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Introduction: Global Energy Dilemmas  

‘It is no exaggeration to claim that the future of human 
prosperity depends on how successfully we tackle two 
central energy challenges facing us today: securing the 
supply of reliable and affordable energy; and effecting 
a rapid transformation to a low-carbon, efficient and 
environmentally benign system of energy supply.’  
 

International Energy Agency 2008 

The world is not on track to meet the target agreed 
by governments to limit the long-term rise in the 
average global temperature to 2 degrees Celsius (°C)—
[WEO 2013 suggests we are on track for 3.6oC.] 
 

International Energy Agency 2013 
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Can we have secure, affordable and equitable supplies of 
energy that are also environmentally benign?  



2.The ‘Kaya Identity’: Putting it all together 
(Named after the Japanese energy economist Yoichi Kaya) 

CO2  = Carbon dioxide emissions 
 
E  = Energy consumption 
 
GDP  = Gross Domestic Product 
 
Pop  = Population   
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The Globalization of Energy Demand 

Source: EIA 2013 International Energy Outlook  

Non-OECD nations drive the increase in energy demand 

28 

world energy consumption 
quadrillion Btu 

Source:  EIA, International Energy Outlook 2013 
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•  Between 2010 and 2040 global energy use will increase by 56% 

•  Energy use in non-OECD countries grows by 90%,  

•  Energy use in the OECD grows by 17%, 

•  Fossil fuels to supply about 80% of world use in 2040  



CO2 Emissions Per Capita in 2007 
In 2009 the United States accounted for 
20.9% of total CO2 emissions and 4.6% of 
the World’s population. 

In 2009 the level of CO2 emissions per capita 
was 19.3 metric tons in the US, 9.4 in the 
UK, 4.7 in China and 0.3 in Bangladesh. 

Source: CAIT 



Primary energy consumption per capita 

BP Statistical Review of World Energy 2013 

Worldwide, nearly 2.4 
billion people still use 
traditional biomass fuels 
for cooking and nearly 1.6 
billion people do not have 
access to electricity. 

Sustainable Energy for all, by 2030: 
•  Ensuring universal access to modern energy services; 
•  Doubling the rate of improvement in energy efficiency; and, 
•  Doubling the share of renewable energy in the global energy 

mix. 
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Primary Energy Demand and Energy Intensity 
in WEO 2013 New Policies Scenario 

60 World Energy Outlook 2013 | Global Energy Trends

(targeted at increasing energy security, improving eĸciency and reducing polluƟon) are 

implemented and have a greater eīect over Ɵme. Despite these acƟons, global energy 

demand is 190ථMtoe higher in 2035 than projected last year. In the OECD, a comparison 

with t�KͲϮϬϭϮ shows demand in 2035 to be slightly lower across all fuels, mainly as a result 

of the conƟnuing economic woes in many countries. In contrast, non-OECD energy demand 

is generally higher, the biggest change being higher coal demand in 2035, mainly due to an 

upward revision of coal used as petrochemical feedstock in China (see Chapterථ15).

Figure 2.3 ٲ  Primary energy demand and energy intensity in the New  
Policies Scenario
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A renewed focus on energy eĸciency, at a Ɵme of relaƟvely high energy prices, has 

accelerated the previously slow rate of improvement in global energy intensityථ(see 

Chapter 7).3 From 2000 to 2010, the amount of energy used to produce a unit of gross 

domesƟc product (GDP) declined by 0.4% per year on average. But there has been a 

signiĮcant improvement since 2010 and, in 2012, the amount of energy used to produce a 

unit of GDP declined by 1.5%. This has been driven by high energy prices inducing energy 

conservaƟon, renewed government-led acƟon in support of energy eĸciency and fuel 

switching. The long-term improvement in global energy intensity is expected to conƟnue 

through the projecƟon period – energy intensity is down by more than one-third in 2035. 

Energy eĸciency policies, a primary contributor to energy intensity improvements in the 

New Policies Scenario, deliver global savings of 910ථMtoe in 2035, compared with the 

Current Policies Scenario, a level equivalent to slightly more than half the current energy 

use of the European Union. In cumulaƟve terms, these eĸciency-related primary energy 

savings are more than 9ථ200ථMtoe over the projecƟon period. China sees the biggest 

eĸciency gains in the New Policies Scenario (relaƟve to the Current Policies Scenario), 

3.ഩ Energy intensity is often used as a proxy measure – albeit an imperfect one – for energy efficiency. It is 

calculated as primary energy demand per dollar of GDP at market exchange rate.
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Carbon Intensity of Energy Use 
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The Kaya Identity 

CO2  = Total energy related carbon dioxide emissions 
 
E  = Energy consumption 
 
GDP  = Gross Domestic Product 
 
Pop  = Population   
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The number of people living on less 
than $1.25 a day fell to 1.4 billion in 
2005 from 1.8 billion in 1990 

In 2010, Japan's economy was worth 
$5.474 trillion, China's economy was 
closer to $5.8 trillion in the same year. 

