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Submitted under paragraph 5 of the ADP conclusions on the second part of its  
first session1 

 
“Under workstream 2, the ADP invited Parties and observer organizations to make further 
submissions to the secretariat, by 1 September 2013, in relation to the conclusions of the 
ADP at the second part of its first session and on further activities for its plan of work in 

2014.” 
 

1 September 2013 
 

Greenpeace shares the grave concern noted by Parties in the Durban Platform for Enhanced 
Action on the significant gap between the aggregate effect of Parties’ 2020 mitigation pledges 
and aggregate emission pathways consistent with having a likely chance of holding 
temperature rise to below 2 degrees Celsius2. 
 
In this regard, Greenpeace supports the AOSIS Non-paper for ADP Workstream 2 submitted 
to the UNFCCC during the ADP Session early this May 20133. 
 
This technical paper submission4 by Greenpeace International intends to show the 
development paths of renewable energy and efficiency that make it feasible and economically 
attractive to close the emissions gap and save 7.4 Gigatons of energy related CO2 by 2020 
compared to the IEA Work Energy Outlook 2011 reference scenario leading to global energy 
related CO2 emissions of 27.3 Gt/a CO2 by 2020 compared to 34.75 Gt/a CO2 under the IEA 
projection.  
 
Parties cannot claim that there are no feasible pathways to development paths in line with 
what the science demands. They must act accordingly.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

                                                
1
 http://unfccc.int/resource/docs/2013/adp2/eng/l02.pdf 

2
 Decision 1 CP 17 

3
http://unfccc.int/files/documentation/submissions_from_parties/adp/application/pdf/adp_workstream2_aosis_02052013

_.pdf 
4
 See attached:  An Energy [R]evolution to bridge the emission gap - 7.4 Gt energy related CO2 by 2020 can be saved 
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An Energy [R]evolution to bridge the emission gap -  
7.4 Gt energy related CO2 by 2020 can be saved 

 
by Sven Teske, Greenpeace International, August 2013 

 
Abstract  
 
The Energy [R]evolution 2012 developed specific fossil fuel pathways based on the 
assumption that new oil exploration in the arctic, deep sea oil production as well as the use of 
shale gas and shale oil will not take place due to environmental restrictions and in order to 
help bridging the emission gap identified by UNEP Synthesis Report “Emissions Gap Report 
2012”. The Energy [R]evolution 2012 takes up recent trends in global energy demand and 
production, and further concretizes renewable targets and premises for a global 
transformation of energy supply systems. The scenario follows the main target to reduce 
global CO2 emissions to below 4 Gt/a in 2050. According to current results of climate model 
studies this is one precondition for limiting global average temperature increase to below 2°C 
and preventing dangerous anthropogenic interference with the climate system. 
 
By 2020, the Energy [R]evolution scenario saves 7.4 Gt energy related CO2 compared to the 
IEA World Energy Outlook 2011 reference scenario. Leading to global energy related CO2 
emissions of 27.3 Gt/a CO2 by 2020 compared to 34.75 Gt/a CO2 under the IEA projection.  
 
This CO2 reduction has been achieved via an decrease of the energy intensity from X to Y 
MJ/$GDP via mainly efficiency standards for consumer applications, building and all transport 
technologies as well as the increase of renewable energy use. 
 
Under the Energy [R]evolution pathway the global primary energy share from renewable 
energies increase to 125 EJ/a by 2020, an increase of over 40% compared to the use in 2009. 
 
The Energy [R]evolution scenario shows development paths of renewable energy and 
efficiency that are feasible to meet this target and to reach a share of more than 80% of the 
world’s primary energy needs by 2050. Developing countries can virtually stabilise their CO2 
emissions by 2025 and reduce afterwards, whilst at the same time increasing their energy 
demand for economic growth. OECD countries have the potentials to reduce their emissions 
by up to 90% by 2050. The Energy [R]evolution 2012 scenario is an update of the scenarios 
published in 2007, 2008 and 2010. 
 
An energy system model made up of 10 world regions is used for simulating global energy 
supply strategies. A review of sector and region specific energy efficiency measures resulted 
in the specification of a global energy demand scenario incorporating strong energy efficiency 
measures. The corresponding supply scenario has been developed in an iterative process in 
close cooperation with stakeholders and regional counterparts from academia, NGOs and the 
renewable energy industry. However, the new calculation and projection of the demand 
pathway compared to the previous survey published in 2010 shows clearly, that the 
implementation of energy efficiency measures is among the most difficult parts of the Energy 
[R]evolution concept. While the renewable energy projections from the 2010 edition were on 
track or even outperformed predicted installed capacity, global energy demand and its 
projection in the Reference scenario increased significantly despite the economic crisis. But 
without a comprehensive energy efficiency implementation strategy across all sectors, the 
renewable energy development alone will not be enough to make these drastic emissions 
cuts.  
 
Key words: global demand projection, energy efficiency, efficiency standard, global energy 
scenario; CO2 reduction; renewable energy;  
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1. Background to Energy [R]evolution scenarios 
 
Following the first three editions of the Energy [R]evolution scenario in 2007, 2008 
(Greenpeace/EREC 2007, Krewitt et al. 2007, Krewitt et al 2009) and 2010 (Teske et al. 
2010) the latest Energy [R]evolution 2012 scenario (Teske et al. 2012) provides an update 
that has been adjusted to reflect the latest trends in global energy systems, and analyses to 
which extent they influence the overall goal of transforming our current global energy supply 
system into one which complies with climate protection targets. The Energy [R]evolution 
scenario aims to illustrate the feasibility of reducing global CO2 emissions to less than 4 Gt 
per year in 2050. In addition, the latest scenario pays more attention to the resulting fossil fuel 
pathways 
 
While the 2010 edition had two scenarios – one with a CO2 reduction target of 10 Gt per year 
until 2050 and an advanced one with a target to achieve less than 4 Gt CO2 per year by 2050 
to avoid temperature rise above +2°C, the latest edition only focussed on the advanced 
scenario. The reason for that is, that the latest publications from the International Panel on 
Climate Change (IPCC) as well as climate scientists indicate, that an emission reduction to 10 
Gt CO2 per year by 2050 might not be enough to limit the temperature increase under + 2°C.   
By 2020, the Energy [R]evolution scenario saves 7.4 Gt energy related CO2 compared to the 
IEA World Energy Outlook 2011 reference scenario. Leading to global energy related CO2 
emissions of 27.3 Gt/a CO2 by 2020 compared to 34.75 Gt/a CO2 under the IEA projection.   
 

2. Methods 

 
The scenarios 
Two scenarios up to the year 2050 were outlined for each world region: a Reference scenario 
and an advanced Energy [R]evolution scenario which envisages a reduction of energy-related 
global CO2 emissions of more than 80% by 2050 (compared to their 1990 levels). 
 
The Reference Scenario is based on the Reference scenario in the International Energy 
Agency’s 2011 World Energy Outlook (IEA 2011a), which takes into account only existing 
international energy and environmental policies. The Reference scenario does not consider 
additional policies to reduce greenhouse gas emissions. As the IEA’s projection only covers a 
time horizon up to 2035, it has been extended by extrapolating its key macroeconomic and 
energy indicators forward to 2050. Long term projections of economic developments are only 
indicative and are used to project the future development of the global energy demand, and 
are by no means forecasts. The Reference scenario provides a baseline for comparison with 
the Energy [R]evolution scenario. Compared to the previous (2009) IEA projection (IEA 
2009a), WEO 2011 assumes the same annual growth rate of world Gross Domestic Product 
(GDP). At the same time, it expects global final energy consumption in 2030 to be 9% higher 
than in the WEO 2009 report. China and India are expected to grow faster than other regions, 
followed by Africa, Non OECD Asia group of countries, Middle East and Eastern Europe / 
Eurasia (mainly the former Soviet Union).  

 
The Energy [R]evolution scenario has a key target to reduce worldwide carbon dioxide 
emissions from energy use down to a level of below 4 Gt per year by 2050 to hold the 
increase in global temperature under +2°C. A second objective is the global phasing out of 
nuclear energy. To achieve the targets, the scenario includes significant efforts to fully exploit 
the large potential for energy efficiency using currently available best practice technology. At 
the same time, all cost-effective renewable energy sources are used for heat and electricity 
generation as well as the production of biofuels. The general framework parameters for 
population and GDP growth remain unchanged from the Reference scenario.  
 

 

Approach and main premises 
The Energy [R]evolution scenarios were jointly commissioned by Greenpeace, the Global 
Wind Energy Council, and the European Renewable Energy Council from the Systems 
Analysis group of the Institute of Technical Thermodynamics, part of the German Aerospace 
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Center (DLR). The new energy demand projections were developed by Utrecht University, 
Netherlands for industry and other sectors (except transport), incorporating stronger efforts to 
develop better technologies to achieve CO2 reduction. 
 
