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EXECUTIVE SUMMARY 

Quantifying current greenhouse emissions and anticipating their future evolution is an 
important analytical input to policymaking. However, accurate emissions monitoring and 
reporting are not simple, and processes are still being improved globally. Predicting the 
future yet more challenging; models that do so are heavily affected by assumptions to create 
scenarios of economic, social and policy change over time. As a result there is a wide array of 
visions of the future, the difference between which are important to understand. 

This study focuses on carbon dioxide (CO2) emissions from fossil fuels. Key drivers of these 
emissions are activity, economics, energy intensity and carbon intensity. As reducing GDP or 
population is not a likely aim of climate policy, the primary means of affecting emissions is 
to change the last two of the four factors: reducing the amount of energy needed per GDP, 
and decarbonising the fuel mix.    

Energy use is by far the predominant source of CO2 emissions in the world, at 72.9%, though 
there are strong differences by region, with Annex I countries above 95% and non-Annex I 
countries below 50%, given their higher emissions from land use change and forestry. 
Regional differences are further obvious in the total contribution to emissions – about a third 
from Asia, a bit more than a fifth each from Europe and North America, and the final quarter 
from the rest of the world. In per capita terms, however, given Asia’s massive population it 
emits less than a third the per capita rate of Europe and a seventh the rate of North America. 

Globally, electricity and heat account for around 44% of energy sector emissions, with 
manufacturing and construction, transport and other types of combustion each below 20%. 
Electricity and heat is largest source in every region, with the only major differences between 
the remarkably high transport emissions in north America (nearly 30%) and Asia’s high 
manufacturing and construction emissions (nearly 25%).  

Determining how these emissions will evolve in the future is the business of modelling, and 
an important aspect of every model is the baseline – what emissions would look like absent 
explicit policies or targets (though often including elements of intervention). Several 
institutions have produced ranges of scenarios that serve as general reference points, altering 
assumptions about population, economic growth, technology dissemination and other factors. 
Taken together there is a very broad range of outcomes, such that in the IPCC scenarios, from 
lowest to highest there is a difference of over 10-fold in energy and industry emissions by the 
end of the century. This obviously complicates the business of trying to anticipate the impact 
of any particular policy intervention we might undertake. 

Despite the difficulty there are myriad mitigation models available for comparison, of which 
this study takes a small cross-section. Which sectors contribute to emissions reductions and 
by how much depends heavily on the level of reduction sought (e.g. to limit atmospheric CO2 
levels to 450ppm, 550, 650 or some other value), which can also be expressed in terms of the 
future price of CO2 (more reduction is obtained the more one pays).  

There are tremendous differences between models, often due to fundamental features – is a 
particular technology included or not, are assumptions about oil depletion similar, etc. What 
is true nearly across the board, however, is the high importance of energy efficiency: it is 
always a major piece of the lowest-cost reductions. Beyond that the model differences serve 
to highlight that there are many potential technology portfolios that can reach a similar 
reduction level. In some large measure, a nuclear, renewable or CCS future is a matter of 
choice: models only serve to draw the outlines but there is wide latitude on the specifics. 
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1 INTRODUCTION AND METHODOLOGY  
1.1 Scope and approach of the study   
The ability to forecast global Greenhouse Gas (GHG) emission levels has become 
increasingly important in order to provide decision making support to policy makers. The 
urgency for action on climate change has received new impetus after the publication of the 
IPCC Fourth Assessment Report (2007), where new and more certain scientific evidence 
confirmed  that it is ‘likely that there has been a substantial anthropogenic contribution to 
surface temperature increases’(IPCC, 2007), which affects climate change.  

GHG emissions have increased since the beginning of the industrial era and accelerated 
worldwide, particularly since 1945. Fossil fuel use, agriculture and land use have been 
dominant causes of increase in emissions over the last 250 years (1PCC, 2007). In this report 
we will focus specifically on emissions deriving from fossil fuel use and as a consequence 
the focus will be on CO2 emissions.  

Many analyses of GHG emissions trends and projections focus solely on CO2 emissions, as 
CO2 is the largest source of GHG accounting for 77% of total emissions and because data on 
CO2 emissions from fossil fuels use are the most accurate. The reader should however be 
aware that, in terms of global warming potential, the focus of this report will be effectively on 
only 60% of total GHG emissions, as if we include the radiative forcing effect (i.e. global 
warming potential) of non-CO2 gases, including those covered by the Montreal Protocol. 
CO2, however, has achieved unprecedented levels of concentrations in the atmosphere 
(greater than any time within the last 650,000 years (IPCC, 2007) becoming therefore most 
major, and fastest growing factor in climate change.  

1.2 Global GHG emissions flow: emissions by sector and activities  
The contributions from different sectors to global GHG emissions is summarised in the flow 
chart presented below. CO2 emissions derive mostly from fossil fuel use in the energy sector 
and for a smaller part from land use change. Key sectors of the economy that use energy are 
industry, residential and commercial buildings, and transportation. Contributions vary widely 
between areas of the world. 

The chart (Figure 1) distinguishes between sectors, using primary energy (i.e. coal, oil, gas), 
which include mainly transportation, the manufacturing and construction sectors and the 
production of electricity and heat, and end use/activity, which counts for a more detailed 
desegregation and includes the use of secondary energy (i.e. electricity and heat produced 
using primary energy by the energy industry). At the end use/activity level, the 
transportation sector is divided into road, air, rail, ship and other; industry is divided into 
different industrial end users (among which the energy intensive sectors like iron and steel, 
cement and chemicals); other end uses/activities are the residential and commercial sectors. 

The colour guide applied to the chart allows visualising where electricity and heat, produced 
by the electric and cogeneration industry, are used as secondary energy by end users, 
therefore producing indirect emissions. Making a distinction between direct emissions 
(emissions from the use of primary energy) and indirect emissions (emissions from the use 
of secondary energy) is important in order to avoid emissions’ double counting. The chart 
includes other sectors like agriculture and waste which contribute mostly to non-CO2 
emissions, not covered by this study. 
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Figure 1: World Emissions Flow Chart (World Resources Institute, 2005). 

