has been 

declining. Natural gas consumption was growing up at 2.7% per year, yet over the last decade 

natural gas lost the status of the fastest growing fossil fuel. In early XXI  century the long-term 

downward trend in the role of coal in the global energy balance was temporarily broken. Coal 

consumption was growing up at 4% per year and was responsible for nearly half of primary 

energy consumption increase. Coal consumption increase in Asia alone (primarily in China and 

India) over 2000-2010 equaled the total increase in global consumption of energy from all 

sources in 1990-2000. 

Renewable energy sources were responsible for  13.5% of 2010 global primary  energy 

production and for 21% of electricity production. Renewable energy sources became the 

third  largest electricity generation source after coal and natural  gas and have good chances 

of becoming the second largest source by 2020. Electricity generation by wind plants has 

grown up 5-fold, and by solar plants 25-fold over the last decade. In 2012, wind plants were 

responsible for 2% of total electricity generation, and from 2008 onwards this share has been 

growing at 0.3% annually. OECD countries and China were responsible for the major part of 

wind- and solar energy generation increase. The share of hydro power plants in 2012 electricity 

generation equaled 16.3% (BP, 2013). 
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Nuclear energy sector, overlaid with  problems related to security, waste disposal, non-

proliferation , and growing capital intensity, was responsible for  only 11% of electricity 

generation in 2012 versus 17% in 1993. The share of nuclear energy in global primary energy 

production has been declining since 2002, and absolute electricity generation by nuclear plants 

since 2006. All  these trends formed well before the Fukushima nuclear accident in March 2011. 

After 2006, nuclear energy generation growth has been observed primarily in China and Russia. 

Combination of these factors lead to a paradox: in the decade of the most active GHG 

emission control policies global downward trend in carbon intensity of energy (1970-2000) 

was reversed (Fig. 1). As a result, energy related emissions growth accelerated (Fig. 2). In 2011, 

emissions went up by 3% (according to different sources), and in 2012 by another  2% (IEA, 

2013; BP, 2013; Enerdata, 2013). Global trends mask big differences in the evolution of regional 

energy consumption scale and structure and of regional emission evolution (Fig. 2). 

Figure 2. GHG emissions from fossil fuel combustion by sectors and regions in 

1990 and 2010 

 

Notes: OECD90 ï OECD member states as of 1990, EIT ï economies in transition, LAM ï Latin America; MAF ï 

Middle East and Africa. The upper diagram shows contributions made by regions to the emission level change over 

10 years. 

Source: built by the authors based on IEA/EDGAR dataset (IEA, 2012a; JRC/PBL, 2012), data for Russia from the 

2013 National Inventory; 2011 data for regions from IEA, 2013a. 

By 2010, Asia had become the major emitter with 41% share in the global emission. China 

moved the U.S. from the first  place among the largest emitters, and India went third taking 

Russiaôs place.  GHG emission growth in non-OECD countries in 1990 accelerated from 1.7% in 

1991-2000 to 5% in 2001-2010. Asian countries spurred global GHG emission growth in 2000-

2010 exactly in the energy sector. Asia was responsible for 79% of the emission increase over 

1991-2000 and for 83% of the emission increase in 2001-2010. Despite the fact that average 

specific per capita GHG emissions in the world and in many regions have declined, in Asia they 

 

Annual average growth rates 

 

1991-
2000 

2001-
2010 

2010-
2011 

World 0,51% 2,19% 2,73% 

OECD90 0,90% -0,35% -1,41% 

EIT -3,74% 0,07% 4,74% 

incl.Russia -5,28% 0,69% 5,65% 

Asia 2,33% 5,39% 7,10% 

LAM 0,58% 0,78% 0,97% 

MAF 0,52% 3,06% -0,13% 

Int.Tra 3,10% 2,75% 0,19% 

 

Per capita energy sector emission (t/CO2e/yr) 

 
1990 2000 2010 

World 7,43 6,58 7,20 

OECD90 15,35 15,66 14,10 

EIT 17,09 11,74 11,91 

incl.Russia 15,39 9,07 10,03 

Asia 3,15 3,42 5,18 

LAM 7,51 6,73 6,43 

MAF 6,19 5,10 5,40 
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showed 64% growth (Fig. 2). In China, they have exceeded the levels observed in some EU 

countries (for example, in France). 