The future development pathway for car technologies and newly developed fleet scenarios for 
the complete transport sector are based on a special report produced in 2012 by the Institute 
of Vehicle Concepts, DLR for Greenpeace International (Schmid et al. 2012). There is lower 
demand factored into the transport sector (compared to the scenarios in 2008 and 2010), 
from a change in driving patterns and a faster uptake of efficient combustion vehicles and a 
larger share of electric and plug-in hybrid vehicles after 2025. The biomass potential 
calculated for previous editions, judged according to Greenpeace sustainability criteria, has 
been developed by the German Biomass Research Centre in 2008 (Seidenberger et al. 2008). 
However, this updated scenario contains an even lower use of biofuels for private vehicles 
following a precautionary principle as biofuels might have a higher greenhouse gas emission 
footprint than fossil fuels. There are no global sustainability standards for bio fuels yet, which 
would be needed to avoid competition with agriculture and increased deforestation. 
 
In line with this modelling, the new Energy [R]evolution scenario maps out a clear pathway to 
phase-out oil in the short term and gas in the mid to long term. This pathway has been 
identified by a study from the German Institute “Ludwig Bölkow System Technik” (LBST) for 
Greenpeace International. The institute carried out a detailed analysis of global conventional 
oil resources, current infrastructure of those industries, the estimated production capacities of 
existing oil wells and the investment plans known by end 2011. The resulting oil and gas 
production projections represent the remaining fossil fuel resources between 2012 and 2050 
with no new deep sea and arctic oil exploration, no oil shale and tar sand mining. 
 
Furthermore, the new Energy [R]evolution scenarios also foresee a more pronounced use of 
electricity from renewable energies in the heat sector compared to the 2010 version, thanks 
to the enormous and diverse potential for renewable power. Assumptions for the heating 
sector include a fast expansion of the use of district heat and more electricity for process heat 
in the industry sector. More geothermal heat pumps are also included, which leads to a 
higher overall electricity demand, when combined with a larger share of electric cars for 
transport. A faster expansion of solar and geothermal heating systems is also assumed. 
Hydrogen generated by electrolysis and renewable electricity is introduced in this scenario as 
third renewable fuel in the transport sector after 2025 complementary to biofuels and direct 
use of renewable electricity. Hydrogen is also applied as a chemical storage medium for 
electricity from renewables and used in industrial combustion processes and cogeneration for 
provision of heat and electricity, as well, and for short periods also reconversion into 
electricity. Hydrogen generation can have high energy losses, however the limited potentials 
of biofuels and probably also battery electric mobility makes it necessary to have a third 
renewable option in the transport sector.  
 
Alternatively, this renewable hydrogen could be converted into synthetic methane or liquid 
fuels depending on economic benefits (storage costs vs. additional losses) as well as 
technology and market development in the transport sector (combustion engines vs. fuel 
cells). Hydrogen or another synthetic fuel was also implemented as an option for high 
temperature process heating in the industry sector. 
 
The scenario model based on MESAP/Planet The calculation of the target-oriented 
scenarios was done for each region by developing detailed input data sets taking into account 
defined targets, premises, potentials and specific parameters for power, heat and fuel 
generation in the energy systems. These data sets were then fed into a scenario model 
developed by DLR with the MESAP/PlaNet software tool, an accounting framework for the 
calculation of the complete energy balances of the systems up to 2050. The simulation model 
PlaNet for the energy and environmental planning package MESAP (MESAP, 2008) has 
been created for long-term strategic planning on a national, regional, or local level. PlaNet 
consists of two independent modules: a flow calculation module, balancing the flows of 
commodities of an energy demand and supply model and a cost calculation module for the 
calculation of the corresponding generation costs.  
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The PlaNet flow calculation uses a set of linear equations, which can be solved sequentially. 
In a simulation model, the user specifies the drivers of energy consumption, for example the 
population or the GDP. With the help of intensities (e.g. electricity consumption per person, 
industrial heat demand per GDP), the demand for energy services, the useful heat as well as 
the electricity demand can be determined for the industry, the transport sector and for other 
sectors. For heat as well as electricity production, the model distinguishes between different 
technologies (characterised by their primary energy source, their efficiency and their costs), 
e.g. (amongst others) biomass or gas burners, heat pumps, solar thermal and geothermal 
technologies or several power generation technologies (PV, wind, biomass, gas, coal, nuclear, 
CHP…). For each technology, their market share with respect to total heat or electricity 
production has to be specified exogenously according to the set of targets, potentials, costs 
and other regional premises dealing with societal, structural and economic barriers. The 
market shares were therefore developed in close cooperation with regional counterparts. 
Primary energy consumption is calculated from the heat, electricity and transport demand, the 
market shares of the different technologies and their efficiencies. This schematic allows the 
integrated calculation of energy flows from demand drivers to primary energy consumption. 
The cost calculations are based on the results of the flow calculation. The estimates of the 
future development of population, GDP and energy intensities used in this study are 
presented in detail below. The current limitation of this model methodology is the time-
resolution of annual steps rather than hourly or even 15 minutes steps which would reflect the 
intermittency problem. However, this analysis has been done separate with the grid 
simulation software “DIgSILENT - PowerFactory” (DIgSILENT 2012) for the EU27 and is 
beyond the scope of this article.  
 

A ten-region global energy system model implemented in the MESAP/PlaNet environment is 
used for constituting global energy supply strategies resulting from the described approach. 
The 10 regions correspond to the world regions as specified by the IEA’s World Energy 
Outlook 2011 (Africa, China, India, Latin America, Middle East, OECD Europe, OECD North 
America, OECD Asia Oceania, Other Non-OECD Asia, Eastern Europe/Eurasia) (IEA 2011a). 
Model calibration for the base year 2009 is based on IEA Extended Energy Balances (IEA 
2011b, c).  
 
Key drivers for energy demand: 
 
Future population development is an important factor in energy scenario building because 
population size affects energy demand, directly and indirectly through its impact on economic 
growth and development. The IEA World Energy Outlook 2011 uses the United Nations 
Development Programme (UNDP) projections for population development. For the E[R] 2012 
the most recent population prospects (medium variant) from UNDP up to 2050 are applied 
(UNDP 2011), in addition, the current national population projection was used for China. 
Based on UNDP’s assessment, the world’s population is expected to grow by 0.76% on 
average over the period 2007 to 2050, from 6.8 billion people in 2009 to nearly 9.3 billion by 
2050. The rate of population growth will slow over the projection period, from 1.1% per year 
during 2009-2020 to 0.5% per year during 2040-2050. The updated projections show an 
increase in population estimates by 2050 of around 150 million compared to the UNDP 2008 
edition. This will slightly increase the demand for energy. From a regional perspective, the 
population of the developing regions will continue to grow most rapidly.  Eastern Europe and 
Eurasia will face a continuous decline, followed after a short while by OECD Asia Oceania. 
The population in OECD Europe and OECD North America is expected to increase through 
2050. The share of the population living in today’s non-OECD countries will increase from the 
current 82% to 85% in 2050. China’s contribution to world population will drop from 20% 
today to 14% in 2050. Africa will remain the region with the highest growth rate, leading to a 
share of 24% of world population in 2050.  
 
Economic growth is another key driver for energy demand. Since 1971, each 1% increase in 
global Gross Domestic Product (GDP) has been accompanied by a 0.6% increase in primary 
energy consumption. The decoupling of energy demand and GDP growth is therefore a 
prerequisite for an Energy [R]evolution. Most global energy/economic/environmental models 
constructed in the past have relied on market exchange rates to place countries in a common 
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currency for estimation and calibration. This approach has been the subject of considerable 
discussion in recent years, and an alternative has been proposed in the form of purchasing 
power parity (PPP) exchange rates. Purchasing power parities compare the costs in different 
currencies of a fixed basket of traded and non-traded goods and services and yield a widely 
based measure of the standard of living. This is important in analysing the main drivers of 
energy demand or for comparing energy intensities among countries. Although PPP 
assessments are still relatively imprecise compared to statistics based on national income 
and product trade and national price indexes, they are considered to provide a better basis 
for global scenario development. Thus all data on economic development in WEO 2011 refers 
to purchasing power adjusted GDP.  
 
However, as WEO 2011 only covers the time period up to 2035, the projections for 2035-
2050 for the Energy [R]evolution scenario are based on our own estimates. Furthermore, 
estimates of Africa’s GDP development have been adjusted upward compared to WEO 2011. 
GDP growth in all regions is expected to slow gradually over the coming decades. World GDP 
is assumed to grow on average by 3.8% per year over the period 2009-2030, compared to 
3.1% from 1971 to 2007, and on average by 3.1% per year over the entire modelling period 
(2009-2011). China and India are expected to grow faster than other regions, followed by the 
Middle East, Africa, remaining Non OECD Asia, and Eastern Europe/Eurasia. The Chinese 
economy will slow as it becomes more mature, but will nonetheless become the largest in the 
world in PPP terms early in the 2020s. GDP in OECD Europe and OECD Asia Oceania is 
assumed to grow by around 1.6 and 1.3% per year over the projection period, while economic 
growth in OECD North America is expected to be slightly higher. The OECD share of global 
PPP-adjusted GDP will decrease from 56% in 2009 to 33% in 2050 (see Table A2).. 
 