 

1.3 Key drivers of emissions from energy use 
Key drivers of emissions from energy use include activity drivers (total population growth, 
urbanization, building and vehicle stock, commodity production), economic drivers (total 
GDP, income, and price elasticity), energy intensity trends (energy intensity of energy-
using equipment, appliances, vehicles), and carbon intensity trends. These factors are in 
turn driven by changes in consumer preferences, energy and technology costs, settlement and 
infrastructure patterns, technical progress, and overall economic conditions (IPCC, 2000). 

• Energy intensity: is the amount of energy used to perform a particular service (i.e. 
produce a ton of cement or power a washing machine). It is determined by technical 
progress, which delivers energy efficiency solutions for manufacturing processes and 
appliances. Many studies show how energy efficiency could deliver substantial 
emissions reductions in the short term (10-15 years).  

• Carbon intensity: is the carbon released per unit of energy use. This indicator 
depends on fuel mix and emissions reductions derived from fuel switching.  
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Energy use produces emissions depending on how assumptions relating to four main factors 
vary: activity levels, structure, energy intensity, and fuel mix. Altering any of these factors, 
alone or in combination, can influence emissions. A simple model can be used for 
representing the interactions between these four factors and their impact on CO2 emissions: 
the farther one drives a car (activity), the more CO2 emissions will result. However, fewer 
emissions will result if the car is more energy efficient (energy intensity), and emissions 
might be avoided entirely if the car is operating on a zero-carbon fuel such as hydrogen (fuel 
mix). Alternatively, one might choose to ride the bus instead of driving (changing the 
structure of the activity), which would also alter the CO2 emissions (Pew Centre, 2004).   
  Energy    

intensity   
Activity  Fuel mix   

 
 
 
CO2 =              GDP               x      Population     x               Energy          x               CO2      

    Per person  
     
       GDP  

 
      Energy  

 

Figure 2: Emissions projections – simple model representing key factors driving CO2 emissions 
from energy use (Pew Centre, 2004). 

1.4 Emissions scenarios: storylines and models1  
Future levels of global GHG emissions are products of a very complex, ill-understood 
dynamic system, driven by forces such as population growth, socio-economic development 
and technological progress (IPCC, 2000).  

Scenarios are a technique widely used when modelling complex systems. They are images 
of the future, or alternative futures, they are neither predictions nor forecasts (IPCC, 
2000). They are however a useful tool helping policy makers to understand the long term 
consequences of their short term policies and to base the mitigation and adaptation policies 
on the basis of the precautionary principle. 

GHG emissions scenarios are usually based on a set of assumptions about driving forces (see 
below), derived from historical trends and current understanding; assumptions are often 
formulated with the help of formal models, which transform ‘storylines’ or images of the 
future in quantitative emissions scenarios. As illustrated by Figure 3, scenarios can be viewed 
as a ‘linking tool that integrates qualitative narratives and quantitative formulations based on 
formal modelling’ (ibid).  

 

                                                 
1  This section is based on IPCC (2000) Special report on Emissions scenarios. Available at: 

http://www.grida.no/climate/ipcc/emission/index.htm 
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Figure 3: Scenario building: from narrative storylines to quantitative formal models (IPCC, 
2000). 

Scenarios can result in emissions projections that vary widely depending on different 
assumptions, so that large uncertainties are intrinsic in future scenarios. The IPCC (2000) 
identifies the following sources of uncertainties in emissions scenarios:  

• Choice of future path: this source of uncertainty depends on the choice of 
parameters and their combinations (e.g. low population growth and high GDP).  

• Interpretation of stories: qualitative storylines can be interpreted by modellers using 
different drivers.  

• Understanding of the linkages between driving forces: often the understanding of 
linkages between driving forces is incomplete or only qualitative. 

• Methodological approaches: models use different approaches (e.g. depending on 
whether they use top-down or bottom-up approaches, see below) and might use 
different assumptions driving input/output relationships and cause/ effects chains. 

• Different data sources: modellers can choose from different sources of data, for 
example for the base year data, historical development trajectories, current investment 
requirements, etc. 

• Rare events: rare events might happen and prove different outcomes from the model 
runs. 

‘Stories’ or ‘storylines’ are used to produce different combinations for the key drivers of 
emissions. These are called ‘baseline scenarios’ (looking at different outcomes of major key 
activity drivers such as GDP and population growth). ‘Scenarios with policies or measures’ 
apply to the baselines the effects of abatement policies on key drivers (i.e. ‘mitigation 
scenarios’). It is worth noting here, that most models use the IPPC baseline scenarios 
(described in Chapter 2) as baselines in their models applications, which then vary in the 
approaches they take towards the projections of key drivers (see below).  
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1.5 Overview of models for emissions projections and the energy sectors  
There is a wide variability in timeframes (long-run models have more uncertainty in their 
predictions) considered and in the way models describe the world (geographical aggregation 
of regions), the economy (e.g. consumption, choices, investments, energy sector 
characterisation), the way they include technological change (e.g. how they treat uncertainty, 
learning by doing, R&D investments, behavioural change) and the way they describe the 
energy sector. At the global level the energy sector cannot be reproduced in detail. However 
progress has been recorded in this area with the development of hybrid models (so called 
because they integrate top-down and bottom-up approaches) which allow a more detailed 
inclusion of technological change, mainly in the energy sector, within top-down macro-
economic models, traditionally used at the global level.  

Traditionally the major distinction between models was limited to the macro-economic 
models and the more technically oriented bottom-up models.  The first type of models can 
provide consistent scenarios in terms of GDP, labour productivity, consumption and 
investment expenditure, government balance, etc. The major disadvantage is that these 
models have a rather poor representation of the energy system and do not fully incorporate 
technological options to reduce GHG emissions. 

The macro-economic models are opposite to the more technically oriented bottom-up models, 
as these types of models have a better representation of the technical determining factors of 
emissions and incorporate engineering data and technological choices.   
 

1 6

43

2

General equilibrium Macro-econometric

Top-down Bottum-up

Focus on supply
(technology driven)

Optimisation SimulationEngineering

5

Focus on demand

 
 
Figure 4: Top-down versus bottom-up models for emissions projections 
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More recently, hybrid models have been developed to combine different methodologies. 
Some hybrid models combine the properties of top-down and bottom-up models: for instance 
the combination of a general equilibrium model and an optimisation model with explicit 
representation of technologies. 