A global shift in economic output 

2008 



Projected Population Change 
World population reached 7 
billion in late 2011, is currently 
7.2 and could  surpass 9.6 
billion people by 2050. 

‘…slowing population growth could provide 
16-29% of the emission reductions suggested 
to be necessary by 2050 to avoid dangerous 
climate change.’ ’Neill et al. (2010) 

Projected Population Change 2005-2050 

Source: Population Reference Bureau, 2005 World Population Data Sheet. 
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Energy Rich  
(Exporting) 

Energy Poor 
(Importing) 

Developed Canada, Norway 
Australia 

EU-15, Japan, 
Korea 

Post-Socialist Russia, Azerbaijan, 
Kazakhstan, 
Turkmenistan 

Baltic States and 
Central Europe, 
Ukraine, Moldova, 
Belarus 

Emerging (Russia), (Brazil), 
Saudi Arabia, UAE 

(China), India, South 
Africa, Indonesia 

Developing Nigeria, Sudan, 
Venezuela, Angola 

The rest of the Global 
South! 

The Global Energy Dilemmas Nexus 



The Triple Challenge 
•  To improve energy intensity, that is to reduce 

the amount of energy used per unit of economic 
output. 

•  To reduce the carbon intensity of energy use, 
that is to reduce the amount of CO2 produced per 
unit of energy used. 

•  To achieve the above in ways that are: equitable, 
secure and affordable (and that does not 
threaten economic growth). 



CO2 
Emissions 

Energy Use GNI (PPP) Population 

1990 2007 1990 2008 1990 2009 1990 2010 

Developed 41.7 39.0 48.6 42.2 58.6 47.6 16.1 14.1 

Post-
Socialist 

18.8 9.1 19.7 10.7 8.9 7.6 7.8 5.9 

Emerging 23.4 38.3 22.2 34.7 17.8 29.9 50.5 49.9 

Developing 7.0 8.8 8.4 11.0 12.0 12.8 25.3 29.7 

Kaya Characteristics by Macro Region 
(Per cent of global total*) 

* Columns do not add up to 100 due to unclassified countries in the World Bank data. 
 

Source: World Bank Database 



‘… is Russia to remain predominantly an exporter of raw materials, 
highly dependent on the oil and gas sector for economic growth; or 
will Russia foster a more broadly based and diversified economy, 
served—but not dominated—by a market-driven energy sector?’ 
 
IEA 2011, World Energy Outlook 2011 – Outlook for Russia, p. 247. 

‘The central paradox of this strategy [modernization and 
diversification] for overcoming the ‘resource curse’ is that the 
necessary volume of revenue in the energy sector can only be 
generated by massive new investment in the upstream and power 
generation, so priority in resource allocation effectively cannot 
be changed.’ 
 
Pavel Baev 2010, p. 893. 

3. Russia’s Energy Dilemmas 



A False Sense of Security?	  
•  In 2012 Russia produced 520 million tons of crude oil, 

accounting for 12.6% of global production, making it the 
second largest oil producer and exporter after Saudi 
Arabia. 

•  In 2012 Russia produced 659 bcm of natural gas, 
accounting for 19.1% of global production, making it the 
world’s top producer and exporter of natural gas (185 
bcm). 

•  In 2011, oil and gas revenues were 10.4% of GDP, equal to 
half of federal revenue. In 2009, they were only 7.6%, 
equal to two-fifths of federal revenues. 

•  The price assumption in the federal budget increased 
from $75 a barrel in 2011 to $ 100 in 2012. 

 



Oil and Gas Dominate Russian Exports 

Russian Federation – Export Diversification through Competition and Innovation: A Policy Agenda 2 

Trade performance in Russia is characterized by a  narrow product base and untapped 
trade potential. 

1. Russia’s  exports  are increasingly dominated by petroleum and natural gas. The oil and gas 
sector experienced double-digit annual export growth in the last decade and represented almost 65 percent 
of  Russia’s   exports  value   in  2009  – a product of higher commodity prices and higher export volumes. 
Export growth rates of the non-oil and gas sector were also notable. Industries such as machinery, 
electronics, transportation equipment and chemicals reached a combined growth rate in export value of 10 
percent in the last decade. This more positive development in export growth outside the oil and gas sector, 
however, hides relevant structural limitations in Russia’s  trade performance.  