 
Energy demand projections 
The low energy demand projections by Utrecht University (Graus and Kermeli, 2012) for the 
period 2009 to 2050 cover the world regions as defined in the IEA’s World Energy Outlook 
report series. Efficiency in use of electricity and fuels in industry and “other sectors” – 
including households, agriculture and services – has been completely re-evaluated using a 
consistent approach based on technical efficiency potentials and energy intensities. 
Calculations were made for each decade from 2009 onwards. The most important energy 
saving options considered are efficient production and combustion processes and improved 
heat insulation and building design.  
 
The energy intensity of an economy is in the Energy [R]evolution defined as final energy use 
per unit of gross domestic product. Energy efficiency improvement is defined as the decrease 
in specific energy consumption per physical unit of energy service (e.g. GJ/tonne crude steel, 
MJ/passenger km, MJ/m2 floor surface etc.). For the calculation of the energy efficiency 
potentials it is important to know the energy intensity decrease in the Reference scenario that 
is a result of energy efficiency improvement and the energy intensity decrease that results 
from structural changes. The total energy intensity decrease in the Reference scenario 
results from a mix of these factors and differs per region and per sector. The demand 
projections for the Reference scenario have been updated on the basis of the Current 
Policies scenario from IEA’s World Energy Outlook 2011 (IEA 2011a). For the period 2009-
2035 the energy-intensity decrease in the Reference scenario comes directly from the WEO 
2011. For the period 2035-2050 the decrease in energy intensity in the different regions and 
sectors is extrapolated by taking into account the decreasing trends in the period 2009-2035 
reported in WEO. 
 
There is a converging trend for energy intensities in different world regions, mainly due to a 
strong decrease in developing regions. In the different world regions considered here, energy 
intensities range from 3 to 7 GJ/$ 1000GDP in 2009. In the Reference scenario in the year 
2050 they range from 1.7 to 3.4 GJ/$1000GDP in 2050. The annual average energy intensity 
decrease in the Reference scenario differs per region, ranging from 1.1 to 2.6%/year 
(average over the period 2009-2050). The decrease is different per sector and is typically 
higher for fuels and lower for electricity use. The share of energy intensity decrease due to 
energy-efficiency improvement (autonomous or policy induced) is not available for this study. 
We therefore assume that energy efficiency improvement is equal to 1% per year, based on 
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historical developments of energy efficiency improvement in buildings and industries. When 
calculating the potential for energy efficiency improvement, the energy efficiency that already 
occurs in the Reference scenario is subtracted from the total potential to calculate the 
remaining potential relative to the Reference scenario. 
 
The development of low energy demand scenarios takes into account: 

• The implementation of best practice technologies and a certain share of emerging 
technologies;  

• No behavioral changes or loss in comfort levels in the building sector; 
• The major parameters for the transport sectors are vehicle technology, alternative 

fuels, changes in sales of different vehicle sizes of light duty vehicles (called the 
segment split) and changes in tonne-kilometers and vehicle-kilometers travelled 
(described as modal split). 

• No structural changes in the economy, other than occurring in the Reference scenario;  
• Equipment and installations are replaced at the end of the (economic) lifetime, so no 

early retirement. 
 

The selection of measures is based on the current worldwide energy use per sector and sub 
sector. For all industrial sub sectors the Energy [R]evolution scenario requires implementation 
of best practice technologies, increased recycling and increased material efficiency. Table 
1shows the resulting savings potentials for industry in comparison to the Reference scenario 
per region in 2050. These are based on the technical potentials with the subtraction of the 
energy-efficiency improvement already included in the Reference scenario.In the Reference 
scenario, final energy demand in industries grows from 95 EJ to 172 EJ in 2050 (excluding 
feedstock). Under the Reference scenario the energy demand in Chinese industries is 
expected to be huge in 2050 amounting to 31% of global industrial energy use, equivalent to 
54 EJ. Globally, industry consumes about 30% of total final energy demand, both in 2009 and 
2050. The share in Africa is lowest with 20% in 2050. The largest energy consuming sectors 
in industry are chemical and petrochemical industry, iron and steel and non-metallic minerals. 
Together the sectors consume about 50% of industrial energy demand. The share of the non-
ferrous industry (mainly aluminium production) makes up nearly 11% of total industrial 
electricity demand in 2009. 
 

Table 1: Assumed reduction of energy use in industries in the Energy [R]evolution 
scenario in comparison to the Reference scenario per sector in 2050.  

  Iron and 
steel Industry 

Primary 
aluminium 
production 

Chemical 
Industry 

Non-metallic 
minerals 

Pulp and 
Paper 

Other 
Industries 

 fuels electri
city 

fuels electri
city 

fuels electri
city 

fuels electri
city 

fuels electri
city 

fuels electri
city 

OECD Europe  45% 45% 40% 38% 32% 7% 0,6% 0,6% 10% 10% 48% 48% 

OECD Americas 64% 64% 40% 38% 32% 7% 0,6% 0,6% 10% 10% 48% 48% 

OECD Asia 
Oceania 

51% 51% 40% 38% 32% 7% 0,6% 0,6% 10% 10% 48% 48% 

China 69% 69% 40% 38% 32% 7% 0,6% 0,6% 10% 10% 48% 48% 

Latin America 79% 79% 40% 38% 32% 7% 0,6% 0,6% 10% 10% 48% 48% 

Africa 70% 70% 40% 38% 32% 7% 0,6% 0,6% 10% 10% 48% 48% 

Middle East 52% 52% 40% 38% 32% 7% 0,6% 0,6% 10% 10% 48% 48% 

Transition 
Economies 

79% 79% 40% 38% 32% 7% 0,6% 0,6% 10% 10% 48% 48% 

India 63% 63% 40% 38% 32% 7% 0,6% 0,6% 10% 10% 48% 48% 

Rest of 
developing Asia 

33% 33% 40% 38% 32% 7% 0,6% 0,6% 10% 10% 48% 48% 

World 66% 66% 40% 38% 32% 7% 0,6% 0,6% 10% 10% 48% 48% 

 
For the Energy [R]evolution scenario we assume that certain shares of these potentials are 
implemented. This share is assumed to be different per region and ranges between 70% and 
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95% depending on the regional industrial structure in the base year, potentials for the 
expansion of renewable energies and substituting for fossil fuels. 
 
According to the IEA Energy Balances 2011, energy consumed in buildings and agriculture 
(summarized as “Other Sectors”) represents 40% of global energy consumption in 2009. In 
most regions the share of residential energy demand is larger than the share of commercial 
and public services energy demand (except in OECD Asia Oceania). Since energy use in 
agriculture is relatively small (globally only 6% of this sector) we do not look at this sector in 
detail but assume the same energy saving potentials as in residential and commercial 
combined. In the Reference scenario, energy demand in buildings and agriculture is 
forecasted to grow considerably. Energy efficiency improvement for space heating is 
indicated by the energy demand per m2 floor area per heating degree day (HDD). Heating 
degree day is the number of degrees that a day’s average temperature is below 18°C. Typical 
current heating demand for dwellings in OECD countries is 70 to 120 kJ/m2/HDD (based on 
IEA 2007) but those with better efficiency consume below 32 kJ/m2/HDD.  
 
Technologies assumed in the Energy [R]evolution scenarios to reduce energy demand of 
new dwellings are triple-glazed windows with low-emittance coatings, insulation of roofs, 
walls, floors and basement with demand reductions by 50% in comparison to average energy 
demand, passive solar energy and balanced ventilation with heat recovery. For existing 
buildings, retrofits with more efficient windows and insulation help to reduce the energy use 
significantly. Other measures that need to be achieved in the Energy [R]evolution scenario 
include highly efficient heating and cooling technologies, improved lighting and appliance 
efficiencies and the deployment of efficient heat pumps for space and water heating. 
 