Currently, the most detailed model of the energy sector at the level of 12 macro regions is the 
World Induced Technical Change Hybrid Model (WITCH) model developed by FEEM2 
(ongoing). The energy sector is decomposed in: electric and non electric energy use; six fuels 
and seven technologies for electricity generation; and includes variables such as fuel prices 
and electricity prices. The WITCH model is the first to introduce such energy detail in macro-
growth models, enabling to portray future energy and technological scenarios.  

Another authoritative hybrid model is the E3MG Cambridge Econometrics and Tyndall 
Centre Global Model, including 20 regions, disaggregated in 42 industrial sectors. This 
model is the first to use a large scale econometric model with a dynamic structure, in which 
technological progress is embodied in gross investments. Some applications of this model 
have been the estimation of economic impacts of technology switching in power generation 
and road vehicles.  

 

                                                 
2 FEEM, Fondazione Eni Enrico Mattei. See http://www.feem.it/  
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2 THE CURRENT SITUATION IN GLOBAL CO2 EMISSIONS 
The sectors used are the main sectors and sub-sectors defined in IPCC Guidelines, as 
follows3: 

• Energy sectors include all emissions arising from the transformation of energy, 
principally through the burning of fossil fuels, as follows:  

o Electricity and Heat produced in power plant but then delivered to end users 
mainly for domestic or industrial purposes. This category is mainly electricity 
generation, but also includes CHP (Combined Heat and Power) and heat-only 
plant, plus emissions from plant in other energy supply industries (e.g. oil 
refineries). 

o Manufacturing and Construction includes all emissions arising from direct 
energy transformation in the specified industries, including fuels burnt for 
process heat or mechanical power. 

o Transportation covers primarily oil products consumed in road vehicles and 
trains, although domestic aviation and some coastal and inland shipping are 
also included. International shipping and aviation are excluded (see below). 

o Other Fuel Combustion includes emissions from fuels consumed directly, 
and mainly for space and water heating, in sectors other than manufacturing 
and construction (i.e. residential, commercial, agriculture, etc). 

o Fugitive Emissions are GHG (mainly CO2 and methane) emitted directly to 
the atmosphere during the extraction of fossil fuels. 

• Other sectors are a heterogeneous group primarily as follows: 

o Industrial Processes include emissions arising from industrial production 
other than through energy use. A major component of this category is CO2 that 
is liberated when limestone is converted into cement. 

o Land Use Change and Forestry is a very important category covering a 
range of sources (and some sinks) of greenhouse gases. In particular it reflects 
large quantities of CO2 and methane emitted when natural land uses (forestry, 
permanent grassland, wetland, etc) are converted for other uses such as 
agriculture. 

o International Bunkers are included in ‘other secors’ to reflect their special 
status under the UNFCCC regime. However, as they represent emissions from 
the burning of bunker fuels in international shipping and aviation, they should 
in practice be bracketed under energy, and within that, under transport. 

                                                 
3 In the sections which follow, all emissions are expressed in millions of tonnes of CO2 (MtCO2), or for non-

CO2 greenhouse gases (GHGs), as millions of tonnes of CO2 equivalent (MtCO2eq). Emissions are 
disaggregated according to the main regional groupings of countries, or to Annex I and non-Annex I countries 
as set out in the UN Framework Convention on Climate Change. 
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2.1 CO2 and Energy in the context of Total GHG Emissions 
This report focuses primarily on CO2 from anthropogenic energy transformation processes, 
but it is nonetheless useful initially to see both energy and CO2 in the context of total global 
greenhouse gas (GHG) emissions. The source of most of the figures that follow is the Climate 
Analysis Indicators Tool (World Resources Institute, 2008). 

CO2 is the single most important greenhouse gas in terms of current emissions, accounting 
for over three-quarters of annual emissions in terms of CO2eq. The next most important GHG 
directly emitted through anthropogenic processes are methane and nitrous oxide. While 
methane is emitted during the extraction and use of fossil fuels, the main sources are in 
agriculture and land use change, so it is reasonable to exclude these from further discussion in 
an analysis based on the energy sub-sectors. 

As Table 1 below illustrates, energy use is by far the predominant source of CO2 emissions in 
the world, especially when bunker fuels are included. However, Land Use Change and 
Forestry (LUCF) alone can be seen to account for nearly a quarter of annual emissions 
globally. For Annex I countries the overall emissions value for LUCF is actually negative, 
reflecting CO2 being absorbed into soils and standing biomass, but in contrast, it accounts for 
nearly half of net emissions in non-Annex I countries, reflecting the rapid rate of land use 
change. 
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GHG Emissions by Sector in 2000 

CO2 
(includes land use change & intl. bunkers)  

    
 World 
  Sector MtCO2 % 

 Energy 25,097.6 72.9 
    Electricity & Heat 11,581.5  33.7  
    Manufacturing & Construction 4,748.4  13.8  
    Transportation 5,089.0  14.8  
    Other Fuel Combustion 3,488.1  10.1  
    Fugitive Emissions 190.6  0.6  

      
 Industrial Processes 828.1 2.4 
 Land-Use Change & Forestry 7,618.6 22.1 
 International Bunkers 862.7 2.5 
 Total 34,406.9   
 

 Annex I 
  Sector MtCO2 % 

 Energy 13,805.0 96.7 
    Electricity & Heat 6,265.4  43.9  
    Manufacturing & Construction 2,142.6  15.0  
    Transportation 3,377.6  23.7  
    Other Fuel Combustion 1,982.8  13.9  
    Fugitive Emissions 36.7  0.3  

      
 Industrial Processes 252.5 1.8 
 Land-Use Change & Forestry -274.0 -1.9 
 International Bunkers 496.3 3.5 
 Total 14,279.8   
 

* Represents shares of total emissions 
excluding LUCF. 

 non-Annex I 
  Sector MtCO2 % 

 Energy 8,614.3 49.7 
    Electricity & Heat 3,834.6  22.1  
    Manufacturing & Construction 2,143.1  12.4  
    Transportation 1,377.3  7.9  
    Other Fuel Combustion 1,107.1  6.4  
    Fugitive Emissions 152.2  0.9  

      
 Industrial Processes 562.8 3.2 
 Land-Use Change & Forestry 7,887.0 45.5 
 International Bunkers 283.9 1.6 
 Total 17,347.9   
 

 

Table 1: Global CO2 emissions by Annex I and non Annex I countries and by Sector in 20004 
(World Resources Institute, 2008). 