Economies in transition , including Russia, are the only group of countries whose 2010 

emissions were much lower than the 1990 levels. Only this group of countries succeeded in 

decoupling economic growth and GHG emissions: in 2010, GDP of this region was 10% above 

the 1990 level, while GHG emissions were 29% lower. 

In the absence of additional emission control efforts the warming will equal 3.7-4.8
o
C in 

2100. If the warming is to be limited to 2
o
C, it is important to reduce global GHG emission 

in 2050 by 40-70%, and in 2100 to practically zero. These are the findings formulated in the 

Summary for policy makers prepared by the Working Group III in the framework of 5
th
 

Assessment Report of the IPCC
4
. 

2 Russiaôs greenhouse gas emission trends5 

Official information on Russiaôs GHG emissions can be found in the National Inventory 

Report on GHG sources and sinks (hereinafter referred 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 and the Russian Academy of Science (Roshydromet, 

2013). This National Inventory Report is prepared on the annual basis and presented to the 

UNFCCC Secretariat in compliance with Russiaôs commitments as an Annex I country (Annex I 

incorporates industrialized countries and transition economies). According to these data, 

Russiaôs 2011 emission was 29% below the 1990 level. 

Whilst most countries kept increasing their  emissions, Russia alone managed to impede the 

negative anthropogenic impact for a whole year. In 1991-2000, Russia made the largest 

contribution to the reduction in global GHG emissions. The most tangible emission reduction 

took place in 1990-1998 followed by a subsequent slow growth which was compensated by the 

growing sinks. In 2011, Russiaôs emissions and sinks of all GHG from all sources were 51% 

below the 1990 level. It is one of the most substantial reductions in the world. 2011 energy-

related GHG emissions were 30% below the 1990 level. In 2000-2010, Russiaôs emission 

demonstrated very small growth. In 1991-2010, cumulative GHG emission reduction in Russia 

(incl. sinks) equaled 32.3 bln. t ʉʆ2-eq. (Fig. 3). This is more than global annual energy-related 

ʉʆ2 emission (31.3 bln. t ʉʆ2-eq. in 2011) (IEA, 2013a). 

During 1991-2010, Russia was the world leader in cumulative reduction of GHG emission, 

and to a large extent compensated cumulative emission increase in other regions of the 

world . While global energy-related ʉʆ2 emission grew up by 45% over 1990-2010, in Russia it 

declined by 37%. Cumulative reduction of energy-related ʉʆ2 emission in Russia over 1991-

2011 equals 5 yearsô EU emission, exceeds 3 yearsô emission of the U.S. and 2 yearsô emission 

of China. Emissions from the energy sector and industry and leakages from the energy sector 

dominate in the emission structure. On the whole, the share of energy sector in 2010 total 

energy-related emission was 71%. The share of industrial process emission and leakages is quite 

significant (22%) and is not to be ignored in the analysis. The share of industry and construction 

is 8%, of transport 12%, of commercial, residential and other sectors 7%. 

                                                 
4
 Climate Change 2014. Mitigation of climate change. Summary for policy makers. Working Group III contribution 

to the Fifth Assessment Report of the IPCC. Accepted by the 39
th
 Sessions of IPCC. Berlin, Germany.  

5
 For a detailed analysis of GHG emission trends and factors in 1990-2011 see (Bashmakov and Myshak, 2012). 
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Figure  3. Emission  evolution and structure by major sectors in the 
Russian Federation ( Ɇ), Evolution  of cumulative reduction in  
GHG emissions in the Russian Federation (b)  

 

a b 

Source: I. Bashmakov and A. Myshak (2012). 

Reality dramatically  contrasts with  the generally held view that the economic stagnation of 

the early 90ôes was the major factor behind Russiaôs emission reduction. If  this had been 

the only factor and no other policies had had any effect, then Russiaôs emission would have 

exceeded the 1990 level as early as in 2011. Until 1995 declining economic activity lead to 

emission reduction (Fig. 4). This happened again in the years of recession: 1998 and 2009. If  

economic growth had been even across all activities in 2000-2011 and energy and carbon 

intensity had not been declining, then in 2011 energy-related GHG emissions would have been 

3.6% above the 1990 level. However, in reality 2011 GHG emission was 30% below that level. 