Table 2 Annual reduction of energy demand in sector Others in Energy [R]evolution 
scenario 

Final energy consumption (PJ) 2009 2015 2020 2025 2030 2035 2040 2045 2050

Other - fuels World 91303 95852 95314 94046 92768 91483 89372 87428 85797

Other - fuels OECD Americas 13163 13068 12935 12850 12763 12835 12832 12829 12826

Other - fuels OECD Asia Oceania 3925 4168 4114 4044 3973 3920 3747 3581 3423

Other - fuels OECD Europe 14942 15451 14915 14254 13606 13013 12153 11351 10601

Other - fuels Transition Economies 9654 10024 9879 9610 9322 9085 8675 8283 7909

Other - fuels India 7598 8040 8195 8188 8174 8123 8031 7941 7859

Other - fuels China 16256 17515 17149 16348 15572 14655 13889 13257 12820

Other - fuels Rest of developing Asia 8001 8490 8750 8878 8997 9012 8935 8800 8634

Other - fuels Latin America 2940 3216 3257 3283 3303 3308 3273 3238 3203

Other - fuels Middle East 2821 3131 3272 3371 3454 3537 3575 3614 3653

Other - fuels Africa 12004 12749 12848 13219 13601 13995 14262 14534 14868

Final energy consumption (PJ) 2009 2015 2020 2025 2030 2035 2040 2045 2050

Other - electricity World 34933 39608 42797 45463 47810 50595 51371 52265 53233

Other - electricity OECD Americas 11733 12169 12108 12013 11868 11677 11209 10760 10330

Other - electricity OECD Asia Oceania 3571 3759 3681 3571 3457 3352 3123 2910 2712

Other - electricity OECD Europe 6603 6836 6843 6828 6778 6700 6337 5993 5669

Other - electricity Transition Economies 1923 2015 2184 2304 2409 2514 2570 2628 2687

Other - electricity India 1309 1784 2235 2763 3258 3928 4293 4691 5132

Other - electricity China 3547 5512 7079 7996 8793 9604 9733 9766 9634

Other - electricity Rest of developing Asia 1819 2260 2694 3262 3768 4464 4932 5413 5918

Other - electricity Latin America 1686 1891 2035 2185 2315 2476 2585 2698 2816

Other - electricity Middle East 1720 2145 2433 2749 3026 3333 3569 3822 4092

Other - electricity Africa 1022 1237 1505 1793 2137 2546 3020 3582 4244  
 
 
Table 2 shows resulting final energy demand levels in the Energy [R]evolution scenarios for 
the sector Others, split in electricity use and fuels/heat use. More details about assumptions 
for energy efficiency improvement in industries and others can be found in Graus and Kermeli 
(2012). 
 
The Energy [R]evolution scenario for the agriculture and buildings sector (“other” sectors) is 
based on a combination of the IEA 450 ppm scenario and the Blue map scenario (IEA 2011a) 
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and other assumptions. We assume that policies to improve energy-efficiency in this sector 
are implemented in 2013 and will lead to energy savings from 2014 onwards.  
 
Table 3 shows the annual reductions of energy demand compared to the Reference scenario. 
For electricity use in OECD countries saving potentials are calculated based on the SERPEC-
CC study for EU-27 (Bettgenhäuser et al. 2009). In this study, potentials have been 
calculated for energy savings from all types of energy-efficiency improvement options. This 
bottom-up study estimated a savings potential of 2.5% per year for electricity use in buildings 
in comparison to frozen technology levels, for a 25 year period. More information on 
methodologies and assumptions for the demand projections can be found in Graus & Kermeli 
2012. 
 
Table 3: Assumed annual reduction of energy demand in “other sectors” in the Energy 
[R]evolution scenario in comparison to the Reference scenario. 

Energy Savings    
Energy [R]evolution  

450 PPM  
IEA Scenario 

Blue Map  
IEA Scenario 

Period 2013-2050   Fuel/Heat Electricity Fuel/Heat Electricity Fuel/Heat Electricity 

                

OECD Americas %/YR 0.4 1,5 0.1 0.7 0.9 1,1 

OECD Asia Oceania %/YR 0.8 1,5 0.3 1,0 0.7 0.8 

OECD Europe %/YR 1,6 1,5 0.6 0.8 1,6 1,1 

Eastern Europe/Eurasia %/YR 1,6 0.9 1,1 1,4 1,6 0.9 

India %/YR 0.6 0.6 0.6 1,4 0.5 1,0 

China %/YR 0.4 1,1 0.3 2,2 1,4 1,4 

Non-OECD Asia %/YR 0.4 1,0 0.2 1,0 0,4 0.9 

Latin America %/YR 0.8 1,0 0.3 1,0 0,8 0.6 

Middle East %/YR 0.9 1,0 0.9 1,2 1,6 1,0 

Africa %/YR 1.0 0.5 0.3 0.8 1,4 0.5 

World %/YR 0.9 1,3 0.2 1,3 1,3 1,0 

 
 
Transport Use  
 
The DLR Institute of Vehicle Concepts in Stuttgart, Germany, has developed a global 
scenario for all transport modes covering ten world regions (Schmid et al. 2012). The aim was 
to produce a demanding but feasible scenario to lower global CO2 emissions from transport in 
keeping with the overall objectives of the Energy [R]evolution scenario. The approach takes 
into account a vast range of technical measures to reduce the energy consumption of 
vehicles, but also considers the dramatic increase in vehicle ownership and annual mileage 
taking place in developing countries.  
 
The major parameters are vehicle technology, alternative fuels, changes in sales of different 
vehicle sizes of light duty vehicles (called the segment split) and changes in tonne-kilometres 
and vehicle-kilometres travelled (described as modal split). The Reference scenario for the 
transport sector is also based on the fuel consumption path of the Current Policies scenario 
from WEO 2011. The reduction in passenger-km per capita in the Energy [R]evolution 
scenario compared to the Reference scenario comes with a general reduction in car use due 
to behavioural and traffic policy changes and partly with a shift of transport to public modes. 
For passenger cars in OECD Europe as an example, annual passenger-km reduces from 
around 9,000 to less than 7,400. A shift from energy-intensive individual transport to low-
energy demand public transport of course aligns with an increase in low energy public 
transport p-km (Figure 1). 
 
Improvement of energy efficiency is achieved by the deployment of technical options such as 
reducing the total weight, aerodynamic improvements and a switch to more efficient vehicles 
above all using electric drive trains (full electric or hybrids). In addition, an increase in the load 
factor can reduce the need for transport vehicles to be employed and thus the energy 
intensity decreases when measured per passenger-km or tonne-km – this applies both for 
freight and passenger transport. For freight transport, energy intensity for all modes of 
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transport is expected to decrease by 2050. In absolute terms, road transport has the largest 
efficiency gains whereas transport on rail and on water remain the modes with the lowest 
relative energy demand per tonne-km. Rail freight transport will consume 89% less energy in 
2050 than long haul HDV, per tonne-km. This means that large energy savings can be made 
from a shift from road to rail. As result of the analyses the world average energy intensity for 
medium duty vehicles decreases from around 5 MJ/tonne-km in 2009 to 2.2 MJ/tonne-km in 
2050 and for heavy duty vehicles from 1.5 MJ/tonne-km to 0.74 MJ/tonne-km.  
 

Figure 1.1 World average (stock-
weighted) passenger transport energy  

 
 

Figure 1.2: World average (stock-
weighted) passenger transport energy 
intensity - E[R] 

 
 

Figure 1.3: : Global projection of transport demand supply under 2 scenarios (REF, 
E[R]) 

 
Figure 1.3 shows the projection of fuels to supply the transport sector. Energy efficiency 
plays a key role to reduce the demand of oil especially within the next 10 years. The 
expansion of biofuels is limited due to environmental contrains and a significant increase of 
electric drivens is belived to start after 2020. Hydrogen does not play a significant role in 
the Energy [R]evolution scenario before 2030 and will be limited to fleets like busses or 
freight trucks. 
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Table 4: International use of bunker fuels in the Energy [R]evolution 2012 

Energy[r]evolution (2012) - Bunkerfuels             

  2009 2015 2020 2030 2040 2050 

CO2 emissions (Mt/a)             

aviation bunkers 521 545 554 446 258 167 

marine bunkers 678 709 699 556 363 244 

total CO2 emissions from bunkers 1198 1254 1254 1002 621 412 

              

crude oil demand für oil products bunkers (PJ/a)             

aviation bunkers 6983 7308 7432 5985 3462 2243 

marine bunkers 9082 9505 9376 7448 4867 3274 

total crude oil demand bunkers 16064 16813 16807 13434 8329 5517 

              

primary energy demand for biofuels bunkers (PJ/a)             

aviation bunkers 0 0 0 641 2648 2633 

marine bunkers 0 0 342 1246 2991 3021 

total biomass demand for bunker biofuels 0 0 342 1887 5640 5654 

 
Table 4 shows the demand development of international bunker fuels by source and the 
expected CO2 emissions. The use of oil for aviation and shipping will be shifted after 2020 
towards bio fuels. The majority of biofuels will be used for heavy duty vehicles, ships and 
aviation under the Energy [R]evolution scenario while private cars will shift towards electric 
drives. 
 
 
 
Economic boundary conditions 
 
To implement the Energy [R]evolution pathways, an assessment of costs and benefits for 
society is essential. For this study we focused on the costs of the power sector, calculating 
power generation costs as well as necessary investments and fuel costs for each scenario. 
The main assumptions for the cost calculation are presented in the following. Assumptions 
for heat and transport prices require a much more detailed approach for each region, thus 
were not included in the economic assessment. 
 