LUCF is not considered further in this chapter. 
 

 

                                                 
4 In this Table the discrepancy between the ‘World’ CO2 emissions total of 34,406.9 MtCO2 and Annex I and 

non-Annex countries’ emissions (totalling 31,627.7 MtCO2), is due mostly to some non-Annex I Parties 
(developing countries) who have not yet submitted any inventory data. Also, there are observer countries 
(Andorra, Holy See, Iraq and Somalia) to the UNFCCC which have no obligation to submit emissions 
inventories.  
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2.2 CO2 Emissions by Region 
Table 2 below illustrates total emissions (excluding LUCF) globally and by region. This 
illustrates that Asia is in aggregate the largest emitter, accounting for a third of the total, and 
reflecting the large contributions from four of the world’s largest emitters - China, India and 
Japan. Europe and North America follow, with similar levels of total emissions each around 
two-thirds those of Asia. These three continents together account for over three quarters of 
total emissions; all other regions have far smaller CO2 emissions by comparison. 

 
Total GHG Emissions in 2004  

(excludes land use change, includes intl. bunkers)  

CO2 

Country MtCO2  
% of 

World Total 
Tons CO2

Per Person  
 
World 30,689.5 100.00% 4.8 
Asia 10,388.7 33.85% 2.9 
Europe 6,651.5 21.67% 9.2 
North America 6,570.0 21.41% 20.2 
Middle East & N. Africa 1,960.7 6.39% 4.5 
South America 871.8 2.84% 2.4 
Sub-Saharan Africa 676.2 2.20% 0.9 
Central America & Caribbean 558.0 1.82% 3.2 
Oceania 401.4 1.31% 12.6 
 

Table 2: Global CO2 Emissions by Region in 2004 (World Resources Institute, 2008). 

Taken on a per capita basis, however, the picture appears very different, as on average Asia 
has amongst the lowest emissions per head. North America has by far the highest emissions 
per head, followed some way behind by Oceania and then Europe, which has about twice the 
global average. All other regions fall below the average, with sub-Saharan Africa by far the 
lowest of all. 

2.3 CO2 Emissions by Sector 
As Table 3 illustrates, combustion of fossil fuels represents overwhelmingly the major source 
of CO2 once LUCF is excluded. Electricity and Heat is within this the main category, and of 
this in turn, over 70% globally is accounted for by electricity generation without heat 
recovery. Transport is the second largest sub-sector, once bunker fuels are included, with 
road transport the dominant mode, accounting for nearly three-quarters of the total transport 
emissions. Aviation and marine transport account for most of the remainder, with rail and 
other modes relatively insignificant. 
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Manufacturing and direct fuel burning in other types of installation also account for 
significant shares, while non-energy use is quite small at the global aggregate level. 

 
GHG Emissions by Sector in 2004 

CO2 
(excludes land use change, includes intl. bunkers)  

    
 World 
  Sector MtCO2 % 

 Energy 28,227.5 93.2 
    Electricity & Heat 13,293.0  43.9  
    Manufacturing & Construction 5,499.3  18.2  
    Transportation 5,589.3  18.5  
    Other Fuel Combustion 3,684.1  12.2  
    Fugitive Emissions 161.8  0.5  

      
 Industrial Processes 1,091.9 3.6 
 International Bunkers 955.7 3.2 
 Total 30,275.1   
 

 

Table 3: Global CO2 emissions by Sector in 2004 (World Resources Institute, 2008). 

In aggregate, there is relatively little difference in the sectoral share of emissions between 
Annex I and non-Annex I countries, except that the latter have significantly higher emissions 
from non-energy sources (and LUCF, as discussed above). However, amongst the largest-
emitting regions (being Asia, Europe and North-America) some differences can be seen, as 
illustrated in Table 4 below. 

All three have a very large share accounted for by heat and electricity, ranging from 42.5% 
for Europe up to 45.4% for Asia. Manufacturing and Construction is the next largest sub-
sector for Asia accounting for nearly a quarter, but much less for Europe and less still for 
North America.  

This pattern is reversed for transport, with North America producing over 30% of its 
emissions from all forms of transport, contrasting with under 13% for Asia with Europe 
falling between the two. Industrial process emissions are a fairly small share in both Europe 
and North America, but more prominent in Asia. 
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GHG Emissions by Sector in 2004 

CO2 
(excludes land use change, includes intl. bunkers)  

    
 Europe 
  Sector MtCO2 % 

 Energy 6,116.0 92.8 
    Electricity & Heat 2,803.3  42.5  
    Manufacturing & Construction 1,029.4  15.6  
    Transportation 1,239.2  18.8  
    Other Fuel Combustion 1,037.2  15.7  
    Fugitive Emissions 6.8  0.1  

      
 Industrial Processes 155.9 2.4 
 International Bunkers 321.5 4.9 
 Total 6,593.4   
 

 North America 
  Sector MtCO2 % 

 Energy 6,378.1 97.1 
    Electricity & Heat 2,882.1  43.9  
    Manufacturing & Construction 772.8  11.8  
    Transportation 1,948.7  29.7  
    Other Fuel Combustion 747.3  11.4  
    Fugitive Emissions 27.3  0.4  

      
 Industrial Processes 57.0 0.9 
 International Bunkers 132.2 2.0 
 Total 6,567.3   
 

 Asia 
  Sector MtCO2 % 

 Energy 9,266.5 90.8 
    Electricity & Heat 4,630.4  45.4  
    Manufacturing & Construction 2,476.6  24.3  
    Transportation 1,086.4  10.6  
    Other Fuel Combustion 1,061.9  10.4  
    Fugitive Emissions 11.1  0.1  

      
 Industrial Processes 701.6 6.9 
 International Bunkers 236.3 2.3 
 Total 10,204.5   
 

 

Table 4: Global CO2 emissions in Europe, North America and Asia by Sector (World Resources 
Institute, 2008). 
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3 BASELINE SCENARIOS 
3.1 Background 
The IPCC has established with a high degree of certainty that greenhouse gas emissions have 
risen steadily since pre-industrial times – by 70% between 1970 and 2004 (IPCC, 2007). 
Within this, the largest growth has been in the energy supply sector (an increase of 145%) 
followed closely by the transport sector at 120%. There has been some improvement in the 
energy intensity of the global economy over that period, ie the amount of energy needed to 
create a unit of GDP had declined by one third. However, this improvement has been heavily 
outstripped by the growth of population and the global economy itself, leading to an upward 
trend in emissions. 