Structural reforming policies in the Russian economy substantially contribut ed to 

hampering emission growth and to practical decoupling (of economic growth and CO2 

emission). Potential emission growth induced by economic growth was neutralized by a number 

of factors that were bringing the emission down: structural shifts in the economy were 

responsible for 84.1% 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 2.3%; and the price factor for 0.5% (Fig. 4). Each percent of GDP 

increase (reduction) was followed by only 0.35 percent of energy-related GHG emission growth 

(reduction). Since major emission sources include sectors that are only slightly affected by cyclic 

economic fluctuations (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 cyclic factors grows up, if capacity 

load fluctuations are taken into account: when capacity load drops during stagnation, specific 

energy consumption goes up followed by specific emissions; and when it grows up, a reverse 

effect is observed. 
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Figure  4. Contributions made by  four factors to annual evolution  of 
fossil fuel ȷȴ2 emission  

 

Source: Bashmakov I.A. and A.D. Myshak (2012). 

Technological energy efficiency improvements also contributed to the emission reduction. 

However, this contribution might have been more substantial, while in reality it did not 

exceed 1% per year. This rate is about equal to what we see in the industrialized countries. In 

fact, energy efficiency gap with the industrialized countries was not narrowed in 2000-2010. 

The reality has put to shame the thesis made by Andrei Illarionov that hampering CO2 

emission threatens Russiaôs economic growth. If in 2006-2008 Russiaôs economy had been 

growing without ñoverheatingò (at approximately 5% per annum) determined by an attempt to 

live out another false thesis of GDP doubling within 7 years, there may have been no CO2 

emission increase in 1998-2010 whatsoever. The basic mistake made by Illarionov is that he did 

not take any account of structural shifts, but just mechanically applied the results obtained for 

countries with the investment growth model (growth to a large extent determined by the 

construction of new capacities) to Russia, where in 2000-2011 restorative growth was 

dominating (output increase through increased load of existing capacities). 

3 There is no single road to the future. Evolution of 
Russiaôs greenhouse gas emission perspectives6 

Despite the fact that Russian expert community involved in energy-related GHG emission 

forecasting is quite small, the scenario database is already well-developed and populated 

with scenarios that were developed in different years by both Russian and foreign expert 

groups. In the work done by CENEf (2013) 26 papers and 71 scenarios were analyzed. 

Analysis of these scenarios grouped in 5 sets (Fig. 6) showed, that the uncertainty zone of 

projected energy-related GHGs emission trajectories was very large for papers written in 

2008-2012: emission projections for 2050 range between 220 and 6500 million tons CO2-eq. The 

2008-2009 economic stagnation and subsequent re-evaluation of possible economic development 

                                                 
6
 For a detailed analysis of GHG emission evolution projections see (Bashmakov and Myshak, 2013) and CENEf 

(2013). 
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rates have given up on the ñSisyphusô Wayò set of scenarios (trajectories with GHG emissions 

exceeding 5,000 mln. t ʉʆ2-eq. in 2050). Projections under the ñBaseline Zoneò set of business-

as-usual (BAU) scenarios build on the assumption that such parameters as GDP energy intensity 

and carbon intensity of energy will show inertial dynamics keeping to the retrospective rates, and 

no rate acceleration policies, except those already adopted prior to the projection development, 

will be successfully deployed. For most trajectories in the ñCarbon Plateauò set of scenarios the 

emission will  not go beyond the 1990 level until 2060 due to successful modernization of 

Russian economy. The ñLow-Carbon Russiaò family of scenarios assume that special emission 

control policies will  be pursued, including GHG emission tax or emission trading; coalbed 

methane utilization and carbon capture and storage technologies; accelerated transformation of 

the fuel balance in the electricity and automobile transport sectors through the introduction of 

emission quotas; etc. However, this family of scenarios is characterized by moderate emission 

charge and quotas. Finally, the ñLow-Carbon Russia ï Aggressive Policiesò family of scenarios 

assume that Russia will  make tough emission reduction commitments. 

Figure  5. Energy -related  GHG emission  evolution  trajectories  to  2060 
as projected  by  a number  of  research  groups  in  2008 -2012  

 

Source: (CENEf, 2013) 

Presidential Decree No. 752 ñOn greenhouse gas emissions reductionò adopted in 

September 2013 requires emission sustained at no more than 75% of the 1990 level. 
Projections that were made in 2008-2012 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: what can be the ñpriceò 

of such reduction? What commitments can Russia make to 2030 and to 2050? Can it cut its 

emission by 50% or more? Answers are not obvious, but they are important, especially before 

the new round of negotiations on the new global agreement which is to (may) be signed in Paris 

in 2015. This project was implemented exactly to find answers to these questions by pulling 

together efforts of several research groups to update their projections. 
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4 Coordinated scenarios and storylines 

The project purpose was to identify costs and benefits of Russiaôs low-carbon development 

to mid-XXI century and beyond, and to find out if low-carbon development hampers or 

drives Russiaôs economic growth. Because the project was implemented by several Russian 

and foreign research groups, it allowed to come up with a well-balanced answer to the question if 

there is a correlation between the economic growth in Russia and transition to low-carbon 

development. The study was accomplished by the Center for Energy Efficiency (CENEf), the 

Institute for Economic Forecasting of 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 for Economic 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 also 

used in the study. 