Fuel price projections 
The recent dramatic fluctuations in global oil prices have resulted in slightly higher forward 
price projections for fossil fuels. Under the 2004 ‘high oil and gas price’ scenario from the 
European Commission, for example, an oil price of just US$ 34 per barrel was assumed in 
2030 (EU Energy + Transport 2004). More recent projections of oil prices in the IEA’s WEO 
2011 report for 2035 range from US$2010 97/bbl in the 450 ppm scenario up to US$2010 
140/bbl in current policies scenario. Since the first Energy [R]evolution study was published 
in 2007, the actual price of oil has moved over US$100/bbl for the first time, and in July 
2008 reached a record high of more than $ 140/bbl. Although oil prices fell back to US 
$100/bbl in September 2008 and around US$80/bbl in April 2010, prices have increased to 
more than US$110/bbl in early 2012. Thus, the projections in the IEA Current Policies 
scenario might still be considered too conservative. Taking into account the growing global 
demand for oil we have assumed a price development path for fossil fuels slightly higher 
than the IEA WEO 2011 “Current Policies” case extrapolated forward to 2050 (see Table 5). 
As the supply of natural gas is limited by the availability of pipeline infrastructure, there is 
no world market price for gas. In most regions of the world the gas price is directly tied to 
the price of oil. Gas prices are therefore assumed to increase to US$24-30/GJ by 2050. 
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Table 5: Fossil fuel and biomass price assumptions for the three scenarios (in 
US$ 2008) 
 
FOSSIL FUEL UNIT 2000 2005 2007 2008 2010 2015 2020 2025 2030 2035 2040 2050 

Crude oil imports                           

Historic prices 
(from WEO) 

barrel 35 51 76 98 78               

WEO “450 ppm 
scenario” 

barrel         78 97 97 97 97 97     

WEO policies barrel         78 106 106 106 135 140     

Energy [R]evolution 
2012 

barrel         78 112 112 112 152 152 152 152 

Natural gas 
imports 

                          

Historic prices 
(from WEO) 

                          

United States GJ 5,07 2,35 3,28   4,64               

Europe GJ 3,75 4,55 6,37   7,91               

Japan LNG GJ 6,18 4,58 6,41   11,61               

WEO 2011 “450 

ppm scenario” 

                          

United States GJ         4,64 6,22 6,86 8,44 8,85 8,23     

Europe GJ         7,91 9,92 10,34 10,34 10,23 9,92     

Japan LNG GJ         11,61 12,56 12,66 12,66 12,77 12,77     

WEO 2011 Current 
policies 

                          

United States GJ         4,64 6,44 7,39 8,12 8,85 9,50     

Europe GJ         7,91 10,34 11,61 12,56 13,29 13,72     

Japan LNG GJ         11,61 13,40 14,24 14,98 15,61 16,04     

Energy [R]evolution 
2012 

                          

United States GJ         4,64 8,49 10,84 12,56 14,57 16,45 18,34 24,04 

Europe GJ         7,91 14,22 16,78 18,22 19,54 20,91 22,29 26,37 

Japan LNG GJ         11,61 16,22 19,08 20,63 22,12 23,62 25,12 29,77 

OECD steam coal 
imports  

                          

Historic prices 
(from WEO)  

$/tonn
e 

42 50 70 122 99               

WEO 2011 “450 
ppm scenario”  

          99 100 93 83 74 68     

WEO 2011 Current 
policies 

          99 105 109 113 116 118     

Energy [R]evolution 
2012 

            126,7 139 162,3 171 181,3 199 206,3 

Biomass (solid)                           

Energy [R]evolution 
2012 

                          

OECD Europe GJ     7,50   7,80 8,31 9,32 9,72 10,13 10,28 10,43 10,64 

OECD Asia 
Oceania & North 
America 

GJ     3,34   3,44 3,55 3,85 4,10 4,36 4,56 4,76 5,27 

Other regions GJ     2,74   2,84 3,24 3,55 3,80 4,05 4,36 4,66 4,96 

 
Cost of CO2 emissions: Assuming that a carbon emission trading system is established 
across all world regions in the longer term, the cost of CO2 allowances needs to be 
included in the calculation of electricity generation costs. Projections of emissions costs are 
even more uncertain than energy prices, and a broad range of future estimates has been 
made in studies. The CO2 costs assumed in 2050 are often higher than those included in 
this Energy [R]evolution study (US $2010 75 per tCO2), reflecting estimates of the total 
external costs of CO2 emissions. In the E[R] cost calculations, CO2 costs are applied for 
Kyoto Protocol Non-Annex B countries only from 2030 on, for all other countries from 2015 
on (Tabelle 6). 
 
Table 6: Assumed CO2-costs (own assumptions) 

Assumptions CO2-cost development             

  2009 2015 2020 2030 2040 2050 

Regions             

Annex-B countries 0 15 25 40 55 75 

Non-Annex-B countries 0 0 0 40 55 75 
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Projections of future investment costs for power generation 
 
Although fossil fuel power technologies in use today for coal, gas, lignite and oil are 
established and at an advanced stage of market development, further cost reduction 
potentials for conventional power technologies are assumed. The potential for cost 
reductions is limited, however, and will be achieved mainly through an increase in 
efficiency. Table 7 summarises our assumptions on the technical and economic 
parameters of future fossil-fuelled power plant technologies. In spite of growing raw 
material prices, we assume that further technical innovation will result in a moderate 
reduction of future investment costs as well as improved power plant efficiencies. These 
improvements are, however, outweighed by the expected increase in fossil fuel prices, 
resulting in a significant rise in electricity generation costs. 
 

Table 7: Assumed development of efficiency and investment costs for selected 
fossil power plant technologies.  

  2010 2015 2020 2030 2040 2050 

coal-fired 
condensing 
power plant 

efficiency (%) 45 46 48 50 52 53 

investment costs 
($2010/kW) 

1478 1536 1594 1594 1594 1594 

CO2 emissions 
(g/kWh) 

744 728 697 670 644 632 

lignite-fired 
condensing 
power plant 

efficiency (%) 41 43 44 44,5 45 45 

investment costs 
($2010/kW) 

1744 1812 1881 1881 1881 1881 

CO2 emissions 
(g/kWh) 

975 929 908 898 888 888 

natural gas 
combined 
cycle power 
plant 

efficiency (%) 57 59 61 62 63 64 

investment costs 
($2010/kW) 

707 796 886 886 886 886 

CO2 emissions 
(g/kWh) 

354 342 330 325 320 315 

Sources: IEA WEO 2010, DLR/IWES/IfNE 2010 - Note: CO2 emissions refer to power 
station outputs only; life-cycle emissions are not considered.  
 
In contrast to fossil fuel power technologies, renewable energy technologies still have 
considerable cost reduction potentials. Table 8 summarises the assumptions for cost 
trends for renewable power technologies as derived from the respective extrapolated 
learning curves. It should be emphasised that the expected cost reduction is basically not a 
function of time, but of cumulative capacity, so dynamic market development is required. 
Most of the technologies will be able to reduce their specific investment costs between 
30% and 70% of current levels by 2020, and between 20% and 60% once they have 
achieved full maturity (after 2040). This would continue the historical developments, where 
solar photovoltaic modules decreased the costs over 50% between 1990 and 2001 (EC 
2005),while specific costs for wind turbine went down from US$ 2700 / kW to US$ 1500/kW 
between 1982 and 2009 (Nielson et. al. 2010). Reduced investment costs for renewable 
energy technologies directly reduce heat and electricity generation costs. Electricity 
generation costs today are around 8 to 26 $cents/kWh for the most important technologies, 
with the exception of photovoltaic.  
 
To identify long-term cost developments, learning curves have been applied to the model 
calculations to reflect how the costs of a particular technology change in relation to the 
cumulative production volumes. For many technologies, the learning factor (or progress 
ratio) is between 0.75 for less mature systems to 0.95 and higher for well-established 
technologies. A learning factor of 0.9 means that costs are expected to fall by 10% every 
time the cumulative output from the technology doubles. Empirical data show, for example, 
that the learning factor for PV solar modules has been fairly constant at 0.8 over 30 years 
whilst that for wind energy varies from 0.75 in the UK to 0.94 in the more advanced 
German market. 
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Assumptions on future costs for renewable electricity technologies in the Energy 
[R]evolution scenario are derived from a review of learning curve studies, for example by 
Neij (2008), from the analysis of recent technology foresight and road mapping studies, 
including the European Commission funded NEEDS project (NEEDS 2009) or the IEA 
WEO 2010, projections by the European Renewable Energy Council published in April 
2010 (“Re-Thinking 2050”) and discussions with experts from different sectors of the 
renewable energy industry. 
 