Given these underlying trends, it seems clear that the overall growth in emissions will 
continue, and that energy use including transport will be key drivers of this. For the purposes 
of climate change mitigation, however, the key questions are how fast, and for how long? As 
described in Chapter 1, to answer these questions requires a baseline scenario (or more often 
a set of scenarios) that seek to answer this question. 

In the remainder of this chapter, some of the most important and authoritative baseline 
scenarios are described and analysed to give an idea of the likely future trend in emissions 
and the magnitude of the challenge that the human race now faces. 

3.2 Some Baseline Emissions Scenarios  

3.2.1 The IPCC SRES Scenarios 
In 2000, the IPCC produced a ‘family’ of scenarios to provide a baseline for future mitigation 
scenario analysis and to feed into its Third Assessment Report of 2001. As IPCC is the most 
authoritative source of climate science, and as this exercise involved synthesising the results 
and methods from the best scenario modelling exercises undertaken up to that point, this 
remains one of the most definitive sources of scenario analysis available. There are currently 
plans in hand to update these scenarios; but further work has already indicated that the 
scenario ranges presented below are quite robust in the face of changes to their underlying 
assumptions. 

The intention was to paint a very broad picture of a wide range of possible future trajectories, 
grouped into four broad ‘families’ based on storylines which can be characterised as follows: 

• The A1 Family reflects a more integrated world, characterised by: 

o Rapid economic growth  

o A global population reaching 9 billion in 2050, then gradually declining 

o Rapid dissemination of new and efficient technologies  

o Income and way of life converge across regions, fostered by extensive social and 
cultural interaction  

o There are subsets to the A1 family based on their technological emphasis: 

 A1FI - mainly fossil-fuels 

 A1B - A balanced mix of energy sources 

 A1T - Emphasis on non-fossil energy  
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• The A2 Family depicts a more divided and heterogeneous world, characterised by: 

o A world of independent, self-reliant nations with strong local identities 

o Continuously increasing population  

o Regionally-oriented economic development 

o Fragmented technological changes  

o Slower and less continuous improvements to per capita income  

• The B1 Family is of a more integrated and ecologically-oriented world, characterised by: 

o Rapid economic growth as in A1, but with a rapid shift towards a service and 
information economy 

o Population rising to 9 billion in 2050 and then declining as in A1  

o Reductions in intensity of materials use through clean and resource-efficient 
technologies. 

o Emphasis on global response to deliver economic, social and environmental 
stability 

The B2 Family is again a more divided world, but also more ecologically-oriented: 

o Continuously increasing population, but at a slower rate than in A2 

o Emphasis on local not global responses to economic, social and environmental 
stability 

o Intermediate levels of economic development 

o Less rapid and more fragmented technological change than in B1 and A1 

This produces a very broad range of possible outcomes of CO2 emissions out to the year 
2100, as depicted in Figure 5 below.  

The A1 family tend to produce very high levels of emissions, with the highest (the A1C AIM 
scenario) envisaging a rapid increase in CO2 emissions to 5 times current levels (36.75GtC or 
around 135,000MtCO2) by 2100. Others in the family envisage a much less rapid increase in 
emissions, and some a significant decline beyond 2050. Nonetheless, most reach levels 
several times above current levels by 2050, ie very far above what can be tolerated if 
temperature rise is to be restricted to 2ºC. 

The A2 family also leads to high levels of emissions, although less extreme than the high end 
of the A1 family. The B1 family are on average the most benign in climate terms, although 
most envisage an increase in emissions until around 2040-2050, after which they typically go 
into decline. Most eventually achieve levels of emissions comparable to or below those of 
today, but in the interim typically reach at least 10GtC (around 37,000 MtCO2) by 2040. The 
B2 results fall in the mid-range of the four families, but all envisage a continuous increase in 
emissions. 
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Figure 5: Energy and Industry in the IPCC SRES Scenarios (IPCC, 2000). 

Note that, although IPCC characterises these as ‘baseline scenarios’ they do no truly 
represent ‘business as usual’ scenarios either, in that they are based on storylines representing 
very different futures, some of which do include a strong technological response to climate 
change, and others not. As the bars to the right of the graph indicate, the ‘interventionist’ 
scenarios tend to produce significantly lower emissions profiles than do the ‘non-
interventionist’ ones. This in part accounts for their very broad range of emission profiles; but 
they do not assume a concerted policy-driven or target-driven response to climate change 
mitigation. 

3.2.2 International Energy Agency 
The International Energy Agency (IEA, 2007) has recently published global energy use and 
GHG emission projections in its regular World Energy Outlook, including CO2 emissions. 
These include a reference scenario in which emissions rise substantially to around 
42,000MtCO2 by 2030. The USA, China, Russia and India together account for two-thirds of 
this increase. China’s per capita emissions, although currently very low by western standards, 
are projected to reach current European levels by 2030. India’s per capita emissions are also 
expected to double, but from an even lower base, such that they will only reach one-fifth 
those of the OECD by 2030. 

An Alternative Policy Scenario envisages global emissions stabilising in the mid-2020s, and 
those of the OECD in 2015. However, this still leads to emissions some 30% above current 
levels in 2030. A High Growth scenario leads to emissions somewhat above the reference 
case, and IEA notes that this would be in line with a 6ºC long-term temperature increase case 
as set out by IPCC. 

The lowest-trajectory case is in line with a 2.4ºC case and reported to be roughly equivalent 
to the IPCC’s lowest-emissions scenario. In this case emissions peak in 2012 at around 
30,000MtCO2 per annum, falling sharply to 23,000MtCO2 by 2030. This latter case assumes 
‘unprecedented’ policy intervention, implying much-improved efficiency of fossil fuel use in 
industry, buildings and transport vehicles, coupled with substantial switching to nuclear 
power and renewables, and the widespread application of carbon capture and storage. 
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3.2.3 US Energy Information Administration 
The Energy Information Administration of the US DOE (EIA, 2007) notes in its International 
Energy Outlook that in 2004, non-OECD emissions of carbon dioxide were greater than 
OECD emissions for the first time. In 2030 in their reference case, carbon dioxide emissions 
from the non-OECD countries are projected to exceed those from the OECD countries by 
57%.  

