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How can we do this?
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How can we foresee the future?

 We can learn from historical trends

 We can learn from other places

 things happening in some parts of the world, may happen 

in other parts in a few years.

 Technology outlooks

 We have to make assumptions

 especially with regard to the macro environment
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Outline

 Economic development and energy demand

 GDP and electricity demand

 GDP and transport demand

 Energy prices, energy demand, and fuel mix

 Technology change

 Example: transport sector

 Example: power sector

 Policy intervention

 Models and tools
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1 Economic development and energy demand

 Economic growth is by far the most important driver 

of energy demand

 Key factors determining economic development

 Population development

 Productivity 

 Innovation and technology change

 Policies

 Trade 

 and many more…
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Economic Growth in South Asia

(ADB, 2007)



7

Economic Growth Scenarios
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Trends in global energy intensity 

(IPCC, 2007)
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Key energy indicators for India

(IEA, 2007)
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Changes in energy intensity

(IEA, 2007)
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Changes in energy intensity

(IEA, 2007)(IEA, 2007)
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Economic development and energy demand

What does this mean? For example…

Average annual GDP growth rate + 6.0 %

Average annual change in energy intensity - 2.5 %

Average annual change in energy demand + 3.5 %
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Economic development and energy demand

 In virtually all energy scenarios in the literature…

 economic growth outpaces the increase in energy 

consumption, leading to substantial reductions in energy 

intensities and efficiencies 

 Due to

 structural changes towards less material-intensive, more 

knowledge-intensive products and services

 technology developments 

 efforts into energy efficiency
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GDP and electricity demand 
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GDP and electricity demand
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1.2 GDP and electricity demand growth

(IEA 2004)
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1.2 Electricity and CO2-emissions

(IPCC, 2007)
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1.2 Electricity and CO2-emissions

(IEA 2007)
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Energy demand vs. electricity demand 

Total primary energy supply Electricity production

Average annual growth rate 

(1990-2002)

Average annual growth 

rate (1990-2002)

Bangladesh 4.4 % 7.5 %

Bhutan

India 3.4 % 6.2 %

Iran 5.4 % 7.5 %

Maldives

Nepal 3.4 % 7.3 %

Pakistan 3.6 % 6.0 %

Sri Lanka 3.7 % 6.7 %

(Worldbank, 2005)
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GDP and transport demand

 The motorization of transport is expected to grow 

rapidly in the coming decades

 As incomes grow and the value of travelers´ time 

increases, travelers are expected to choose faster 

modes of transport

 Shifting from non-motorized to automotive, to air

and high speed-rail

 the higher the speed, the higher the energy 

consumption
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GDP and vehicle ownership
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Income and vehicle ownership 

 The relationship between vehicle ownership and per-capita 
income is highly non-linear. The income elasticity of vehicle 
ownership starts low but increases rapidly over the range of 
$3,000 to $10,000, when vehicle ownership increases twice 
as fast as per-capita income. Europe and Japan were at this 
stage in the 1960’s. 

 Many developing countries, especially in Asia, are currently 
experiencing similar developments and will continue to do so 
during the next two decades. When income levels increase to 
the range of $10,000 to $20,000, vehicle ownership increases 
only as fast as income. 

 At very high levels of income, vehicle ownership growth 
decelerates and slowly approaches the saturation level. Most 
of the OECD countries are at this stage now. 
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Income and vehicle ownership
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Income and vehicle ownership
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Income and vehicle ownership
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Other factors determining vehicle ownership

 Population density & population distribution / 
urbanization
 a higher proportion of urban population and greater 

population density would encourage the availability and 
use of public transport systems, and could reduce the 
distances traveled by individuals and for goods 
transportation

 Income distribution

 Availability of rail network
 A comprehensive rail network most likely decreases 

vehicle saturation levels

 Availability of road networks
 A comprehensive road network most likely increases 

vehicle saturation levels



30

Vehicle ownership and income distribution
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 households with lower 

incomes have a lower 

rate of vehicle ownership
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Country's population density and distribution (2002)
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Outline
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BUT: Are these trends replicable for 

South Asia with the 2500 US$ car ???
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Transport demand scenarios

(WBCSD, 2004)
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Vehicle ownership scenarios

(WBCSD, 2004)
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Vehicle ownership scenarios

(WBCSD, 2004)
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Vehicle ownership scenarios

(WBCSD, 2004)
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2 Energy prices, energy demand, and fuel mix
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Energy prices and fuel mix

 Fuel mixes are strongly determined by the relative 

fuel prices

 for example, higher oil and gas prices are making coal 

more competitive as a fuel for baseload power 

generation. 

