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1.1  The Status of the Debate

The IPCC Assessment Reports represent the present state of knowledge of a wide 
majority of experts, which share the insight that a part of the observed global warm-
ing of the atmosphere since 1750 is man-made and can be influenced by human 
actions. The “hockey stick” paradigm gives a most impressive picture for the 
change of temperature on earth beginning with the industrial revolution. The Fourth 
Assessment Report (IPCC AR 2007) exhibits scenarios for the development of 
(economic) activities and the associated expected increase of global warming. 
These scenarios give a wide range of possible long-term developments and impacts 
as summarized in Table 1.1.

In the A1F1 scenario, which assumes high economic growth and increased 
 globalization, the best estimate shows an increase in the world temperature of 4°C, 
while the maximum increase could be up to 6.4°C. This leads to an expected sea 
level rise of up to 59 cm. The further impacts of the temperature increase are 
 distributed worldwide (“tipping points”), as there are melting of glaciers, floods, 
droughts under extreme weather conditions, or irreversible changes of ecosystems. 
The Stern Review (2006) has translated these impacts into an economic scale and 
results in the hypothesis that the future economic damages to mankind are of an 
enormous order of magnitude such that strict mitigation strategies will pay, in the 
economic sense: a dollar invested in mitigation will save future damages of about 
five dollars.
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Table 1.1 Summary of results of SRES scenarios of the IPCC (Source: IPCC 2007)

Case

Temperature change (°C at 
2090–2099 relative to  
1980–1999)

Sea level rise (m at 2090–2099 
relative to 1980–1999)

Best  
estimate

Likely  
range

Model-based range excluding future 
rapid dynamical changes in ice flow

Constant year 2000 
concentrations

0.6 0.3–0.9 NA

B1 scenario 1.8 1.1–2.9 0.18–0.38
A1T scenario 2.4 1.4–3.8 0.20–0.45
B2 scenario 2.4 1.4–3.8 0.20–0.43
A1B scenario 2.8 1.7–4.4 0.21–0.48
A2 scenario 3.4 2.0–5.4 0.23–0.51
A1F1 scenario 4.0 2.4–6.4 0.26–0.59

1.2  The Role of Transport

Transport counted for 24% of the worldwide production of CO
2
 in 2003. For the 

OECD countries, this share was even 29% (see ECMT 2007). Road transport was 
the major emission source with 18%/23% for World/OECD, while aviation was 
responsible for 2–3% of CO

2
 emissions. In the developed world, the share of road 

traffic, aviation, and waterway transport is even higher. In particular, aviation has 
increased the CO

2
 emissions dramatically in the past 15 years. Taking the period 

between 1991 and 2003, these emissions have grown by 87% in the European 
Union. Furthermore, it has to be considered that CO

2
 emissions make only 50% of 

climate gases produced by the aviation sector. Other components are water vapor, 
contrails, or NO

x
.

From this follows: The transport sector is a major source of the climate problem 
and will increase its relative contribution dramatically in the forthcoming decades. 
While OECD countries presently count for about 70% of transport-induced GHG, 
this percentage will drop in the next decades. The dynamically developing coun-
tries and the countries that are presently at the threshold to industrialization (China, 
India, Latin America, South Africa) will take the lead.

While other sectors in the developed world like the production or the energy 
supply industries are starting to bring down CO

2
 emissions, the transport sector 

is still showing a substantial increase of CO
2
 production. Road traffic is the 

major climate problem of the transport sector, followed by air and maritime 
transport.



51 Climate Control: The Long-Term Challenge

1.3  Motivation for This Book and Contents1

Until now the relevance of the transport sector has not been recognized  sufficiently, 
which reflects in a minor importance of transport policy for the mitigation activities 
supported under the Kyoto Protocol. The possibilities to reduce CO

2
 emissions in 

the transport sector are often underestimated, using the arguments that this sector 
shows a high growth on the one hand and high marginal mitigation costs on the 
other hand.

Such arguments are usually based on static analyzes and do not consider the 
capability of the transport system to adjust to challenges. Chapter 2 of the book 
focuses on structural changes in the world economy which might be induced by the 
economic crisis 2007/2008 and help to restructure the transport sector with respect 
to technology, organization, and consumer behavior.

The industrialized countries have caused the climate problem in the past and 
contribute the major part of CO

2
 production today. Therefore, they have high 

responsibility to clear the path to a sustainable transport development. Chapter 3 
presents some well-developed ideas on how CO

2
 emissions can be reduced dra-

matically in the transport sectors of the industrialized world.
In the future, the climate responsibility will shift gradually from the industrial-

ized to the developing and transition countries. China is already at the top of the list 
of CO

2
 producing countries. Therefore, Chapter 4 focuses on the particular prob-

lems of the developing world and the chances for this world to change from follow-
ers to leaders with respect to climate policy.

There are a variety of instruments, which are appropriate to create the right 
incentives: Engineers favor new technologies, legal practitioners prefer regulation, 
sociologist moral suasion, and economists pricing instruments. Chapter 5 will show 
that no instrument is capable to solve the problems alone, while a  combination of 
tools should be preferred which is adjusted to the country situation.

It is easy to describe the necessary policy actions to reduce CO
2
 emissions by 20% 

until 2020 or by 50% until 2050. But it is very hard to implement such policy action 
plans in the real world as long as there is not enough market pressure to guide tech-
nology and behavior into the sustainable trajectories. Chapter 6  therefore presents 
some essential policy conclusions for a phased approach toward the  climate goals.

1 Most of the chapters of this book have been presented to the Symposiums on Transport and 
Climate Change held at Karlsruhe and Nagoya in February and November 2009. The Nagoya 
Symposium was held as a joint event for presenting research results of WCTRS SIG 11 and the 
Strategic Research Project S-6-5 on Transport for Low Carbon Asia, jointly funded by the 
Ministry of Environment and the Graduate School of Environmental Studies, Nagoya University.
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2.1  Introduction

The World Economic Crisis started in the financial sector and then affected 
 international trade, production, and finally employment. Countries with high inter-
national trade volume were hit most badly, as for instance, Japan or Germany. 
When it comes to analyzing the long-term impacts of the crisis on economic devel-
opment and transport, very simple and highly sophisticated approaches have been 
presented as well. A most simple hypothesis is based on the expectation that the 
crisis will only interrupt the development trends, and some years later the trajec-
tories of economic and transport development will bounce back to the old trend 
lines. Under such  optimistic assumptions, the OECD has followed that the crisis 
might only cause a time delay of 5 years for the expected traffic development. 
Retrenchment scenarios construct a contrasting picture, which assumes a break of 
trends in the globalization process and a further decline of growth rates compared 
with the old trends. Putting both impacts together, the breakdown during the crisis 
and the reduced growth rates later lead to a very pessimistic vision for traffic 
development – while the chances of achieving environmental goals seem to 
improve. Most experts agree that the real development will lie somewhere in 
between the optimistic and pessimistic scenarios.

A return to the formerly expected economic growth profiles can hardly be 
expected under the old economic structures. In this paper we therefore construct a 
consistent economic environment for a positive development prospect, which is 
based on the assumption of particular technological and behavioral changes. 
We call it the “Schumpeter Scenario” in memory of Joseph A. Schumpeter who is 
the founder of the evolutionary economic theory (Schumpeter 1952). A crisis in his 
view gives the chance for a creative disruption of old structures in the economy and 
fosters innovation as well as technological change. This leads to the question as to 
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what the structural changes might be in the foreseeable future and whether we 
might even expect a new “Kondratieff cycle,”1 which would give an additional 
push to technology development and its spatial distribution. We try to answer this 
 question in terms of hypotheses for speculative future developments, which seem 
probable according to the view of futurologists. On this basis we derive the conse-
quences for the development of particular economic sectors and finally conclude 
with the associated impacts for the development of mobility and freight transport.

Using the system dynamics model2 ASTRA we are able to simulate economic 
and transport scenarios in quantitative terms for the EU27 + 2 countries, which 
constitute the major part of Europe. The Schumpeter Scenario needs a number of 
country-specific inputs and has been elaborated for the case of Germany only.

ASTRA includes a module on transport, which is closely linked to the  economic 
modules (e.g., mobility with disposable income and freight transport with trade 
activity) such that the trajectories can be drawn for the expected traffic develop-
ments on an aggregate level. One characteristic result will be that the  factors, which 
might constitute the next Kondratieff – such as rise of energy costs, necessary 
energy savings, and CO

2
 reductions, light materials or a growing share of service 

economies – at the same time lead to a dampening of vehicle movements and trans-
port intensity. In particular there seem to be many technological and organizational 
options for resource-saving (green) logistics. This can lead to the conclusion that if 
the economy will overcome the crisis through Schumpeter-type technological 
change this type of technological change will influence  production technology and 
organization in a way that the development of transport can be decoupled from the 
development of GDP, in the long run. This would improve the chance that the trans-
port sector can contribute more substantially to the reduction of CO

2
 emissions in 

the future, even under a regime of economic growth and continuing globalization.

2.2  The World Economic Crisis: Not Only a Financial Bubble

2.2.1  Financial Turmoil and Globalization

The reasons for the world economic crisis of 2008 are manifold: low interest policy 
in the US, missing control on the speculative financial operations of banks and other 
financial institutions, epidemic diffusion of risk certificates of which only classified 
risk and return categories – evaluated by rating agencies – were known, but not the 
real values behind them. “Financial investment banking,” “Financial Engineering” 
and “Financial Product Management” were highly paid businesses for banking 
 specialists who constructed clusters of certificates, tailored to the needs of financial 
institutions with respect to duration, risk, and expected value of returns.

1 Explained in Sect. 2.3.
2 System Dynamics has been founded by Jay Forrester (1962) and is based on the feedback mecha-
nisms between the variables of the system over time. The essential components are: cybernetics, 
decision theory, numerical simulation, and mental creativity.
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As interest rates were kept low by the Federal Reserve, the house prices went up 
such that it seemed to be a safe business to invest in the housing market. This was 
the rationale for the subprime mortgage loans given to low-income house owners. 
These high-risk certificates were pooled with lower risk assets to form new 
 products for financial trading. The instruments applied are (Li 2008):

•	 MBS: Mortgage back security, a certificate based on a mix of different mortgage 
loans.

•	 CDO: Collateralized debt obligations, these are constructed financial products 
with different maturity, risk, and expected returns, secured by collaterals.

•	 CDS: Credit default swaps, a sort of insurance for bad risk.

As a result huge amounts of anonymous credit certificates were traded without suf-
ficient information on the real values behind for the trading parties and driven by 
the expectation of rising prices of valuable assets, which were assumed to be safe 
collaterals of the products. When house prices went down in 2007 and a crisis on 
the mortgage credit market in the US emerged, followed by problems of mortgage 
banks (Freddie Mac, Fannie Mae) in spring 2008, this was interpreted as a natural 
market correction in a particular sector. However, the trust in the financial institu-
tions faded away at an unprecedented speed, and the bankruptcy of Lehman 
Brothers in September 2008 indicated that the financial turmoil was not local and 
was limited to the mortgage credit market rather than global and included private 
and state-owned banks. This was the starting point for worldwide policy actions to 
save “system relevant” financial institutions to prevent the financial system from 
collapsing (e.g., the spectacular rescue action for the AIG insurance company in 
the US).

The development of the financial markets went in parallel with the dynamic 
globalization of production and trade. Since the beginning of the new millennium 
the imbalances of the country foreign trade activities increased rapidly. While 
countries such as the US, UK, Italy, or Turkey showed increasing deficits in their 
foreign trade balances, other countries such as Japan, China, or Germany enjoyed 
a rapid upturn of net exports, which were interpreted as a signal of economic 
strength. Figure 2.1 shows this development for the case of Germany, which was 

Fig. 2.1 Development of foreign trade in Germany until 2007 (Source: German Federal Statistical 
Office 2008)
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the leading export country until 2009 (recently outpaced by China). It can be seen 
that the developments of trade imbalances seem to be closely correlated with the 
relaxed monetary policy in the US and the boom on the financial markets.  
A further disharmony can be observed for the development of fiscal budgets 
because low interest rates provided incentives to increase public deficits, in 
 particular in Japan and in the US, and also in some European countries. There is 
still an ongoing debate among economists to which extent the trade and fiscal 
imbalances can be interpreted as a cause of the economic crisis following the 
financial turmoil. But it is widely agreed that they have caused heavy multiplier 
effects in the phase of the beginning slowdown of the economy. The sharp reac-
tion of the world economy following the financial crisis supports the hypothesis 
that also the globalization process had been heated up by a trade bubble such that 
excessive expectations for global production and trade coincided with the bubble 
on the financial markets.

2.2.2  Impacts on the World Economy

The financial turbulences arrived at the real markets in fall 2008, induced by a rapid 
slowdown of foreign trade. Export turned down globally by more than 10% 
between summer 2008 and 2009, and this developed even worse for the export 
champions, Germany and Japan, which suffered from reductions of about 20%. The 
markets for some branches (steel production or chemical primary production) 
dropped at an order of magnitude of 40% and the exports of some transport related 
industries almost collapsed totally (up to minus 90% for heavy goods trucks). 
Speed and magnitude of the economic slowdown exceeded the downturn of the 
economies in the first phase of the world economic crisis in 1929.

The weakness of foreign trade led to a reduction of GDP in many countries 
except for China. Table 2.1 shows the expected GDP losses for 2009 in the EU, as 
OECD and EU Commission have estimated them in fall 2009. According to these 
figures all EU countries but three (Cyprus, Luxemburg, and Malta) have big diffi-
culties with meeting the Maastricht criteria for public financial stability.

Most of the industrialized countries have responded to this development by the 
Keynesian Economic Policy, i.e., by stimulus packages to stop the downturn and to 
avoid the failures made after the crisis of 1929. While countries such as China and 
Korea spend the major part of the stimulus money for investment, research, and 
product development, the western industrialized countries are doing little to foster 
long-term investment in future technologies. This is partly caused by the rescuing 
activities for the financial system (China had no problem on this side) and partly 
due to the attempts of economic policy to stabilize trust in the economic develop-
ment and support domestic consumption. One example is the scrapping program 
for old cars in Germany, the UK, and the US (in different forms) to foster the sales 
of new cars.
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The Keynesian policies had significant positive effects in the short run:

 1. The economic downturn could be smoothened, i.e., the actual figures for 2009 
look less dramatic than those exhibited in Table 2.1.

 2. For 2010 most countries expect a modest positive growth rate again, followed by 
a higher growth rate in 2011, expectedly.

 3. The impacts on the labor market are less severe because of “built-in stabilizers” 
such as employment guarantees, short-time work, and education programs.

 4. The serious budget situation of some EU countries has improved (Baltic States, 
Hungary).

Nevertheless there remain high risks for the economic development in the 
medium run:

 1. A consolidation of the state budgets will be necessary and the Central Banks will 
have to control money supply more strictly such that lower public expenditures 
and rising interest rates are probable.

 2. After a brief upturn of investment due to refilling of inventories the overall 
investment activity might be lower than before the crisis because of more risk-
averse behavior of the firms, affecting also the labor market. Firms, when plan-
ning to invest, tend to focus on countries with low wages and increasing demand 
(in particular, the BRIC countries).

 3. The states seek to bring their industries into good positions after the crisis to gain 
a relative advantage in the phase of economic recovery. This increases the risk of 
protectionism, which is detrimental to world trade. In particular, China is pres-
ently showing such a mercantilist behavior.

Table 2.1 Expected reduction of economic activity in 2009 (Source: EU-Commission 
2009)

Country Change of GDP
State deficit in % 
of GDP

Rate of 
unemployment in %

Belgium −3.5 −4.5 8.5
Germany −5.4 −3.9 8.6
Finland −4.7 −0.8 8.9
France −3.0 −6.6 9.6
Greece −0.9 −5.1 9.1
Ireland −9.0 −12.0 13.3
Italy −4.4 −4.5 8.8
Luxemburg −3.0 −1.5 5.9
Malta −0.9 −3.6 7.1
Netherlands −3.5 −3.4 3.9
Austria −4.0 −4.2 6.0
Portugal −3.7 −6.5 9.1
Slovak Rep. −2.6 −4.7 12.0
Slovenia −3.4 −5.5 6.6
Spain −3.2 −8.6 17.3
Cyprus +0.3 −1.9 4.7
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 4. The budget situations of some countries (e.g., Greece, Spain, Portugal, and 
Ireland) are still a cause of concern. Economic power of other countries will be 
absorbed to avoid bankruptcy of members of the European Currency Union.

In the long run, the next generation will have to pay for the increase of debt 
 arising from the rescue and stimulus measures. As the share of long-term invest-
ment financed by stimulus packages is rather low in the EU the next generation will 
not enjoy major benefits from today’s deficit spending policy. This might lead to 
growing shares of interest payments for old debt or to higher tax rates.

2.2.3  Short-Term Impacts on Transport and Logistics

While passenger transport is mainly driven by the disposable income of consum-
ers, freight transport is in particular dependent on trade activity. Often GDP is used 
as an explaining variable for both, but its explanatory power is very limited. 
Fluctuations of trade are much higher than fluctuations of GDP as Fig. 2.2 shows. 
In phases of economic upturn the growth of trade can be double the growth of 
GDP, and this also holds for the negative direction. The present economic crisis 
demonstrates these relationships very clearly. Long-distance passenger transport 
went down proportionally to disposable income, i.e., around 5% in industrialized 
countries in 2009. Losses of air passenger transport are higher, because of reduced 
business travel, but not dramatically. While domestic freight transport has 
remained almost stable, international freight transport has been hit almost propor-
tional to the losses in global trade (around 10% on the average and 20% in export 
oriented countries).

In the phase of the globalization bubble, beginning after the year 2002, also the 
transport intensity went up in the industrialized countries. This means that freight 

Fig. 2.2 Development of world trade and global GDP (real) until 2007 (Source: Advisory 
Committee of the German Ministry of Economic Affairs 2008)
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transport has not been in the focus of rationalization, because the relatively 
low transport prices induced miniaturization of spare parts and global distribution 
of the workflow, making use of wage cost differentials and improved proximity to 
the markets. Global supply chains with scheduled delivery patterns were devel-
oped to minimize inventory holding, at the cost of additional transport activity.

The economic crisis has lead to a dramatic reduction of international trade and 
freight transport. The firms have adjusted through short-term contracting and lean 
inventory holding to save costs in the short-run and foster flexibility in a phase of 
high uncertainty. The railways have lost more freight compared with road transport 
in the EU because of higher distances and dependency on bulk cargo consignments, 
which went down dramatically (steel, chemical basic products). Air freight trans-
port lost about 13% world-wide in 2009 and even more than 20% in the export-
oriented countries.

Also maritime transport is suffering from a drastic decline of international trade. 
Container transport, instead of growing at a rate of 8% and more, like in the phase of 
the globalization bubble, declined by around 10% (worldwide) and 20% (export 
champions). In May 2009 about 10% of the worldwide container ship capacity was 
unused.

The agents in production and transportation businesses seem to expect a change 
of the globalization trend to lower growth rates and have started to adjust to this by 
reducing capacity. In May 2009 the orders for 325 freight vessels, 47 tankers, and 
78 container ships were cancelled (OECD 2009). The professionals in the business 
expect lower growth paired with higher fluctuations and try to reduce the sunk costs 
accordingly.

2.3  Scenarios of OECD/ITF for the Development  
After the Crisis

2.3.1  Economic Development

OECD/ITF (2009) have constructed several scenarios of the economic and transport 
development after the crisis:

Trend development as it was forecasted before the crisis (“global economy”).•	
Fast return to the growth path, which was forecasted before the crisis (“bounce •	
back”).
Sharp reduction of globalization and shift of production to regional clusters •	
(“regional communities”).
Sharp reduction of globalization and economic growth (“retrenchment”).•	

“Bounce Back” means in this context that the growth rates, which were predicted 
before the crisis, are reached again after 5 years. This is regarded as an optimistic 
perspective, while the regional communities and the retrenchment scenarios repre-
sent pessimistic cases (see Fig. 2.3).
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As the most probable development might lie in between the extreme cases a 
further scenario was defined, called “adjustment” scenario, without a detailed 
specification of assumptions and the resulting development path.

2.3.2  Transport Development

The OECD/ITF study uses the IMO scenarios for the development of maritime 
transport, which have been derived from the scenarios of the IPCC assuming 
different climate mitigation policies, i.e., they are not related to the crisis and are 
skipped here. The study gives own predictions on the development global sales 
of road vehicles and of air passenger transport (Fig. 2.4). The gap between the 
trend and the adjustment scenario is up to the factor 1.7 until the year 2050, 
which underlines the high degree of uncertainty of all forecasts presented in 
these days.

The OECD/ITF study can be summarized as follows:

A fast “bounce back” to the growth rates of transport as they have been predicted •	
before the crisis seems not highly probable.
The same holds for scenarios which assume a long-term weakness of the econ-•	
omy or an end of the globalization processes.
The most probable development lies in between, but there is no specific descrip-•	
tion of assumptions and outcomes in quantitative terms. This reflects the high 
uncertainty of forecasts made in the present phase.

This gives the point of departure for the following own scenarios and simulations.

Fig. 2.3 Scenarios of the OECD/ITF study (2009)
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2.4  Schumpeter Paradigm and Structural Change

2.4.1  The Schumpeter Paradigm

The world economic crisis has lead to serious doubts that the neoclassical economic 
theory, which was the main stream of economic theory before, is a productive 
approach to explain the economic dynamics (see Roubini et al. 1997). The basic 
assumptions of neoclassics are rational behavior of agents, perfect information, 
rational expectations, convex preferences and technologies as well as widely 
 polypolistic markets. This is a world of no failure and no surprise, which leads to 
economic equilibria, which are pareto-optimal3 at the same time. Keynes was one 
of the first prominent authors who attacked this abstract world, in particular the 
reasoning of neoclassic authors that their theory might not represent the short-term 
reality but would correctly describe the development path in the long run (“... in the 
long run we are all dead,” Keynes 1923). The Keynesian theory takes up non-
rational behavior of agents, in particular herd behavior on financial markets, which 
cause business cycles and sudden turbulences. But Keynesian theory gives little 
help for understanding the dynamics of growth and the structural changes  associated 
with long-term development in a second-best environment. J.A. Schumpeter 

3 A single individual cannot improve on her economic position without making any other 
 individual worse off.

Fig. 2.4 Development of global air passenger transport according to OECD/ITF (2009)
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(1952), the founder of the economic theory of evolution, closed this analytical gap. 
The heart of Schumpeter’s theory is given by the following properties:

Crises are not exceptional phenomena rather than periodically repeating  episodes •	
in a market economy.
The agents are not perfectly informed and are not strictly rational. They follow •	
routines, which they only change in the case of obvious failure.
The dynamics of a market economy stem from intrinsic imperfections on one hand •	
and the ability to adjust to changes of the environment quickly on the other hand.
Agents change routines in or after a phase of crisis, not in a phase of prosperity. •	
The propensity of entrepreneurs for innovation is maximal in such a phase.
A crisis fosters structural change, which is necessary to guide the economy to a •	
new phase of growth, stimulated by new products and new production processes.

The state can foster this process by investing in research and development, 
 supporting the implementation of new technology (pilot applications) and by public 
investment in the necessary infrastructure.

2.4.2  Structural Change of the Economy

While it is highly probable that a severe economic crisis is followed by a substantial 
structural change it is impossible to predict the type of changes and their intensity with 
some degree of accuracy. Therefore the following considerations include speculative 
elements. They are based on two pillars: First, the observed reactions of the economy 
to rising energy prices and to expected climate change mitigation policies, and secondly, 
the ideas of futurologists as to the drivers of long-term societal and economic change.