In their reference case, global carbon dioxide emissions are projected to rise from 26.9 billion 
tonnes in 2004 to 33.9 billion tonnes in 2015 and 42.9 billion tonnes in 2030 - an average 
growth rate of 1.8% per year. 

They note that the relative contributions of different fossil fuels to total energy-related carbon 
dioxide emissions have changed over time and will continue to do so. In 2004, petroleum 
accounted for 40% of global energy-related CO2, and in 2030 its share is projected to have 
declined to 36%. Carbon dioxide emissions from natural gas combustion, which accounted 
for 20% of the 2004 total, is projected to rise to 21% in 2030. Coal’s share in 2004 was 39%, 
but is projected to increase to 43% in 2030. This will be a major contributor to growth in CO2 
emissions under this scenario, given that coal is the most carbon-intensive of the fossil fuels, 
and also the fastest-growing energy source under the EIA reference case.   

3.3 Synthesis of CO2 Emission Scenarios 
Table 5 synthesises the results from the above data. It can be seen that they show a very 
substantial variation in values for 2030 or beyond. These reflect a wide range of underlying 
assumptions about key variables such as GDP growth rate, fuel prices, etc; differing 
approaches and modelling methodologies; and the very wide range of uncertainties inherent 
in modelling exercises such as this (see foe example, Pew Centre, 2004). Also, it should be 
stressed that the lowest projections are not strictly ‘business as usual’ scenarios as some 
measures are implied. 

Author Scenario Range 
Base 
year 2030 2050 2100 

A1C AIM High 25,300 70,705 98,220 135,063 
B2C MARIA Median 25,300 42,997 52,368 68,101 IPCC SRES 

 B1T MESSAGE Low 25,300 35,811 31,089 12,193 
Reference Scenario Mid 26,000 42,000 n/a n/a 
Alternative Policy Low 26,000 34,000 n/a n/a 
High Growth High 26,000 44,940 n/a n/a 

IEA 
 
 450 stabilisation Low 26,000 23,000 n/a n/a 

Reference Scenario Median 26,922 42,870 n/a n/a 
Low Growth Low 26,922 38,419 n/a n/a 
High Growth High 26,922 47,600 n/a n/a 
High Oil Price Low 26,922 41,800 n/a n/a 

 
US EIA 
 
 Low Oil Price High 26,922 43,905 n/a n/a 
       
IPCC SRES A1C AIM Highest  70,705 98,220 135,063 
IPCC SRES B1T MESSAGE Lowest   35,811 31,089 12,193 
IEA  450 stabilisation  Lowest +  23,000 n/a n/a 

Table 5: Summary of Selected Results from Baseline Emissions Scenarios. 

 
Most, however, project emissions higher or substantially higher in 2030 than they are today. 
Only the case explicitly designed to achieve a 450ppm stabilisation level and curtail 
temperature rise projects emissions lower in 2030 than they are today. 
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4 FUTURE EMISSIONS AND MITIGATION SCENARIOS 
There are myriad climate change mitigation models, many of which have been synthesized in 
2007 by the Intergovernmental Panel on Climate Change (IPCC)5. The study will review that 
synthesis as well major models with influence in the field: the IEA’s World Energy Outlook 
and its derived report ‘Energy technology perspectives 2006’, the European Commission-
published World Energy Technology Outlook, and the ‘wedge’ approach. It will also note a 
model by Greenpeace to indicate the effect of specific assumptions. 

4.1 The 2007 IPCC report 
The IPCC (2007) reviews many models and aggregates their results in ranges, and divided in 
various categories – top-down/bottom-up, by sector, etc. Some of the major results are in the 
following figures. There is roughly a factor of two between low and high estimates of 
abatement potential within each price of carbon for the different models, whilst bottom-up 
and top-down models roughly agree on the abatement potential available across that same 
low to high range. Despite the wide range of modelled outcomes, abatement potentials are 
held to be quite high even at low cost: indeed, bottom-up studies indicate that measures 
yielding on the order of 5 to 7 GTCO2-eq would actually yield a net financial gain. 

 

Figure 6: The low and high range of bottom-up (left) and top-down (right) models, across 
various carbon prices (IPCC, 2007). 

A decomposition of these reduction potentials into sectors and regions reveals the essential 
role of efficiency, particularly in buildings. By a wide margin, savings in buildings show the 
greatest potential – and they often save money. Energy supply, transport and industry are all 
important, but the potential in agriculture is notable, given its relatively low contribution to 
overall emissions. It is worthy of further consideration that buildings and agriculture show 
such promise, but have proved difficult to reach by policy, or are often overlooked in the rush 
to discuss the energy sector. 

                                                 
5 In its working group III (mitigation) report, as listed in the references and available online at www.ipcc.ch 
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Figure 7: Sectoral reduction potentials by region and carbon price (IPCC, 2007). 

In terms of what this means for specific technologies, the following figure displays a 
comparison of four models, at two stabilisation scenarios, over two time periods. Three facts 
should become immediately clear from this comparison, first of which is the enormous 
importance of energy efficiency, both over the short and long term. 

 

 

Figure 8: Mitigation potential in achieving 650 ppm stabilisation (solid colours) and 490-540 ppm 
stabilisation (hatched lines) at two time periods (to 2030 and to 2100) across various sectors as 
estimated by four different models (IPCC, 2007). 

Secondly, there is a huge range between the lowest and highest models, which grows over 
time (taking for example renewable energy, which plays a small role in the AIM model 
between 2000-2030 compared to the others but is nearly four times that of the Message 
model in the period 2000-2100). This is in contrast to the relative convergence of overall 
abatement noted above. Essentially, while models agree somewhat on overall mitigation 
potential, the technologies to achieve it can differ strongly. 
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Third is that not all models include all of the options – for example, CCS is left out of AIM. 
The implications could be viewed in two opposing directions: either it diminishes the 
usefulness by leaving out a major option, rendering the overall results suspect, or conversely, 
one could criticize other models for including a technology not even commercialised and 
embraced by the public. Nuclear faces a similar challenge because of the highly political 
nature of its future realistic potential.  