Table 8: Projected cost development for renewable power generation technologies, 
market volumes and investments 

Photovoltaics (pv)   2009 2015 2020 2030 2040 2050 

Investment costs $/kWp 3,000 2,300 1,650 1,280 1040 1060 

Operation and maintenance 
costs 

$/kW/a 43 38 21 15 14 15 

                
Concentrating solar 
power (csp) 

  2009 2015 2020 2030 2040 2050 

Investment costs $/kWp 9,300 8,100 6,600 5,750 5,300 4,800 

Operation and maintenance 
costs 

$/kW/a 420 330 265 229 211 193 

                
Wind power   2009 2015 2020 2030 2040 2050 
Investment costs – onshore $/kWp 1,800 1,500 1,290 1,280 1,300 1,350 

Operation and maintenance 
costs – onshore 

$/kW/a 64 55 55 56 59 61 

Investment costs – offshore $/kWp 6,000 5,100 3,800 3,000 2,700 2,350 

Operation and maintenance 
costs – offshore 

$/kW/a 230 205 161 131 124 107 

                

 
Biomass   2009 2015 2020 2030 2040 2050 
Investment costs – bio 
power plant 

$/kWp 3,350 3,100 3,000 2,800 2,700 2,650 

Operation and 
maintenance costs 

$/kW/a 201 185 175 169 162 166 

Investment costs – Bio 
mass CHP 

$/kWp 5,700 5,050 4,400 3,850 3,550 3,380 

Operation and 
maintenance costs 

$/kW/a 397 354 310 270 250 237 

                
Geothermal   2009 2015 2020 2030 2040 2050 
Investment costs $/kW/a  13,500 11,100 9,300 6,400 5,300 4,550 

Operation and 
maintenance costs 

$/kW/a 637 538 418 318 297 281 

                
Ocean energy   2009 2015 2020 2030 2040 2050 
Investment costs $/kWp 5,900 4,650 3,300 2,300 1,900 1,700 

Operation and 
maintenance costs 

$/kW/a 237 185 132 91 77 68 

                
Hydro   2009 2015 2020 2030 2040 2050 
Investment costs $/kWp 3,300 3,400 3,500 3,650 3,500 3,900 

Operation and 
maintenance costs 

$/kW/a 132 136 141 146 152 156 
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Estimation of job effects 
 
Methodology overview 
The methodology used for the 2012 study was first developed for an analysis of the global 
and regional employment effects of the 2008 Energy [R]evolution, and a fuller discussion of 
the regional adjustment factors and technology decline factors may be found in Energy 
sector jobs to 2030, a global analysis (Rutovitz and Atherton, 2009 and Rutovitz & Harris 
2012). For each scenario, namely the Reference and Energy [R]evolution scenario the 
main inputs into the calculations are: 
• The amount of electrical and heating capacity that will be installed each year for each 
technology; 
• The primary energy demand for coal, gas, and biomass fuels in the electricity and heating 
sectors; 
• The amount of electricity generated per year from nuclear, oil, and diesel. 
 
For each technology: 
• ‘Employment factors’, or the number of jobs per unit of capacity, separated into 
manufacturing, construction, operation and maintenance, and per unit of primary energy for 
fuel supply; 
• For the 2020 and 2030 calculations, the ‘decline factor’ for each technology which 
reduces the employment factors by a certain percentage per year. This reflects the fact that 
employment per unit falls as technology prices fall. 
 
For each region: 
• The percentage of local manufacturing and domestic fuel production in each region to 
calculate the proportion of manufacturing and fuel production jobs which occur in the 
region; • The percentage of world trade which originates in each region for coal and gas 
fuels, and renewable energy traded components. 
• A “regional job multiplier”, which indicates how labour intensive economic activity is in that 
region compared to the OECD. This is used to adjust OECD employment factors where 
local data is not available. 
 
The electrical capacity increase and energy use figures from each scenario are multiplied 
by the employment factors for each of the technologies, and then adjusted for regional 
labour intensity and the proportion of fuel or manufacturing which occurs locally. A range of 
data sources are used for the model inputs, including the International Energy Agency, US 
Energy Information Administration, US National Renewable Energy Laboratory, 
International Labour Organisation, industry associations for wind, geothermal, solar, 
nuclear and gas, census data from Australia, Canada, and India, academic literature, and 
the ISF’s own research (see Rutovitz & Harris 2012). These calculations only take into 
account direct employment, for example the construction team needed to build a new wind 
farm. They do not cover indirect employment, such as  the extra services provided in a 
town to accommodate construction teams. The calculations do not include jobs in energy 
efficiency, although these are likely to be substantial, as the Energy [R]evolution leads to a 
40% drop in primary energy demand overall. 
 
 
3 Results: energy demand, energy generation and economic effects 
In 2009 renewable energy accounted for 13.5% of the world’s primary energy demand. The 
main source is biomass, used mainly for heating. For electricity generation, renewables 
contribute about 19.3% and for heat supply, around 25%, much of this is from traditional 
sources such as firewood. About 81% of the primary energy supply today still comes from 
fossil fuels and 5.5% from nuclear energy (IEA 2011a). The Energy [R]evolution scenario 
describes development pathways to a sustainable energy supply, to achieve needed CO2 
reductions, to phase-out nuclear energy and without unconventional oil resources. The 
global Energy [R]evolution scenario shows the following results: 

 The final energy demand in the Reference case is projected to increase most in India 
and the Middle East (2.9%/yr and 2.1%/yr), followed by Other non-OECD Asia 
(2.0%/yr) and Africa (1.8%/yr). Energy demand increase is lowest in OECD Asia 
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Oceania, OECD Americas and OECD Europe (between 0.2%/yr and 0.5%/yr), due to 
lower GDP growth rates, in combination with moderate energy intensity decrease. 
Worldwide final energy demand in the Reference case is expected to grow by 75%, 
from 304 EJ (ExaJoules) in 2009 to 523 EJ in 2050. The relative growth in the 
transport sector is the largest, where energy demand is expected to grow from 82 EJ 
in 2009 to 151 EJ in 2050. Fuel demand in “Other sectors” is expected to grow slowest 
from 91 EJ in 2009 to 119 EJ in 2050. 

 Curbing global final energy demand: In the Energy [R]evolution scenario, energy 
demand increases until 2020 by only 10% compared to current consumption, and 
remain on that level by 2035 decreasing slightly afterwards. Under the low energy 
demand scenario, worldwide final energy demand in industry and other sectors is 31% 
lower in 2050 compared to the Reference scenario, resulting in a final energy demand 
of 256 EJ (ExaJoules). The energy savings are fairly equally distributed over the two 
main sectors.  

 The Energy [R]evolution scenario would cut industrial energy demand by 40% per $ 
GDP by 2050 compared to the Reference development.  

 Under the Energy [R]evolution scenario, energy needed for heating can be cut 
significantly by about 46.5 EJ/a for 2050, compared to the Reference scenario.  

 Under the Energy [R]evolution scenario, energy efficiency can cut the need for new 
generation by about 30% by 2050, compared to the expected increase.  

 In the transport sector, it is assumed that energy consumption will continue to increase 
under the Energy [R]evolution scenario up to 2020 due to fast growing demand for 
services. After that, it will decline to the level of the current demand by 2050. 
Compared to the Reference scenario, transport energy demand is reduced overall by 
60% or about 90 EJ/a by 2050. Energy demand for transport under the Energy 
[R]evolution scenario will therefore increase between 2009 and 2050 by only 26% to 
60.5 EJ/a. The results are illustrated in the Figures 2.1, 2.2, 2.3 and 2.4. 

 Electricity generation: Under the Energy [R]evolution scenario, by 2020 renewable 
energy could supply 37% of the world’s electricity with an installed capacity of 7,392 
GW, up from 237 GW in 2011. In the long term (2050), 94% of the world’s electricity 
would come from renewable energy sources, nuclear energy could be phased out and 
the number of fossil fuel-fired power plants, especially coal plants, could be strongly 
reduced. Total electricity generation increases from 20,000 TWh in 2009 to more than 
46,000 TWh in 2050, whereas renewable generation increases from less than 4,000 
TWh/a to around 44,000 TWh/a. Wind power contributes 31%, solar thermal power 
plants 21%, PV 17%, hydro 11%, geothermal energy 9%, biomass combustion 6% and 
ocean energy 5% in 2050 (Figure3).  

 Future costs of electricity generation: In the near term, the costs of electricity 
generation under the Energy [R]evolution scenario will be marginally higher than the 
Reference scenario with the gap dropping if oil prices go up. The overall global level of 
investment required in new power plants up to 2030 will be in the region of US$11.5 
trillion in the Reference case and US$20.1 trillion in the Energy [R]evolution. A major 
driving force for investment in new generation capacity will be the replacement of the 
ageing fleet of power plants in OECD countries and the build-up of new power plants 
in developing countries. It would require about US$50,400 billion in investment in the 
power sector for the Energy [R]evolution scenario to become reality (including 
investments for replacement after the technical lifetime – as defined in Annex table A5 
- of the plants) - approximately US$714 billion per year more than in the Reference 
scenario. Under the Reference version, the levels of investment in conventional power 
plants add-up to almost 49% while approximately 51% would be invested in renewable 
energy and cogeneration (CHP) until 2050. Under the Energy [R]evolution scenario the 
global investment would shift by 95% towards renewables and cogeneration. The 
additional investments for the expansion of renewable power generation would lead to 
a maximum increase of electricity generation costs of little more than 1 ct/kWh 
occurring in the years before 2030. In the long term, electricity from renewables will be 
significantly cheaper than electricity from other sources as a result of the development 
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pathways for technologies and fuel prices. The shift to renewables and an increase in 
energy efficiency under the scenario would stabilize energy costs and, in the long 
term, would cut electricity costs by more than 40% compared to the Reference case. 
By 2050, generation costs will be US$ 7.9 cents/kWh below those in the Reference 
scenario. Relying on renewable energy would produce US$1,320 billion in fuel cost 
savings in 2050 worldwide relative to the Reference scenario. Under the Reference 
scenario, the unchecked growth in demand, an increase in fossil fuel prices and the 
cost of CO2 emissions result in total electricity supply costs rising from today’s 
US$2,364 billion per year to about US$8,830 billion in 2050, whereas in the Energy 
[R]evolution scenario resulting supply costs are about US$5,100 billion per year in 
2050. These figures include estimated costs for efficiency measures up to US$4 
ct/kWh but no costs for grid expansion, load and generation management and energy 
storage.   