While a decade ago the industrialists argued that environmental policy would 
jeopardize economic growth, today the environmental products make a good part of 
the production portfolio of big companies (e.g.: Siemens). The industry of highly 
industrialized countries has discovered that this is a market segment, in which they 
have – and are able to preserve – a technological advantage. This explains why parts 
of the industry were very much disappointed about the results of the Copenhagen 
Climate Conference (COP 15) and are putting pressure on the political side to come 
to international agreements. Furthermore, the last period of rising oil prices has 
shown – contrasting the opinion of neoclassical economists – that higher oil prices 
are not detrimental to economic growth as soon as the industry expects this develop-
ment and has time to adjust. Energy-savings technology has developed a prosperous 
business. For instance, the Japanese and the European automobile industries were 
able to adjust within a short time range to the challenge set by the European 
Directive 2009/443 to reduce the average consumption of newly licensed cars to 
120 g/km. As it seems highly probable that fossil energy will become more expen-
sive in the long-term future and that climate policy will become more severe to 
achieve the reduction goals set, one can follow that all economic sectors, which 
contribute to energy saving and clean products, will have high chances to grow.

When it comes to speculative future economic trends the work of L. Nefiodow 
(2006) on the sixth Kondratieff deserves attention. W. Kondratieff (1926) had 



192 Economic Crisis and Consequences for the Transport Sector 

 established the hypothesis that the economy shows long-term cyclical movements, 
where every upturn is initiated by new technologies. Schumpeter (1952) did a 
 similar analysis and came like Kondratieff to the conclusion that the period of a 
long wave is 40–60 years. Starting with the industrial revolution (invention of the 
steam engine) they count four Kondratieff cycles until World War II. The fifth 
Kondratieff is linked basically to the information technology, which has been 
pushed by micro-electronics. In his analysis of the sixth Kondratieff, expected in 
the future, Nefiodow points out that some industries will play a dominating role. 
This may be (extending the list given by Nefiodow):

Nano-technology•	
Material compounds•	
Robotics and Assistant Systems•	
Energy technology•	
Network clouds in information technology•	
Health technology•	
Knowledge economy•	

But there will not be any technology to play the role of the driver rather than a 
 network of different industries. The same holds on the social side. Nefiodow 
expects that social networks develop, supported by the above technologies and that – 
after a long phase of individual egoism – the social networks will create new forms 
of life styles, preferences, and activity patterns.

These ideas can be translated into development prospects of economic sectors and 
change the composition of final demand and of inter-industrial flows in the input–
output matrix. Both, the relative changes in the composition of final demand and of 
the input–output flows is what we call the structural change of the economy.

2.4.3  Structural Change of Freight Transport and Logistics

In this section we concentrate on freight transport and treat possible changes of 
consumer preferences only implicitly. This means that we assume that the changed 
world of production and trade meets the demand of consumers. On the side of pro-
duction and trade the following changes are assumed:

The trend towards lower shares of bulk cargo versus unitized and containerized •	
goods will continue.
The trend towards growing shares of services of GDP will continue.•	
The trend towards smaller and lighter products (de-materialization of products) will •	
continue, with an increasing share of electronics and communication technology.
Energy-efficient products will be preferred, in particular in the automotive sector.•	
The industry will plan the production of parts and subassemblies increasingly •	
under consideration of logistic requirements.

This will lead to adjustments in the sector of freight transport and logistics and add 
to the structural changes, which will be induced by energy scarcity and the climate 
challenge. In particular, the following structural changes are expected:
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Further bundling of consignments and optimization of hubbing versus direct •	
delivery.
Increasing share of container shipping on inter-modal routes.•	
Better loading factors for road and rail.•	
Further increase of 4PL contracts and start of collaborative logistics (see •	
Tavasszy et al. 2009).
Stagnation of the trend towards fast JIT/JIS•	 4 processes and upcoming moving 
logistic platforms with fixed operation schedules at freight centers and slower 
transport operations on route. These platforms can be organized as open networks.

The state is assumed to support this development by the following measures:

Substitution of quantitative capacity expansion by higher quality on the main •	
corridors (focusing on reliability instead of operation speed).
Introduction of infrastructure pricing for all transport networks with the result of •	
higher costs of infrastructure use and higher reliability because of reduction of 
peak traffic demand.
Stricter control of transport and social regulations.•	
Successive internalization of external costs, in particular the costs of climate •	
change.

It follows from these assumptions that two types of reactions can be expected: First 
of all the growth of transport volumes will be more modest or even tend to stagnate 
in industrialized countries, while the growth of tonkm will continue at lower rates 
compared with the forecasts made before the crisis. Secondly, the growth of vehicle 
km on roads might fall below the growth of GDP, which means a decoupling of 
freight transport movements from GDP. The chances of rail and inland waterways, 
and eventually also of coastal shipping, might increase such that the modal split 
changes in favor of  environmentally more friendly transport modes. These expecta-
tions are qualitative in nature and have to be backed by quantitative analysis. This 
is the aim of the following chapter.

2.5  Simulations for Economic and Transport Development  
in the EU After the Crisis

2.5.1  The Scenarios

In a study of the German Ministry of Transport, Construction and Town Planning 
(Rothengatter et al. 2010), three scenarios have been constructed:

4 4PL: Forth Party Logistics (contracting logistic business out). JIT: Just in Time. JIS: Just in 
Sequence.



212 Economic Crisis and Consequences for the Transport Sector 

A Status-Quo Scenario without the crisis.•	
A base scenario with the crisis.•	
A Schumpeter Scenario with structural adjustments after the crisis.•	

2.5.1.1  Status-Quo Scenario

The development of the economy and the freight transport demand is modeled 
under the assumption that there was no interruption of growth through the eco-
nomic crisis. However, the scenario abstracts from the bubble development of 
globalization in the period 2002–2007 and substitutes this boom development by a 
continuous stable growth path based on the change of technology and demand 
(abstraction from exogenous influences such as the temporary booms of east–west 
trade after opening of the borders, the liberalization phase in the EU with dramati-
cally dropping costs of road transport, and the financial crisis).

2.5.1.2  Base Scenario

The base scenario takes into account the temporary decline of the economy and of 
transport demand in the phase of crisis and assumes that globalization processes 
will be dampened substantially. With this regard this scenario is comparable to the 
“retrenchment” and “regional communities” scenarios of the OECE/ITF and can be 
characterized as a pessimistic view for the future development.

2.5.1.3  Schumpeter Scenario

If the world economy recovers and the globalization process is going on then 
structural changes are necessary. These are described by the assumptions in 
Sect. 2.4.3. The quantitative assumptions underlying the computation cannot be 
given in detail here. They can be found in the study prepared for the German MoT 
(Rothengatter et al. 2010), where the quantitative figures are described. They can 
be characterized as a modest move to new structures, but not as a radical change 
of economics and transportation, which could happen in a new Kondratieff cycle. 
Reason for sticking to a more conservative world of quantitative assumptions is 
that the simulation model, which is used for the quantitative computations, is cali-
brated on the development of the past decade 1995–2005. This implies that it 
would have been necessary to exchange calibrated equations in the model by 
speculative elements, which cannot be explained by observations of the past. The 
advantage of this approach is that the model is closer to reality in the first phase 
after the crisis while it indicates possible changes of structures for the future. 
These changes can develop more dramatic if actually a new Kondratieff cycle will 
occur, and they can be smaller if the technology and behavior are bouncing back 
to the old regimes before the crisis.
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2.5.2  The ASTRA Model

The basic modules of the ASTRA model, developed by IWW, Karlsruhe, and TRT, 
Milan, are depicted in Fig. 2.5.

Detailed descriptions of ASTRA can be found in the Ph.D. theses of the devel-
opers W. Schade (2005) and M. Krail (2009).

ASTRA includes 29 European countries (EU27 + Norway and Switzerland) with 
their systems of national accounts and input–output tables (25 sectors). The model 
is based on the system dynamics philosophy, which means that it is composed of 
state and flow variables, which are inter-linked by dynamic (difference) equations. 
These equations are treated sequentially by numerical integration such that dynamic 
profiles for the variables are constructed, which not necessarily lead to a general 
equilibrium. The model is calibrated for the years 1995–2005. It produces ex post 
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forecasts for the years 2006–2008, i.e., the results can be compared with the actual 
statistical data. Beginning with the year 2009 the model moves to the future sequen-
tially in 3-month steps.

ASTRA is able to analyze and predict feedback mechanisms between the 
different modules, in particular the dynamic inter-dependencies between trans-
port and the economy. It has been applied for European projects to simulate the 
long-term effects of transport investment programs, of technological change, of 
taxation and charging, or of regulations set by climate protection policy. With 
respect to transport the simulation capacity of the model is limited, such that it 
can only generate cluster results (e.g., freight transport by goods and distance 
classes) but no network figures. But it can be linked to a transport model 
(ASTRA) if detailed information on network flows is important.

2.5.3  Scenario Results

2.5.3.1  Macro-Economic Indicators

Figure 2.6 shows a comparison between the development in the base scenario and 
the Status-Quo Scenario. The latter defines the zero-line, which means the zero-line 
does not represent the status of variables before the crisis rather than the develop-
ment of variables if the crisis would not have occurred.

The downward sloping time profiles for the variables (like GDP, consumption or 
exports, left picture) indicate that growth occurs, but it is significantly lower than it 
was expected without the crisis. GDP in the year 2030 is about 10% lower than in the 
status-quo case. The average growth rate of GDP is about 0.2% lower than it was 

Fig. 2.6 Development of macro-economic variables in the base scenario compared with the 
Status-Quo Scenario (Zero Line, left figure); Growth rates of variables in the base scenario (right 
figure), EU 27 + 2 (Source: Rothengatter et al. 2010)
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expected before the crisis (right picture). This can be regarded as the  quantitative 
impact which has to be expected if the economy is not able to develop new structures 
after the crisis: Following the old routines will not bring sufficient new economic 
dynamics, expectedly.

It is interesting to compare the results for EU27 + 2 with the results for EU12 
(the accession countries) (Fig. 2.7).

It can be seen on the left-hand picture that also the EU12 countries are hit 
dramatically by the crisis. But they show higher growth rates compared with 
EU15 + 2 (right picture) and are able to recover more quickly. This is indicated by 
the upward sloping curves for investment and exports and the stable position of 
GDP (on the zero line after a medium-term adjustment). This can be interpreted 
in terms of the OECD/ITF that the accession countries have a chance of a 
“bounce-back development,” which leads them back to the previous growth path 
after a delay of about 5 years.

The Schumpeter Scenario has been elaborated only for the case of Germany. 
This is because preparing such a scenario for 29 countries would require high 
research inputs as the structural preconditions are different, in particular for the 
accession countries. Furthermore, recent input–output tables are not available for 
all countries such that the results for structural effects could be biased.

In the diagram the comparison scenarios (status-quo, left and base, right) define 
the zero line. The left diagram shows that in the first phase after the crisis all vari-
ables except for the investments develop at lower growth rates compared with the 
status-quo. The investment path is derived from the assumptions on the allocation 
of money from the stimulus packages of the state. After a time of restructuring, 
which the model predicts until the end of this decade, the economy recovers and the 
growth rates become even higher than in the case without a crisis. At the end of the 
time horizon, moving towards the year 2050, the profiles converge to the zero axis, 
i.e., the growth rates correspond to the originally expected development. Despite 
the higher growth rates the economy will not bounce back to the original growth 

Fig. 2.7 Development of macro-economic variables in the base scenario compared with the 
Status-Quo Scenario (Zero Line, left figure); Growth rates of variables in the base scenario (right 
figure), EU 12 (Source: Rothengatter et al. 2010)
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path, i.e., the GDP values of the Schumpeter Scenario are still lower than the GDP 
values of the Status-Quo Scenario in 2025 and in 2050. This means that the decline 
in the years 2008 and 2009 and the losses of growth in the phase of restructuring 
are so big that a “bouncing back” to the original growth path, i.e., the formerly 
predicted levels of variables in the future, is not possible.

The right-hand side diagram exhibits that the structural changes assumed in the 
Schumpeter Scenario will help to move the economy away from the pessimistic 
base scenario path. In the year 2025 the value of GDP is about 2% and in the year 
2050 about 4% higher compared with the base scenario (Fig. 2.8).

2.5.3.2  Transport Indicators

Figure 2.9 summarizes the results for the transport variables. Freight transport in 
Germany will tend to grow in the future, which is shown by the upper three lines. 
The Status-Quo Scenario is depicted by the highest line, but this is no longer 
 realistic after the crisis, as is underlined by the lines for the Schumpeter and the 
base Scenario. While the growth factor for the status-quo development is 1.5 (2025) 
and 2.1 (2050), it is reduced to about 1.3 (2025) or 1.8 (2050) in the scenarios 
considering the effects of the crisis. Although the GDP development is prosperous 
in the Schumpeter Scenario the growth of freight transport performance is modest, 
due to the assumptions on structural change.

A further impact shall be added in qualitative terms because the model results 
are less reliable in this area. The tonkm predicted in the Schumpeter Scenario can 
be transported with less vehicle km, because of the logistic effects listed in 
Sect. 2.3.3. Better bundling and loading of vehicles and the change of modal split 
lead to a significant reduction of the growth of road transport. While the forecasts 

Fig. 2.8 Comparison of the development of macro-variables in the schumpeter scenario versus 
the Status-Quo Scenario (change of growth rates, left picture) and the Base Scenario (percent 
changes of variables, right picture); The case of Germany (Source: Rothengatter et al. 2010)
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for the German MoT predicted a growth of road freight transport in an order of 
magnitude of 84% between 2004 and 2025 this figure could be cut by half in a 
Schumpeter world – depending on the policy measures on the field of charging and 
regulating road transport. This would imply nevertheless that road transport will 
grow substantially despite restraining policy measures. It has to be kept in mind that 
Germany will be export-oriented in the future and the most frequented transit coun-
try of Europe. International transport is the main driver of freight transport, and the 
structure of goods and distances leaves only limited options for modal split – as a 
whole. But the growth could be limited to the growth rate of GDP from the present 
point of view, and further changes (e.g., energy prices, technology) in the long run 
(speculative futures) could cut the growth rates further.

Passenger transport is not very much affected by the crisis and might return soon 
to the original growth path. For Germany, passenger transport will most probably 
decline in the long run, as depicted by Fig. 2.9, because of the declining population, 
the changing age structure, and the limited increase of disposable income for the 
lower- and medium-income groups.

2.6  Conclusions

The economic crisis has hit the industrialized countries badly and had a big impact 
on freight transport, which collapsed temporarily in line with the trade activities. 
It can be expected that the economies will recover, but this recovery process 

Fig. 2.9 Development of transport variables in different scenarios; Case of Germany  
(Source: Rothengatter et al. 2010)
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 presupposes that economic and transport structures change. This corresponds to 
the Schumpeter paradigm, which states that business cycles and fluctuations are 
 natural phenomena in a market economy. A crisis gives the chance for a structural 
change, which is never possible in a phase of prosperity because routines only will 
be changed after the perception of failure. Against this background the  construction 
of a “Schumpeter Scenario” has been tried in the paper to explore the possible 
development in the case of structural changes of the economy and of the transport 
sector.

It was shown that the change of the transport sector is consistent with a 
Schumpeter world, if transport operations are becoming more energy-efficient and 
environmentally friendly. A quantitative simulation shows that there is a high 
potential for creating such a world in the freight transport area, using the options of 
better  bundling, loading, routing, and modal split. Vehicle operations on roads can 
be reduced substantially by such changes. The Schumpeter Scenario describes a 
 possible change of trends in a consistent way. If the economy and the transport 
 sector change to this trajectory it seems probable that additional market forces 
emerge, which foster the technological change towards even more sustainable 
 production and transport. From this follows that the challenging environmental 
goals can be met in a world of economic growth, modestly continuing globalization 
and modest market conforming state interventions.

References

Advisory Committee of the German Ministry of Economic Affairs (2008) Yearly Report 2008 on 
the Economic Development, Berlin

Forrester JW (1962) Industrial dynamics. Pegasus, New York
Keynes JM (1923) A tract on monetary reform. Macmillan, London
Kondratieff ND (1926) Die langen Wellen der Konjunktur. (The long waves of economic dynam-

ics). Archiv für Sozialwissenschaft und Sozialpolitik 56:573–609
Krail M (2009) System-based analysis of income distribution impacts on mobility behaviour, vol 

28. Karlsruhe Papers in Economic Policy Research, Baden-Baden
Li D (2008) Subprime crisis, impacts and lessons. Presentation given to the colloqium of the 

faculty of business engineering and economics of the Universität Karlsruhe, November 
2008

Nefiodow L (2006) Der Sechste Kondratieff. (The sixth Kondratieff). Rhein-Sieg-Verlag, Sankt 
Augustin

OECD/ITF (2009) Transport outlook 2009 – globalisation, crisis and transport, Discussion Paper 
No.: 2009-12 at the International Transport Forum. Preliminary Version May 2009. Leipzig

Rothengatter W, Liedtke G, Scholz A (2010) Verkehrsinfrastrukturpolitik zwischen Globalisierung, 
Konjunkturprogrammen und Wachstumserfordernissen.Teil 2: (Simulation von 
Strukturveränderungsszenarien zum Entwicklungspfad 2. Transport infrastructure policy 
 facing globalisation, stimulus packages and requirements for economic growth. Part 2: simula-
tion of structural change with scenarios for an alternative path of economic development). 
Study for the German Ministry of Transport, Construction and Town Planning, Karlsruhe

Roubini N, Alesina A, Cohen GD (1997) Political cycles and the macroeconomy. MIT Press, 
Cambridge



28 W. Rothengatter

Schade W (2005) Strategic sustainability analysis: concept and application for the assessment of 
european transport policy. Nomos-Verlag, Baden-Baden

Schumpeter JA (1952) Theorie der wirtschaftlichen Entwicklung (Theory of economic 
 development). Duncker&Humblot, Berlin

Tavasszy L, Wisetjindawat W, Liedtke G (2009) A comparative analysis of behavior-oriented 
commodity transport models. Presentation to annual meeting of the transportation research 
board, Washington, 20 Jan 2009, pp. 11–15



29W. Rothengatter et al. (eds.), Transport Moving to Climate Intelligence, Transportation 
Research, Economics and Policy, DOI 10.1007/978-1-4419-7643-7_3,  
© Springer Science+Business Media, LLC 2011

3.1  Introduction

Although the Club of Rome has pointed to the risk of climate warming due to 
growing carbon emissions already in 1972 (Meadows 1972), the birth of global 
climate policy occurred two decades later at the Rio Earth Summit in 1992. At the 
Summit, the United Nations Framework Convention on Climate Change (UNFCCC) 
was agreed by more than 130 countries joining the negotiations. The Convention 
established a very first GHG reduction target, which was that GHG emissions in 
the year 2000 should be stabilized at the level of the year 1990. This should apply 
to the industrial world in particular. However, no separate GHG emission target 
was defined for the transport sector.

An important principle affecting the burden-sharing of GHG mitigation was 
already defined at that time. This principle of common but differentiated responsi-
bility includes two fundamental elements: (1) the common responsibility of states 
for the protection of the environment at national, regional, and global levels and 
(2) the need to take into account the different circumstances, particularly each 
state’s contribution to the climate change problem and its ability to prevent, reduce, 
and control the climate threat.

3.2  The Kyoto Protocol

On these grounds it took 5 years to develop the Kyoto Protocol. The Protocol was 
adopted in Kyoto, in December 1997 and entered into force in February 2005. 
While the UNFCCC only encouraged industrialized countries to stabilize GHG 
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emissions, the Kyoto Protocol for the first time committed them to do so. Reduction 
targets were set for 37 industrialized countries and the European Union that agreed 
to reduce an average of 5% of their GHG emissions against 1990 levels over the 
5-year period, 2008–2012.

However, the transport sector was not explicitly mentioned in the Kyoto Protocol, 
and the implementation of the protocol, e.g., in the EU by the EU Emissions Trading 
Scheme (EU-ETS) (European Commission 2003) focused on reductions by the 
 largest GHG emitters in industry and energy conversion (some 10,000 plants) 
 making up about 45% of total EU GHG emissions. Besides heavy and light rail 
transport propelled by electricity, the transport sector was excluded from these 
reduction efforts. In particular, air and maritime transport, that consume the so-
called international bunker fuels and are the modes with the strongest growth projec-
tions, were not made subject to reduction efforts, as the Kyoto Protocol focused on 
emissions on national territory only.

The Kyoto Protocol established two further flexible market-based mechanisms, 
Clean Development Mechanism (CDM) and Joint Implementation (JI), allowing 
funding of GHG reductions not in national territory, but in other countries and 
receiving GHG reduction credits for these measures. Despite the fact that many 
opportunities to implement CDMs in the transport sector of developing countries 
exist, almost no projects were successful in becoming a CDM as the monitoring, 
verifying, and reporting (MVR) of transport measures was either too complex, or 
no rules could be agreed on, or the project scale was too small to generate sufficient 
GHG savings to fund the necessary investment.

Nevertheless, on a measure-by-measure basis, countries are taking domestic 
actions to reduce GHG emissions of transport and report them in the national GHG 
inventories submitted to the UNFCCC or the national reports submitted under the 
Kyoto Protocol. In such cases GHG savings often occur as a co-benefit of a measure, 
e.g., in the case of the so-called eco tax in Germany, which for transport fuels was 
implemented as a fuel tax escalator, increasing the fuel tax between 1999 and 2003 
in equal steps in total by about 15 €ct/l and using the revenues to reduce the 
 household payments to the pension funds. As a co-benefit, the measure reduced GHG 
emissions of transport by more than 2 Mt CO

2
 eq. annually after 2003 (Bundesregierung 

2009).

3.3  Bali Action Plan

Since the Kyoto Protocol only provided a reduction path until 2012, further agree-
ments have to be developed for 2013 and beyond. This was the purpose of the Bali 
Action Plan agreed at the Conference of the Parties (COP13) in Bali (UNFCCC 
2007), in which it was stated to set up two ad-hoc working groups, the working 
group on long-term cooperative action (AWG-LCA) that should develop a consis-
tent long-term strategy for mitigation, adaptation, and financing and the working 
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group on further commitments for Annex I parties under the Kyoto Protocol 
(AWG-KP) that should establish further reduction targets for the Annex I countries 
until 2017 or 2020. Both working groups should prepare an agreement to be 
adopted at the COP15 in Copenhagen in 2009. As we know now, this attempt failed 
and the outcome of COP15 was the so-called Copenhagen Accord (UNFCCC 
2009) that again did not specify any commitments for the transport sector.

However, the Bali Action Plan introduced the concept of Nationally Appropriate 
Mitigation Actions (NAMA), which could provide a way forward to take transport 
measures, in particular in developing countries, to reduce GHG emissions as was 
proposed by several organizations after COP15 (CCAP 2010; Binsted et al. 2010).

3.4  Long-Term GHG Emission Targets

Despite the difficulties to agree on short-term strategies and GHG reduction targets, 
there seems to be consensus on long-term targets. The target to limit the global 
average temperature increase to 2°C is agreed in the Copenhagen Accord, i.e., at a 
global level. Further, the G8 in 2009 agreed to the target that until 2050 the global 
GHG emissions have to be reduced by 50% and for the industrialized countries the 
reduction should amount to at least 80% compared to 1990 (G8 2009). The 
European Commission had agreed to the same targets already in 2007 (European 
Commission 2007a).

Again, these targets do not specify any GHG reduction targets for transport, but 
they make it clear that transport must contribute to significant GHG reductions until 
2050 and in the years to come, because in 2005 transport in the EU accounted for 
more than 23% of GHG emissions (European Commission 2007b). This share 
would already be larger than the remaining 20% of GHG emissions allowed in 
2050, so that obviously transport must contribute to reductions in the developed 
countries. In developing countries the situation is more complex, as in these coun-
tries strong catching-up in motorization and transport demand is expected, making 
even a stabilization of transport emissions in the next decades a significant chal-
lenge (Sperling and Gordon 2009).