2. Russia’s   revealed  
comparative advantage 
(RCA) is concentrated in 
sectors that do not create 
many forward or 
backward linkages to the 
rest of the economy. As a 
consequence of this lack of 
linkages to the rest of the 
economy, these growing 
export sectors cannot serve 
as engines of 
diversification.1 In addition 
to the oil and gas sector, 
industries with limited 
spillover effects to the rest 
of the economy include raw materials (26 products) and forestry (11 products) out of a total of 97 
identified products. Such specialization may be considered problematic because the capabilities 
developed in those sectors are not easily redeployed to other industries, hindering the process of economic 
diversification. Yet, several resource-rich countries have managed to expand trade beyond the traditional, 
natural resource-intensive products.  

3. It is not for a lack of trying that firms have yet to emerge from other sectors to export.  
Exporters from Russia face difficulties not only entering but remaining in foreign markets once they have 
entered. In the period 1999-2009, 57 percent of export attempts to establish a foothold in a market outside 
of Russia survived for more than two years. In the case of China the export survival rate is over 70 
percent.  Brazil and India also perform better than Russia but both economies do less well than China. 
While some level  of  export  “mortality”  is  common,  the comparatively low export survival rate in Russia 
indicates a possible lack of international competitiveness in the non-oil and gas sectors. International 
experience shows that the entry of new exporters has been a driving force behind several export booms.  

                                                      
1 The Product Space analysis is based on the tools pioneered by Hidalgo et al. (2007). The position of a product in the product space map 
determines the products to which companies in that economy may be able to produce related products, based on the existing set of capabilities 
available and the location of corresponding products on the map. The process of accumulating specific capabilities therefore results in 
diversification and economic development. 

Figure 1: Oil and gas continue to dominate Russia's exports 
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‘Russia’s revealed comparative advantage (RCA) is concentrated in sectors 
that do not create many forward or backward linkages to the economy.’ 

Source: World Bank (2012) Export Diversification through competition and Innovation: Overview, 
World Bank, Moscow. 
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Russian energy intensity and GHG emissions: 1990-2008 

Source: CAIT, UNFCCC and UNDP Russia, 2010 
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Russia’s	  Kyoto	  target	  is	  
a	  0%	  reducKon	  in	  
emissions.	  

By	  2009	  Russian	  
emissions	  had	  fallen	  by	  
38.9%	  relaKve	  to	  1990.	  

Current	  pledge	  is	  a	  25%	  
reducKon	  in	  2020	  over	  
1990	  levels.	  

In	  2009	  the	  energy	  
sector	  accounted	  for	  
82.4%	  of	  Russia’s	  GHG	  
emissions.	  



The Oil and Gas Balance 

Russia’s Exportable Surplus = 

Total Domestic 
Production  

(+ Central Asian 
Gas) 

Minus 
Domestic 
consumption 

Plan A: Invest in 
expensive new 

oil and gas 
production 

Plan B: Invest in 
renewable energy 

and  improving 
energy efficiency 



Plan A: Geography is not destiny  
(but in Russia it matters!)	  

%	  of	  Russian	  total	   2008	  
(Actual)	  

Phase	  1	  
(2008-‐12)	  

Phase	  2	  
(2013-‐20)	  

Phase	  3	  
(2020-‐30)	  

The	  Share	  of	  East	  Siberia	  &	  the	  Far	  East	  
in	  Oil	  ProducKon	  

3	   10-‐12	   12-‐14	   18-‐19	  

The	  share	  of	  the	  eastern	  direcKon	  in	  the	  
total	  volume	  of	  oil	  and	  oil	  products	  
exports	  

8	   10-‐11	   14-‐15	   22-‐25	  

The	  share	  of	  new	  regions	  in	  total	  gas	  
producKon	  
Including:	  	  
	  	  	  	  	  	  	  	  	  	  
	  	  	  	  	  	  	  	  	  Yamal	  
	  	  	  	  	  	  	  	  	  East	  Siberia	  &	  the	  Far	  East	  

2	  
	  
	  
-‐	  
2	  

13-‐14	  
	  
	  
6	  
7-‐8	  

21-‐23	  
	  
	  
9	  
12-‐14	  

38-‐39	  
	  
	  
23-‐34	  
15	  

Share	  of	  independent	  gas	  producers	  and	  
verKcally	  integrated	  oil	  companies	  in	  
total	  gas	  producKon	  

