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Transitions 

• Energy transitions have been taking place continuously since the Industrial 
Revolution. Grubler (2012): “Technological and associated 
institutional/organizational transformations in energy end-use are the 
fundamental drivers of historical energy transitions.” 

• These transitions primarily involve energy mixes. Changes from the traditional 
energy mix dominated by coal or oil to one more diverse, including natural 
gas, nuclear and renewables, can be rapid at a national and regional level, 
while at a more global level they tend to be slow to materialize.  

• In general, countries keep moving up the energy ladder, meaning that they 
integrate larger and larger proportions of specialized fuels into their energy 
mixes for dedicated types of energy demand (heat, cooling, electricity, 
mobility).  

• These fuels often emit less carbon per unit of energy consumed and, due to 
technological developments, create more economic efficiency and 
convenience for consumers.  



World energy mix 1800-2040; shares shift, but total production 
increases 
 

Source: ExxonMobil 2030 Energy Outlook 



Domestic resources are important for 
composition national energy mixes 

• The availability of domestic sources plays an important role in the 
composition of a national energy mix, and the ability to transport and 
trade energy is crucial in matching demand and supply.  

• Governments generally have a preference for domestic resources in the 
energy mix. This is done for reasons of security of supply, revenues from 
the extraction of these resources, jobs and technology. Examples are: 

 Gas in the Netherlands and the United Kingdom 

 Coal in Germany and Poland 

 Hydropower in Sweden and Norway 

 In the case of nuclear technology, the fact that many German firms were frontrunners in 

the global industry also motivated the German government to support its use in the 

country (up until 2002) 

• Great revenues can be obtained from the extraction of domestic resources 
(taxing economic rents) 



Global fossil energy resources by type 

Total remaining recoverable resources 

Proven reserves 

Cumulative production to date 

Coal Natural gas Oil 

3 050 years 

233 years 
178 years  

142 years 

61 years 54 years 

Projected energy demand growth not hindered by resources but by the scarcity of climate space. 

IEA, WEO 
2013 



Implied emissions from electricity generation 



Resources are not static and fixed 

Zimmermann: A functional theory on resources (1933, 1951);  

“Resources are not, they become; they are not static but expand and 
contract in response to human wants and human actions”  

 

He observed that:  

Economists neglected the study of resources:  

•… working tools of the entrepreneur: land, labour, capital 

•only recognized through their effects on cost and price, supply and 
demand. 

Natural scientists (geographers) identify resources with substances or 
things: 

•Disconnect natural resources from human and cultural resources 

•Think of resources as a single asset, instead of a complex (system) of 
substances, forces, conditions, relationships, institutions policies, etc. 

 

 

 

Leading to a false impression: resources as static and fixed 



Transition 

• The study Transition What Transition? shows some of the history of how 
the nature of these transitions has changed over time.  

• Earlier energy transitions were largely the result of innovations in the 
market or industry, and governments merely facilitated or enabled the 
further development of new energy value chains and their related 
industries or industrial complexes.  

• Innovative technologies and economically-driven transitions tend to 
diffuse to new applications and new geographies, creating a long 
expansion phase with accompanying applications.  

 



For instance US Shale, Technology and 
economy driven 

Technology 
• Combination of existing drilling techniques: hydraulic fracturing  (1940s) & 

horizontal drilling (1920s) 
• Source rock deposits containing shale known for a long time 

 
Government 
• Public-private research and commercialization efforts, tax policy support 
•    * Eastern Gas Shales Project (1970s) 
•    * Gas Research Institute 
•    * Subsidization of Mitchell’s first horizontals in Barnett Shale (1990s) 

 
Economics 
• Conventional reserves rapidly depleting, with rising demand 
• Period of high energy prices  allowed for investment in new technology  

low gas prices, high oil prices (spread) 
• New applications for gas (transport, petrochemicals, etc.) 

 



Biomass in Brazils energy mix 

Source: IEA,  World Energy Outlook 2013, Brazil Energy Outlook; Andanova and Puglieri, 2011; BP, Statistical Review 2014 

Development of vehicle sales by engine type 

Government driven; Biofuels in Brazil 

Technology 
- At first a blending mandate was introduced at the maximum 
ethanol blend-in level for then existing petrol fuelled cars (e20) 
- Then a domestic supply chain was developed for pure ethanol 
vehicles (e100), which ended with the retreat of the government 
out of e100 support after the 1990 ethanol shortage that led to 
imports 
- In the end the demand pull of government through e25 
mandates, and the automotive industry support, resulted in the 
development flex fuel vehicles (in which any blend of ethanol and 
gasoline can be used) 

Government 
- Government pull, through blending mandates, industry support, 
infrastructure roll-out 
- Followed by partial departure of support and liberalization of the 
sector, keeping intact only the e25 blending mandate 

Economics 
- Before the inception of the plan ‘pro-alcool’, international refined 
sugar prices were relatively low, international oil prices high; and 
Brazil as an oil importing country faced a staggering import bill, 
putting a break on domestic consumption and growth 
- In the late ’80s early ‘90s these price levels switched leading 
Brazilian ethanol producers to re-focus on refined sugar exports 
- With the advent of the flex-fuel vehicles, the Brazilian economy 
has obtained a significant oil/sugar price arbitrage position 

Brazil biofuel production 

In brief 
- In Brazil, over 25% of energy demand from road borne 
transportation is fulfilled by domestic biofuels 
- In the process a domestic automotive industry with leading 
technology (flex-fuel engines) has emerged 



The Carbon bubble discussion 

• The emphasis on transitions lays out a different way of thinking about the 
approaches to the phenomenon known as the ‘carbon bubble’ or the 
potential of future stranded assets and value loss in the fossil energy 
industries as a result of climate change policies. 