3.5  First Transport GHG Sectoral Target

In 2008 for the first time a sector GHG reduction target for transport was defined. 
This happened as part of a Communication of the European Commission and was 
not widely noticed. The so-called 20–20–20 targets also included some 10% targets. 
One of these targets referred to the non-ETS sectors, to which the transport sector 
belongs. Thus the EU transport sector should reduce 10% of GHG emissions of 
transport until 2020 compared with 2005 (European Commission 2008a).



32 W. Schade

Despite the fact that until a few years ago the common perception was that it 
would not be feasible to reduce GHG emissions of transport, it can already be 
observed that in a few developed countries the transport emissions declined in the 
years 2000–2007. Following the data reported to the UNFCC, and excluding 
 bunker fuels, this decline amounted in Germany to −16% and in Japan to −7% 
(UNFCCC 2010).

Policy and scenario studies indicate that until 2020 (excluding bunker fuels) 
further reductions can be achieved in the German transport sector in the order of 
45–55 Mt CO

2
 eq. in 2020, which means a reduction of about 30% compared with 

2005 (ÖI et al. 2008; UBA 2010).
Such analyses reveal that a target for transport of −10% until 2020 compared 

with 2005 could be formulated more ambitiously in the developed countries rather 
in the order of magnitude of −15% to −25%.

A few analyses also looked at long-term reduction scenarios that could provide 
indications for long-term GHG reduction targets for transport. It seems that for the 
developed world reduction targets of −60% to −80% until 2050 compared with 
2005 seem to be feasible (PBL 2009; Schade et al. 2009).

3.6  GHG Targets for Bunker Fuel Emissions

The UNFCCC and the Kyoto Protocol cover GHG emissions on national territory 
(including the air space), but excluding international air and maritime transport. 
However, these segments are those already developing most dynamically today, 
each reaching a share of about 3% of global GHG emissions, which is, e.g., more 
than the UK emissions, and in a ranking of countries according to their GHG 
 emission would mean the sixth or seventh position in the world.

Thus, it is obvious that these transport segments should not be neglected by 
climate policy. After failing to promote an international agreement for air transport, 
the European Commission developed a European proposal to include international 
air transport into the EU-ETS, which was put into force in 2008 (European 
Commission 2008b). It covers all air transport within the EU as well as flights with 
only the origin or the destination being within the EU. The cap of these flights is 
set to the average emissions of the period 2004–2006 at the level of airline opera-
tors. The trading system will commence in 2012 and the reductions of the cap in 
that year will amount to −3% and in 2013 and afterwards to −5%.

The International Civil Aviation Organization (ICAO) is proposing a sector 
approach for global aviation, which should be provided and agreed to at COP16 in 
2010 (ICAO 2009). The approach consists of three elements: (1) between 2010 and 
2050 average annual CO

2
 efficiency per revenue tkm should increase by 1.5% (an 

alternative proposal was an increase of 2%); (2) stabilize the carbon emissions of 
air transport in 2020, and (3) reduce carbon emissions of air transport by −50% 
until 2050 compared to 2005.
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The situation of maritime shipping is less advanced. The International Maritime 
Organization (IMO) published a study analyzing the GHG emissions of ships that 
revealed the significant share of GHG emissions of ships (3.3% of global GHG) 
and analyzed a number of measures to reduce these emissions (IMO 2009). These 
measures include setting standards for new ships (Energy Efficiency Design Index, 
EEDI), operational standards, and inclusion into ETS. In 2003 the EU requested the 
IMO to develop a global and concrete proposal, but so far no commitment is yet in 
place for shipping. Recently, the EU announced that they would take unilateral 
action on shipping if IMO and UNFCCC had not implemented actions by the end 
of 2011 (European Commission 2010).

3.7  Major Current Transport Measures

As sector targets have not been set or have been made operational only to a very 
limited extent, the importance of measures for GHG reduction of transport has been 
upgraded. Globally, a number of policy measures have been proposed or even 
implemented with a focus on GHG reductions.

The most prominent and effective one was the CO
2
 emission standards for cars 

as, e.g., set by the EU (European Commission 2009). According to these European 
standards, the average CO

2
 emission factor of new cars sold in the EU must be 130 g 

CO
2
/km in 2015 and 95 g CO

2
/km in 2020. A similar approach is currently being 

developed for light duty trucks. Studies indicate that this measure is the most effec-
tive of all measures to reduce GHG taken in the EU so far (Schade et al. 2010).

Similar approaches have been implemented, e.g., in the US (NHTS-CAFE 
 standards, EPA CO

2
 standards), Japan (top runner program), or China (fuel econ-

omy standards).
The US Corporate Average Fuel Economy standards (CAFE) date back to 1975. 

However, mainly in recent years the standards are becoming tougher. In 2006 the 
CAFE standards for light trucks were set to 23.5 mile per gallon (MPG) for model year 
2010 and 23.9 MPG for 2011 (NHTS 2006). In 2009 the target value for model year 
2011 was enforced to become 27.8 MPG (196 g CO

2
/km), and a medium-term target 

of 35 MPG (156 g CO
2
/km) for model year 2020 was announced. Also, the target 

values in 2011 were differentiated for passenger cars (31.2 MPG) and light trucks 
(25 MPG), achieving 2015 values of 35.7 MPG (cars) and 28.6 MPG (light trucks) 
(NHTS 2006). In 2010 joint targets from the NHTS (for fuel economy  standards) and 
the US EPA (for CO

2
 emission standards) were developed, which until 2016 foresee a 

combined car&truck standard of 32.7 MPG and a minimum standard of 34.7 MPG 
(US-EPA, DOT 2010).

Compared with the European standards, important communalities can be noted 
(e.g., standards refer to weighted new registrations of a manufacturer in a particular 
model year), but also two interesting differences can be observed: (1) for 2015 the 
passenger car standards in the EU are 130 g CO

2
/km, while in the US they will be 
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156 g CO
2
/km, although it must be remembered that the test cycle differs and 

 auxiliaries (e.g., air conditioning) are treated differently. (2) the US have chosen the 
vehicle footprint (product of multiplying a vehicle’s wheelbase by its track width) as 
the metric for vehicle-specific standards, while in the EU the vehicle mass (in kg) has 
been chosen as the metric after strong intervention by the car manufacturers’ associa-
tions. Here it can be noted that the US has chosen the more appropriate metric, which 
does not rule out one of the very promising measures for efficiency gains, i.e., light-
weight construction.

In China the first fuel economy standards for cars took effect in 2005 (phase 1) 
and were enforced in 2008 (phase 2). Contrary to the US and the EU, these stan-
dards defined a maximum fuel consumption for all cars (i.e., for all manufacturers), 
which is then differentiated by weight of the vehicle. As a consequence, the average 
fuel consumption of new cars in China in 2006 was 7.95 l/100 km and 7.87 l/100 km 
(183 g CO

2
/km) in 2009, which is significantly above the European average for that 

year. Phase 3 was approved in 2009, which will take effect in 2012 and is expected 
to bring down the average fuel consumption of new cars in 2015 to 7 l/100 km 
(33.6 MPG), which would be less ambitious than the most recent US standards. 
It should be noted that in phase 3 the standard refers also to corporate average fuel 
consumption (CAFC) of each manufacturer, as in the EU and US (Oliver et al. 
2009; Wagner et al. 2009; Wang et al. 2010).

In Japan, fuel efficiency standards have been in effect since 1985 as part of the 
Law Concerning the Rational Use of Energy. Japan is applying the top runner 
method, i.e., future targets are based on the most energy-efficient product that is 
available on the market today. The targets are differentiated by gross vehicle weight 
categories and are expressed as distance driven per liter of fuel (km/l). The targets 
address each manufacturer separately. For 2015 the fleet average fuel consumption 
of passenger cars should be 16.8 km/l (138 -g CO

2
/km), which is slightly less 

 ambitious than the European targets for that year.
At the global level, it is also acknowledged that vehicle efficiency improvements 

are a feasible and most effective measure to reduce GHG from transport. The global 
fuel economy initiative “50-by-50” supported by four global organizations, FIA, 
IEA, ITF, and UNEP,1 calls for a target of 50% fuel efficiency improvement of the 
average global fleet by 2050 compared to 2005, which requires the average new car 
to become 30% more fuel-efficient by 2020 and 50% more fuel-efficient by 2030, 
both compared to 2005 (FIA et al. 2009).

A second important measure should be highlighted without discussion in detail, 
namely, the shift to alternative low/no carbon fuels, either in the form of sustainable 
bio-fuels, where countries or regions have introduced bio-fuel targets, e.g., the 10% 
sustainable bio-fuels target by 2020 of the EU (European Commission 2008a), or 
electric mobility, either fueled by renewable electricity or by hydrogen fuel cells. 
Many countries and car manufacturers in the world are on the brink of bringing the 
first battery electric vehicles at affordable prices onto the market, in 2010/2011.

1 FIA = Federation Internationale de l’Automobile, IEA = International Energy Agency, 
ITF = International Transport Forum, and UNEP = United Nations Environment Programme.
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3.8  Conclusions

Recently, many studies revealed the large GHG reduction potentials of the transport 
sector. However, transport was neglected completely in the first 15 years of climate 
policy, as neither sectoral targets for transport were introduced nor climate policy 
measures included the transport sector.

The 10% reduction target of the EU for 2020 compared to 2005 was the first, 
which applied directly to the transport sector. The inclusion of air transport into the 
EU-ETS by 2012 will integrate one transport mode into the climate policy regime. 
It can be expected that the new EU Transport White Paper prepared by the European 
Commission for 2010/2011 will set further targets for transport.

Thus today the main approach to tap the GHG reduction potentials of transport 
is to implement single measures. The most widely applied method, as it is both 
cost-effective and effective to reduce GHGs, is to set efficiency standards for new 
vehicles. Other important measures are related to the introduction of biofuels or 
electric mobility.

An important aspect, in particular for the developed world, of setting sector 
GHG reduction targets of transport and fuel efficiency standards is that they both 
stimulate innovations and enable the creation of lead markets for low/no carbon 
transport technologies (Walz et al. 2007). Thus they contribute to maintaining/cre-
ating competitive industries in these countries, which can be seen as an important 
co-benefit of transport-related climate policy in the developed world.

In the developing world the situation differs. Transport measures will primarily 
be dedicated to improve accessibility and to reduce environmental impacts such as 
air pollution, noise, or accidents. Reductions of GHG of transport will be rather a 
co-benefit of such measures. However, with the introduction of NAMAs in the 
climate debate, an instrument suitable for developing countries emerges. These 
should be used to integrate classical transport policy objectives (accessibility, air 
pollution, etc.) with climate policy objectives to mitigate GHG of transport, despite 
the expected strong growth of motorized transport demand in these countries.

Conclusion: mitigating transport GHG in developed countries and international 
transport (air, maritime) will require sector reduction targets for transport. An order 
of magnitude of −15% to −25% until 2020 compared with 2005 seems to be reason-
able. This will provide a clear signal to steer decision-making, technology develop-
ment, and transport behavior towards low/no carbon transport. It should also be 
acknowledged at the end that climate policy and the security of energy supply are 
facing a high volatility of oil prices in the next decades and will go hand in hand.
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4.1  Introduction

A key environmental objective globally is to reduce the carbon intensity of the 
transport sector by 50% (1990–2050). In the European Union (EU) countries, this 
level must be even higher (80%) to allow for growth in the emerging economies. 
Over the last 12 years, even the more modest target of a 5.2% reduction in CO

2
 

emissions as set at Kyoto (1997) has proved difficult to achieve. Transport has made 
no contribution to this reduction as carbon emissions have continued to increase. 
The transport sector needs to be looking for a factor 12 reduction in carbon 
 emissions by 2050 (NEAA 2009, p. 20). However, it is not just the final target that 
needs to be considered, as the pathways from the present to the future are equally 
important. Cumulative emissions over the period (1990–2050) means that countries 
and cities are already in serious ‘deficit’ as they are using up their ‘carbon credits’ 
in the hope that at the end of the 60-year period, substantial reductions will have 
taken place as the whole economy will be decarbonised (Fig. 4.2). Carbon budgets 
give one the means by which reductions can be phased in over a period of time, but 
even here the tendency is to look for slow initial actions (DECC 2009). The value 
of a tonne of carbon saved now is much greater than one saved later, and neither the 
targets nor the budgets confront emissions from aviation and shipping.

It is enormously difficult to see how the targets and the interim budgets can be 
achieved or even resolved within a multilateral debate, when there are so many 
priorities, perspectives and variables to be considered. This paper attempts to struc-
ture this debate within the context of London, where a 60% target reduction in CO

2
 

emissions has been set for transport (1990–2025), and recently confirmed by the 
Mayor’s Draft Transport Strategy (October, 2009). A backcasting approach is used 
to determine the range of policy packages available to meet this target, given the 
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wide set of possible options that are being considered. This analysis is set against 
the background of two different images of the future for London, where one pro-
motes the role of technological innovation more and the other places a greater 
emphasis on lifestyle changes. A transport and carbon simulation model has been 
developed (TC-SIM) to test the impacts of the different policy packages and the 
pathways that need to be followed. Two particular issues are discussed, one where 
effective actions can be taken to give ‘quick hits’ and the other covers the problems 
of including aviation in the analysis.

4.2  Study Approach

Backcasting is now seen as offering one means by which longer term futures can 
be visualised through setting challenging target reductions for carbon. These 
visions of the future are based on different views of how the future might develop 
(key drivers of change) and the different priorities given to economic growth, the 
environmental and other societal objectives. Within this framework, it is possible to 
explore the role that a wide range of policies can have, either individually or working 
together as a set of complementary measures (policy packages), in achieving the 
overall target-reduction levels. Pathways can be developed to establish the means 
to get from where you are to where you might want to be (backcasting), so that 
timelines of key decisions can be established. At all stages there is an extensive 
consultation process, where ‘experts’ are involved to comment on, and to make 
suggestions and changes to the proposals. This is important as it links the more 
theoretical and conceptual thinking to the reality of decision processes.

The TC-SIM model has been developed as a means to allow individuals to role 
play within the context of choices being made at the city or the regional level on 
carbon-reduction options. Part of this simulation includes the need to identify 
where key reductions can be made in the short term so that the 5 year budgets are 
not exceeded. Attention is now also being paid to the costs of alternative packages 
through multi-criteria analysis, where empirical weightings have been obtained to 
allocate priorities to particular options, and the costs associated with them esti-
mated (Saxena 2009). Conventional economic appraisal methods and marginal 
abatement cost approaches seem to have limited potential, as many of the most 
effective carbon-reduction options for transport act to reduce and/or slow traffic 
down (urban planning, behavioural changes, ecological driving and slower 
speeds) and may have a high initial cost (e.g. the electric vehicles and plug in 
hybrid electric vehicle technologies). But this should not reduce the role that 
transport should have in making a major contribution to carbon-reduction targets 
– see www.vibat.org.

The backcasting method seeks to develop policy pathways in an agreed future 
direction to achieve clearly defined carbon-reduction targets (e.g. 60% between 
1990 and 2025), through developing images of the future that represent ‘desirable 
solutions’, and then to cast back to determine the different pathways from the future 
to the present – it is a trend-breaking methodology (Fig. 4.1).
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4.3  The London Baseline

London aims to become a model sustainable global city that can combine popula-
tion growth with economic prosperity to create a fair and vibrant society, and at the 
same time substantially reduce its carbon emissions. This political aspiration has 
created a huge challenge, namely how such a future can be delivered. There is no 
shortage of action and targets, as can be seen in Table 4.1.

Within London, the transport sector accounts for about 24% of ground-based CO
2
 

emissions (9.6 MtCO
2
, 2006), with car travel accounting for 49% and road freight 

another 23%. In carbon terms, London is much more efficient than any other city in 
the UK, as it has a much higher level of public transport use, and as it has lower levels 
of car ownership than expected given its relatively high income levels. Registered 
cars in London are used less than elsewhere in the UK. So London is already in a 
better position (lower transport CO

2
 emissions than elsewhere in the UK), but this 

Fig. 4.1 The study process
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Table 4.1 Base data and publications

London 2006 2050

Population

Economic growth (indexed)
Carbon emissions

7.5m
100
44 MtCO

2

9.2m
200–250
8.8 MtCO

2

London publications UK national and international publications

Transport 2025 (Tfl 2006a)

Mayor’s Transport Strategy (TfL 
2006b)

London Plan (GLA 2004)

Climate Change Action Plana  
(GLA 2007)

Mayor’s Transport Strategy  
(TfL 2009)

Kyoto protocol 1997
Pathway towards 60% by 2050 (DTI 2003 and 

2006)
Climate Change Act 2008
UK low carbon transition (DECC 2009)
Low carbon transport (DfT 2009)
Meeting carbon budgets (CCC 2009)

Note: The two Transport Strategies for London represent the different views from the Mayor’s, 

the first from Ken Livingstone and the second from Boris Johnston
aThe legally binding UK target in the Climate Change Act (2008) is for a 80% reduction in 
carbon emissions (1990–2050). The average annual emissions in the carbon budget period 
including 2020 (2018–2022) are at least 34% below the 1990 baseline

Table 4.2 CO
2
 emissions (2005)

UK London

All emissions (tCO
2
 per person per annum)

Population (millions)

Personal travel (tCO
2
 per person per annum)

Freight and aviation (tCO
2
 per person per annum)

9.86
56.0
1.168
1.132

6.09
7.5
1.000

makes it even harder to achieve substantial further reductions (Table 4.2).1 
The London baseline for transport is to reduce the levels of CO

2
 from 9.6 MtCO

2
 

(2006) to 4.0 MtCO
2
 (2025), a 60% reduction on 1990 levels. The Business as Usual 

(BAU) is estimated to be 11.7 MtCO
2
 with no interventions, meaning that the reduc-

tion targets on these levels is over 65%.
In building the two visions of the future, there are a number of drivers of change 

that need to be considered. As noted above, the population of London will increase 
to 2025, but there will continue to be changes in household structure, ageing, 
migration, and a more active population. All these factors will influence travel.  
In addition, it is expected that the economy of London will grow in the long term 
(Table 4.1), and it will strengthen its position as a global financial and network 
centre. This global role might also need to be balanced against the desired for 
increased social and cultural cohesion with an increase in London’s local identi-
ties. Technological innovation and the digital and network society will also influ-
ence development and patterns of activity, as will the role that London (and the 
UK) plays as an international centre. There may also be clear moves towards more 

1 In 2007, 24% of London trips were by walk, 33% were by public transport and 41% were by car. 
The corresponding figures nationally were 24% walk, 10% public transport and 65% car.
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sustainable lifestyles, with taxation being more consumption and carbon-based. 
All these factors provide important inputs to the two images of the future that have 
been developed and discussed with academics and practitioners.

The future is, by definition, uncertain, but the interest here is in trend-breaking 
visions, built around attractive cities of the future, that have a strong economy, 
societal cohesion and awareness of the associated environmental costs – this is the 
vision of a sustainable London.

4.4  Images of the Future

4.4.1  Image 1: Perpetual Motion

Under Image 1 London is developed with a strong emphasis on technological change. 
The demand for transport remains strong and mobility, including air travel, continues 
to grow. There is a ready acceptance of new technology, both in the home and the 
workplace, but particularly in transport with a keen desire to overcome the conse-
quences of CO

2
 emission increases through clean technology. However, this concern 

is not backed up by major lifestyle changes; only marginal changes occur using infor-
mation and communication technologies (ICTs) to reduce the need to travel for 
certain activities (e.g. some use of teleconferencing and home shopping). Mobility 
levels remain unaffected; particularly travel by private car in the suburbs.

The main aim of transport policy is to achieve the required CO
2
 emissions target 

with a minimum of change in terms of behaviour. Car traffic still grows and domi-
nates in terms of modal share, with trip lengths increasing and occupancy levels 
remaining about the same as in 2000. The main changes are in pushing hard on 
hybrid and electric technologies and alternative fuels so that the overall average 
emissions  profile of the total car stock reduces to 100 gCO

2
/km or below in 2025.

There is also considerable investment in alternative fuels to reduce the carbon 
content of existing internal combustion engines (ICEs) and the non-electric parts of 
hybrids. Niche electric vehicles also have a limited role for low-speed vehicles in 
central London, provided that their energy source is renewable. The cost of fuels 
overall is on the rise, but this increase affects those car users who  continue to con-
sume fossil fuels. New materials are used to make vehicles lighter. Although behav-
ioural change is also acknowledged as being important, the general view is that 
little lifestyle change is required, apart from clear pricing signals to encourage less 
fuel consumption and a switch to cleaner technologies (Table 4.3 – Image 1).

4.4.2  Image 2: Good Intentions

Under Image 2 London develops with a strong emphasis on environmental and wider 
sustainability objectives. Economic and social considerations are still important, but 
they are not pursued at the cost of environmental goals. Slowly, the importance of 
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designing the urban environment for less travel and efficient use of resources achieves 
greater importance. Over time, technology systems become essential to deliver 
 carbon efficiency.

Within London, the central activity zone is an important centre for growth, but 
growth is also concentrated in the suburbs, with local polycentric growth. Societal 
benefits accrue from a society integrated more at the local level. People in this 
scenario are environmentally aware and more careful in their use of resources. This 
Image is also market-driven, but has a much stronger social and environmental 
emphasis, and is focused on improving the quality of life. The transition to the 
technological society is moderated by greater social intervention. The economy is 
a knowledge-based economy, producing specialist products for hi-tech businesses. 
It is accepted that behavioural change is the essential basis needed to address the 
required CO

2
 emissions targets. However, technology is also important – there is 

realism though in terms of expected application.
In the transport sector, the expectation in this image is that there will be a slight 

reduction in the total amount of travel distance by each person in 2025 and again to 
2050, but the effect of this will be offset as population will have increased in 
London. The main reduction has not taken place in the number of trips made, but 
in the length of trips. The distribution has changed, with some growth in long dis-
tance trips, but these are more than compensated for by the increase in shorter 
more local trips. The desire for less travel (and distance for freight distribution) 
links in with the greater social awareness and conscience of the population, and the 
importance of community and welfare objectives. The lock-in to car dependency 
(as found in Image 1) is broken with social priorities pushing for greater use of 
public transport and other clean modes of transport.

Table 4.3 Images of the future – London

Image 1: Perpetual motion Image 2: Good intentions

Strong emphasis on technological 
change

Demand for transport strong – mobility 
grows by car, within lower density 
outer London

Trip lengths and occupancy do not 
change – but more suburban living

Hybrid and electric vehicles (for cars, 
buses and vans). Cars <100 gCO

2
/km

Costs of fuels rises – lighter materials

Emissions-based road pricing in 
London

Lifestyle changes with acceptance of 
behavioural change

Less use of car – more use of cycles and 
public transport – high occupancy 
vehicles

Higher density development, clustered 
around the public transport network

Vehicle leasing (rather than ownership) 
and car sharing

Trip lengths reduced – importance of  
local neighbourhoods and 
employment centres

Cleaner cars and other vehicles 
(130 gCO

2
/km)

Road pricing and high costs of using cars 
– and much higher transport costs
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There is less dependence on technological solutions, but cars become cleaner 
over the period (130 gCO

2
/km or below for the total car stock by 2025) through new 

taxation and pricing incentives to use more efficient and cleaner technologies, with 
tax reductions for not owning a car or for participating in car-sharing schemes. Real 
fuel prices increase over the period; increases in oil prices are an effective driving 
force in achieving carbon-efficient transport (Table 4.3 – Image 2).