 Other factors

 government policies on fuel diversification, climate 

change and air pollution

 developments in technology
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Energy prices and fuel mix
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Changes in fuel consumption mix
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Fuel mix in IEA Energy Scenarios for 2030
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3 Technology change

 Technology change is a major factor that 

determines future emissions of SOx, NOx and PM

 Modern energy conversion technologies are cleaner and 

more efficient 

 End-of-pipe technology to clean flue gases from these 

pollutants is commercially available
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3 Technology change

For energy and emission scenarios we need to model…

 the phase-out of old (polluting) technologies
 as part of the replacement cycle

 through policy intervention

 the retrofit and upgrade of old (polluting) technologies
 especially power stations and industries

 the introduction of new (cleaner) technologies
 technology availability

 price

 policy support
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3.1 Power sector

 When will old power plants be phased-out? 

 When will old power plants be retrofitted? How 

efficient and clean are they after a retrofit?

 When and how much new power generation 

capacity will be phased-in?

 What will be the performance of new power 

generation technologies with regard to air 

emissions? How clean will they be?
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Age distribution of coal-fired capacity

(IEA, 2006)
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Age distribution of coal-fired capacity

(IEA, 2006)
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Age distribution of coal-fired capacity

(IEA, 2006)
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Age distribution of coal-fired capacity

(IEA, 2006)
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Current capacity installed

(IEA, 2006)
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Global average power plant efficiencies (1992 – 2003)

(IEA, 2006)
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Technology prospects for fossil-fuel 

power plants for baseload capacity

(IEA, 2006)
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The potential for CO2 emission reductions

(IEA, 2006)
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Characteristics of power plants with 

CO2 capture
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Learning curve for photovoltaics
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Learning curve for windpower
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Development of wind turbine size
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Learning curve: PV, wind, bioethanol
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3.2 Transport sector

 When will old vehicles disappear from the market?

 When will new vehicle technologies enter the 

markets?

 What will be the performance of new vehicle 

technologies with regard to air emissions? How 

clean will they be?
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3.2 Vehicle age distribution

LDV Registration Distribution

(July 1 Basis)
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Vehicle age distribution
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Figure: Age distribution of motor vehicles in Singapore as of 31 December 2007 
(Land Transport Authority, 2008)
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GDP and average vehicle age

 aaa

(EEA, 2001)
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Modelling the scrapping of old vehicles

(Peck, 2003)
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Emission standards for new vehicles (LDV)
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Trends in fuel intensity of light-duty vehicles

(WBCSD, 2004)
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Points to consider

 The level of vehicle usage / mileage per year may 

differ significantly with different vehicle age groups

 OECD: typically the younger the vehicle, the higher the 

annual mileage

 What about South Asia?

 The expected level of policy enforcement of 

emission standards and other policies for emission 

control will always be a critical factor when 

modeling future emission factors of vehicle fleets

 What about South Asia?
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Pathways towards cost-competitive 

transport technologies

(IEA, 2006)
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Transport emission scenarios (OECD)

(WBCSD, 2004)
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Transport emission scenarios (OECD)

(WBCSD, 2004)
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Transport emission scenarios (non-OECD)

(WBCSD, 2004)
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Transport emission scenarios (non-OECD)

(WBCSD, 2004)
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4 Policy intervention

 Market developments will lead to some emission 

reductions per service unit in the future

 New technologies are more energy-efficient and cleaner

 BUT: the expected growth in energy demand / transport 

volume will outweigh these efficiency gains

 Additional technology (“end-of-pipe”) and cleaner 

fuels will be required to cut NOx, SOx, PM 

emissions

 Policy intervention will be required to implement this, as it 

is unlikely that “polluters” will install “filters” on their own 

initiative
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Policy instrument for air pollution 
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4 Policy intervention

 The impact on emissions of some policy 
interventions are relatively easy to model…
 Fuel quality standards

 Emission standards

 Banning of certain technologies

 Mandatory technology standards

 The impact of other type of policy interventions are 
harder to forecast, e.g.
 Economic instruments (fuel taxes, sulphur taxes, etc.)

 Informative instruments

 Voluntary agreements
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4 Policy intervention

 It is not always clear how existing policies will be 

implemented in the future

 Often a degree of judgment is required in 

translating stated policies into formal assumptions 

for modelling purposes.

 this requests especially to make assumptions about 

policy enforcement
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The importance of effective policy enforcement
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The timing of policy intervention (NOx)
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The timing of policy intervention (PM10)
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The timing of policy intervention (CO)
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5 Models and tools

 Some established energy and emission models

 the TREMOVE transport model

 the TIMER energy demand and supply and emission model

 the Long-range Energy Alternatives Planning tool (LEAP)

 the MARKAL energy-economic-environmental model

 GAINS - a model about Greenhouse Gas and Air Pollution 

Interactions and Synergies

 and many more…. 
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5 IEA World Energy Model (WEM)
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5 IEA World Energy Model (WEM)
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5 IEA World Energy Model (WEM)
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5 IEA World Energy Model (WEM)

(I
E

A
, 

2
0
0
4
)



86

5 IEA World Energy Model (WEM)
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5 IEA World Energy Model (WEM)
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ADDITIONAL SLIDES
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Market exchange rates vs 

purchasing power parities
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What are emission scenarios?