 Future investment in renewable heating technologies: Especially solar thermal, 
geothermal, and heat pump technologies need an enormous increase in installations, if 
their potentials are to be tapped for the heat sector. Installed capacity needs to 
increase by the factor of 60 for solar thermal and even by the factor of 3,000 for 
geothermal and heat pumps. Capacity of biomass technologies, which are already 
rather wide spread today, still need to remain a main pillar of heat supply, however 
current combustion systems mostly need to be replaced by new efficient technologies. 
Renewable heating technologies are extremely variable, from low tech biomass stoves 
and unglazed solar collectors to very sophisticated enhanced geothermal systems and 
solar thermal district heating plants with seasonal storage. Thus it can only roughly be 
calculated, that the Energy [R]evolution scenario in total requires around US$27,000 
billion to be invested in renewable heating technologies until 2050 (including 
investments for replacement after the economic lifetime of the plants) - approximately 
US$670 billion per year. 

 Future global direct employment: The Energy [R]evolution scenario results in more 
energy sector jobs globally at every stage of the scenario. Calculated energy sector 
job numbers in the Energy [R]evolution scenario are 23.3 million in 2015, and 18.7 
million in the Reference scenario. In 2030, there are 18.2 million jobs in the Energy 
[R]evolution scenario and 15.6 million in the Reference scenario. Job numbers fall 
after 2020 because as renewable technologies mature costs fall and they become less 
labour intensive. By 2030, 65% of energy jobs would be in renewables.  

 Global development of CO2 emissions: Whilst worldwide CO2 emissions will increase 
by 62% in the Reference scenario, under the Energy [R]evolution scenario they will 
decrease from 27,925 million tonnes in 2009 to 3,076 million tonnes in 2050 (excluding 
international bunkers). Annual per capita emissions will drop from 4.1 tonnes to 2.4 
tonnes in 2030 and 0.3 tonne in 2050. With a share of 23% of CO2 emissions in 2050, 
the power sector will drop below transport as the largest source of emissions. By 2050, 
global CO2 emissions are 15% of 1990 levels. By combining ambitious efforts towards 
higher efficiency in vehicle technologies, a major switch to grid-connected electric 
vehicles (especially LDVs) and incentives for vehicle users to save carbon dioxide it is 
possible to reduce CO2 emissions from ‘well-to-wheel’ in the transport sector in 2050 
by roughly 77% compared to 1990 and 81% compared to 2009. By 2050, in this 
scenario, 25% of the final energy used in transport will still come from fossil sources, 
mainly gasoline, kerosene and diesel. Renewable electricity will cover 41%, biofuels 
11% and hydrogen 20%. Total energy consumption will be reduced by 26% in 2050 
compared to 2009 even though there are enormous increases in fuel use in some 
regions of the world. The peak in global CO2 emissions from transport occurs between 
2015 and 2020.  

Primary energy consumption: Under the Energy [R]evolution scenario, overall primary 
energy demand will be reduced by 40% in 2050 compared to the Reference scenario 
resulting from efficiency improvements but also from the major shift from condensing power 
plants with high energy losses to renewable power generation. The Energy [R]evolution 
scenario therefore ends up with a worldwide primary energy demand of about 480 EJ 
compared to 500 EJ in 2009 and more than 800 EJ in the Reference scenario. Almost  the 
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entire global electricity supply and most of the energy for buildings and industry will be 
coming from renewable energy sources. The Energy [R]evolution scenario would achieve a 
renewable primary energy share of 41% already by 2030 and 82% by 2050 (Figure 4).  
Figure 2.1: Global projection of total final energy demand by sector – scenarios REF, E[R] 

 
 

Figure 2.2:  Global development of electricity demand by sector in the E[R] scenario 

 
 

Figure 2.3: Global development of heat demand by sector in the E[R] scenario  

 
 

Figure 2.4: Global development of transport demand by sector in the E[R] scenario 
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Figures 2.1 to 2.4 Shows the resulting global final energy use, electricity and heat demand 
per sector and transport energy demand per mode over the period 2009 to 2050. 
 

Figure 3: Resulting global electricity generation in the Energy [R]evolution scenario in the 
period 2009 to 2050. 

 
 

Figure 4: Resulting primary energy use (right) in all sectors. 

 
 
 

4. Conclusions 
The Energy [R]evolution scenario defines a low energy demand projection for energy-
efficiency improvement and an ambitious and optimistic but in view of current knowledge 
about technical potentials realistic development pathway of the worldwide expansion of 
renewable energies. The basis for the energy demand projection is a Reference scenario 
based on IEA WEO 2011 edition and extrapolated to 2050 by GDP growth and 
assumptions regarding energy-intensity decrease. In the reference scenario, worldwide 
final energy demand increases from 335 EJ in 2009 to 564 EJ in 2050. This is an increase 
of 68%. The Reference scenario provides the benchmark against which the Energy 
[R]evolution scenario is measured.  
 
Energy demand reductions are principally limited by the technical energy efficiency 
potentials, derived from a detailed analysis of individual efficiency potentials of a high 
variety of important energy consuming technologies. However, taking into account 
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implementation constraints e.g. costs and other barriers, a more sustainable energy 
demand path was projected than the Reference scenario, but more conservative than the 
technical energy efficiency potential. In the Energy [R]evolution scenario, worldwide final 
energy demand increases only slightly to 350 EJ in 2050. For transport, global energy 
demand is projected to increase from 82 PJ in 2009 to 150 EJ in 2050 in the Reference 
scenario. In the Energy [R]evolution scenario, this energy demand is reduced to 61 EJ in 
2050. For the Energy [R]evolution scenarios the projected energy demand reductions are 
vital to achieve a share of around 72% renewable energy in the transport sector, 89% in 
the industry and 93% in buildings and agriculture sector. The overall global renewable 
energy share by 2050 could be as high as 88% of final energy supply.  
 
To achieve an economically attractive growth of renewable energy sources, a balanced 
and timely mobilisation of all technologies is of great importance. Such mobilisation 
depends on technical potentials, actual costs, cost reduction potentials and technical 
maturity. Climate-friendly infrastructure, district heating systems, smart grids and super 
grids for renewable power generation, as well as more R&D into storage technologies for 
electricity, are all vital if this scenario is to be turned into reality.  
 
The successful implementation of smart grids is vital for the Energy [R]evolution from 2020 
onwards, because dynamic power generation from wind and solar technologies in 
combination with a network of decentralised cogeneration power plants and centralised 
offshore wind farms require a different infrastructure and operation of the network, in 
comparison to the current system.  
 
It is also important to highlight that in the Energy [R]evolution scenario the majority of 
remaining coal power plants – which will be replaced 20 years before the end of their 
technical lifetime – are in China and India. This means that in practice all coal power plants 
built between 2005 and 2020 are replaced in the scenario by renewable energy sources 
from 2040 onwards. To support the building of capacity in developing countries significant 
new public financing, especially from industrialised countries, will be needed. It is vital that 
specific funding mechanisms such as “Feed-in tariff” and “Access to energy for all” 
schemes are developed under the international climate negotiations that can assist the 
transfer of financial support to climate change mitigation, including technology transfer. 

The authors of the Energy [R]evolution scenario conclude, that the required up scaling of 
the renewable energy market is not the main barrier to achieve a global renewable energy 
share greater than 80% by 2050.  

However, the implementation of technical efficiency standards to achieve the required 
energy efficiency pathway as well as the restructuring of the required infrastructure such as 
efficient smart grids and district heating networks seem to be a much bigger challenge. 
Long-term energy policies with a clear framework for infrastructure investments are needed 
to move towards a renewable energy system. The renewable industry can only maintain 
double digit annual growth rates for the coming years if the needed infrastructure will be 
implemented by 2020. Besides the technical challenges of grid integration from large 
shares of wind and solar photovoltaic generation, a different business model is required to 
build and operate decentralised energy generation systems instead of centralised power 
plants with maintenance workers dispersed over an entire region rather than only on power 
plant side. Demand side management becomes an important factor to avoid large storage 
capacities and to use fluctuating wind and solar PV power generation as efficient as 
possible. 
Specific policy designs for implementation 
To implement a more efficient and largely decentralized energy supply, all policies both for 
the supply as well as for the demand sector must ensure consistency. Being efficient must 
involve financial benefits and long-term security is needed to change and/or expand the 
infrastructure. European efficiency standards for buildings for example reduce the overall 
heat demand and could conflict with the expansion of district heating networks. The 
implementation of smart- and super grids require an integrated long-term energy plan as 
well as specific technical standards. The authors favour ever improving efficiency 
standards such as the Japanese “Top-Runner” model over static models.  
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Successful support mechanisms such as the German Feed-in Tariff (FIT) the “Renewable 
Energy Act (EEG)” provide security for investments for the supply side since the first 
version of the EEG came into force 1st January 1991. A guaranteed and priority access to 
the grid is essential for renewable energy projects, especially large scale such as offshore 
wind.  
 