17	   20	   25-‐26	   27	  

Share	  of	  the	  Asia-‐Pacific	  Region	  in	  gas	  
exports	  

-‐	   11-‐12	   16-‐17	   19-‐20	  

Share	  of	  LNG	  in	  export	  structure	   -‐	   4-‐5	   10-‐11	   14-‐15	  

Source: Energy Strategy of Russia for the period up to 2030 



Source: IEA 2011 



Source: IEA 2011 





Plan B: Demand Reduction and energy 
efficiency 
•  According to a World Bank/IFC (2008) study 

Russia could save 45% of its total primary 
energy consumption if it implemented economy 
wide energy efficiency savings. 

•  Russia’s own Energy Strategy to 2030 suggests 
that technical and organizational savings could 
reduce energy consumption by 40%. 

•  Improved energy efficiency and demand 
reduction sits well with modernization strategy. 

•  Investment in renewable energy would reduce 
carbon intensity as well as domestic demand for 
fossil fuels. 



Demand Reduction and energy efficiency 
•  UNDP Russia (2010) calculate that to improve Russia’s 

energy efficiency by 45% compared to 2005 would cost 
$324-57 billion.  

•  However, they also point out that if all the oil and gas 
saved was exported it would raise $80-90 billion a year. 

•  Russia also flares huge amounts of natural gas, estimates 
for 2010 are 35 bcms, about 25% of the volume Gazprom 
exports to Europe (138.6 bcm in 2011). 

•  The IEA (2010) calculates the total cost of natural gas 
subsidies in 2009 in Russia to be $34 billion, $ 238 per 
person or 2.7% of GDP. 

•  Lots of low hanging fruit when it comes to efficiency 
savings, what is missing is the incentive.  



The bottom line 
The IEA (2011) suggests that through increased 
efficiency, a reduction in flaring and demand 
reduction, Russia could realise savings of almost 
180 bcms of gas, which is the equivalent of the 
three new fields Gazprom needs to develop on 
the Yamal Peninsula and also close to Russia’s 
net exports of natural gas in 2010 [such an 
approach would also yield significant reductions 
in GHG emissions.] 



The Russian Energy Dilemmas Nexus 

Dimension	   External	  
Global/regional	  

Internal	  
NaFonal/local	  

Energy	  Security	   Security	  of	  demand	  
Security	  of	  transit	  

Resource	  naKonalism	  
Sustainability	  of	  oil	  and	  gas	  
producKon	  and	  exports	  

Economic	  GlobalizaKon	   Russia’s	  role	  in	  the	  global	  
economy	  

DiversificaKon	  
ModernizaKon	  
InnovaKon	  

Climate	  Change	  Policy	   Energy	  efficiency	  
Low	  carbon	  transiKon	  
Climate	  change	  policy	  	  

Energy	  intensity	  
Carbon	  intensity	  
Climate	  change	  impacts	  

‘Russia must face two key issues: ensuring that its workers are employed in 
a diverse range of globally competitive jobs and maintaining export capacity 
through greater domestic energy efficiency, as oil and gas production 
volumes will not grow much in the future.’ 

Sutela, 2010, 4. 

Source: Bradshaw, 2012, 217. 



Russia: standing at the Crossroads 

•  Russia could continue on its current path of energy 
profligacy and this would result in huge investments 
being made in the energy sector at the expense of the 
modernization of the economy and the environment. 

Or, 
•  Russia could invest in renewable energy, demand 

reduction and efficiency and modernization and by so-
doing reduce the need to develop frontier oil and gas to 
the same degree, which would also reduce energy 
intensity and GHG emissions. 



Conclusions: the Carbon Paradox and 
Russia’s Energy Dilemma 

•  We can only afford to burn half of proven economically 
recoverable oil. gas and coal reserves and still have a chance 
of constraining global warming to 2o C (Meinhausen et al. 
2009). 

•  Yet the IEA New Policies Scenario suggests that fossil 
fuels will account for 76% of world primary energy demand 
in 2035 (450 scenario = 64%; EIA 80% in 2040). 

•  If the world gets serious about GHG reductions, what will 
this mean for Russia? 

“The best that we can hope for is that we don’t run out of 
cheap oil, and the worst we have to fear is that we will 
continue to burn fossil fuels, including oil, as we have burned 
them in the past.” (Homer-Dixon and Garrison 2009) 



Thank you 