Long-term projections are essential 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 a 

tough demographic situation; the inertia of economic systems that requires both early decision-

making and assessing the long-term consequences thereof, are all factors that lead to the 

increasing number of projections of Russiaôs economic development as a whole and of its 

economic subsystems not only to 2030-2040, but to 2050 and beyond. 

While all research groups use comprehensive ñeconomy-energy-environmentò models for 

their calculations, these models differ in their level of complexity. They may also differ in the 

approaches to long-term modeling (optimization or imitation models); in resolution of energy 

production and consumption processes that involve GHG emissions; and in GHGs coverage; and 

all these models may reflect the impacts of a wide range of emission control policies with 

different flexibility. 

If balanced decisions are to be made, it is very beneficial to be able to compare projection 

results and to estimate the degree of agreement or disagreement in the expert community 

in relation to the most important parameters of sustainable development and GHG 

emission control policies. Therefore, 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 expert 

agreement or disagreement, which is determined by different concepts, analysis tools, and 

scenario assumptions. Projections 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 unequivocal. These storylines are embodied in 

scenarios that integrate qualitative parameters of development (identification of concepts and 

drivers of future development and a set of quantitative estimates of input variables, as well as 

other parameters of models). Different combinations of these zones were selected for scenarios 

development (Table 1). 

In all, research groups developed 30 scenarios that practically comprise the whole variety 

of ñvisionsò of the future. Not all matrix cells in Fig. 6 are equally populated; however, each 

family is represented by at least one scenario. CENEf considered 11 scenarios; IEF 8 scenarios; 

ERI 2 scenarios 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 in 

the IEA publication 2012 Energy Technology Perspectives (IEA, 2012b). Scenarios with 

moderate economic growth rates and ñcurrentò or ñnewò emission control policies prevail. 
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Table 1 Matrix of families of scenarios*  

Basic input variables for 

scenarios 

Storylines (concepts of the future) 

Dynamic growth Moderate 

extensive growth 

Moderate 

intensive growth 

Slow growth 

Population H M M L 

GDP**  H M M L 

Factor productivity growth 

determined by technological 

progress 

High (3-4% per 

year) 

Moderate (1-2% 

per year) 

Better than 

moderate (2-3% 

per year) 

Low (0.5-1% per 

year) 

Oil production H M M L 

Natural gas production H M M L 

Oil price H M M L 

Emission control policies current policies current policies current policies current policies 

new policies new policies new policies new policies 

vigorous policies vigorous policies vigorous policies  

* H ï probable upper zone; M ï more probable zone; L ï less probable lower zone. 

** If 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  
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Box 1. Parameters of possible ñvisionsò of the future 

ñDynamic growthò. These scenarios assume sustainable GDP growth at a rate faster than 5% 

per year through the ñtop-down modernizationò by the innovative scenario (that implies dynamic 

renovation of fixed assets, energy efficiency and labour productivity improvement, yet reduction 

in capital productivity), and so requiring/assuming a radical increase in the saving rate. These 

scenarios imply dynamic economic restructuring. The risks involved by these scenarios are 

related to a bloated public sector and excessive regulation of economy, which are incompatible 

with the economic efficiency improvement, as proved by the evidence of all countries with 

centrally planned economies. Besides, the risks include fast debt growth, which is incompatible 

with sustained dynamic economic growth, as proved by the experience of countries with market 

economies. 

ñModerate extensive growthò. Development along this group of trajectories is possible with a 

successful ñtop-down modernizationò by the innovative scenario, through substantially larger 

oil&gas revenues, but with an account of restrictions related to the possibility of saving rate 

growth. With a favourable situation in the hydrocarbon markets and improved factor productivity 

it is possible to attain 3-4% sustainable annual GDP growth. The risks related to the dominating 

role of economic regulation against the background of passive business community and so to the 

dominating role of the state in the economy are preserved. Factor productivity (labour 

productivity, energy efficiency) growth is lower, than in the next family of scenarios, as 

determined by lower competition pressure. 