• A core message is that the role of coal without CCS, as the largest source 
of future CO2 emissions, would need to be addressed first. Such a policy 
focus would allow space for fuels with a higher energy output per unit of 
carbon emission to stay in the mix for a longer period of time.  

 

 

 



Why ‘energy per carbon’ matters. 

• Follow up paper on the carbon 
and energy content of fossil 
fuels and the use of specific 
energy technologies in the 
context of the development of 
the global energy mix by Emma 
van der Veen, CIEP 

• Gives insight in the importance 
of progression on energy ladder 

Emma van der Veen 
10 March 2015 



Why ‘energy per carbon’ matters 

Introduction of the Carbon budget: constraint on (fossil fuel) emissions due to 
the decision of G-8 leaders to limit climate change to 20C in 2050 

 

The discussion framework 

 

Fossil fuels and ‘energy per carbon emitted’ 

 

• Within emission budget: 
– energy content from coal, oil and gas 

– energy output from coal, oil and gas 

 

• In practice: 
– four (power generation) scenarios meeting New Policies Scenario’s demand 

– emissions from coal and gas 



Carbon Tracker (carbontracker.org) presents the 
Carbon budget 



Carbon Tracker presents the Carbon budget and 
sets the tone for the carbon bubble debate 
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Alternative presentation; a new perception?  
stacking them not in the traditional way energy statistics are presented 
but per lowest carbon content 



Creates the impression that all fossil fuels should stay in the ground…? 

Space of the circles not representative of size carbon 
content, only the height of the bar matters 



And the alternative presentation 

Carbon content of total gas reserves fit in the Carbon budget and more… 



Coal versus oil versus gas 

• Fossil fuels differ in: 

– (CO2) emissions 

– energy 

 

• Together, they determine: 

– emissions per unit energy 
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The carbon content of coal is nearly twice as high as for natural gas 



• Fossil fuels differ in: 

– (CO2) emissions 

– energy 

 

• Together, they determine: 

– emissions per unit energy 

– ‘energy per carbon emitted’ 
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Coal has lowest and gas highest ‘energy per carbon emitted’. 

Energy content: Coal versus oil versus gas 



Energy content and energy output 

 

• Energy content = energy (heat) that is released by complete combustion 

 

• Energy output = actual amount of energy that is used, measured in its 
form of consumption (e.g. electricity, heat, transportation) 

 

 

 

 

 

 

Note that, often, energy content is converted into energy output. 



‘Energy per carbon emitted’ and energy content 



‘Energy per carbon emitted’ and energy content 

About 60% more energy content from gas and oil than from coal. 



‘Energy per carbon emitted’ and energy output 



‘Energy per carbon emitted’ and energy output 



‘Energy per carbon emitted’ and energy output 

Gas delivers more energy than coal. 



How does this work in practice? 

• Policymakers think in terms of meeting demand rather than optimising 
energy output within carbon budget. 

 

• For the energy portfolio they select different energy sources and 
technologies and hence a certain ‘energy per carbon emitted’ portfolio 

 

• Four scenarios with focus on power sector 

– significant emissions 

– relevant trade-off between fuels 



Power generation 
solely with gas 

 

IEA New Policies 
Scenario = ‘default’ 

 

• Coal-fired power:  
  33%-37% 

• Gas-fired power: 
  37%-47% 

Using up-to-date 
technologies 

 

• ASC coal plants:  
  45% 

• CCGT gas plants:  
  59% 

Power generation 
solely with coal 

 

Four scenario’s 

How does fuel choice impact the time of ‘hitting the carbon ceiling’?  



Emissions up to 2050 
while meeting power demand 



Emissions up to 2050 
while meeting power demand 



Emissions up to 2050 
while meeting power demand 



Emissions up to 2050 
while meeting power demand 



Emissions up to 2050 
while meeting power demand 

Least of carbon space used by generating in modern gas-fired power plants. 



• Important for energy discussions and policy-making 

 

• Under constrained carbon budget  

– gas delivers more energy than coal 

– several forms of energy can be used 

 

• For fixed demand  

– gas delivers most ‘extra time’ in the carbon budget in terms of transition 

– consider other energy sectors as well 

 

Fossil fuels and conversion technologies differ 

Energy per carbon emitted matters! 



Reality check: Expected emissions from existing power plants; 
note the addition of coal capacity since 1980 



Conclusion 

• Transitions in the past were mostly economic and technology driven 

• Government driven transitions, particular those that are introduced 
before another energy technology has completed its cycle, are lengthy and 
costly 

• An energy mix with renewables and coal without CCS or other abatement 
technology reduce the energy options of countries still climbing the 
energy ladder 

• Climate change is focussed mainly on greenhouse gas emissions but 
policy/political discussions are focussed on fossil viz. non-fossil fuels, while 
the carbon and energy properties of fossil fuels can help the world in 
reducing emissions 

• A global agreement to reduce the role of coal without CCS or another 
abatement technology would also help to keep important oil- and gas-
producing countries interested in addressing climate change before 2050 



Thank you! 