 A plausible quantitative

description of how emissions in 

the future may develop, based 

on a coherent and internally 

consistent set of assumptions

(“scenario logic”) about key 

relationships and driving forces. 

 Emission scenarios are neither 

predictions nor forecasts.

(adapted from IPCC)
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General approaches for emission scenarios 

 socio-economic

 correlate emissions with socio-economic time series, 
such as GDP development, without accounting in detail 
for technological change

 top-down approach

 technology based

 considers explicitly technological change

 emission factor approach is widely used, mainly due to 
the fact that technological change became a prevailing 
parameter

 bottom-up approach, can be rather detailed and resource-
intensive
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Socio-economic, top-down approach 

 Ratio of sulphur to carbon emissions (in kg per 

ton C) as a function of GDP per capita

 Peak of sulphur to 

carbon emissions for 

early industrializing 

countries (UK, US, 

Germany) at around 

10,000 $/capita

 Later industrializing

countries experiences 

the peak at lower 

income levels, e.g. 

Japan at 6,000 $/capita

and Korea at 3,000 

$/capita 
Source: Grübler (1998)
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Technology-based, bottom-up approach
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The fundamental formula
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Source: EEA

E: emissions

A: activity rate

F: process level 

emission factors

P: activity share or 

penetration rate 

of a technology 

within a sector

k:  technology type
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The fundamental formula


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Activity rate, e.g.

- electricity consumption  

(kWh)

- transport volume

(Pkm / tkm)

- steel production (tons)

Process level

emission factor, e.g.

- gSO2 / kWhel

- gNOx / tkm

- gSO2 / tonsteel

Activity shares or 

penetration rates of a 

technology (k) within a 

sector

 eventually  

determined by the

behaviour of people

 legislative 

requirements

 technology 

acceptance

 etc. 

Sectoral

emission factor
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The fundamental formula


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national statistics
- national statistics

- expert judgements
measurements

Data sources for emission inventories (PAST)

E: emissions

A: activity rate

F: process level 

emission factors

P: activity share or 

penetration rate 

of a technology 

within a sector

k:  technology type
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The fundamental formula


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national statistics
- national statistics
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Data sources for emission inventories (PAST)

economic
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technological 

investigation

- technological   

investigation

- financial economic 

basic assumptions

- behaviour  

projections

Data sources for emission 

projections / scenarios (FUTURE)

E: emissions

A: activity rate

F: process level 

emission factors

P: activity share or 

penetration rate 

of a technology 

within a sector

k:  technology type
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Key assumptions & data quality 

 Some aspects of the future are relatively easy to 

predict

 e.g. a 20 year old consumer of 2025 is already born

 economic growth can be derived from the experience of 

other comparable economies in the past

 long planning and investment horizons in the energy 

sector make this sector transform at slow rates 

 In other fields, uncertainty is much higher

 political stability and overall policy directions

 energy and world oil prices

 technological innovation



100

Emission scenarios…

 …are an important tool to design and assess 

emission reduction strategies, which aim at 

achieving given emission reduction targets in the 

future

 …help to evaluate alternative abatement options to 

achieve these targets within given scenarios of 

societal trends 

 …help to allocate emission abatement measures in 

a temporal and spatial frame and to assess the 

future efficiency of a large variety of measures 
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The link between inventories and 

projections / scenarios

 Each emission projection 

must be based on an 

existing emission inven-

tory as a starting point. national statistics
- national statistics

- expert judgements
measurements

Data sources for emission inventories (PAST)

national statistics
- national statistics

- expert judgements
measurements

Data sources for emission inventories (PAST)
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The link between inventories and 

projections / scenarios

 Each emission projection 

must be based on an 

existing emission inven-

tory as a starting point. 

 The main difference 

between an emission 

inventory and an 

emission projection / 

scenario is the time 

reference.

national statistics
- national statistics

- expert judgements
measurements

Data sources for emission inventories (PAST)
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- national statistics

- expert judgements
measurements

Data sources for emission inventories (PAST)
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There are many driving forces 

behind future emissions…

 Population

 Economic and

social development

 Energy 

 Technology

 Agriculture and

land-use

 Policies

Data collection and modeling of causal interrelations

is a big task!
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