ñModerate intensive growthò. These scenarios imply modernization to radically improve the 

quality of governance, to promote dynamic investment activity and to improve factor 

productivity through reduced monopolization and state interference with the economy. In these 

scenarios, 3-4% annual growth of GDP is possible even with a less favourable situation in 

hydrocarbon markets, through the improved performance of the economy, reduced corruption, 

development of the private initiative and medium- and small business, and therefore flow of 

investments into less capital-, energy-, and material intensive sectors. It is not so much the 

growth rates, as the growth quality that makes this family of scenarios different from the 

previous group. 

ñSlow growthò. Maintaining the current model of political, social, and economic development, 

given depleted drivers of growth and inability to make a transition to a new development pattern; 

adaptation of economic and social policies to the reduced oil rent and lack of mechanisms to 

allow for a capital transfer from the raw materials to other sectors. At the turn of the 40ôes, 

development by this model may lead to the ñmagic skinò economy, i.e. sustainable reduction in 

GDP and inability of the improved economic performance to make up for the employment 

reduction and capital intensity increase. 

Most projections agree that GDP growth rates will be moderate and declining. The 

scenarios substantially differ in the estimates of Russiaôs economic growth perspectives (Fig. 7), 

as determined by different ñvisionsò of the future. GDP evolution uncertainty zone is split into 

three segments: ñslow growthò (less probable lower zone) ï growth at 2% in 2013-2030, at 1% 

in 2031-2050 and potential termination of growth beyond 2050; ñmoderate growthò (more 

probable zone) ï growth at 2-4% in 2013-2030, at 1-3% in 2031-2050; ñdynamic growthò (less 

probable upper zone) ï growth at 4% or more in 2013-2030; at 3% or more in 2031-2050. In 

most models GDP evolution is an input variable; only in some models it is adjusted for the 

impacts provided by emission control policies. Obviously, levels and structure of primary energy 

demand affect economic development parameters. 
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Figure  7. Russiaôs GDP growth  projections  to  206 0 

 

Source: CENEf based on data provided by project participants 

Box 2. List of GHG emission control policies 

ñcurrent measuresò include policies adopted by regulations and already in use as of summer 

2013, with verification as required to attain the specified targets. These policies partially include 

the provisions of the ñIntegrated implementation plan of the Russian Climate Doctrine to 2020ò 

approved by the RF government on 25.04.2011; 

ñnew measuresò include policies which would allow it to keep emissions at a level at least 25% 

below the 1990 level
7
, including measures specified in the ñIntegrated Planò, but not launched 

yet. They may be launched before 2020. These include: development and deployment of 

economic instruments for GHG emission control; implementation of additional energy efficiency 

policies, primarily in the industrial sector; implementation of measures aiming to develop 

renewable and nuclear energy and cogeneration; improvement of fuel efficiency of vehicles; 

promotion of passive buildings construction. 

ñvigorous measuresò measures aiming at a profound reduction in GHG emissions in relation to 

the baseline and sustaining the emission at a level at least 50% below the 1990 level, including 

electrification of automobile transport and substantial growth in hybrid car park; transition to a 

larger-scale construction of passive buildings; deployment of carbon capture and storage in the 

electricity and industrial sectors; substantial increase in the CO2 tax rate or more stringent 

emission restrictions introduced to increase the ʉʆ2 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 by entirely different  reasons, and re-evaluated economic 

development perspectives became a many-fold contributor to the reduction in  the upper 

range estimates of future GHG emission (high agreement). In none of the 30 scenarios 

maximum 2050 emissions exceed 3,100 mln. t ʉʆ2-eq., while in the pre-crisis calculations they 

exceeded 6,000 mln. t ʉʆ2-eq.. Baseline GHG emission trajectories have shifted far downwards: 

over 6 years (2008-2014) post-recession re-evaluation of economic development lead to a shift 

                                                 
7
 In compliance with the target set in the Presidential Decree No. 752 dated 30.09.2013 ñOn greenhouse gas 

emission reductionò. 
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by 1,500-3,200 mln. t ʉʆ2-eq. by 2050 (Fig. 5 and 8), which is comparable to, or much higher 

than, Russiaôs 2011 energy-related GHG emission (1,920 mln. t ʉʆ2-eq.). 