4.5  Policy Packaging and TC-SIM

A wide range of policy levers are available to help reduce transport CO
2
 emissions 

and move towards the images of the future. These work best within packages, 
allowing complementary measures to work together (Hickman and Banister 2007). 
A transport and carbon simulator (TC-SIM) is developed in the VIBAT London 
study to help explore the packaging of policy options. TC-SIM is a participation 
tool which includes a scenario building and policy discussion platform, with a 
 spatial base, around which decisions in relation to possible future scenarios and 
policy packages can be made. The 12 policy packages (PP) considered cover – 
PP1: Low emission vehicles; PP2: Alternative fuels; PP3: Pricing regimes; PP4: 
Public transport; PP5: Walking and cycling; PP6: Strategic and local urban 
planning; PP7: Information and Communications Technologies; PP8: Soft mea-
sures ‘smarter choices’; PP9: Ecological driving and slower speeds; PP10: Long 
distance travel substitution; PP11: Freight transport and PP12: International air 
travel.

Each policy package can be selected at a variety of levels of intensity of applica-
tion – typically a ‘low’, ‘medium’ or ‘high’ level of application. The assumption in 
terms of background traffic growth is that traffic grows year on year as an extrapo-
lation of recent trends. Relative to the rest of the UK, London is different in that 
traffic growth has been limited in recent years, and it appears to have stabilised near 
the top of the ‘S’ curve of traffic growth.

The BAU application is assumed to be the Reference Case (Scenario 1) in T2025 
(TfL 2006a). This broadly represents the current fully funded investment strategy 
for Transport for London (TfL) and is thus the best representation of current BAU. 
It does, however, represent a significant amount of transport funding – approximately 
£2–7 billion per annum to 2025 (TfL 2006a).

The modelling behind TC-SIM has been developed to allow quantification of 
the potential impacts of a range of policy interventions in combinations as 
mutually supporting policy packages. It uses and combines a variety of data 
sources, including London Travel Survey (LTS) modelling runs, a spreadsheet 
of transport CO

2
 emissions developed by TfL, a vehicle fuel penetration spread-

sheet developed for the UK Department for Food and Rural Affairs (Defra) and 
a number of other databases (see TC-SIM modelling assumptions paper – 
Ashiru et al. 2009).
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4.5.1  Quick Hits

To achieve the ambitious targets set, it is important to use the full range of policy 
options available, and to explore the means by which substantial savings can be 
made in the short term. It is not just a matter of reaching targets set at some distant 
point of time in the future, but to see real savings made in the short term. The global 
warming impacts of carbon dioxide relate to the concentrations of gases in the 
atmosphere, and these are increasing over time, hence the increasing use of interim 
carbon budgets as well as longer term targets (CCC 2009).

For example, a comparison can be made between the planned reduction profile 
and a uniform reduction over the whole period to 2025 or 2050, with the calcula-
tions based on the methodology of 5 year allocations developed by the Committee 
on Climate Change report (CCC 2008). As there are actual figures for 18 years 
(1990–2008), the deficit can be easily calculated for the period 1990–2005. 

Assuming a uniform reduction, the total amount available for transport in 
London over the 38 years (1990–2027) is 259 MtCO

2
. The actual amount used 

already (1990–2008) is 168.3 MtCO
2
. The amount available for the next 20 years 

(the first four budget allocation periods) is about 90 MtCO
2
 – so the current target 

per year is 4.5 MtCO
2
 (under 50% of the current actual levels). Each year, this 

target gets reduced if it is not met, making it that much harder to achieve.
At the current levels of CO

2
 emissions in transport for London, the total alloca-

tion (259 MtCO
2
) will be used by 2018, some 10 years before the target date. The 

proposed pathway (the slow path – 5% + 10% + 30% + 60% reductions over each of 
the four budget allocation periods) means there will be a deficit of 56 MtCO

2
 by 

2027. With a fast path approach (10% + 30% + 45% + 60% reductions), the deficit 
will be 36 MtCO

2
 by 2027. Reaching the target requires immediate fundamental 

action and a pathway of 45% + 55% + 60% + 60% reductions over the four budget 
allocation periods (Fig. 4.2).

Using the cumulative approach and budgeting for 5 years means that it is already 
impossible to reach the 60% reduction levels set for transport in London. It is pos-
sible to achieve the target itself, but this ignores the ‘additional’ carbon emitted 
over the period because of the pathway adopted. It is essential to make immediate 
substantial cuts if this problem is to be overcome. The ‘slow path’ being adopted in 
London leaves a substantial (22%) carbon deficit for transport in London (2027).

In the short term, the opportunities for the quick hits rely on two policy options, 
one relating to the full range of pricing options and the other to slower travel. The 
pricing options include substantially raising the costs of travel to truly reflect the 
full environmental costs, including the co-benefits of the reductions in accidents, 
noise levels, other pollutants (principally oxides of nitrogen and black carbon), 
health and the quality of life in London. It would also cover costs relating to park-
ing and the use of space by vehicles, including London wide road pricing that 
reflects the carbon costs of the vehicle. The increased costs of using polluting 
vehicles would be matched by incentives to switch to public transport, where there 
would be substantial increase in levels of investment. There would be incentives to 
lease low-carbon vehicles.
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In addition to increasing the costs of travel and the incentives to use low-carbon 
modes of transport, there would be a clear aim to slow travel down in London and 
to increase the reliability of travel, reduce stop/start driving and the levels of all 
emissions. Slower travel would also help reduce accidents and make alternatives to 
the car more attractive. Health co-benefits could be enhanced through a greater use 
of active transport, with substantial priority being given to walking and cycling as 
modes of transport.

From TC-SIM it is estimated that 13% of the carbon-reduction target could be 
achieved by these two measures on their own if they are applied immediately at a 
‘high’ level. In the longer term, other measures relating to urban form and structure, 
and to the introduction of electric and hybrid vehicles to the fleet of vehicles in 
London, would increase the total carbon-reduction levels to 60% by 2025 through 
a ‘high’ level of application of all policy packages.

4.5.2  Aviation

Within the TC-SIM model, ground-based aviation is included,2 but one of the  policy 
packages covers domestic and international aviation. A rather severe allocation 

CO2

60% Reduction Target

Current or 
Slow Path

Fast Path

Needed Path

Total Budget (1990-2027)
= 259 MtCO2

Actual amount already
used (1990-2007) = 168
MtCO2

Current, Fast and Needed Pathways

Fig. 4.2 Different pathways to target achievement in London

2 Ground-based aviation covers planes taxiing, taking off and landing at each of the London airports – 
here we count just Heathrow and London City, but there are other airports just beyond the Greater 
London boundary such as Gatwick, Stansted and Luton. Between 1990 and 2007, emissions rose 
by more than 20% from 0.9 MtCO

2
 to 1.1 MtCO

2
.
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process has taken place, so the figures presented give a worse case picture. 
The method used comes from the Climate Change Action Plan (GLA 2007), and it 
allocates half the carbon emissions from any international (or domestic) flight 
 landing at London’s airports to London residents’ emissions. This assumes that the 
travel is all undertaken by Londoners (not true) and that those passengers inter-
changing to other services also count against the London flights (this overestimates 
London’s responsibility). It would be possible to reduce the strength of the assump-
tions made, but the carbon emissions would then need to be allocated to UK regions 
or to other international locations.

Various options are included in the TC-SIM model to reduce the impact of inter-
national aviation, through reducing the demand for particular types of journey 
(awareness programmes), pricing (raising the levels of airport flight taxes) and 
reducing supply (restricted airport growth). Adding the CO

2
 emissions associated 

with international air travel raises the baseline BAU by 35 MtCO
2
 (2025). The target 

achievable through a ‘medium’ level of application of the policy packages meant 
that a 32% reduction in transport CO

2
 emissions was possible (1990–2025), but this 

figure reduces to 8% with the inclusion of international aviation emissions.
Even if the supply reduction option is included, this figure is only slightly better 

at 11% (i.e. this means very difficult policy choices in the air sector, such as no third 
runway construction at Heathrow). By raising the levels of intervention in other 
policy packages to the ‘high’ level and with high oil prices ($140 per barrel), it is 
possible to reach the 60% target without including international aviation emissions, 
but this is reduced to 22% if the medium level of international aviation intervention 
is included. So it is difficult to achieve the 60% target if international aviation is not 
included, but impossible if it is included.

4.6  Conclusions

There are several policy pathways towards substantial improvements in carbon 
efficiency in the transport sector in London. All represent significant breaks against 
current trends, and even though they are likely to be very difficult to implement, 
certain conclusions can be drawn.

Current trends mean that the transport sector continues to perform poorly in 
contributing to cross-sectoral carbon-reduction targets. The clear message is to 
work more effectively across the broader range of policy packages available and at 
a higher intensity of application relative to current trends. A balanced package of 
measures, implemented now and at a ‘high’ level, will achieve the 60% CO

2
-

reduction target. The key challenge here is the successful application of strong 
policy interventions across a wide range of policy levers. Heavy investment in 
upgrading public transport and other infrastructure is required to move beyond a 
40% reduction in emissions.

Low emission vehicles and alternative fuel penetration are likely to remain the 
most important policy levers, as they tackle carbon efficiency in the dominant mode 
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of travel (the private car). The main difficulty here is in achieving any level of  
success in penetration to the mass market. The motor industry and government need 
to develop mechanisms to achieve this, including mandatory targets for manufac-
turers. The successful market penetration for the 100 gCO

2
/km car and 125 gCO

2
/km 

light goods vehicle would need to be seen as a mandatory, and minimum, require-
ment for the agreed future year (2025).

Behavioural measures also provide substantial opportunities. These include 
pricing regimes, increased use of public transport, walking and cycling, ecological 
driving and slower speeds and more efficient freight transport. Urban planning and 
soft measures have the potential to perform very important roles as supporting 
measures to other policy packages, enabling higher levels of success in 
implementation.

There is little current understanding about the potential for synergies between 
policy levers and packages, but the achievement of the 60% and the 80% targets, 
together with the pathways needed to get there, is dependent on value added being 
achieved in the actions taken. In addition, the dangers of lock-in to particular 
futures and the rebound effects where potential benefits are reduced through  
additional compensatory travel being undertaken need to be considered. There  
are considerable uncertainties over the real scale and nature of the changes that can 
be expected, and it is often difficult to model the effects. The values used in the 
TC-SIM are taken from best practice and from evidence in a range of studies in the 
UK and the EU.

In the transport sector, the record of achieving any substantial CO
2
 reductions 

has been poor, even though some progress has been made in certain cities. There 
are two key underlying issues that need to be addressed. The first is that the public 
needs to radically change their attitude towards a carbon-intensive transport system 
and to start travelling in much more carbon-efficient ways. The means of knowl-
edge dissemination, communication, participation in decision-making and market-
ing of policy options and futures all need to be considerably enhanced. Tools such 
as TC-SIM, applied to different contexts, could play an important role in testing 
different options with a range of different users.

The second challenge is the need for leadership at all levels of government to 
demonstrate that change is necessary and that overall benefits to cities from a 
low-carbon future can strengthen other priorities. This leadership challenge 
extends beyond the public sector to business and industry as the real benefits 
from a low-carbon transport system should be reflected in greater efficiency in 
production and distribution processes. The huge challenge now is to map out and 
discuss a variety of policy pathways to carbon efficiency in the transport sector, 
and then to achieve a level of consumer and behavioural change consistent with 
that strategic vision.

London has had a long reputation for being a ‘dirty’ city, from the time when the 
fumes from the Thames in the nineteenth Century gave it the name ‘the Great 
Stink’. More recently, it was only in the 1950s that it shed its image of having high 
levels of air pollution, when it was popularly called the Big Smoke (Banister 2009). 
But even now it is often in violation of clean air requirements, so action is needed 
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now to combat the oxides of nitrogen and black carbon, as well as carbon dioxide, 
as all of these are damaging to health as well as the environment. Plans are now 
being discussed for more bans on the most polluting vehicles, an extension to the 
low emissions zone, new bicycle highways, cleaner buses and a new generation of 
electric vehicles.

These changes on their own are not likely to be sufficient, and as the London 
population and economy starts to grow again, it is likely that both the targets for 
reductions in CO

2
 and the pathways proposed will not be enough. A fundamental 

change is required in public and private attitudes and behaviour, together with 
inspirational leadership, to balance the overriding (but mistaken) conviction that it 
is only through technological innovation that substantial carbon reductions in trans-
port will be achieved.
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5.1  Introduction

Stabilising greenhouse gas concentrations in the atmosphere at a level that would 
prevent dangerous anthropogenic interference with the climate system, achieving 
an affordable and secure energy supply, and feeding the world population are 
among the greatest challenges of our time. The Netherlands Environmental 
Assessment Agency and Stockholm Resilience Centre conducted a study titled 
Getting into the Right Lane for 2050 to examine the European Union of today, from 
a global perspective, to look at long-term visions on the world of 2050, and to 
identify key decisions on the near term on global land resources and low-carbon 
energy systems, including transport.

To limit the increase in mean global temperature to 2°C, greenhouse gas emis-
sions in high-income countries need to be 80–95% less in 2050 than in 1990. This 
study uses a vision for 2050 to achieve at least 80% CO

2
 emission reduction within 

the EU. The distribution of emission reductions over sectors is an inherent part of 
this vision and not necessarily the most cost-effective. Emission reductions in trans-
port amount to an ambitious 80%.

From this starting point, backcasts have been made of the pathways to the 2050 
vision and the opportunities and challenges on the way. This approach of working back 
from vision to strategy is ambitious and differs from more conventional forecasting. 
It is typically applied to complex, long-term issues. The focus is on policy actions 
needed today and the implications for mid- and long-term policies of the EU.

The approach taken in this study is to view the EU from a global perspective, as 
one of the several economic blocks in 2050. By 2050, the EU will be equalled 
economically by new players and outgrown in terms of population. But as a major 
importer of goods and services from economic blocks such as India and China, the 
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EU is likely to exert considerable influence on production standards worldwide. 
While alternative expectations and views are possible, implicit in this study is that 
the future EU is a pro-active and consistent player on the world stage. The EU acts 
on the basis of values that go ‘beyond GDP’ and with a reputation for regional 
integration and global interest.

In Getting into the Right Lane three interrelated themes are examined. The first 
theme is land resources, including water, and the EU’s role in a world providing 
food for all without further loss of biodiversity. This implies improving agricultural 
productivity in order to close ‘yield gaps’ in all regions, containing biodiversity loss 
worldwide on the way to 2050. It also implies a strategy of diversity in EU land and 
agriculture policies. The second theme is energy and envisages a low-carbon energy 
system in the EU in 2050. This amounts to 80% decrease in domestic emissions 
of greenhouse gases by 2050 and connects with the EU’s need to improve energy 
security. The third theme is transport, with a vision for 2050 of low-carbon trans-
port in Europe.

This paper focuses on the vision of and the pathways towards low-carbon 
transport systems in the EU. As well as being a major contributor to carbon dioxide 
emissions in the EU, transport also has significant societal costs including conges-
tion, air pollution, and accidents. There are synergies between achieving low-carbon 
transport and reducing other societal impacts, but these are not discussed here.

The analysis in the study is mainly based on the existing scenario studies and 
secondary material, e.g. existing transport projections for the EU transport sector 
and technological developments. There has been no original modelling work, and 
indeed forecasting over a period up to 2050 with so many uncertainties is unlikely 
to be a precise science. Two studies have been commissioned for Getting into the 
Right Lane, and served as important inputs for the analysis. The first study was a 
review of sustainable transport futures for transport and options available, and a 
discussion of the role that the EU should play in leading the debate and in taking 
effective action (Banister 2009). The second study examined the role of the 
European transport sector within a competitive EU economy (Rothengatter 2009). 
The analysis on climate change, energy, and land resources was largely based on 
modelling and other tools used by the Netherlands Environmental Assessment 
Agency in recent global outlooks (see PBL 2008; OECD 2008).

The rest of this paper is structured as follows: in Sect. 5.2 we depict the future 
of European transport according to some accepted scenarios. CO

2
 emissions from 

the EU-transport sector rise in all the scenarios. Sect. 5.3 describe a contrasting 
low-carbon vision for transport in Europe in 2050, and Sect. 5.4 describes the path-
ways to reach such a low-carbon transport, where big emission reductions are 
required. Those pathways are not always straightforward and certain. Uncertainties 
are described in Sect. 5.5. A low-carbon transport sector is closely interlinked with 
a low-carbon energy sector. These interlinkages are described in Sects. 5.6 and 5.7. 
The latter one focuses on the issue of biofuels, with links to land use and biodiver-
sity as well. Section 5.8 shows the critical path towards low-carbon transport: what 
needs to be done now and what does the EU need to do? Finally, the chapter ends 
with overall conclusions.
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5.2  Transport Projections Under Business as Usual

5.2.1  Transport Scenarios for 2050

Passenger and freight transport have, before the economic crisis, increased year 
on year, as shown in Fig. 5.1. Up until 2000, growth in freight transport kept pace 
with growth in GDP, but between 2000 and 2005 demand for transport led to 
substantial growth, exceeding growth in GDP. This growth reflects the substantial 
increase in commodity trading and especially container freight, following EU 
enlargement and market integration.

Transport projections up to 2050 are inherently uncertain, but some scenario 
studies conducted for the EU transport sector up to the year 2050 (Petersen et al. 
2009; Banister 2009) have common results. Firstly, international aviation and mari-
time transport is projected to be the fastest growing transport modes. Air passenger 
kilometres are forecast to double Petersen et al. (2009) or triple between 2005 and 
2050 (Banister 2009). Maritime transport is expected to grow substantially, with 
tonne kilometres increasing within and between the Member States by about 90% 
between 2005 and 2050. Maritime transport between Member States and the rest of 
the world is projected to increase by 150% between 2005 and 2050 (Petersen et al. 
2009). Worldwide, maritime transport is projected to grow by 150–300% by 2050, 
particularly due to container shipping, which is projected to grow by 425–800% by 
2050 (Buhaug et al. 2008).

Secondly, of surface transport modes, road freight in the EU is a forecast to the 
strongest increase by about 60% between 2005 and 2050, and long-distance road 
freight (trips longer than 150 km) to more than double (Banister 2009). Passenger 

Fig. 5.1 EU transport, excluding international aviation and maritime transport to and from the EU 
(Source: Banister 2009)
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car travel is projected to increase less strongly up to 2050, by about 40% (Petersen 
et al. 2009) to 70% (Banister 2009). Projections for rail transport differ significantly. 
Projections for rail passenger transport range from 30% (Banister 2009) to double 
(Petersen et al. 2009), between 2005 and 2050. Growth in rail freight ranges from 
25% (Banister 2009) to treble current levels (Petersen et al. 2009).

Note that these projections do not incorporate the impact of the current financial 
and economic crisis. Growth in transport, particularly in freight transport, is likely 
to be delayed by about 5 years. The projections presented here, thus, are on the long 
run, slightly biased upwards. Figure 5.1 presents the EU transport projection as 
developed by Banister (2009). This scenario was developed based on the outputs 
from earlier EU transport scenario projects ETAG (Schippl et al. 2008) and 
Tremove (to 2030). This scenario is used in Getting into the Right Lane as base 
scenario, and used as input for a CO

2
 emission projection for the EU transport 

sector (see next Section).

5.2.2  Baseline CO
2
 Emission Projection for the EU  

Transport Sector

Greenhouse gas emissions from transport, excluding international aviation and mari-
time transport, increased by 27% over the period from 1990 to 2006, compared to a 
reduction of 3% in emissions across all sectors (EEA 2009). A projection of CO

2
 emis-

sions from transport, excluding international aviation and maritime transport to and 
from the EU, is presented in Fig. 5.2. Carbon dioxide emissions from the EU transport 

Fig. 5.2 Projected carbon dioxide emissions from EU transport, excluding international aviation 
and maritime transport to and from the EU (Source: Banister 2009)
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sector, excluding international aviation and shipping, are projected to more than dou-
ble (Banister 2009; Fig. 5.2). The largest growth in carbon dioxide emissions, over the 
last decade, has been from the international aviation and maritime shipping, which are 
not regulated by the Kyoto Protocol. Despite significant improvements in energy effi-
ciency (albeit slowly diffused through the fleet), carbon dioxide emissions from inter-
national shipping are projected by IMO to increase by 10–25% in 2020 and by 
125–220% in 2050, under baseline assumptions (Buhaug et al. 2008).

Under the Kyoto protocol, passenger air travel outside the EU is not included in EU 
statistics on carbon dioxide emissions, but is five to six times higher than kilometres 
flown within the EU (Petersen et al. 2009). If these emissions are included, emissions 
from EU aviation by 2050 would be roughly equal to road freight transport in the EU.

5.3  A Vision for a Low-Carbon Transport Sector in the EU

Transport currently accounts for a third of all final energy consumptions in Member 
States and for more than a fifth of greenhouse gas emissions (EEA 2009). Although 
carbon dioxide emissions in the EU decreased slightly between 1990 and 2006, 
emissions related to transport have risen by about 30% (EEA 2009). As transport is 
one of the fastest growing sectors in the economy, energy consumption and green-
house gas emissions are projected to increase significantly up to 2050. Action is 
needed to reduce emissions in line with the climate change goals.

The vision for 2050 used in Getting into the Right Lane is that of low-carbon 
transport in the EU by decreasing carbon dioxide emissions from all transport 
modes – road and rail passenger travel, aviation, road freight, and shipping. Low 
carbon in this vision means 80% less carbon dioxide emissions by 2050, compared 
to 1990 levels. This is neither a forecast nor a blueprint, but a vision of low-carbon 
transport in Europe in 2050. This target equals the EU average decrease in green-
house gas emissions as envisaged in this study. But it is more difficult to achieve, 
in view of the steep growth as projected for EU transport, without new policies. In 
fact, to achieve the target of 80% emission reduction relative to 1990 levels amounts 
to reducing emissions by almost a factor of 12 below those in the baseline scenario, 
by 2050.

The potential emission reductions of technological measures are primarily taken 
from the IEA’s BLUE Map scenario (IEA 2008), but with different penetration 
rates, particularly for biofuels. The BLUE Map scenario uses a 50% CO

2
 reduction 

target for the transport sector worldwide.
There main instruments to achieve the envisioned large-scale CO

2
 emission 

reduction for the transport are:

 1. Large-scale introduction of low-carbon fuels, such as hydrogen, electric traction, 
and biofuels.

 2. Improving vehicle energy and logistic efficiency.
 3. Reducing traffic volumes and shifting to more energy-efficient modes, such as 

rail transport
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The vision for low-carbon transport, based on 80% reduction in carbon dioxide 
emissions, is presented in Fig. 5.3. It includes emissions outside the EU terri-
tory from aircraft and ships fuelled in the EU. In achieving the 80% reduction 
target by 2050, reduction of carbon dioxide emissions is not the same in all 
transport modes. Passenger transport contributes most to the overall target. 
Road freight, aviation, inland shipping, and maritime transport contribute less 
to the overall reduction target because fewer cost-effective technologies are 
available. In short:

•	 Road passenger transport reduces carbon dioxide emissions by 95%, relative to 
the baseline scenario in 2050 (by a factor of 20–25). Current cars are replaced 
by electric vehicles and/or fuel-cell vehicles with hydrogen from low-carbon 
sources. Both technological routes require low-carbon or zero-carbon power 
generation technologies.

Fig. 5.3 A vision on low-carbon transport in the EU in 2050
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•	 Road freight transport reduces carbon dioxide emissions by about a factor of 6, 
relative to the baseline scenario, by 2050, resulting from a complete shift to 
advanced bio-diesels and maximum improvement in vehicle energy and logistic 
efficiency, and, to a small extent, from mode shifts to rail freight and shipping. 
Changes in logistic organisations result in higher truck utilisation and fewer 
kilometres.
Emissions from •	 maritime transport and aviation are reduced by a factor of 6 and 
10, respectively, relative to the baseline scenario, by 2050. This is achieved 
through a 50–75% use of advanced biofuels and a combination of technological, 
logistic, and operational measures, including speed reductions (50–60% reduc-
tion in carbon dioxide emissions per vehicle km). Further emission reductions in 
aviation result from changes in travel behaviour.