The main barrier: Challenging the business model of today’s utilities 
The Energy [R]evolution scenario would also result in a dramatic change in the business 
model of energy companies, utilities, fuel suppliers and the manufacturers of energy 
technologies. Decentralised energy generation and large solar or offshore wind projects 
which operate in remote areas, without the need for any fuel, will have a profound impact 
on the way utilities operate in 2020 and beyond. While today a relatively small number of 
power plants owned and operated by utilities or their subsidiaries are needed to generate 
the required electricity, the Energy [R]evolution scenario projects a future share of around 
60% to 70% of small but numerous decentralised power plants performing the same task. 
Ownership would therefore shift towards more private investors and away from centralised 
utilities. In turn, the value chain for power companies would shift towards project 
development, equipment manufacturing and operation and maintenance. 
 

The authors see the most relevant variables which have a rather high impact on the results 
in terms of future technology pathways are within the area of system management 
technologies. Smart grid technologies, storage technologies and future transmission 
technologies (e.g. DC cables) have a huge impact on the most cost generation technology 
mix. In terms of economical pathways, the internalization of external costs (e.g. CO2 costs) 
as well as the development of new business models has a huge impact on the 
development of fossil fuel related technologies within the next decade or two. While in the 
long term renewable energy based energy supply systems are dominant in the majority of 
sustainable energy scenarios, the speed of restructuring is closely connected to 
infrastructural changes and internalization of external costs. The main barriers therefore 
are on a political level and on market designs of future energy industry.  
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Annex 1 
 
Table A1: Energy [R]evolution 2012 Global final energy demand in PJ/a 
 
       
 2009 2015 2020 2030 2040 2050 
              

Total (incl. non-energy use) 335.013 371.184 378.684 375.580 362.042 350.884 
Total energy use 303.800 337.325 344.158 340.070 326.095 316.157 
Transport 81.577 86.812 86.758 78.014 65.025 60.529 
    - Oil products 75.529 79.106 76.358 57.177 27.672 12.436 
    - Natural gas 2.923 3.214 3.297 3.123 2.831 2.636 
    - Biofuels 2.158 3.125 4.521 6.421 7.116 6.730 
    - Electricity 967 1.362 2.321 9.110 20.022 26.454 
         RES electricity 187 351 868 5.570 16.003 24.949 
    - Hydrogen 0 4 262 2.183 7.385 12.273 
    RES share Transport 2,9% 4,0% 6,3% 17,1% 44,6% 71,5% 
       
Industry 95.202 113.924 120.112 122.222 120.719 116.679 
    - Electricity 24.131 31.327 35.470 40.372 43.617 45.001 
         RES electricity 4.658 8.081 13.266 24.683 34.863 42.441 
    - District heat 4.607 7.317 9.853 14.428 18.931 22.267 
         RES district heat 110 989 2.790 7.003 13.498 19.400 
    - Coal + Lignite 22.026 26.314 25.397 17.701 5.633 685 
    - Oil products 13.290 12.447 9.302 4.810 2.467 864 
    - Gas 23.403 25.999 25.780 22.599 14.890 5.075 
    - Solar 0 790 2.030 5.229 11.102 14.086 
    - Biomass and waste 7.731 9.183 9.988 10.648 10.642 9.384 
    - Geothermal 15 547 1.652 4.354 9.565 13.849 
    - Hydrogen 0 0 640 2.080 3.872 5.468 
    RES share Industry 13,1% 17,2% 24,9% 43,5% 68,6% 89,4% 
       
Other Sectors 127.021 136.589 137.288 139.834 140.351 138.949 
    - Electricity 35.049 40.468 43.078 48.432 52.326 54.558 
         RES electricity 6.766 10.438 16.112 29.611 41.824 51.454 
    - District heat 5.974 7.115 8.712 11.921 14.607 16.908 
         RES district heat 126 920 2.429 5.832 10.731 15.378 
    - Coal + Lignite 5.995 5.628 5.068 3.408 1.119 76 
    - Oil products 18.070 17.153 12.482 7.086 3.512 708 
    - Gas 26.030 26.704 24.910 17.510 9.652 3.886 
    - Solar 545 1.918 4.874 12.298 19.293 24.032 
    - Biomass and waste 35.151 36.684 35.549 33.040 29.492 24.166 
    - Geothermal 207 917 2.615 6.139 10.350 14.615 
    RES share Other Sectors 33,7% 37,2% 44,9% 62,2% 79,6% 93,3% 
       
Total RES 57.653 73.944 97.031 153.434 223.475 277.214 
RES share 19,0% 21,9% 28,2% 45,1% 68,5% 87,7% 
       
Non energy use 31.213 33.859 34.525 35.510 35.947 34.727 
    - Oil 23.979 24.310 22.500 19.367 16.636 14.894 
    - Gas 5.692 6.970 7.849 8.282 8.105 7.294 
    - Coal 1.542 2.580 4.177 7.861 11.206 12.539 
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Table A2: Average annual growth rates -GDP development in the REF and ER 
scenario 

  2009-2020 2020-2035 2035-2050 2009-2050 

World 4.2% 3.2% 2.2% 3.1% 

OECD Americas 2.7% 2.3% 1.2% 2.0% 

OECD Asia Oceania 2.4% 1.4% 0.5% 1.3% 

OECD Europe 2.1% 1.8% 1.0% 1.6% 

Eastern Europe/Eurasia 4.2% 3.2% 1.9% 3.0% 

India 7.6% 5.8% 3.1% 5.3% 

China 8.2% 4.2% 2.7% 4.7% 

Other non-OECD Asia  5.2% 3.2% 2.6% 3.5% 

Latin America 4.0% 2.8% 2.2% 2.9% 

Middle East 4.3% 3.7% 2.8% 3.5% 

Africa 4.5% 4.4% 4.2% 4.4% 

 
 
 
Table A3: global: projection of renewable electricity generation capacity 
under the Reference and the Energy [R]evolution scenario 

in GW   

    2009 2020 2030 2040 2050 

Hydro REF 1.001 1.250 1.425 1.569 1.719 

E[R] 1.001 1.238 1.338 1.423 1.483 

Biomass REF 11 18 27 37 47 

E[R] 11 69 232 522 735 

Wind REF 147 525 754 960 1.137 

E[R] 147 1.357 2.915 4.303 5.306 

Geothermal REF 0 11 24 43 75 

E[R] 0 174 692 1.353 2.021 

PV REF 51 98 155 213 264 

E[R] 51 161 262 386 492 

CSP REF 0 1 4 13 17 

E[R] 0 60 179 350 628 

Ocean REF 0 0 0 0 0 

E[R] 0 0 0 0 0 

Total REF 1.211 1.904 2.389 2.834 3.259 

E[R] 1.211 3.060 5.619 8.337 10.666 
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Table A4 
Table A4: Global projection of renewable heat supply under the Reference and the 
Energy [R]evolution scenario 

in PJ/a   

    2009 2020 2030 2040 2050 

Biomass REF 34.560 35.936 37.208 39.641 42.584 

E[R] 34.560 39.299 41.588 42.907 39.998 

Solar Collectors REF 546 1.081 1.709 2.504 3.186 

E[R] 546 7.560 19.557 34.458 44.305 

Geothermal REF 342 545 759 1.154 1.438 

E[R] 342 5.932 15.821 31.873 47.416 

Hydrogen &                             
RE-Methan 

REF 0 0 0 0 0 

E[R] 0 608 2.055 4.200 6.228 

Total REF 35.447 37.562 39.676 43.299 47.209 

E[R] 35.447 53.399 79.021 113.438 137.948 

 
Table A5 Assumed technical Lifetimes – Power plants 

        

Technology Attribute Unit   

Biomass power plant 
Technical 
Lifetime a 20 

Coal Power Plant 
Technical 
Lifetime a 35 

Diesel engine 
Technical 
Lifetime a 8 

Gas CC 
Technical 
Lifetime a 25 

Gas GT 
Technical 
Lifetime a 25 

Geothermal power 
plant 

Technical 
Lifetime a 25 

Hydro large 
Technical 
Lifetime a 30 

Hydro small 
Technical 
Lifetime a 30 

Landfill gas power 
plant 

Technical 
Lifetime a 25 

Lignite power plant 
Technical 
Lifetime a 35 

Nuclear power plant 
Technical 
Lifetime a 35 

Oil power plant 
Technical 
Lifetime a 25 

PV power plant 
Technical 
Lifetime a 20 

Wind turbine offshore 
Technical 
Lifetime a 15 

Wind turbine onshore 
Technical 
Lifetime a 15 
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