It is very likely  that Russiaôs energy-related emissions of three greenhouse gases will  

approach the absolute upper limit  (peak) before 2060 at a level at least 11% below the 1990 

emissions (high agreement). Only in two of thirty scenarios with extremely low probability of 

simultaneous realization of scenario assumptions GHG emissions go beyond the 1990 level. 

Development by ñcurrentò policies scenarios forms the baseline, which does not approach the 

1990 level until 2050 (Fig. 8). In many scenarios, after a peak GHG emissions start declining 

before 2050. 

The larger package of emission control policies is used, the lower absolute upper limits  

(peaks) of three Russiaôs energy-related greenhouse gas emissions will be (high agreement). 

Policy packages and structural and technological parameters of economic development are more 

important, than GDP growth rates, for GHG emission trajectories. Significant reduction in the 

median emission evolution is only observed when scenarios with highly improbable fast 

economic growth are replaced with scenarios with moderate intensive growth (by around 500 

mln. t ʉʆ2-eq., Fig. 9); and with further transition to moderate extensive growth scenarios or slow 

growth scenarios, the emission range is much more dependent on the policy packages, than on 

the economic growth rates. In ñvigorousò policies scenarios, emissions keep at 35% below the 

1990 level. 

Figure  8. Distribution  of  GHGs emission  trajectories  by  emission  
reductions  

 

Figures in the multi-colour column show the number of scenarios within a particular range. 

Source: CENEf based on data provided by project participants (27 scenarios, excl. IEA) 
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move ñupstreamò, as long as its actual GHG emission does not exceed the target level. And 

when its actual emission does exceed the target level, or the target is substantially lowered, the 

goal may be formulated in terms of absolute GHG emission reduction, like for other countries. 

 

ʙʦʣʝʝ 100% ʦʪ ʫʨʦʚʥʷ 1990(2 ʩʮ)

75-100% (8 ʩʮ)

65-75% (3 ʩʮ)

50-65% (6 ʩʮ)

25-50% (7 ʩʮ)

ʤʝʥʴʰʝ 25%(1 ʩʮ)

ʉʮʝʥʘʨʠʠ ʩ ʫʨʦʚʥʝʤ ʚʳʙʨʦʩʦʚ 

ʇɻ ʚ 2050ʛ: ʦʪ ʫʨʦʚʥʷ 1990

2 

8 

3 

6 

7 

1 

 ñcurrentò policies  ñnewò policies  ñvigorousò policies 

 

m
ln

. 
t 
C

O
2
-e

q 

1990 emissions 

  2020 target 

More than 100%       (2 sc) 

Less than 25%          (1 sc) 

(7 sc) 

  (6 sc) 

 (3 sc) 

  (8 sc) 

Scenarios with 2050 GHG emissions 

in relation to the 1990 level: 



19 

Figure  9. GHGs emission  trajectories  in  individual  scenarios  

 

Notes. The MIT projection was adjusted for 2010 emission. Emission levels in IEF projections are based on the IEF 

energy balances and IPCC-approved conversion factors. 

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

Not all scenarios comply with  the target specified in Decree No. 752 as sustaining the 2020 

emission at 25% below the 1990 level (high agreement). If this target is to be attained, it is 

important to both improve the effectiveness of ñcurrentò policies and to launch a few ñnewò 

ones. It is very likely that in ñnewò policies scenarios GHG emissions in 2050 will  not exceed 

65% of the 1990 level. In scenarios with ñvigorousò policies GHG emissions in 2050 may drop 

to 50% of the 1990 level
8
. 

6 Energy- and carbon intensity reduction rates 

As the economic growth slows down, energy intensity reduction rates decline (as driven by 

the reduced contribution from structural shifts and the narrowing gap with best available 

technologies ï BAT), and deployment of low-carbon 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 faster the growth, the 

bigger the role played by structural shifts. As the economic growth slows down, the difference 

between the growth rates in energy intense and other sectors shrinks diminishing the contribution 

of structural shifts. As technologies are renovated and the energy efficiency gap with BAT 

narrows, further progress in improving energy efficiency becomes more difficult to achieve. 