5.4  Pathways to Low-Carbon Transport in 2050

There is a wide range of low-carbon technologies moving towards commercial 
production or in various stages of development that could be applied to different 
transport modes to reduce energy consumption and carbon dioxide emissions. 
Further reductions in emissions can be achieved by improving energy and logistic 
efficiency, and with modal shifts. As well as reducing emissions, low-carbon transport 
will make transport in the EU less vulnerable to volatility in oil supply and price.

5.4.1  Electric Traction and Hydrogen for Urban Transport

Almost complete decarbonisation of passenger road transport is technically feasible 
by 2050 (King 2008). Most promising technological options are full-electric 
vehicles and fuel-cell vehicles, with hydrogen produced from low-carbon sources 
(van Ruijven et al. 2008), for cars, buses, and urban freight transport, such as urban 
delivery trucks, at least in the near to medium term. However, to compete with 
fossil-fuel vehicles and fossil-fuel alternatives, several technological hurdles have 
to be overcome, and the cost brought down considerably for wide-scale application. 
While progress is being made, both electric and hydrogen passenger vehicles  
still have a long way to go in the development and commercialisation process. 
Commercialisation of the hydrogen cell is more problematic, largely because of the 
new infrastructure development required. The most likely route to making the 
transition from fossil fuels is gradual replacement of current fossil-fuel cars by 
hybrids, plug-in hybrids, and then by full-electric and/or fuel-cell vehicles. Electric 
and hydrogen road transport, whether full electric, (plug-in) hybrid, or hydrogen 
fuel cell, bring additional environmental benefits. These technologies produce less 
noise at low speeds, reducing noise nuisance and air pollution in urban areas.

On the critical path to achieving near-zero carbon transport in urban areas is a 
sufficient supply of clean power after 2030. Because of the slow pace of change 
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where major infrastructure investment is involved, decarbonising the energy sector 
needs to be even higher on the agenda than is the development of low-carbon 
vehicle technologies. See for a further discussion on transport and energy sector 
linkages Sect. 5.6.

5.4.2  Bio-Fuels for Road Haulage, Aviation,  
and Maritime Transport

The current state-of-the-art technology indicates few options for achieving substan-
tial reduction in carbon dioxide emissions by 2050, for long distance road freight 
transport, shipping, and aviation. Neither electricity nor hydrogen is well suited for 
long-distance road freight transport because of storage capacity. Hydrogen as jet 
fuel will require total aircraft redesign and vast changes in infrastructure (IEA 2008). 
In addition, the global warming effect of increased water vapour at high altitude 
needs to be investigated. Fuel-cell utilisation in inland shipping is complicated 
because of the large quantities of hydrogen needed and the limited on-board storage 
space. Currently, some of the best options to reduce carbon dioxide emissions are 
advanced bio fuels manufactured from a wide range of biomass sources. There is, 
however, a high degree of uncertainty surrounding wide-scale use of biofuels, such 
as second-generation and third-generation biofuels, biomass-to-liquid jet fuels, and 
hydrogen and fuel cells (see Sect. 5.5).

Further policies are needed to ensure smart use of biofuels in reducing carbon 
dioxide emissions across the economy. For instance, in the current EU policy 
framework for road transport, fuel targets carry the risk that the car users may 
consume too much biomass in relation to other transport modes (trucks, aviation, 
and shipping), as well as other sectors, such as heat and power. Thus, direct links 
need to be made between the EU vehicle-efficiency targets and fuel targets.

There is an urgent need to prepare the way for low-carbon aviation and maritime 
transport by 2050. These slow-changing transport modes are growing rapidly in 
terms of volume and emissions. Thus, every effort is needed to promote the devel-
opment and adoption of low-carbon fuels for aviation and maritime transport. 
However, total emission reduction awaits biofuels becoming commercially avail-
able, and sufficient land becoming available for biofuel production. See Sect. 7.7 
for a further discussion of biofuels, land resources, and biodiversity.

Achieving emission reduction in aviation requires a shift to bio-kerosene.  
At present, there is no ‘bio’ equivalent for kerosene. An aviation biofuel has been 
developed, and several test flights have been carried out, but without conclusive 
results. The European Commission has called for tenders on more research to 
evaluate the feasibility of these biofuels. Nevertheless, a substantial shift to  
bio-kerosene would achieve emission reductions in aviation (see 2). In IEA’s BLUE 
Map scenario, biomass-to-liquid fuels are assumed to account for 30% of aviation 
fuel by 2050, provided carbon prices are high enough. To achieve a reduction in 
carbon dioxide emissions in aviation, relative to the 1990 levels, however, much 
higher levels of advanced biofuels will be needed, at least 50–75%.
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The cost-effectiveness of EU policies on biofuels can be improved by closely 
linking current biofuel targets with EU vehicle-efficiency targets. This could be 
achieved by establishing a carbon-intensity obligation for all fuels, such as in the 
California’s Low-Carbon Fuel Standard where carbon-intensity of fuels is reduced 
through a system of tradable credits, also applicable to biofuels. The EU could also 
set up a wider road transport obligation which links carbon intensity of fuels to 
vehicle efficiency, possibly through tradable credits. Ultimately, road transport 
could be covered by a ‘cap and trade’ scheme such as the current ETS.

5.4.3  Improving Vehicle Energy and Logistic Efficiency

Next to a substantial shift to biofuels, a significant contribution can be made to the 
near zero-carbon target by improving the technical and logistic efficiency of heavy-
duty road freight vehicles. Efficiency improvements of 15–30% have been estimated 
using vehicle hybrid technologies (De Lange et al. 2008; Lensink and De Wilde 
2007; Hanschke et al. 2009). This potential is difficult to achieve for long-haul 
freight vehicles, because hybrid technologies are not very effective for vehicles 
operated at constant speed and power.

However, carbon savings can be achieved by improving logistic efficiency in 
road freight transport and modal shift to rail. Different logistic organisations, such 
as green, reverse, and cooperative logistics, have great potential to increase truck 
utilisation and reduce truck kilometres (Rothengatter 2009). Here, smart logistics 
are assumed to reduce intensity (transport input per unit of GDP) of road freight 
transport induced by higher fuel costs.

Logistic efficiencies to achieve maximum potential of technological and 
operational measures in international shipping, including speed reduction, may 
reduce emissions by up to 60% per tonne kilometre by 2050 (Christ 2009; IEA 2008).

The BLUE Map scenario, assuming a ‘maximum technology’ case, includes 
10% improvement in technical efficiency, beyond the baseline scenario, by 2050. 
This represents a total improvement of 35% in fleet fuel efficiency on the current 
average and an additional 10% reduction in global aircraft energy use through the 
optimisation of operational systems. According to CCC (2008), a production air-
craft in 2025 flying in an improved operational environment can be 40–50% more 
fuel efficient than a new production aircraft flying in a 2006 operational environ-
ment. However, because of the long lifetime of aircraft, the potential reduction in 
carbon dioxide emissions in 2050 is modest.

5.4.4  Cutting Traffic Volumes and Shifting Transport Modes

Technology alone will not be sufficient to achieve an 80% reduction in carbon dioxide 
emissions from transport by 2050. Low-carbon transport requires full engagement 
and participation of all stakeholders to bring about changes in behaviour. It will also 
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be necessary to reduce demand for transport and to stimulate a modal shift in both 
passenger and freight transport. This is particularly the case if European emissions 
include transport emissions caused by EU residents outside EU territory.

Thus, changing consumer preferences is an essential element in achieving a 
low-carbon transport. Changes in transport volume and mode shifts are assumed to 
contribute about 15% to the emission reduction target. This involves reducing 
short-distance passenger travel and long-distance passenger and freight transport, 
particularly air travel. For instance, reducing car use in urban areas for short 
distances requires a shift to non-motorised and public transport, and would need 
to achieve as much as a 20% reduction in car use in urban area and carbon dioxide 
emissions.

Even with optimistic assumptions on energy-efficiency improvements and use of 
advanced biofuels, significant reductions in air travel growth are needed in order to 
reduce carbon dioxide emissions from aviation to below 1990 levels. Here, growth 
is assumed to decrease from a forecasted tripling of air passenger kilometres 
between 2005 and 2050, to a doubling or less.

Pricing is a key factor in bringing about change. Demand for air travel can be 
reduced by eliminating all subsidies and introducing taxes and charges and/or including 
aviation in a global carbon trading system which results in sufficiently high carbon 
prices (e.g. all permits are auctioned, and the cap is progressively lowered by reducing 
the amount of permits auctioned each period). Also, growth in air travel will partly be 
curtailed by higher fuel prices based on a higher share of bio-kerosene which is likely 
to remain more expensive than jet fuel. In addition, incentives are needed to partly 
shift passenger air travel to high-speed rail between European cities.

5.4.5  Re-aligning Infrastructure Development

Currently, a significant proportion of the EU budget goes to co-financing investment 
in Trans-European networks (TEN-T). The overall cost of 28 priority projects is 
about 400 billion euros, of which 270 billion euros has yet to be invested. TEN-T 
investments have, however, not been fully successful in achieving EU policy goals. 
Firstly, according to the TEN-T policy review (European Commission 2009), planning 
of the Trans European Network has not been driven by genuine European objec-
tives, resulting from a lack of funding and sovereign responsibility by the Member 
States in infrastructure planning (subsidiarity). Secondly, the economic efficiency 
of TEN-T investment is subject to debate. The EU project TIPMAC has, for exam-
ple, shown that the net economic impact of the TEN-T programme is very small in 
the period up to 2020. This is largely because a number of transport projects on the 
corridor list will have difficulties generating enough transport benefits in the next 
two decades (Rothengatter 2009). Furthermore, TEN-T policy has not provided 
a sound basis for an effective contribution to climate change objectives. Within a 
low-carbon transport system, TEN-T policy should contribute more to reducing 
carbon dioxide emissions, and thus to EU climate change objectives, financing 
projects only with a proven economic rationale and with environmental benefits.
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In this respect, more attention needs to be given to stimulating electric public 
transport. Investments in electrified high-speed rail, serving as a substitute for air 
travel, will help achieving low-carbon transport, provided the power is produced 
from low-carbon fuel sources and seat occupancy levels are high enough. To achieve 
significant shifts from road to rail transport, at least 10% of projected investment in 
road infrastructure should go to rail infrastructure (Rothengatter 2009).

5.5  Balancing Potential and Uncertainty of Measures

To achieve an 80% reduction in carbon dioxide emissions in transport by 2050, 
relative to 1990 levels, new solutions are needed. Continuous incremental techno-
logical improvements can provide substantial emission reductions but are not suffi-
cient. However, the potential emission decrease from new policies and technological 
options is more uncertain than from the existing policies and from the incremental 
technological changes. From a strategic point of view to reach the vision of 2050, 
options can be clustered according to their potential emission reduction and the 
degree of uncertainty in emission reduction potential, the costs, or the side-effects. 
As illustrated with some examples in Table 5.1, there are:

Table 5.1 Examples of carbon dioxide mitigation options clustered by emission reduction 
potential and uncertainty in potential, costs, and/or side effects

CO
2
 emission reduction 

potential

Uncertainty in potential, costs, or side-effects

Small to moderate Moderate to large

Small to moderate •	 Current	carbon	dioxide-efficiency	
standards

•	 Pricing	measures,	e.g.	ETS	for	
aviation and shipping, EU-wide 
road pricing for trucks

•	 Energy-efficiency	measures	for	 
road freight, shipping, aviation

•	 Logistical-efficiency	measures,	 
e.g. green logistics

•	 Land-use	planning

•	 First-generation	biofuels	
(ethanol, bio-diesel)

•	 Current	commercial	jet	
biofuels

Moderate to large •	 Plug-in	hybrid	cars

•	 Heavy	oil	biofuel	substitutes	for	
inland shipping and maritime 
transport

•	 Full	electric	cars

•	 Fuel-cell	hydrogen	road	
vehicles

•	 Second-generation	
biofuels for road vehicles 
(ethanol, bio-diesel)

•	 Second-generation	and	
third-generation jet 
biofuels

•	 Biomass-to-liquid	biofuels	
with carbon capture and 
storage
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A range of technology options that may deliver large-scale emission reductions •	
over time, but are associated with a high degree of uncertainty, such as second-
generation and third-generation biofuels, biomass-to-liquid jet fuels, and hydro-
gen and fuel cells. These technologies require further technical progress leading 
to performance improvement and cost reduction, and also require radical 
changes in areas such as vehicle production, fuel supply, and agricultural  
systems. Supporting innovation for these technologies, support from EU and 
Member States for relevant R&D projects, and effective carbon pricing policies 
will be crucial.
Options that have a low emission reduction potential and a low degree of uncer-•	
tainty in technology or cost. Uptake of these technologies may lead to a small 
increase in vehicle or transport prices which may be offset by fuel savings. 
These technologies and measures are considered ‘no-regret’ measures for the 
EU on the way to low-carbon transport. They include carbon dioxide standards 
for new vehicles, energy-efficiency measures, ETS for international aviation and 
shipping, EU-wide road pricing schemes, and land-use planning.
Technologies and policy measures that have a high emission reduction potential •	
and a low degree of uncertainty in technology or costs. In these cases, industry 
and consumers will have to accept the cost in order to benefit from reduction in 
carbon dioxide emissions. This is the case for biofuels substitutes in heavy-duty 
vehicles and shipping. Use of biofuels (essentially FAME or bio-crude) in the 
maritime transport and heavy-duty road vehicles does not pose any fundamental 
or insurmountable technology challenges. The key barriers to biofuels are 
economic rather than technical, particularly for biofuels replacing marine diesel 
fuel (AEA 2007; Christ 2009).
Some technologies have low potential for emission reduction and major side-•	
effects. This is the case for the first-generation of biofuels and current commer-
cial jet biofuels. These technologies have low and uncertain reduction potential 
and thus should not be further pursued by the EU.

5.6  The Transport Sector in a Low-Carbon EU Energy System

5.6.1  A Low-Carbon Energy Sector

In the study Getting into the Right Lane, a low-carbon energy system is envisioned 
for the EU energy system in 2050. An 80% reduction on 1990 levels in energy-related 
carbon dioxide emissions is assumed within the EU. In this envisioned low-carbon 
energy system, the end-use of energy is based predominantly on non-carbon energy 
carriers such as electricity or hydrogen from low-carbon sources or biofuels. The use of 
fossil energy is centralised to enable application of carbon capture and storage tech-
nology. Large renewable energy farms are interlinked in a European high-voltage 
electricity grid connecting Member States to distant energy sources, to reduce the 
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impacts of intermittency and enable the use of the cheapest renewable resources. In 
this low-carbon energy system, diversification of energy sources leads to increased 
security of supply through reduced dependency on imported fossil energy.

The global energy model TIMER (de Vries et al. 2001; van Vuuren et al. 2006) 
was used to consistently link energy demand, supply, and trade. These calculations 
are based on the scenario of the OECD Environmental Outlook (OECD 2008), with 
specific adjustments to simulate the envisioned energy system. The main assump-
tions for the energy sector are a rapid increase in the share of electricity particularly 
in passenger transport and buildings and carbon taxes leading to aim specifically to 
80% reduction in carbon dioxide emissions in the EU. The transport sector is 
assumed to reduce emissions by 80%, shifting towards carbon neutral road pas-
senger transport and biofuels for heavy transport modes, as described in Sect. 5.4.

5.6.2  Transport and Energy System Linkages

Achieving low-carbon transport in the EU in the coming decades is closely linked 
to measures in the energy sector in three ways. First, regardless of which non- 
carbon energy carrier is used for rail, urban transport, and medium-distance trans-
port (electricity or hydrogen), it has to be produced with low-carbon emissions. Yet, 
roughly the same amount of energy would be required to produce low-carbon elec-
tricity or hydrogen. Secondly, failure to decrease carbon dioxide emissions from 
transport will most likely need to be compensated in the energy sector. Thirdly, 
retaining options for hydrogen as an energy carrier in transport will affect design 
features of the future power grid.

5.6.3  What If EU Transport Sector Is Less Successful  
in Reducing CO

2
 Emissions?

Emission reductions in transport amount to an ambitious 80%. Such reductions are 
possible, but what are the consequences when the transport sector does not deliver 
this target? Considerable doubts remain whether a sufficient decrease in carbon 
dioxide emissions from transport is feasible without a broad, frontal approach to 
achieve policy coherence, EU-wide, and for aviation and maritime transport, 
globally. Many scenario studies assume less-ambitious reduction targets, particu-
larly for international transport. For example, IEA’s BLUE Map scenario projects 
worldwide CO

2
 emissions from maritime transport to remain fairly constant at the 

2005 level, and a doubling of CO
2
 emissions from aviation by 2050, relative to 2005 

levels, assuming major efficiency improvements and a substantial share (30%) of 
advanced biofuels in overall fuel use (Fig. 5.4).

With regard to reductions in greenhouse gas emissions, economic sectors can be 
seen as “communicating vessels”: if emission reductions are smaller in transport, 
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Fig. 5.4 A vision of a low-carbon energy system in the EU in 2050
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then the power sector needs to achieve greater emission reductions (up to 100–120%). 
Negative emissions can be achieved in the power sector by using bio-energy in 
combination with carbon capture and storage. The use of wood-based bio-energy 
in power plants with carbon capture and storage generates is attractive as it creates 
a double benefit in decreasing carbon dioxide emissions: firstly taken up by crops, 
followed by subsequent storage. These net ‘negative emissions’ facilitate high 
emission reductions in the power sector.

5.7  Biofuels, Land Resources, Food, and Biodiversity

Many studies on climate mitigation have identified bio-energy as a key option to 
reduce greenhouse gas emissions and as an economic opportunity to reduce poverty 
in the developing countries. Based on the energy security considerations, policy 
makers have focused on stimulating the use of bio-fuels in road transport. This push 
for bio-fuels, mainly in 2008 with blending proposals in the USA and fixed renew-
able targets for transport in the EU, has led to scientific and societal debate on 
whether bio-fuels are a sustainable solution. The debate is dominated by issues 
such as risk of biodiversity loss, increase in food prices (Dornburg et al. 2008), the 
greenhouse gas balance of bio-fuels being negatively influenced by N

2
O emissions 

(Smeets et al. 2009), and indirect changes in land use (Fargione et al. 2008; 
Searchinger et al. 2008).

Given the limitation in bio-energy potential and likely negative side-effects of 
energy-crop production, bio-energy needs to be directed strategically to applica-
tions that maximise its contribution to decreasing carbon dioxide emissions and 
minimise the required inputs. Currently, bio-fuel seems to be one of the few feasible 
low-carbon or zero-carbon options for aviation, shipping, and road freight before 
2050. But is there sufficient global potential for bio-energy production, taking into 
account restrictions on for example land resources and nature protection?

Estimates vary widely on the global potential for bio-energy production. The long-
term potential could be as low as 100–500 EJ/year, taking account of uncertainties 
in yield increase, sustainability criteria, water availability, fragile states (e.g. civil 
wars reducing investment opportunities), and other external factors (Dornburg et al. 
2008; WBGU 2009). Based on the integrated modelling analysis of land-use and 
energy (van Vuuren et al. 2009, 2010) and because of uncertainties in production 
potential, this study limits the use of bio-energy to the lower end of the range. This 
is 100 EJ/year global bio-energy production, partly based on waste and residues, 
and partly on specific cultivation (Fig. 5.5). This could require about 3 million km2 
of land. For comparison, the current total EU agricultural area is approximately 
2.2 million km2.

A global bio-energy production of 100 EJ/year is sufficient to fuel long-distance 
road transport, aviation, and shipping, and to produce a sufficient amount of bio-energy 
to be used in power plants to achieve the vision of low-carbon energy and transport 
systems in the EU.
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Targeting bio-energy to long-distance road freight transport, aviation, maritime 
transport, and the power sector enables large carbon mitigation with a small volume of 
bio-energy inputs and minimal pressure on nature and food production. This requires 
the EU to extend bio-energy strategies with specific targeted applications. Thus, 
technology development of second-generation and third-generation bio-fuels could 
best be aimed at advanced bio-diesels for shipping and trucks and bio-kerosene for 
airplanes such as FT diesel or algae-based fuels. To achieve this, it requires a long-
term EU vision on the application and production of bio-energy and a bio-energy 
directive that stimulates innovation in the direction needed for the long-term, and 
the current renewable energy directive to be aligned with a long-term vision on 
transport in the EU.

5.8  The Critical Path to Low-Carbon Transport in the EU

Achieving low-carbon transports in the EU in 2050 requires policy action in the 
coming decade, to set transport in the right lane to achieve this goal, because of 
the long lifespan of vessels and aircraft, many of which in operation today will still 
be operative in 2050. There is no single option to bring the emission reduction 
target within reach. The key elements to bring about the 80% decrease are techno-
logical options and a reduction of the increase in transport demand, for example, 
through pricing mechanisms. Thus, a package of policies is essential. The follow-
ing steps are on the critical path – actions to be taken in the near-term future – to 
achieve this vision:

 1. The EU needs to formulate a coherent policy on achieving low-carbon transport 
and energy systems, addressing the risks, vulnerability, security, and resilience 
associated with diversified energy carriers for transport in Europe. This policy 

Fig. 5.5 Assessment of bio-energy potentials (Source: van Vuuren et al. 2009b)
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should become the basis for an integrated EU approach to both transport and 
energy aimed at facilitating transition to production of advanced vehicles and 
low-carbon energy carriers. On the critical path to low-carbon urban transport is 
a sufficient supply of clean power after 2030, as well as a host of standardisation 
issues. Because of the slow pace of change where major infrastructure invest-
ment is involved, decarbonising the energy sector needs to be even higher on the 
agenda than is the development of low-carbon vehicle technologies. A long-term 
policy framework to decrease carbon dioxide emissions from transport will 
provide stakeholders with a degree of certainty about carbon reduction in relation 
to other objectives.

 2. The EU needs to take a leadership role to achieve international agreements for 
reducing emissions from aviation and shipping. A global strategy is the most 
effective, but also the most difficult approach in reducing emissions from these 
transport modes. It involves including international aviation and maritime trans-
port in an emission-trading scheme with the objective to tighten targets over time 
and to allocate rights through auction and not allocation. It would mean a more 
effective emission trading scheme than the current EU-wide scheme, and would 
also include shipping. If a global trading system is not possible in near future, 
then an effective EU-wide scheme needs to be in place as a first step towards 
such a global system.

 3. A great deal of R&D is being done in the private sector and EU initiatives 
are needed to strengthen efforts to identify emerging and promising tech-
nology, such as batteries and other energy storage technologies. Support is 
needed to bring these technologies to market. In this respect, partnerships 
with vehicle manufacturers may be particularly useful, giving them a stake 
in developing and commercialising new technologies. In addition, substantial 
R&D needs to be stimulated and financed on bio-kerosene (third-generation 
biofuels). Furthermore, effective carbon pricing is needed to support inno-
vative low-carbon transport technologies, such as biofuels for heavy-duty 
road transport and maritime transport. This approach will yield new tech-
nologies that could become future standards in developing countries and in 
transition countries which are having difficulties in meeting low-carbon 
goals.