4.2 The International Energy Agency (IEA) 
The IEA has published mitigation scenario analyses as part of its annual World Energy 
Outlook, most recently in 2006. Given its stature in the field, the IEA’s pronouncements 
carry significant weight. An advantage in its reports is the clarity it gains through reduction to 
two basic scenarios – a baseline ‘reference scenario’ and a reduction case, the ‘alternative 
policy scenario’. 

 

 
Figure 9: Global Savings in CO2 Emissions in the Alternative Scenario Compared to the 
Reference Scenario (World Energy Outlook, 2006). 

The baseline case is a recipe for disaster: leading to six degree warming under median 
assumptions. The alternative policy scenario, whilst more than a third lower in emissions by 
2030, is nevertheless still on course to greater than two degree warming, the limit set by 
European policy.  
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In its report ‘Energy Technology Perspectives 2006’, the IEA explored options for deeper 
reductions, including comparisons of various technology scenarios. The main ‘MAP’ 
scenario shows 2050 emissions 6% above those in 2003, compared to a baseline that more 
than doubles. The other scenarios reflect changed assumptions about costs, acceptability, 
learning rates, etc.– lower nuclear, no CCS, etc. 

 

A key message from this report is the overwhelming importance of efficiency in any of the 
scenarios, as detailed in the Table 6, where in most cases it accounts for nearly half of the 
reductions. 

Figure 10: Baseline and reduction scenarios which reflect different assumptions about 
technology capabilities in the future (IEA, 2006). 
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Table 6: Shares of CO2 emission reductions in 2050 by contributing factor (IEA, 2006). 
 

4.3 The World Energy Technology Outlook 
The World Energy, Technology and Climate Policy Outlook to 2030 from the European 
Commission (2003) creates a ‘reference’ scenario to 2030, then a ‘Carbon Abatement (CA)’ 
scenario with a mix of energy technologies. (See Table 7) 
 

 
Table 7: WETO base year, reference and carbon abatement scenarios, and the energy 
technology growth the CA implies (European Commission, 2003). 
 
However, WETO also produced scenarios where more emphasis is placed on (or there is 
more success in achieving) specific technologies. Table 8 presents the impacts of these 
technology cases on CO2 emissions. 
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Table 8: Four alternative WETO abatement cases with varying emphasis on different 
technologies (European Commission, 2003). 

For the gas and coal cases, costs are similar to that of the carbon abatement case in the 
previous table, and somewhat lower in the renewables and nuclear cases. Aside from that, 
however, the main message is that carbon abatement is similar in all cases, but the differences 
in technology deployment are very large indeed: where one focuses on nuclear, the need for 
renewables is relatively reduced, whereas to achieve the same reduction with renewables the 
needed increase in capacity is more than double the base case. This says something about the 
need for appropriate planning. 
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4.4 Keeping it simple: the wedge approach 
In reaction to the complex messages emerging from most modelling approaches, Pacala and 
Socolow (2004) created a very simple way of envisioning mitigation options – the ‘wedge’ 
approach (See Figure 11). That it is so often talked about despite being not much more than a 
thought-piece, attests to a certain fatigue with complex models and perhaps a mistrust of the 
ability for them to communicate anything particularly meaningful to decision makers.  

 

Figure 11: The gap between BAU emissions and a 500 ppm stabilisation scenario (above), 
idealised into a flat line of allowable emissions and a triangle of needed reductions, divided into 
several wedges (below) (Pacala and Socolow, 2004). 
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The wedge model departs from the observation that stabilisation at 500 ppm CO2eq, under 
one major scenario6, essentially means keeping world emissions constant at current levels 
through 2050. In that period, however, emissions are predicted to essentially double. Hence, a 
portion rising to half of future potential emissions needs to be abated – the green triangle in 
the figure. Taking the area under the curve, that triangle represents about 12 GT of carbon. 
The central contribution of this approach is to divide that amount into equal 1 GT wedges (as 
they start small and grow over time), each of which might be met by a different technology 
(Table 20). The further implications of cost and practicability are then open for discussion. 
The work is being further refined by several researchers, including an initiative at the World 
Resources Institute7.  

Category Technology 

Efficient vehicles  

Reduced use of vehicles  

Efficient buildings  

Efficiency 

Efficient baseload coal plants  

Gas baseload power for coal baseload power  

Capture CO2 at baseload power plant  

Nuclear power for coal power  
Wind power for coal power  

Decarbonisation of power 

PV power for coal power  
Capture CO2 at H2 plant  
Capture CO2 at coal-to-synfuels plant  

Wind H2 in fuel-cell car for gasoline  
  in hybrid car  

Decarbonisation of fuel 

Biomass fuel for fossil fuel  

Reduced deforestation, plus reforestation, 
afforestation, and new plantations  

Forests and agricultural soils 

Conservation tillage  
Table 9: The fifteen 1 GTC wedges, to be abated through different technologies (Pacala and 
Socolow, 2004). 