These two factors determine the slowdown in GDP energy intensity reduction from 1.3-3.3% in 

                                                 
8
 According to the available projections, even Chinese energy-related GHG emissions will peak in 2025-2045 

(Namazu et al., 2013). 
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2030 to 1-2.5% in 2050 (Fig. 10a). If  GHG emissions are to go down, it is important to spur the 

reduction in carbon intensity of primary energy, so that the 2030 value falls in the 2000-2012 

range with much faster decline thereafter (Fig. 10b). In ñcurrentò policies scenarios carbon 

intensity reduction rates do not exceed 0.6% per year, and in scenarios with ñnewò policies 1.2% 

per year, on the entire time horizon. In scenarios that imply profound emission reduction and 

ñvigorousò policies, carbon intensity reduction radically accelerates to 3-5% per year by the end 

of the period. While until the 30-40ôes emission control goals are basically attained through 

energy efficiency improvements, development of low-carbon energy sources becomes the major 

driver in the subsequent period. 

Figure  10 . Evolution  of  GDP energy  intensity  and  primary  energy  
carbon  intensity  in  individual  scenarios  (%)  

  

(ʘ) annual evolution of GDP energy intensity (b) annual evolution of primary energy carbon intensity 

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 less than 1% per year thereafter (high agreement). In most scenarios with good 

chances for implementation primary energy consumption grows at not more than 1% per year in 

2013-2050 to maximum 1,400 mln. tce in 2050. The growth may be faster to 2030, but then it 

slows down following the declining economic growth rate (Fig.7) and expanding emission 

control policy package. 

Russia is on the edge of making a transition to a development pathway with  practically  

constant primary  energy consumption, which OECD countries have been following for 

nearly a decade and are expected to follow in the future (medium agreement). In scenarios 

with ñnewò and ñvigorousò policies stabilization of, or even reduction in, primary energy 

consumption is possible (Fig. 11). 

Faster development of low-carbon energy sources will  result in fossil fuel use growing at an 

even lower rate, than primary  energy consumption: it is very unlikely that average annual 

growth will exceed 0.7% (high agreement). In most scenarios fossil fuel (coal, petroleum 

products, and natural gas) use peaks in the 30-40ôes and then goes down; this peak is the basis of 

the energy-related GHG emission peak (Fig. 12). The more aggressively ñnewò and ñvigorousò 

GHG emission control policy packages are used, the lower the fossil fuel use peak. ñVigorousò 

policies make fossil fuel use absolutely decline. 
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Figure  11 . Primary  energy  consumption  in  individual  scenarios  

  

Note: In primary energy consumption estimations, electricity generation by hydro plants and from renewable 

sources was determined using the physical energy content method (1 kWh = 0.123/0.33 kgce). 

Source: CENEf based on data obtained from project participants 

Figure  12 . Fossil  fuel  consumption  in  individual  scenarios  

 

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 project participants 

It  is very likely  that coal consumption will  peak before 2040, and very unlikely that average 

annual domestic coal consumption growth rate will exceed 1% (high agreement). In 

scenarios with active deployment of ñnewò and ñvigorousò policies coal consumption may drop 

1.5-3-fold in relation to current level (Fig. 13). 
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Figure  13 . Evolution of coal  consumption  in  individual scenarios  

Source: CENEf based on data obtained from project participants 

The most significant reduction in coal consumption may take place in 2020-2030, after the 

carbon price is introduced and makes coal energy uncompetitive. Only substantial carbon price 

increase to promote carbon capture and storage may sustain the role of coal in the fuel balance of 

the industrial and electricity sectors after 2030. 

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

and that oil production will start declining thereafter (high agreement). Evolution of 

domestic crude oil consumption is to a large degree driven by the refinery scale. To 2030, crude 

oil consumption grows or stabilizes, depending on the scenario, and then stabilizes or drops 

following the production decline (Fig. 14). Petroleum products consumption growth (primarily in 

the automobile transport), despite significant increase in natural gas use in the transport sector, 

leads to the reduction of petroleum products export potential. 

It  is very unlikely  that average annual growth in domestic natural  gas consumption will 

exceed 1% (high agreement). In most scenarios, especially in those that imply ñnewò or 

ñvigorousò emission control policies, natural gas consumption stabilizes or even declines (Fig. 