 4. With restricted worldwide capacity for biomass production, bioenergy needs 
to be concentrated where it can contribute most to mitigating carbon dioxide 
emissions, and where there are few options are available. Technology devel-
opment of bio-fuels could best be aimed at advanced bio-diesels for shipping 
and trucks and bio-kerosene for airplanes such as FT diesel or algae-based 
fuels. To achieve this, the current renewable energy directive needs to be 
aligned with a long-term vision on transport in the EU. Cost-effectiveness of 
EU transport policies can be improved by closely linking current biofuel 
targets with EU vehicle-efficiency targets. King (2008) suggests that this 
could be achieved by establishing a carbon-intensity obligation for all fuels, 
such as in the California’s Low-Carbon Fuel Standard where carbon-intensity 
of fuels is reduced through a system of tradable credits, also applicable to 
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biofuels. EU could also set up a wider road transport obligation which links 
carbon intensity of fuels to vehicle efficiency, possibly through tradable 
credits. Ultimately, road transport could be covered by a ‘cap and trade’ 
scheme such as the current ETS.

 5. Given the size of allocated budgets for Trans-European transport infrastructure, 
revising TEN-T transport policies is a priority in the short term. Infrastructure 
built in the coming decade will still be operational in 2050 and beyond. A key 
issue is to provide a stronger link between TEN-T policy planning, development, 
and climate goals, as proposed in the Green Paper on future TEN-T policy. 
The implication is that the EU would co-finance only those projects with a 
proven economic rationale and with environmental benefits, thus shifting invest-
ment from road to rail infrastructure.

5.9  Conclusions

Low-carbon transport presented in the vision for 2050 significantly reduces carbon 
dioxide emissions from transport, makes EU transport systems better able to adapt 
to future changes in energy supply and climate, improves robustness and resilience 
and increases long-term competitiveness of the EU economy. It will also trigger 
cleaner and quieter cities in Europe. A decarbonised energy sector and international 
agreements in shipping and aviation are crucial.

The current economic crisis is affecting transport more than most other 
activities, and this creates opportunity for changing business models and for the 
emergence of a new long economic cycle with different dynamics. But as yet, this 
is not substantiated. Given the longevity of transport infrastructure and spatial  
patterns, betting on the benign effects of such a paradigm is a risky strategy. Setting 
incentives to adjust transport to a long-term sustainability path is crucial, for 
instance, to reduce the transport intensity of freight transport. Rather than pushing 
investment in a crisis phase, a long-term sustainability strategy for infrastructure 
development is needed, because infrastructure built in the coming decade will still 
be operational in 2050.

Considerable doubt remains whether a sufficient decrease in carbon dioxide 
emissions from transport is feasible without a broad, frontal approach to achieve 
policy coherence, EU-wide. Such doubts are generated by the feasibility of carbon 
reduction options, projected steep growth in transport demand – passenger and 
freight transport – and the scarcity of evidence that this trend can be reversed at the 
level of the economy as a whole. Thus, establishing a broadly supported ambition 
to achieve low-carbon transport is on the critical path, including leadership to allo-
cate responsibilities to vehicle manufacturers, fuel companies, and consumers. It 
also needs to enforce clear accountability and put in place the policies and frame-
works to allow and enable others to fulfil their roles.
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6.1  Preface

Since World War II, Japan has grown its economy by developing industries, aiming 
to be a fully developed country. During this period, we have experienced various 
environmental problems, industrial pollution, and regional environmental deterio-
ration, and have solved these problems step by step. When we are asked how to deal 
with new global environmental issues, it is important for us to learn from our past 
experiences which may correspond to new phenomena, and to convey the lessons 
to succeeding generations.

The purpose of this chapter is to give an overview of Japanese environmental 
issues since the era of high economic growth and changes in countermeasures 
against those problems, and then to describe the development of problems specifi-
cally in the transport sector.

First, Fig. 6.1 shows the relation between development and environmental issues 
in Japan in the latter half of the twentieth century.

6.2  From the Start of Industrialization to High Economic 
Growth: Latter Half of Eighteenth Century to the 1960s

6.2.1  Early Industrialization

The Industrial Revolution started in the UK and spread throughout the world.  
In Japan, after the opening of the country, the new government of the Meiji 
Restoration encouraged introduction of Western European technologies to build 
up a new nation under the slogan of “Wealth and a Strong Military.” Traditional 
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industries from the Edo period, such as copper refining, iron-making and textile 
weaving, were modernized with the introduction of advanced technologies and 
developed gradually.

One of the major affairs symbolizing the era was the Ashio Copper Mine 
Poisoning case. Sulfur dioxide emitted from the process of refining copper ore 
killed the  forest, and denuded the mountains, resulting in increased sediment runoff 
during heavy rainfall. Discharged water from the hydrometallurgy that included a 
lot of poisonous metal ions such as copper ions entered people’s bodies directly 
through drinking water causing a horrible disaster and also deteriorated the ecosys-
tem in the Watarase Basin and agriculture and fishing in the community.

Smoke from mines was a serious environmental problem in the early twentieth 
century as in the Besshi copper mine and in the Hitachi mine. Serious air pollution 
around plants was always a contentious issue between industry and communities 
until World War II.

6.2.2  High Economic Growth Period

After World War II, Japan rose from the ashes of defeat and achieved a remarkable 
economic recovery. Driven by the special procurement boom in the Korean War 
from 1950 to 1953, the real per capita GNP, which had fallen to less than half of 
the prewar level, recovered to the pre-war level in 1957. Further economic growth, 
dubbed an “Economic Miracle” was achieved by the income-doubling program 
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under the Ikeda administration from 1960, and continued till 1975 recording real 
economic growth rates of more than 8% (Fig. 6.1). Behind this success were the 
government’s policies such as tax cuts, lower interest rates, a favorable environ-
ment for corporate investments, and free trade promotion to gain international 
competitiveness. It is true that this rewarded industries such as the electric appli-
ance  industry for its technological advancement and brought comfort and conve-
nienceto Japanese households, but it also accelerated a massive outflow of the 
working-age population from rural villages to cities, and increased industrial 
pollution.

The Edogawa Plant of Honshu Seishi (the current Oji Paper Company)  discharged 
a massive amount of contaminated water to the Edogawa River seriously damaging 
the local fishery and brought about conflicts between the plant and the community 
in 1958. In the same year, the government enacted two water quality-related laws: 
the “Water Quality Conservation Law” and the “Factory Effluent Control Law.”

6.3  From Development of Industrialization  
to High Economic Growth

6.3.1  Industrial Pollution and Efforts to Overcome

The Kitakyushu area known for Yahata Iron and Steel Works is an industrial belt 
with a cluster of cement, ceramic, and chemical enterprises. Around 1960, heavy 
emissions from factories, known as “seven-color smoke” were regarded as a sign of 
wealth. In 1963, Kitakyushu City was incorporated by merging five neighboring 
communities. After the merging, strengthened industrial capacity, particularly for 
the coal industry, brought about serious consequences: Air was polluted by soot and 
dust and untreated effluent from factories was discharged into Dokai Bay, which 
was known as a “dead sea” because even ship propellers would melt in it due to 
high acidity. Kitakyushu City actively worked on the pollution and started to show 
some improvements from the 1970s. It is now regarded as one of the few important 
model cities for environmental conservation.

Around 1960, the “Four Big Pollution Diseases” cast a dark cloud over Japanese 
society: Itai Itai Disease, Minamata Disease, Second Minamata Disease, and 
Yokkaichi Asthma.

Itai Itai disease was caused by cadmium poisoning due to the Kamioka mine 
in Hida City, Gifu Prefecture. Cadmium was densely accumulated in the rice 
harvested downstream in the city of Fuchu, Toyama Prefecture since it received 
irrigation water from the Jindugawa River that was heavily contaminated by 
effluent from the mine from refining sphalerite into zinc. In 1955, people who 
had eaten the contaminated rice started to show softening of the bones, and the 
disease was named for the severe pains (“itai” means “ouch”) continually caused 
in the joints and spine.
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Minamata disease is a neurological syndrome caused by mercury poisoning. 
It was caused by the release of organic mercury, particularly methyl mercury, in 
the industrial wastewater from Japan Nitrogen Fertilization Company’s acetalde-
hyde production plant. This highly toxic chemical bio-accumulated in fish in 
Minamata Bay, which when eaten by the local people resulted in neurological 
damage. In 1956, it was reported as an “epidemic of an unknown disease of the 
central nervous system” by the local public health office. Similar pollution occurred 
along the Aganogawa River and the Kanose Plant of Showa Denko was identified 
as the polluter. The disease was called the “Second Minamata Disease.”

In Yokkaichi, Mie Prefecture, companies including Showa Yokkaichi Sekiyu 
formed a large-scale petrochemical complex in the 1950s at the former naval fuel 
depot site in which enormous amounts of gasoline, petrochemical materials, 
 kerosene, and light oil were consumed. In addition to those materials, heavy oil 
that deposited at the bottom of rectifying column was used as cheap fuel for the 
utilities and plants that included sulfur, trace heavy metal, and nitrogen oxides 
generated in the burning process. The surrounding community was heavily 
 polluted by the emissions causing asthma, and a similar incident occurred in 
Kawasaki and other industrial areas.

To cope with those cases, each company identified as a polluter had to take 
 concrete actions which were supported by technological advancement. However, at 
the initial stage, each process of investigation to determine the cause or technologi-
cal countermeasures was not carried out smoothly. In almost all cases, companies 
that caused such problems began operation without predicting development of such 
serious problems, and later serious damages came to light. At the time when 
 problems appeared, as those problems had never been before, there were various 
arguments among researchers to investigate the cause-and-effect relationship.

As for the Four Big Pollution Cases, the government (at that time, the Ministry 
of Health and Welfare) officially recognized the cause-and-effect relationship of 
Minamata disease as organic mercury, and the relationship of Itai Itai disease 
with cadmium in 1968, and following the inauguration of the Environmental 
Agency, a compensation system for victims of industrial pollution has been estab-
lished. During that period, technologies to prevent emission of pollutants from 
the manufacturing process were also developed. For example, wet and dry flue 
gas desulfurization (FGD) and de-nitrification of exhaust was made available. 
Since power utilities had to treat a massive amount of flue gas to comply with the 
standard they set up huge treatment facilities, even overwhelming the size of the 
power plants.

Pollution problems, except for criminal cases, are generally regarded to be 
caused by unintended factors, which cause unexpected big damage to society. 
Accordingly, the most important thing for pollution problems is quick response 
to the matter and to decide the countermeasures at the earliest possible stage 
when the number of patients is as small as possible. Then, the social burden to 
compensate the patients for a long period thereafter would be lessened, and the 
right of ordinary citizens to live safely and pleasantly will be secured. After that, 
the lessons from those experiences must be established as human knowledge for 
future generations. This is necessary so that the same or similar mistakes will 
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never be repeated. In this regard, we would like to strongly stress the necessity of 
 transferring the knowledge and technologies to developing countries that are in 
the midst of industrialization.

The facts we experienced that unintended factors caused serious problems 
suggest the necessity to consider responses in advance for unexpected matters 
which might happen in the future, especially to consider a preventive framework 
for management of chemical substances.

6.3.2  History of Pollution Control Measures

In 1967, the Basic Law for Environmental Pollution Control was enacted based 
upon the experiences gained through tackling pollution problems. This law was 
most significant since it defined seven types of pollution problems to be solved by 
the central government: air pollution, water contamination, soil degradation, noise, 
vibration, soil subsidence, and odor. A prevention act for each problem was also 
formulated. Moreover, the Environmental Quality Standard was established as an 
administrative environmental goal accompanied by the Effluent Standard to achieve 
the goal by numerically regulating the pollutants and land use and by setting rules 
for pollution disputes.

In the early days of the Basic Law for Environmental Pollution Control, there was 
a so-called “harmony clause” that asserted pollution control should be harmonized 
with the need for a sound and healthy economy, since economic development should 
be given priority over other activities to gain national strength. However, unable to 
ignore growing criticism and public opinion in favor of requiring pollution prevention, 
the 64th Diet Session (Extraordinary Session) discussed pollution-related legislation 
intensively. This session was later called the “pollution session” since the harmony 
clause was removed and many other prevention laws were revised and improved.

In 1971, the Environment Agency was established to deal with environmental 
issues based on two basic acts, the Basic Law for Environmental Pollution Control 
and the Nature Conservation Act (1972).

Intensive actions were taken regarding effluents and emissions from industrial 
facilities in the 1970s by coordinating these prevention measures.

As is shown in Fig. 6.2, the percentage of water areas not meeting environmental 
standards for toxic substances dramatically decreased. This trend is also visible in 
air pollution, and the remarkable progress in de-sulfurization and de-nitrification 
mentioned above were also achieved in the 1970s.

This level of success was made possible through intensive application of water 
treatment facilities for industrial effluent and air-quality control equipment for air 
pollution. Private investment for pollution prevention increased from 300 billion 
yen in 1971 to more than 1 trillion yen in 1975 accounting for 20% of all private 
capital investment.1

1 Annual Report on the Environment (1976) Fig. 2–4.
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At the early stage, industry reacted negatively to the requirement to invest 
in pollution-prevention equipment out of fear of economic disincentive, but in 
fact it contributed significantly to the development of industry since a clear defi-
nition of the national environmental policy promoted invention of innovative 
technologies.

6.3.3  United Nations Conference on the Human Environment 
(Stockholm Conference)

In 1972, the United Nations Conference on the Human Environment was held in 
Stockholm, the first such conference on a global scale. The UN Economic and 
Social Council decided to hold this conference in 1970 since pollution problems 
were gaining public attention worldwide, triggered by the warning of the book, 
Silent Spring. (Carson 1962) Troubled with Baltic marine pollution, Sweden hosted 
the conference from the 5th to 16th of June in which the Declaration of the United 
Nations Conference on the Human Environment2 and the United Nations 
Environment Program was initiated.
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2  Declaration on the Human Environment: http://www.unep.org/Documents.Multilingual/Default.
asp?DocumentID=97&ArticleID=1503&l=en.
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The Club of Rome can take credit for supporting the UNCHE by publishing 
Limits to Growth (Meadows et al. 1972) that shocked the world using mathematical 
models to warn of imminent depletion of nonrenewable resources.

6.4  Growing Urbanization and Deepening Regional 
Environmental Problems: From 1970 to the 1990s

6.4.1  Total Volume Control

It was true that toxic substances had been well managed by controlling specific 
points of pollution, but when it came to environmental standards for the living 
environment such as biochemical oxygen demand (BOD) and chemical oxygen 
demand (COD), which are indicators of water quality for organic contaminants, the 
record of achievement had not been so significant.

Water areas were also loaded with effluents coming from densely populated 
areas, including industrial belts. The most serious water contamination was seen in 
“closed water environments” since there was no circulation of water driven by 
intrusion of outer sea water.

Since total volume of incoming contaminants determined water quality, control-
ling concentrations of incoming contaminated water at each point was not adequate. 
It was necessary to take measures in the form of total volume control.

In 1973, the Act on Temporary Measures Concerning Water Contamination 
came into force and the goal set for Seto Inland Sea contamination was to halve the 
total COD volume from industrial effluents from the 1972 level. Late in 1978, the 
temporary act was upgraded to special law status and this led to a compilation of 
the 5-year plan starting in 1979. Revision of the Water Quality Pollution Control 
Act in 1976 also contributed to the 5-year plan. While the temporary act only 
 covered the Seto Inland Sea, the special act also covered Tokyo and Ise Bay regard-
ing total COD reduction volume. But as there was no visible improvement in the 
environment, nitrogen, and phosphorus as well as COD were covered for the total 
volume control in the fourth (1999) and fifth plan (2004).

Air was also seriously contaminated by sulfur dioxide in the heavily industrial-
ized areas, exceeding the tolerable level of the environment control standard.  
In 1972, an ordinance was issued in Mie that included total volume control. At the 
national level, total volume control was also introduced with the revision of the Air 
Pollution Control Act in 1974.

6.4.2  Worsening Automobile Emissions and Countermeasures

From 1955 to 1975, approximately 8 million people moved to large cities, which 
resulted in various environmental problems due to increased human activity.
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Around 1970, children could not go out on days when photochemical smog such 
as photochemical oxidants broke out like mist, since their eyes and tracheas might 
be damaged by such irritants. In the Kanto area, nitrogen oxides (NOx) and hydro-
carbons (HCs) generated in urban areas and industrial belts proved to be the cause 
of irritation of eyes and tracheas. The smog went up the Kanto Plain generating 
oxidants through photochemical reaction. This resulted in emission control on 
NOx. In 1978, an environmental control standard for nitrogen oxides was intro-
duced, followed by the introduction of total volume control in 1981.

By that time, automotive exhaust gas was regarded as a major source of NOx.  
In Japan, air pollution in 1960s was mainly attributed to industrial emissions, which 
diverted public attention from automotive emissions and delayed legislative action. 
It was only in 1973, 5 years behind the Air Pollution Control Act of 1968, that the 
Automobile Exhaust Gas Regulations were enacted.

In the United States, air pollution was considered to be a social evil much earlier 
than in Japan. The Clean Air Act Extension of 1970 was proposed by Senator 
Edmund Muskie (Muskie Act) that forced reduction of CO, HC, and NOx  emissions 
by 90% for vehicles produced in 1975 and 1976, compared with those produced in 
1970 and 1971. Moreover, it was proposed in 1972 that vehicles produced in 1976 
and after had to reduce NOx emissions to 0.4 g/mile or less.

Even though it seemed impossible to meet these standards, Honda developed 
vehicles that complied with the standards by the use of CVCC technology. But the 
American Big Three protested the enactment and as a result the Muskie Act  
was scrapped in 1974. However, due to engineering improvements, the standards 
 proposed by the Muskie Act were finally met in the USA in 1995.

In Japan, on the contrary, engineering capabilities were upgraded to meet the 
 regulations set by the Japanese version of Muskie Act released in 1978. This has 
paved a way for Japan to gain a dominant market share in the automobile industry. 
Automobiles in Japan in 1980 were 37.33 million, a significant increase from 18.92 
million in 1971, but in the same period CO concentrations were down from 6.0 
parts per million (ppm) to 3.0 ppm on average at roadside air pollution monitoring 
stations.

In 1978, however, the environmental standard for NOx was eased from 0.02 ppm 
to 0.06 ppm. This implied a retreat of environmental regulations in the late 1970s 
and 1980s, and as a result, there has been no significant improvement in NOx emis-
sions after 1980, which was mainly attributed to slow action on diesel vehicles that 
constituted the majority of trucks (Fig. 6.3).

Diesel engines are the most thermally efficient internal combustion engine, 
 providing vehicles excellent fuel efficiency and saving oil. But this type of engine 
also generates noise, soot, and NOx because diffusive combustion takes place in the 
combustion chamber when the fuel is burned at a high compression ratio and at a 
high air–fuel ratio. Gasoline vehicles can control generation of soot and CO, as well 
as the air–fuel ratio, and treat NOx with three-way catalysts, but this is difficult for 
diesel vehicles.

Air pollution caused by vehicles became increasingly serious, particularly in the 
areas along trunk roads. For example, a provisional injunction (that later developed 
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into a lawsuit) was filed seeking to suspend the construction of the Hanshin 
Expressway above the Route 43 in Amagasaki. In the 1980s, there was no specific 
measure taken to besides refurbishing structures such as barriers along the roadside.

In the latter half of the 1990s, there were some movements toward legal settle-
ments, such as a verdict on the Route 43 Nishi–Yodogawa River case and its 
settlement, and a verdict on the Kawasaki pollution case and its settlement, where 
in both cases the government defeat was finalized.

In 1992, the Automobile NOx Control Law was enacted covering metropolitan 
Tokyo and the Kansai region. This law was designed to promote low-emission 
vehicles. It did not allow vehicles underperforming the latest NOx standard to 
pass the safety inspection.3 Moreover, particulate matter (PM) was also 
included in 2001, since PM had been suspected of being a health hazard, and 
coverage was extended to Metropolitan Nagoya under the Automobile NOx 
and PM Control Law.

Tokyo and three other prefectures in Metropolitan Tokyo have been regulating 
the concentrations of suspended PM emitted by diesel commercial vehicles running 
on their roads since 2003 to comply with the latest version of the National Long 
Term Regulation. In other words, vehicles that do not comply with the latest regulations 
cannot enter the major part of Metropolitan Tokyo. The decline in diesel vehicles 
in Japan since 2003 indicated in Fig. 6.4 could be explained by this regulation.  

3 Automobile Inspection and Registration Association: Number of Automobiles in Japan.
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At the same time, technologies to reduce soot and NOx have been under development 
for future commercialization.

6.5  Awareness of Global Environmental Problems and Actions

6.5.1  International Actions Against Climate Change

In the 1990s, as the economy became more and more borderless, people became 
increasingly aware of the global environmental problems that had been discussed 
by the Club of Rome and at the Stockholm Conference.

Global climate change simulations were made possible by the invention of the 
supercomputer due to the remarkable progress of computer technology at the end 
of the twentieth century. It was Dr. James Hansen, of NASA, who warned of the 
danger of global warming at the US Senate in 1988.

In the same year, the Intergovernmental Panel on Climate Change (IPCC) was 
established to study global climate change by concentrating the wisdom of interna-
tional scientists. It releases an assessment report every 6 years.

The latest report was released in 2007 as the fourth assessment report or AR44 
that states that warming of the climate system is unequivocal and that most of the 
observed increase in global temperatures is very likely due to the observed increase 
in anthropogenic greenhouse gas concentrations.

Fig. 6.4 Changes of ownership of gasoline-powered and diesel powered vehicles in Japan

4 Report of the 1st Working Group of AR4: http://www.ipcc.ch/ipccreports/ar4-wg1.htm.
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6.5.2  The United Nations Conference on Earth  
and Development (Earth Summit)

Twenty years later after the UNCHE, the United Nations Conference on 
Environment and Development (UNCED) was held in Rio de Janeiro in 1992, in 
which the Rio Declaration5 consisting of a preamble and 27 principles was adopted. 
The Rio Declaration states basic principles, such as the equal right to development 
for the present and future generations in the third principle, and protection of the 
ecosystem in the seventh principle covering common but different responsibilities. 
A significant achievement of the Rio Conference was the adoption of Agenda 21 to 
implement the Rio Declaration along with the signing of the United Nations 
Framework Convention on Climate Change (UNFCCC) and the Convention on 
Biological Diversity (CBD) and adoption of the Statement of Forest Principles. 
There are 40 chapters in the Agenda 21 and each chapter has 6–136 paragraphs. To 
ensure the implementation of Agenda 21,6 the Commission on Sustainable 
Development (CSD) was created.

The concept of sustainable development was defined in a report issued in 1987 
by the World Commission on Environment and Development (WCED) titled Our 
Common Future.7 The definition, “meeting the needs of the present generations 
without compromising the ability of future generations to meet their needs” was 
spread widely and this spirit was also taken up by the UNCED. The term “sustain-
able development” was first used in the World Conservation Strategy in 19808 
which was co-developed by the IUCN, UNEP, and WWF and was defined as well-
balanced conservation relationship between development, living organism, and 
ecosystem focusing the importance of sustainable use of biological resources.

6.5.3  Basic Environment Law and Actions for Global Problems 
by Setting the Ministry of Environment

In Japan, the Basic Environment Law passed the Diet and immediately came into 
force after the UNCED in 1993. This law covers the global environment compre-
hensively, substituting for the Basic Law for Environmental Pollution Control and 
incorporating some parts from the Nature Conservation Law.

The law established principles of the environmental policy. These are as follows:

 1. The blessings of the environment should be enjoyed by the present generation 
and passed on to the future generation.

5 http://www.un.org/documents/ga/conf151/aconf15126-1annex1.htm.
6 http://www.un.org/esa/dsd/agenda21/.
7 http://worldinbalance.net/intagreements/1987-brundtland.php.
8 http://data.iucn.org/dbtw-wpd/edocs/WCS-004.pdf.
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 2. A sustainable society should be created in which environmental loads by human 
activities are minimized.