                                                 
6 WRE 500, part of the family of scenarios developed by Wigley, Richels and Edmonds (1996). 
7 See their project page at http://www.wri.org/project/climate-wedges. 
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http://www.princeton.edu/%7Ecmi/resources/Wedges/Efficient%20Vehicle.pdf
http://www.princeton.edu/%7Ecmi/resources/Wedges/Reduced%20Use%20of%20Vehicles.pdf
http://www.princeton.edu/%7Ecmi/resources/Wedges/Efficient%20Buildings8.16.pdf
http://www.princeton.edu/%7Ecmi/resources/Wedges/Efficient%20Baseload%20Coal%20Plants8.16.pdf
http://www.princeton.edu/%7Ecmi/resources/Wedges/Gas%20baseload%20power%20for%20coal%20power8.16.pdf
http://www.princeton.edu/%7Ecmi/resources/Wedges/Capture%20CO2%20at%20baseload%20power%20plant8.16.pdf
http://www.princeton.edu/%7Ecmi/resources/Wedges/Capture%20CO2%20at%20baseload%20power%20plant8.16.pdf
http://www.princeton.edu/%7Ecmi/resources/Wedges/Capture%20CO2%20at%20baseload%20power%20plant8.16.pdf
http://www.princeton.edu/%7Ecmi/resources/Wedges/Nuclear%20power%20for%20coal%20power8.16.pdf
http://www.princeton.edu/%7Ecmi/resources/Wedges/Wind%20power%20for%20coal%20power8.16.pdf
http://www.princeton.edu/%7Ecmi/resources/Wedges/PV%20power%20for%20coal%20power8.16.pdf
http://www.princeton.edu/%7Ecmi/resources/Wedges/Capture%20CO2%20at%20H2%20plant.pdf
http://www.princeton.edu/%7Ecmi/resources/Wedges/Capture%20CO2%20at%20H2%20plant.pdf
http://www.princeton.edu/%7Ecmi/resources/Wedges/Capture%20CO2%20at%20H2%20plant.pdf
http://www.princeton.edu/%7Ecmi/resources/Wedges/Capture%20CO2%20at%20H2%20plant.pdf
http://www.princeton.edu/%7Ecmi/resources/Wedges/Capture%20CO2%20at%20H2%20plant.pdf
http://www.princeton.edu/%7Ecmi/resources/Wedges/Capture%20CO2%20at%20coal-to-synfuels%20plant8.16.pdf
http://www.princeton.edu/%7Ecmi/resources/Wedges/Capture%20CO2%20at%20coal-to-synfuels%20plant8.16.pdf
http://www.princeton.edu/%7Ecmi/resources/Wedges/Capture%20CO2%20at%20coal-to-synfuels%20plant8.16.pdf
http://www.princeton.edu/%7Ecmi/resources/Wedges/Wind%20H2%20in%20fuel-cell%20car%20for%20gasoline%20in%20hybrid%20car8.16.pdf
http://www.princeton.edu/%7Ecmi/resources/Wedges/Wind%20H2%20in%20fuel-cell%20car%20for%20gasoline%20in%20hybrid%20car8.16.pdf
http://www.princeton.edu/%7Ecmi/resources/Wedges/Wind%20H2%20in%20fuel-cell%20car%20for%20gasoline%20in%20hybrid%20car8.16.pdf
http://www.princeton.edu/%7Ecmi/resources/Wedges/Wind%20H2%20in%20fuel-cell%20car%20for%20gasoline%20in%20hybrid%20car8.16.pdf
http://www.princeton.edu/%7Ecmi/resources/Wedges/Biomass%20fuel%20for%20fossil%20fuel8.16.pdf
http://www.princeton.edu/%7Ecmi/resources/Wedges/Reduced%20deforestation%208.16.pdf
http://www.princeton.edu/%7Ecmi/resources/Wedges/Reduced%20deforestation%208.16.pdf
http://www.princeton.edu/%7Ecmi/resources/Wedges/Conservation%20tillage.pdf


4.5 Illustrating the possible: a technology constrained model 

Greenpeace has a scenario to 2050, Energy [R]evolution8, in which nuclear is phased out and 
there is no introduction of carbon dioxide capture and storage. This can be viewed as an 
exercise in illustrating what is possible – proving that model results are a function of the 
constraints applied. It also reemphasises the potential of particular energy technologies  

 

 
   Figure 12                      : Greenpeace 2050 energy [R]evolution energy mix (Greenpeace and EREC, 2007). 

This scenario simply forces phase out of nuclear and sees if other energy sources can make 
up the gap. This they are able to do, with the notably large role of energy efficiency, which 
means that rather than growing substantially over time, energy demand remains essentially 
constant. What this scenario says is that such a supply mix is possible. What it does not 
address in detail is what it might cost and hence whether it is likely. 

                                                 
8 See webpage http://www.greenpeace.org/international/press/reports/energyrevolutionreport 
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5 MAIN LESSONS OF TECHNOLOGY MODELS 
Modelling future emissions and the scenarios to reduce them are as much art as science. This 
is because a range of approaches and assumptions may be applied, including (but not limited 
to) the assumptions about how the world will evolve under baseline conditions (including 
population, economic growth, international cooperation, etc) and the types of assumptions 
and subtleties included (what is the impact if we decide politically to phase out nuclear 
energy? If solar energy gets cheaper the more we use it, how does this impact future levels? 
What if we limit the amount of bio-energy to a level set to avoid conflicts with food 
production? And so forth.) 

What one should not do is look at these models as prescriptive: they are famously inaccurate, 
often because of high variability in fundamentally important details. For example, predicting 
oil and gas prices has never been easy, but they are immensely important to energy models 
due to the way their prices affect the attractiveness of alternatives. A recent case is 
illustrative: after a series of years in which it predicted future oil prices to be in the range of 
$20-$30/bbl for several decades, between 2004 and 2005 the IEA doubled the predicted price 
over the next 25 years, largely due to a severe reduction in the estimates of Middle East 
reserves. That such a fundamental re-evaluation of one of the most basic energy forecasts 
known can occur effectively overnight should serve as a note of caution. 

This is not to say that models have no purpose, or that they do not give us valuable insights 
about future mitigation opportunities. The synthesis of projection in the IPCC report noted 
above shows that even where there is variety among models, there is broad agreement about 
the major activities where opportunities are to be found – such as in building efficiency. What 
is less clear is which technologies are necessary to decarbonise energy delivery. Essentially, a 
focus on one technology tends to see it succeed above others, which can be reversed if the 
focus is elsewhere. What we choose to do, we learn to do well and cheaply. 

Perhaps this is the central lesson moving forward: these scenarios do not absolve us from 
needing to make a choice about technologies and how we support them. Seen another way, 
they essentially free us to be able to support what we want: technically speaking, many 
combinations of mitigation technologies lead to a successful decarbonisation of the economy. 
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ABBREVIATIONS 
BAU    Business As Usual 
CA    Carbon Abatement 
CCS    Carbon Capture and Storage 
CHP     Combined Heat and Power 
GDP    Gross Domestic Product 
GHG    Greenhouse Gas 
IEA    International Energy Agency 
IPCC    Intergovernmental Panel on Climate Change 
LUCF    Land Use Change and Forestry 
WRI    World Resources Institute 
WETO    World Energy Technology Outlook 
WITCH   World Induced Technical Change Hybrid Model 
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