15). The widest range of natural gas consumption estimates is observed in the ñDynamic 

Growthò group of scenarios: between 230 and 810 bln. m
3
 in 2050. In ñModerate Growthò 

scenarios, the range is not so wide. The share of natural gas in the energy balance will remain 

high. It may go down to 40-50% in 2030 and to 30-45% in 2050 driven by ñnewò and ñvigorousò 

policies-induced increase in the deployment of low-carbon technologies. Substantial energy 

efficiency opportunities, especially in electricity generation, are an important factor that 

determines relatively slow growth of natural gas consumption despite the growing gas-using 

equipment stock. 
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Figure  14 . Evolution  of  crude  oil  consumption  in  individual scenarios  

 

Source: CENEf based on data obtained from project participants 

Figure  15 . Evolution  of  natural  gas  consumption  in  individual scenarios  

 

Source: CENEf based on data obtained from project participants 

Most scenarios agree that natural gas reserves will be adequate to sustain anticipated 

production levels. However, this is not the case with  oil reserves, and so high economic 

growth scenarios are not really likely (high agreement). Cumulative oil production over 2014-

2050 in dynamic growth scenarios with high oil and gas production levels is not sufficiently 

supported with proved oil reserves (Fig. 16). There is less than 50% probability that oil reserves 

are sufficient to sustain oil production at the 2050 level for another 10 years. In other words, it is 

time to launch petroleum products substitution programmes in the transport sector. In many 

scenarios cumulative gas production is not sufficiently supported with proved gas reserves either. 

However, the probability of sustaining natural gas production levels to 2050 and beyond is much 

higher: about 85%. 
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Figure  16 . Natural  gas  and  oil : cumulative  production  and  reserves  

  
a) natural gas, bln. m

3
 b) oil, mln. t 

Reserves required ï reserves sufficient to sustain cumulative production to 2050 and for 30 more years (for natural 

gas) or for 10 more years (for oil). Green vertical line cuts off required reserves not supported by proved reserves, 

according to BP. 

Source: CENEf based on data obtained from project participants 

8 Electricity consumption and low-carbon generation 
technologies 

In all scenarios to 2050, electricity generation and consumption will  be growing faster, than 

primary energy consumption. It  is very likely  that average annual growth in electricity 

consumption in 2013-2050 will be 0.8-2.2%, and 2050 electricity generation may amount to 

1,250-2,400 bln. kWh. The share of primary  energy consumption for  electricity generation 

shows sustainable growth in all  scenarios, same as the share of electricity sector in the fossil 

fuel emission structure (high agreement). In 2020, electricity generation may amount to 1,050-

1,250 bln. kWh (Fig. 17). Beyond 2020, as the major sectors are electrified, fuel gets more 

expensive, and ñgreenò and nuclear electricity generation technologies develop, electricity 

consumption growth may somewhat accelerate. In more probable scenarios, 2050 electricity 

generation will not exceed 2,400 bln. kWh. The lowest projection estimates for 2050 are around 

1,250 bln. kWh. 

Given growing share of primary  energy consumption for  electricity generation, reduction 

of specific GHG emission per unit  of electricity produced becomes the key factor in GHG 

emission control policies (high agreement). One possible method of attaining this goal is by 

improving the efficiency of electricity generation at coal- and gas-fired power plants (with 

subsequent development of carbon capture and storage technologies), but a key role is to be 

played by low-carbon electricity generation. With current policies alone specific emission will  

go down from 393 g ʉʆ2/kWh in 2013 to 330-390 g ʉʆ2/kWh in 2050 (Fig. 18). In scenarios 
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with ñnewò policies specific emission goes down to 220-290 g ʉʆ2/kWh in 2050, and in 

scenarios with ñvigorousò policies to 150-175 g ʉʆ2/kWh in 2050. Such reduction is only 

possible subject to a substantial increase in the share of low-carbon electricity generation. 

Figure  17 . Evolution  of  electricity  generation  in individual scenarios  

 

Source: CENEf based on data obtained from project participants 

Figure  18 . Evolution  of ȷȴ2 emission per 1 kWh of electricity production  

 

Source: CENEf based on data obtained from project participants 

The share of electricity generation from low-carbon sources (hydro, nuclear, and 

renewables) is a function of electricity consumption evolution, electricity export, and 

development of non-fossil fuel generation (high agreement). In 2000-2013, this share stayed at 

33-35%. In the 2050 perspective, different evolution of the share of low-carbon electricity 

generation is observed in different scenarios. It is very likely, that in 2030 this share may fall in 

the range between 30 and 45%. In 2050, depending on the evolution of electricity demand and 

progress in nuclear and ñgreenò generation, it may vary between 39 and 50% in ñnewò policies 

scenarios and grow up to 60-65% in ñvigorousò policies scenarios (Fig. 19). 
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