 3. Japan should contribute actively to global environmental conservation through 
international cooperation.

It not only defines the responsibility of each stakeholder, such as the central govern-
ment, local governments, businesses and citizens, but also policies concerning 
environmental conservation such as the Basic Environmental Plan, Environ- 
mental Standard, Environmental Pollution Control Program, and Economic 
Measures. The Basic Environmental Plan is formulated every 6 years based on the 
Basic Environment Law. The third plan has been under development since 2006.

Then, the government newly established the Environmental Ministry by trans-
ferring the Waste Section in the Health and Welfare9 Ministry to the Environmental 
Agency due to the reorganization of central ministries. In the process, five councils 
were incorporated into one as the “Central Environmental Council.”

The “Strategy for an Environmental Nation in the 21st Century” decided at the 
Cabinet Meeting in 2007 stipulates a strategy for the immediate future to be fol-
lowed and a basic strategy for realizing a “sustainable society” as the future model 
in three dimensions: “Low-carbon Society,” “Sound Material-Cycle Society,” and 
“Society in harmony with the nature.” To comply with these directions, regarding 
the goal of a low-carbon society, for example, the government issued a proposal to 
reduce emissions of greenhouse effect gas generated by human activities on the 
globe to half that of 2005 by 2050 to meet the policy established by the IPCC. 
Furthermore, with regard to a low-carbon society, the Hatoyama Cabinet, started in 
2009, publicly promised to reduce 1990 emissions by 25% by 2020.

Concerning the greenhouse effect gas, we are now endeavoring to achieve the 
targets set by the Kyoto Protocol, and the industrial sector, the residential sector, 
the business sector and the transport sector are each requested to develop technolo-
gies drastically and to build a systematic structure to incorporate such technologies 
into the social system.

In the residential sector, drastic approaches for spread of photovoltaic power 
generation, spread of ecological household electric appliances, and energy saving 
for houses or buildings themselves are requested. In this connection, our manner of 
living must also be thoroughly reviewed.

In the transport sector, in addition to adjusting emission standards for diesel 
automobiles, hybrid cars, which are expected to improve fuel efficiency dramati-
cally, have been developed and production vehicles of this type have been intro-
duced to the market since about 2003. The registered number of the hybrid cars 
exceeded 500,000 in 2008, and with the effect of the tax cut for fuel efficient cars, 
which was enacted in 2009, details of which will be described later, the registered 
number is expected to exceed one million in 2011. The market for electric cars can 
be also expected to dramatically develop with the technology breakthroughs in 

9 Annual Report on Health and Welfare (1961, 1976).
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small-sized large-capacity batteries. Since the technological system needed for 
electric cars is quite different from that for traditional gasoline engine driven cars, 
the social impact caused by the spread of electric cars will be significant. Details  
of the transport sector will be described in the next chapter.

Concerning the movement toward a Sound Material-Cycle Society, waste 
 problems, which have been worsening with urbanization and development of 
 industry will suggest some hints for future directions.

Technologies to create value from waste will be demanded, and the building up 
of systems for recycling resources, such as for recovering rare metals contained in 
electronics and other valuable resource, will be needed. Ultimately, with regard to 
recycling of resources, we must go forward toward a zero-emission society, in 
which the concept of “wastes” will not exist, by controlling the entire cycle of 
resource use, from the upstream site, that is, extraction of natural resources, through 
production and to consumption.

6.6  Transport Activities and Climate Change

6.6.1  Effort to Reduce Greenhouse Effect Substance  
in the Japanese

Transport sector carbon dioxide emissions in the transport sector in Japan have 
been about 20% of the total. Figure 6.5 shows the changes in the index of carbon 
dioxide emissions in Japan by sector by converting the figure of 1990–100. The 
transport sector shows a higher increase in 1990s than other sectors, but in the 
2000s the index of the sector turns downward. The turn is mainly caused by reduc-
tion of emissions in privately owned cars, almost 90% of emissions of passenger 
transport, which is more than half of the transport sector.

Carbon dioxide emission has been increasing with the development of motoriza-
tion, because privately owned automobiles emit more carbon dioxide per passenger 
trip than public transport, and because automobiles are apt to encourage frequent 
travel or transport. Carbon dioxide emissions generated by passenger trips in 2007 
increased by 34.8% compared to 1990, but the figure turned downward from 2002, 
for two reasons: (1) the number of privately owned cars and kilometers traveled per 
vehicle, both of which had been increasing year by year, decreased in 2003, and (2) 
average fuel economy of new Japanese cars increased by 25% in the 10 years since 
1995 (Fig. 6.6). On the contrary, carbon dioxide emission generated by freight 
transport in 2007 decreased by 6.7% compared to that of 1990. Like passenger 
trips, the emission amount slightly increased in the 1990s, and decreased in the 
2000s, but the reduction ratio is smaller than for passenger transport.

Table 6.1 shows a variety of measures to reduce environmental load, such as 
carbon dioxide, generated by transport activities. (Meadows et al. 1972) Each line 
shows a measure, and each column shows the effect of the measure in determining 
the amount of emission in the environmental load.
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Fig. 6.5 Changes of carbon dioxide emissions in Japan (1990–2008)

Fig. 6.6 Changes of average fuel economy of passenger cars in Japan (Data by Ministry of Land, 
Infrastructure, Transport and Tourism)

Japan has basically reduced environmentally hazardous substances by technological 
innovation of vehicles and of fuel and by its broad application in complying with the 
Japanese version of the Muskie Law in 1970. This will be similarly applied to reduction 
of carbon dioxide emissions. I will describe it in the following section.

On the contrary, government policies directly affecting transport activities, such 
as to reduce total transport demand, to reduce usage of automobiles, to improve 
transport measures substituting for automobiles, or to improve the network of 
roads, were adopted in 2005 to comply with the Kyoto Protocol after its ratification 
and put into effect. Those policies have been revised several times. With regard to 
the target accomplishment plans for the Kyoto Protocol, a variety of plans have 
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been proposed, but few have been implemented. Although the government has been 
carrying out Environmentally Sustainable Transport (EST) model projects in 27 
areas since 2005 to promote various policies, as illustrated in Fig. 6.7, the effects 
of the projects so far are limited.

6.6.2  Effects of Policy to Encourage Spread  
of Fuel-Efficient Cars

Following the oil shock, improving the fuel efficiency of automobiles was undertaken 
at once, as Japan depends on imports for 99.9% of her oil supply. But, in the period 
of economic upturn, the so-called bubble-economy, from the late 1980s to the early 
1990s, the average fuel efficiency worsened, because advances in fuel efficiency 
showed slow progress and consumers preferred larger cars. This seemed to be the 
result of an automobile- and consumption-tax rate reduction for ordinary-sized cars 
to the same tax rate as for small cars. Since the collapse of the bubble-economy, users 
again began to prefer fuel economy. The preference has been encouraged by affirma-
tive taxation for low-emission and fuel-efficient automobiles, which was called the 
“greening of the automobile tax system,” and was introduced in 2001.

In Japan, fuel efficiency targets for automobiles have been regulated by the 
Energy Saving Act, the formal name of which is “Act on Temporary Measures 
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for Promotion of Rational Uses of Energy and Recycled Resources in Business 
Activities.” In 1979, when the law was passed, the intention in deciding the tar-
gets was to average the existing figures of the products. But when the law was 
revised in 1999, the idea of the leading runner approach, that is, to aim for the 
best products currently commercialized was introduced. Specifically, the target 
to improve fuel efficiency by 22.8% in average for all types of vehicles com-
pared to the 1995 value was decided. As a result of the target setting, fuel effi-
ciency of new models, which had been rather behind until that time, began to be 
rapidly improved. To accelerate the trend, the greening of the automobile tax 
system, which is favorable for fuel-efficient and low-emission models by reduc-
ing tax rates of the automobile acquisition tax and automobile tax (for owning 
cars), was implemented.

Taxes related to automobiles in Japan are imposed at each step – acquisition, 
ownership, and usage (to purchase fuel) – and had been treated as a specific tax for 
maintenance or management of roads or as a part of revenue for local governments, but 
those taxes have been incorporated into the general budget since 2009. Fuel tax was 
originally intended to be an incentive to reduce consumption of fuel, and taxes for 
acquisition or owning of automobiles were not related to fuel efficiency, but the tax rates 
are determined in proportion to displacement of engine, weight, and selling price.

The green taxation plan maintains the conventional framework of determining 
tax rates; however, while it reduces the tax amount for automobiles which realize 
reduction of emission of polluting substances remarkably lower than the emission 
standards, or automobiles which realize the new standard of fuel efficiency for 
2010, it increases the tax amount for older automobiles, which are thought to have 
more environmental load. Since the green taxation plan was introduced, 17 models 
out of the top 20 models sold in 2001 were eligible for tax reduction. Contrary to 
prior predictions that the tax revenue reduction would be offset by a revenue 
increase, actually, the tax revenue of the year was reduced remarkably, and conse-
quently, the standards for reducing the tax amount are to be strengthened from next 
year. From the viewpoint of lessening environmental load, the result was evaluated 
as successful because emission of polluting substances was reduced much more 
than expected.

Furthermore, the government has been encouraging the spread of fuel-efficient 
cars, mainly focusing on hybrid cars by reducing tax and providing a subsidy for fuel-
efficient cars for 1 year from 2009, but the period has been extended for a half year.

Thus, the green taxation plan for automobiles is recognized as an incentive for 
both manufacturers and users to choose low-environmental load cars.

6.6.3  To Realize a Low-Carbon Transport System  
by Expanding Railroads

Japan depends on railroad transport for passengers within big cities or between 
areas more highly than other foreign countries. These are the results of complex 
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of policies implemented far before the environmental issues have been raised, 
and are evaluated as the helper at present to restrain environmental load  produced 
by automobiles.

Most of the major cities in Japan constructed railroad transport networks for 
 passengers and freight since the industrial revolution, and most of them were owned 
and managed by private sectors. Since the twentieth century, cities have adopted 
policies to centralize the operation of public transport system in their cities by them-
selves. Underground rail-road systems, started afterward, have been constructed by 
cities in principle. The centralization policy of public transport system in urban area 
contributes to unification of network system and securing convenience.

As the special feature of Japanese railroad system, which may not be seen in 
other countries, electric railways owned and operated by private companies expand 
to the suburbs of major cities. For example, in the area of Nagoya with a population 
of about ten million, the passenger transportation volume in number of passengers 
on the privately owned railways is quite high at about 45% of the total, compared 
with 35% for the municipally owned subway systems, and 20% for JR Tokai (formerly 
the National Railways until 1987). The same tendency is seen in the Tokyo 
Metropolitan area (40% of passenger trips on privately owned railways) and in the 
Osaka area (50%). Although the total length of subways in Tokyo is about 350 km, 
almost same length as in Seoul or Shanghai, in addition to the subways, Tokyo has 
other railway systems connecting central Tokyo to suburban cities with total length 
of more than 2,000 km, which share the responsibility for passenger transport with 
the municipal subways. This is quite unique, and is not seen in other major cities. 
In addition, the railways of suburban railway companies’ and those of the Tokyo 
Metropolitan subways are connected to each other, which enables the railway 
 systems to be cooperatively operated. The passengers show little resistance to 
changing the trains at the terminal stations. All these factors contribute to restricting 
the inflow of automobiles from suburban areas to the central city.

There are two main reasons that the private railway companies can continue in 
business far after the spread of motorization: one is on the demand side, and the 
other is the railway companies’ strategies. In addition to massive demand for trans-
port due to high-density housing in suburban areas accompanied by inflow of popu-
lation to metropolitan areas, the difficulty of using automobiles for commuting due 
to insufficient road systems and parking lots in the inner city is responsible for a 
high share of railway demand, which enables high capacity utilization by railways 
and supports the profitability of the railway business.

Furthermore, railway companies have bought a great amount of land along the 
route of planned railroad lines and developed real-estate businesses or distribution 
businesses. Thus, a business model to internalize development gains realized along 
the new railway lines by the railway operator enables railway companies to 
 continue their businesses independently. The simultaneous progress of construction 
of new lines and development of housing complexes along the lines can prevent 
commuters from becoming dependent on automobiles.

However, with regard to passenger transport among areas, mass transit on 
the Shinkansen has been achieving quite high environmental performance. 
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The Shinkansen has been constructed continually since its inauguration in 1964 
between Tokyo and Osaka, and the present length of its lines as of March 2011 is 
estimated at 2,387 km. The trains run 300 km/h at the highest and are supported by 
variety of systems to attain the highest safety. Traveling by Shinkansen within the 
range of longer than 1 h and shorter than 3 h has an advantage to traveling by air-
plane or automobile. For example, the share of the Shinkansen for the 2.5 h between 
Tokyo and Osaka is almost 90%.

The carbon dioxide emission of Shinkansen travel per person per kilometer is 
about one-tenth that of travel by privately owned passenger car or of airplane. 
As the Shinkansen requires massive construction of infrastructure and manufactur-
ing of trains, we must also consider carbon dioxide emissions generated for the 
preparation. According to our research, the Shinkansen is clearly preferable to air-
planes when daily ridership exceeds 4,000 people.

However, recent progress of motorization and cost increase for preparing 
infrastructure have been lessening the profitability of railway systems, and as a 
result, construction of new lines for urban railways and the Shinkansen is becom-
ing harder. In Japan, the railway businesses are self-supporting in principle, and 
subsidies for construction or operation of railway companies using public funds 
are quite limited.

While there is no system to subsidize the public benefit of reducing environmen-
tal load, if the high costs of maintaining railway systems are to be transferred to 
passengers through their fares, the number of passengers will decrease. As a result, 
emissions of environmental load per passenger will be increased, and consequently, 
effects of reducing environmental load will be lessened. Thus, from the viewpoint 
of reducing carbon dioxide, we would like to stress the necessity of expanding 
public subsidies for construction of new lines and operation costs, according to the 
circumstances.

With regard to freight transport, the share of railway transport is quite low at 
present. Drastic measures to stimulate changeover to railway transport especially 
among urban areas will reduce the environmental burden.

6.6.3.1  Addendum: To Aim for Sustainability Under  
Limited Conditions

In this chapter, we described the Japanese experience of various types of environ-
mental problems, which we encountered during the process of economic growth 
and our solutions to those problems. Also, regarding environmental problems in the 
transport sector, we explained that various measures, not only regulatory, but also 
economic policies that stimulate automobile manufacturers to reduce environmental 
burden, are implemented to achieve goals. Furthermore, the long history of con-
struction of passenger transport systems, mainly based on railroad systems prior to 
motorization, now helps us to reduce carbon dioxide. These experiments suggest 
some direction for developing countries.
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Let me add one point. These measures have been responses after problems 
arose or results which happened to be adapted to circumstances what we did not 
assume beforehand. Until now, resolving environmental problems that emerge 
suddenly has been a challenge, and we have had to carry out countermeasures 
expediently. However, global environmental problems are difficult to deal with 
after the problems become obvious. Adjusting expanding human activities to 
the Earth’s limited natural resources, and harmonizing them to realize a sustain-
able society, are quite new challenges for mankind. To face these new chal-
lenges, we may need a new way of thinking, called “backcasting,” to visualize 
the final  features as the landing site and to design routes to approach the site 
from now on.

Efforts to lessen carbon dioxide emissions in the transport system in Japan 
have mainly depended on improvements in automobile technology. However, in 
the future, the “backcasting” way of thinking is required in the transport sector, 
such as a spatial structure that does not produce unnecessary transport, or promo-
tion of lifestyles or production forms to avoid unnecessary transport, or shifting 
to low-carbon modes of transport.
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7.1  Introduction

Impacts of transport on the environment in major cities of developing countries 
include not only those related to air quality, greenhouse gases, and noise levels as 
usually reported, but also other important ones such as pedestrian/vehicle conflict 
and visual intrusion disturbing city life, e.g., travel safety, traffic delay and city 
image. Many policies and relevant countermeasures are applied whether locally or 
through international aid and can be classified under groups according to the attri-
butes they relate to, for example, mode related, fuel and power related, traffic supply 
and demand related, Non-Motorized Transport (NMT) related, and sustainable 
transport related. These have brought about results that are in some cases remarkable 
and in some others not so successful. These are discussed from the experience of 
selected main cities in developing countries. Knowing the barriers that prevent or 
impede policies and countermeasures is a key issue. Cities have  various constraints, 
mainly institutional and behavioral, and also those that result from the “immediate-
term-solution-vision” of policy makers, city managers and the residents alike. 
Therefore, in spite of the extent of success of mitigation policies and countermea-
sures, concerned authorities and researchers should try to answer questions of rele-
vance. Why have some policies proved to be unsuccessful? And, why have the 
successful ones proved to be so? Are the successful policies sustainable? Or do they 
soon lose their effectiveness and not last as envisaged?

The concept of a novel “goal” of policies and countermeasures of mitigation of 
urban transport impacts on the environment that are “applicable,” “implementable,” 
“successful” and “sustainable” is introduced. Stepped questions that guide the 
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process of achieving this goal are explained, and examples of recent application of 
the same philosophy as the above-mentioned steps are outlined.

Designing the policies and estimation of the expected impact of the related 
countermeasures is not a simple task. Not only are many policies and countermea-
sures formulated and tested, but also many actors and variables are engaged in 
policy decisions, policy implementation and monitoring, control and updating of 
countermeasures. For better understanding, the actors are categorized under seven 
groups and the variables under five groups. It is also obvious that many effects on 
the urban environment that result from mobile sources and transportation systems 
do exist and threaten the livelihood of the cities.

The analyst and policy designer is therefore faced with the obligation of arriving 
at “Policies” that are to be the responsibility of many “Actors,” and that result from 
many “Variables” can exert many “Effects.” This is what we call in the current paper 
the “PAVE” four-dimension problem. For testing the impact of policies and related 
countermeasures, the analyst needs to model the effects of suggested mitigation 
 policies (and countermeasures) that result from dealing with many variables that shall 
be implemented, monitored, and controlled by many actors in order to exert many 
possible sound effects on the environment. The PAVE problem is explained, and a 
process for simplification of the application in cities of the developing countries is 
outlined, indicating among others, the need to examine policy objectives to ensure 
they are attainable. The paper ends with a brief summary of the findings and 
 recommendations related to enhancing international cooperation between developing 
countries bilaterally, and with the industrialized world in a multilateral fashion, 
including not only cites, but also researchers and research institutions.

7.2  Overview on Environmental Impacts of Urban Transport

The impact of transport on the environment in congested cities of developing 
 countries is reported in many previous works, (Huzayyin 2001; Huzayyin and 
Ashour 2004). It is estimated that in developing countries, 0.5–1.0 million people 
die prematurely because of exposure to urban air pollution, in addition to millions 
of cases of respiratory illness in large cities, (Kojima and Lovei 2000). The same 
reference mentioned an economic damage of air pollution between $1 and $4 
 billions annually in cities of Asia. This represents 10% of urban income in Bangkok, 
Kuala Lumpur and Jakarta.

Because of vehicle age and bad maintenance, air pollution and greenhouse gases 
are serious problems in some cities. In Pune and Bangalore, India, a random check 
of 1,092 new vehicles indicated that 44 and 42% of the vehicles failed the emission 
test, respectively (Khan and Udayakumar 2000). A sample of 100 taxi cabs in Cairo 
showed that the average age of the vehicles was as high as 16 years (Huzayyin and 
Osman 2000). In Sao Paulo, the contribution of all transport modes in the CO 
 content is 98%. Contribution of the private car alone compared to all transport 
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modes in the city is 86% (Madar et al. 2000). In Delhi, although it is reported that 
CO levels are acceptable, those of SO

2
 are more than the WHO standards in other 

cities. SPM (Suspended Particulate Matter) is 9–10 times more than WHO limits, 
and ozone exceeds the 8- and 1-h limits in several cities particularly in winter, 
(Badami 2000). Motorized two wheelers (M2Ws) contribute much to air pollution 
compared to buses, as they constitute 67% of veh.km and only 16% of pass.km, 
while the corresponding shares of buses are 10 and 70%, respectively. The share of 
M2Ws in air pollution reaches 30% of CO, 51% of HC and 30% of SPM produced 
by all modes. Akinyemi and Medani (2000), reported that for 10% increase in 
 two-stroke motor cycles in congested areas, there is an increase of 20–55% of CO, 
32–38% of SPM and 73–160% of HC, which is quite considerable. Compared to 
four-stroke motor cycles, these percentages are only 11–47%, 2–10% and 15–60% 
for CO, SPM and HC, respectively.

In Santiago de Chile (O’Ryan et al. 2001), mobile sources are responsible for 92% 
of CO emission, 71% of (NO

X
) and 46% of volatile organic compounds (VOC) and 

directly responsible for only 7% of SPM, and hence, over 80% of emissions are caused 
by transport. In Metro Manila, levels of air pollution come from mobile sources with 
estimates of 116,000 tons of PM10, 39,000 tons of SO

X
, 140 tons of lead, as well as 

undetermined amounts of CO, HC, NO
X
 and VOC, (Asian Development 1998). In 1999, 

in Jakarta, mobile sources contribute to 8% of the total particulate matter, 80% of total 
SO

X
, 36% of total NO

X
, 80% of total HC and 87% of total CO (Aboeprajitno 2001).

Furthermore, pedestrian/vehicle conflict is a serious environmental impact of 
transport in many cities of developing countries. Irrespective of the finding that 
between 30 and 40%, on average, of daily person trips by all modes in major cities 
of developing countries are NMT, mainly walk, and is even more in middle size 
cities, this effect is unfortunately often ignored. Main attention is usually given to 
greenhouse gas emissions for their global effects, as well as to local air pollution. 
The above mentioned considerable share of pedestrian movement in daily trips, and 
the narrow streets contribute to this problem, which cause high accident rates, and 
accident potential in addition to vehicular traffic delay. The latter leads to more 
energy consumption and increased emissions as well. As for noise levels, it is 
reported (Sarkar and Rohatgi 2000) that in Delhi 55% of noise is due to vehicular 
traffic, and that existing levels are as high as 80 dB(A), and that passenger car noise 
equivalents for bus and three wheelers (3W) is 7.08 for each of those modes, and 
two for trucks (Sundaram and Verma 2000). The boom of building many flyovers 
and elevated roads in many cities during the past 30 years to reduce traffic conges-
tion lead to serious visual intrusion and adverse impact on city image (Huzayyin 
2001, 2003), as the superstructures obstruct the view across city skies.

Perhaps it is the time to direct field observations and data gathering to serve the 
purposes of sound modeling, and monitoring of the impact and the results of appli-
cation of mitigation policies and countermeasures, rather than to address proving a 
well-known situation (Huzayyin 2001). Research effort should be directed to more 
understanding of the complexity involved in formulating mitigation policies and 
countermeasures, and the need for simplification of appropriate application in the 
context of urban areas in developing countries.
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7.3  Previous Policies, Complementary Requisites,  
Extent of Success and Constraints

The literature gives many examples of policies and countermeasures (PCs) that 
were tried or recommended for reducing the impact of urban transport on the 
 environment in developing countries. Examples include, but not limited to, 
(Wangwongwatana and Warapetcharayut 2000; O’Ryan et al. 2001; Aboeprajitno 
2001; Huzayyin 2001; de Melolvares 2002; Huzayyin and Ashour 2004 and GEF 
2005). Huzayyin (2001, 2003) gives a classified list of many of those PCs, which 
is summarized hereinafter. PCs related to transport modes: include replacing the 
two stroke two wheelers by four stroke engines, banning old vehicles imports, fleet 
renewal programmes, engine tuning to meet emission standards, and introducing 
privately operated high quality buses connecting high income areas with metro to 
encourage modal shift from the private car. PCs related to fuels and powers 
 concentrate on encouraging taxis to convert to CNG, and use of solar power for LR 
(Light Rail), conversion of two wheelers to electric battery engine. Traffic related 
PCs include those related to “supply management” and “demand management.” 
The former includes, traffic management measures, bus priority and cargo 
 inter-modal facilities, and the latter range from simple to sophisticated demand 
management, such as staggered working hours, measures to encourage increasing 
car occupancy and pricing. PCs related to NMT include widening sidewalks, ban 
sidewalk occupancy, provision of safe crossing, national campaigns to demonstrate 
NMT benefits, pilot projects for NMT tracks, upgrading bicycle maintenance, and 
introduction of micro-pedestrian zones in central areas. Finally, sustainable 
 transport related PCs revolve around encouraging the integration of environmental, 
economic, and equity impact assessment into decision making, polluters must pay 
policies, and capacity building for local institutions’ engineers to coordinate trans-
port and land use.

Complementary requisites to support PCs of mitigation of transport impact on 
the environment are necessary for their success (Huzayyin 2001). These include, 
for example, establishing electronic database to help the city transport engineers to 
design appropriate policies, and the relevant countermeasures and policy makers to 
introduce appropriate regulations. In addition, awareness campaigns for policy 
makers, top management, and the public constitute an important need in many 
 cities. Innovative environmental evaluation methods to demonstrate benefits of 
environmentally friendly transport systems in a quantifiable objective manner, is 
yet another challenge facing transport and environment researchers. Decisions on 
environmentally friendly transport systems, as metros and light rail transit, can be 
turned down merely on economic and financial grounds, ignoring the massive 
 environmental benefits (in addition to social ones) that can, if quantified, outweigh 
the costs in the long run. This topic warrants further work, and is a persisting 
 challenge for researchers.

Based on lessons from the experience of developing countries, the extent of 
 success of application of mitigation PCs are discussed (Huzayyin and Ashour 2004). 
Success/failure varies according to the city, and the type of policy or  measure. 
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For instance, in Jakarta, because of the economic crisis, the compulsory emission 
test is not possible on all vehicles. Institutional strengthening and facilities for 
implementing and enforcing the law are needed, (Aboeprajitno 2001). However, 
introduction of CNG taxies has been happening with continuous success in Jakarta 
and Cairo. For instance, in Greater Cairo, the converted cars, mostly taxis, to CNG 
increased from about 200 to 39,000 in just 10 years between 1996 and 2006, 
respectively, and the number of CNG fueling, stations in Egypt at large increased 
from 17 in 2000 to 87 in 2004; most of which are in Greater Cairo. The success is 
attributed to many elements the most important of which is the designed and 
implemented policies to encourage taxi drivers to shift as explained in detail in 
(Huzayyin and Osman 2000). Sao Paulo made considerable progress in controlling 
car pollutants with the consolidation of a National Automotive Vehicular Air 
Pollution Control Program since the early 1990s, leading to fleet emissions control 
for all production in 2002. However, due to a natural delay in implementing 
national regulations on environmental certification for this category of vehicles, 
only less than 20% of this fleet (post-1996) met limits similar to EURO I and 
EURO II, (de Melolvares 2002).

The Regional Environmental Commission of Santiago de Chili launched the 
Greater Santiago Air Pollution Prevention and Decontamination Plan in 1998 to 
meet air quality standards by 2011. After two years, half of the measures advanced 
according to schedule, because success depends on the relationship between the 
commission and government agencies that observe transport activities, and the 
 support from businesses and voters (O’Ryan et al. 2001). Behavioral adaptation 
imposes extra costs, and adversely affects some interests and, hence, political and 
educational efforts are necessary. In 2008, in Egypt, although there were modern taxi 
cabs, in the market were some of 2007 models, the Environment Affairs Agency 
(EEAA) introduced a pilot policy to reduce old ones. The policy constitutes a finan-
cial scheme for the drivers of the old taxis to hand over the cabs toward an initial 
payment as part of a very soft loan, and to be handed brand new air conditioned 
replacement vehicles. The very old cabs (more than 30 years) are to be obliterated 
for industrial recycling through proper arrangement by EEAA. When those are 
replaced, the scheme then turns to those of more than 20 years, and so on. Assessment 
of this pilot led to improved policy incorporating banks, car manufacturers, and 
advertizing agencies. In 2009/2010, more than 14000 taxis (30% of old fleet) were 
replaced by 2010 models (Huzayyin and Salem 2010).

Some constraints and barriers exist and impede the success and sustainability of 
implementation of PCs (Huzayyin and Ashour 2004). First, lack of political “will” 
and “determination” among decision making bodies affects taking right decisions at 
the right time, and delays mobilization of resources, etc. Next, the “immediate-term-
solution-vision” of residents and authorities constitutes a serious constraint facing 
sustainability of PCs. This implies dedication to immediate improvements (not only 
environmental) regardless of what can happen in, or what is reserved for, the future. 
Lack of locally “generated and dedicated fund” for environment improvement  
programmes is yet another constraint against sustainability and success of PCs. 
Depending on international aid is “unsustainable”; after termination of foreign aid 
and technical assistance, the related programmes come to a halt.
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Institutional deficiency is another constraint demonstrated by the non-existence 
of a special agency for environmental affairs in some countries. Hence, its duties 
are done by the central or local government, sometimes employing non-specialized 
staff. In countries where environment agencies exist, sometimes they are not well 
staffed/equipped, and depend mainly on project bases international aid; neglecting 
improving own skills, raining technical capabilities and establishing dedicated 
funds. In addition, the institutional interference between different bodies involved, 
and the overlap between regional and national levels dealing with environmental 
matters add to the complexity, (Badami 2000). Furthermore, the numerous actors 
involved in formulation of different PCs is another barrier adding to the difficulty 
of coordination of activities required to avoid overlapping works and harmonizing 
environmental programmes. Furthermore, lack of information limits the capability 
of city authorities and technical departments to convince legislative councils to 
approve funding for environmental improvement PCs. This can result from 
 insufficient technical capability and non-existence of fund for data collection, 
updating and processing. Finally, in some societies, drives, and other road user 
behavior coupled with difficulties of enforcement of traffic regulation and environ-
ment PCs, impose a serious constraint for PCs implementation and achieving 
acceptable environmental standards.

7.4  Applicability, Implementation, Success and Sustainability: 
a Novel Goal of Mitigation Policies and Countermeasures

In spite of their effectiveness, efforts to reduce the effects of transport on the urban 
environment are still impeded by the above mentioned constraints, which reduce 
the benefits compared to cost of implementation. In addition, it is clear that 
 implementation and guaranteeing sustainability are not as easy as defining PCs 
(Huzayyin and Ashour 2004). For instance, it is easy to say “replace the two stroke 
two wheelers by four stroke engine,” but is it easy to implement this policy? Would 
users of the former agree to convert? And if they agree; what is the cost? And who 
would pay? Another example, if the policy is to “encourage walk” includes: (a) 
widening sidewalks and (b) banning occupancy of sidewalks by street venders and 
car parking; then if streets are narrow, measure (a) is “applicable” but not “imple-
mentable.” If the city authority is capable of enforcing the relevant regulations, then 
measure (b) is “applicable,” “implementable” and “successful.” But if the city 
 cannot enforce banning the occupancy of the side walks, then the policy though 
“implementable,” yet it would be “unsuccessful.” If a policy is calling for “encour-
aging CNG buses” depending on foreign aid that is available for limited years, then 
“sustainability” of this policy is questioned, although it can be “successful” for as 
long as the foreign support is sustained.

Therefore, distinction must be made between “applicability,” “implementability,” 
“success” and “sustainability” of the adopted PCs of mitigation of the impact of 
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transport on the environment. Answers to a set of related successive questions 
(Huzayyin 2003; Huzayyin and Ashour 2004) are necessary for achieving this 
novel “goal” that is introduced for reaching applicable, implementable, successful 
and sustainable PCs. These are explained below.

First, to what extent are the formulated policies and the adopted measures appli-
cable? If some of the policies are inapplicable, what are the reasons behind this 
unfavorable situation? How we can reach a favorable situation by making the 
“inapplicable” applicable? And what does this involve of requirements if they are 
not absolutely totally inapplicable? Secondly, are all the applicable policies and the 
adopted countermeasures implementable? If not, how we can make the “applicable” 
implementable? Or in other words, what does this involve of  physical measures, 
cost, institutional strengthening and others? And are those possible for the city 
under consideration? Besides, why are some of the already implemented policies 
successful, while others are not? Or can the city provide the needed capabilities and 
conditions that can make the unsuccessful policies and countermeasures succeed? 
And what does this involve? In addition, are all the successfully implemented poli-
cies and countermeasures sustainable? And how can the “successful” but “unsus-
tainable” ones be made sustainable? Is this  possible and at what cost?

Accordingly, the point here is to move wisely through appropriate search from 
one step to the other, answering one question after the other, and adopting the 
needed actions that leads to the above mentioned “goal” of a winning situation as 
indicated in Fig. 7.1. It is strongly believed that this is not easy, and requires wide 
experience, knowledge base, information, modelling tools for estimation of 
expected results of implementation, and technical capabilities. Perhaps also and not 
less important, is the need for exercising determination and practice from the 
involved designer of the policies and the countermeasures as well as decision 
 makers. Later in Sects. 7.5 and 7.6 the complexities of achieving this goal are 
 discussed, and a simplification process is outlined in Sect. 7.7.

It is worth noting, however, that the philosophy given above, rather than the 
detailed steps in Fig. 7.1, is followed in references (World Bank and UNDP 2000) 
and (GEF 2005). The former, sets out air quality measures and policies based on 
realistic considerations to make them applicable. The latter reference sets out care-
fully designed applicable and implementable pilot projects, which can be success-
ful and sustainable, if performed as indicated in the design, and if the warrants for 
accomplishment are observed as given in the reference including institutional com-
mitment among others. These pilot projects serve the cause of sustainable transport 
in Cairo and two other provincial capitals in Upper Egypt and the Delta, and also 
nationwide. They address urban area modal shifts of high income groups from the 
private car to high quality bus, applicable bus integration with metro, incremental 
introduction of micro pedestrian zones, new parking policy, and institutional devel-
opment and NMT corridors applications. In addition, a pilot policy and measures 
for freight transport management at the country level are suggested to reduce empty 
load truck travel. This five-year project started 2009 and many replications are 
envisaged after assessment of the pilots.
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7.5  Involved Actors and Variables

Many actors and variables are involved in the formulation of policies and the 
design of the corresponding countermeasures, setting out environmental standards, 
monitoring, and follow up of environmental quality and the applied PCs. This adds 
up to the complexity, and delays the search for achieving the goal illustrated in 
Fig. 7.1. Many examples of the involved actors and variables are listed in 
(Huzayyin 2001).

The actors can be listed under seven groups: central government (ministries of 
transport, the environment, industry, energy, etc., and legislative elected councils 
(Parliament, etc.), local government (governor, city council, city engineer (i.e., 
technical section), etc.), operation side (transit companies, parking operators, etc.), 
industry side (vehicle manufacturers, maintenance workshops, companies of 
 converting vehicles to CNG operation, etc.), NGOs side: (environment societies, 
women guilds, public health societies, drivers unions, etc.), education, training and 
research institutions: (schools, Universities, Research institutions, Driving Schools, 
etc.) and aid agencies: (national and international funding and technical assistance 
agencies, etc.).

The variables can be listed under five groups: mode related variables (type of 
mode, vehicle characteristics, type of fuel, etc.), traveler style and behavior related 
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Fig. 7.1 Stepped questions in search for achieving the “goal” of polices and countermeasures 
of mitigation of transport impacts on the environment that are “applicable,” “implementable,” 
“successful” and “sustainable”
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variables, driving style [acceleration, deceleration, cruise and idle], driver behavior 
[speed, stop/start, changing lanes, use of horn, understanding and obeying traffic 
rules, etc.], pedestrian behavior [walk speed, crossing behavior, etc.], transport 
infrastructure related variables network [design, characteristic], terminals [parking 
lots/garages design, bus terminals design], street features [lanes, lane widths, 
 horizontal curves, vertical curves, gradients, surface condition, sidewalk width, 
sidewalk surface condition] and bridges, flyovers and elevated roads [location, 
entrance and exits design, surface condition, etc.], traffic characteristics, manage-
ment and regulations related variables speed, delay, headway, queue length, com-
position, etc., signals, signs, intersections design, one-way systems, pedestrian 
facilities, etc., regulations on vehicle mechanical check and on traffic flow rules, 
etc. regulations of vehicle licensing (e.g., age, make and type of fuel, etc.), and 
nature conditions related variables (meteorological [e.g., temperature, wind direc-
tion, wind speed, humidity], topographical [gradient, hills, valleys, rivers and 
canals; e.g., water stream speed, water life and water used for irrigation], etc.).

The above actors and variables are involved in many impacts of transport on the 
urban environment. Some works are overlapping and/or interrelated between more 
than one actor, and some works of one actor complement or contradict works of 
another actor. Also, some variables have effects on air pollution and global warming, 
while others affect noise, water pollution, visual intrusion and city image, and 
increased pedestrian/vehicle conflict. Besides, a variable may have more than one 
impact, e.g., traffic delay affects air pollution and city image. The intention in this 
paper is to direct the attention of the reader to the extreme complexity of devising 
policies and measures that lead to the above-mentioned winning situation.

7.6  Complexity of the Analysis Required for Policy Design

The current section demonstrates how complex is the analysis needed for appropriate 
design and estimation of impacts of policies of the reduction and control of the 
adverse impacts of urban transport on the environment, whereas in the following 
section simplification of the analysis is considered. Complexity stems from the 
existence of many Policies (and countermeasures) for mitigation of the adverse 
effect of transport on the environment. In addition, many Actors are involved in 
implementing those PCs and setting out the environmental standards, monitoring 
the impacts, running/operating transport modes and systems affecting the environ-
ment, etc. Furthermore, numerous Variables cause the adverse impacts of urban 
transport on the environment exist and many Effects of transport on the environ-
ment are observed in cities of the developing countries and need to be faced and 
mitigated by appropriate policies. These effects can be classified under nine 
Groups: air pollution causing local effect on air quality, greenhouse gases causing 
global warming effects, noise, visual intrusion, pedestrian/vehicle conflict, traffic 
safety, stress and frustration of road users, water pollution in cities operating river 
ferries and sea ports cities and vibration.
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Accordingly, a complex 4-Dimensional (4-D) problem has to be dealt with.  
We denote this as the “PAVE” problem; referring to having to deal with Policies to be 
designed, applied and monitored by Actors in order to control involved Variables 
(many of which lie in hands of actors as well, e.g., transit operators for bus engine 
tuning and traffic police for vehicle licensing regulations) to reduce and monitor the 
Effects of transport on the urban environment (Huzayyin  2003; Huzayyin and Ashour 
2004). The complexity of this huge multidimensional situation is clear from the big 
numbers of the policies, the actors, the variables and the effects that have to be 
addressed. So, trying to construct a four-dimensional interaction matrix between the 
“PAVE” elements is formidable and non-manageable, even if some of the elements 
are not exhaustively interacting with one another. In addition, some variables can 
have more than one effect. For instance, any variable of vehicle characteristics (e.g., 
age or engine condition) can lead to more than one effect (e.g., CO

2
 emissions, air 

pollution and noise). Also, PCs may have more than one effect as the policy to 
enforce using pedestrian crossing, for example, reduces pedestrian/vehicle conflict 
which in turn reduces delay and emissions. Many effects can be controlled by one PC, 
as CO

2
 emissions and air pollution can be controlled by say replacing two-stroke 

M2W by four-stroke engine, banning imports of old vehicles, improving vehicle 
technology, etc. Similarly, in many cases one actor can be responsible of many 
actions, e.g., training institutions responsible of creation of awareness, improving 
driver behavior, capacity building of policy makers and others.

Such complex problems make it difficult to design policies (and relevant coun-
termeasures) that achieve the introduced goal; of policies being applicable, imple-
mentable, successful and sustainable; which reduce the effects of transport on the 
environment. It is equally complex to model the expected impact of PCs, before 
decisions and budget allocation for implementation. This is obviously needed, so 
that the designer and the decision maker are convinced with the expected outcome, 
and can equally convince public acceptance and elected councils approval. 
Therefore, simplification is important, particularly in the context of the cities of 
developing countries.

7.7  Simplified Process, Complementary Requirements  
and Pragmatic Issues

As it is important to find out how to simplify the above explained complexity, it is 
equally important to investigate practical ways to handle the challenge to achieve 
balance between “immediate vision” of policy makers, city managers and the 
 public, and the considerations of “future needs,” between “simplifying the analysis” 
and “comprehensiveness” so as not to loose a needed variable or to neglect an 
important actor, and between the ambition of setting out “ideal objectives and poli-
cies”, and the importance of being “pragmatic” in view of the prevailing city 
 constrains and the technical and financial capabilities. A suggested simplified 
 process is outlined below bearing in mind the above mentioned critical balances.
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The suggested simplified process constitutes the following steps:

Identify the location and/or corridor which needs intervention to reduce environ- –
mental impacts of transport, depending on field observations, and in view of 
careful prioritization exercise if more than one location or corridor needs such 
intervention.
Define achievable objectives that need to be satisfied for the chosen location/ –
corridor. For example, attainable limits of CO

2
 emissions are more pragmatic 

than imposing ideal levels that cannot be practically achieved, as it may neces-
sitate abolishing all old cars outright. It is far more appropriate to declare a 
humble objective that can be achieved than to adopt a super objective that cannot 
be realized.
In connection with the above step, long term objectives should consider com- –
munity needs other than only those related to the environment (Huzayyin 2001). 
Although it is good to take ambitions and expectations further up, yet dreaming 
too much can lead to regulation of current and future constraints. A good exam-
ple of this view is given addressed in (Badami 2000), which suggests a long-
term objective as follows: “to minimize pollution effect on health and welfare” 
subject to: (a) low cost on users, the government and the industry and (b) mini-
mum compromise on accessibility and mobility for the public; of which the 
majority are poor.
Reduce the number of variables by eliminating irrelevant ones, based on focus- –
ing on the location/corridor under consideration and the defined attainable 
objectives.
Based on the above, set out preliminary PCs. –
Identify a list of actors expected to be involved in the defined PCs, i.e., those  –
responsible of taking decisions, setting environmental standards, budget 
approval, implementation and monitoring. In addition, the actors on which the 
PCs are to be applied, e.g., transit operators, taxi companies should be identified 
as well. This is to be done in connection with the context of the considered loca-
tion/corridor, so as to ensure reducing the number of actors rather than address-
ing actors expected not to be involved.
Examine the technical, human recourse, powers and financing capabilities of the  –
identified actors in order to assess the potential of their success in implementing 
and monitoring the proposed PCs. This can lead to enhancing the preliminary 
PCs or design alternative ones for testing.
Make sure of: (a) the “willingness” of city authority to continue supporting the  –
PCs and (b) their seriousness in adopting a “futuristic vision.” This is necessary 
in order to investigate the potential of the “sustainability” of the proposed  
preliminary PCs.
In view of the above; the preliminary PCs should be reviewed and adjusted to  –
overcome any obstacles that can affect the four important aspects of the goal as 
explained in Sect. 7.4, and presented in Fig. 7.1.
If the preliminary PCs do not end up with the winning goal achievement, then it  –
is necessary to enhance and/or introduce new PCs, and opt for repeating the 
process.
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Finally, the adjusted PCs are to be assessed against their anticipated effects.   –
The estimation of the effects is to be reached using simple binomial mathematical 
models as an analytical simplified evaluation tool, rather than multinomial ones. 
This means using a simple model to link land use and transport in order to 
 predict trip generation, followed by simple conversion of person trip generation 
into vehicles trips (mainly private cars), followed by a model to estimate the 
corresponding energy (mainly by private car) consumption, and ending with a 
simple model to estimate air pollution and greenhouse gas emissions.

7.7.1  Complementary Requirements

The above approach should be complemented by four requirements to handle 
 additional complexities. Realizing that a variable can have more than one effect, 
full understanding of the nature of the variables and their effects allows “in depth” 
analysis in order to formulate/design appropriate PCs. Furthermore, because many 
of the individual PCs can have more than one impact on reducing/controlling some 
of the effects of transport on the environment, rationalizing the decisions on the 
implemented policies is required to avoid duplication and wasting cost and 
resources which make the PCs unsustainable. Perhaps two complementary actions 
can help so much in rationalizing decisions. First, is the creation of a powerful 
institutional entity and mechanism at the national/local government and second, is 
to make the right technical staff available in order to provide decision makers with 
the required support for rationalizing decisions. Here human resourse training is 
essentially important. In addition, as some of the effects can be controlled by one 
PC, harmonizing the different PCs, and eliminating duplication and waste of 
resources is again important to ensure sustainability of the solutions. This is another 
duty of the above mentioned institutional entity. Finally, as many of the actors can 
have more than one role to play, the fourth complementary requirement calls for 
regular authorized coordination between the actors. This is a further duty of the 
recommended institutional entity in order to guide and observe the coordination.  
In this respect, the entity should assume an overall supervisory role and handle the 
delicacies between different actors; watching for avoiding conflicts of interest and 
unhealthy competition and creation of the right work environment.

7.7.2  Pragmatic Issues for Consideration

Bearing in mind the above discussion, pragmatic issues for implementation are 
discussed below. In urban areas in developing countries, the practiced effects of 
transport on the environment are similar in nature and sometimes in magnitude as 
well. Besides, though the involved variables and actors are many, yet they can differ 
from one country to another. Firstly, lessons and experience should be transferred 
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and exchanged between cities as problems are of common nature. Establishing 
bilateral and multilateral communication channels and agreements can help much 
in that respect, coupled with coordination from international agencies. South/South 
cooperation must be established. Currently cooperation is mainly, or only, North/
South. In addition, effort is needed in two directions: (a) to study the results of 
implemented PCs and (b) to investigate why and how to implement others that may 
have been tried with favorable outcome in another country. Again, exchange of 
information and transfer of experience are very important for drawing lessons to be 
learned; avoiding the mistakes and capitalizing on the merits.

The collective impact of a group of PCs exerts sound impact on improving the 
quality of the urban environment. The difficulty here is in selecting the group of 
PCs that can work together in harmony to minimize the addressed impact, i.e., PCs 
that complement and not contradict one another. The measures that can be designed 
for each mitigation policy are important for the success of implementation and 
maximizing the benefits of the policy. Decision-makers should give full guarantees 
to avoid distorted implementation or implementation without guaranteeing needed 
warrants as effective enforcement, for example. As time grows, the measures 
should be monitored and enhanced if necessary.

For practical reasons, the agency that adopts a policy and its complementary 
measures should assign a dedicated permanent staff and budget to take charge of 
these measures. Furthermore, the formulated policies should also be in harmony 
with the urban transport policies adopted mainly to achieve transport objectives in 
the city under consideration (Huzayyin 2001). Examples of the latter include those 
related to transit performance, traffic demand management, future transportation, 
etc. The importance of the policies to consider the interaction between transport 
impacts on other warrants of healthy transportation as safety, cost, energy, and 
accessibility and policies addressing these impacts are also indicated in (Badami 
2000). Finally, policies should also be in harmony with other policies related to 
environment protection and improvements adopted in the city, and the country, 
under consideration as those related to industrial emissions and waste disposals 
control, vegetation of urban vacant lands, control of random urban development 
and reservation of city image, etc.

7.8  Closure

The paper addresses policies and countermeasures of mitigation of urban transport 
impacts on the environment. It gives a gradual path for the analyst to move succes-
sively and wisely from applicable to implementable to successful, and eventually to 
sustainable policies and countermeasures, by trying to provide answers to a set of 
questions that represent a real challenge. This is a novel goal that is difficult to 
achieve, as it may appear from the beginning. The complexity of the analyses is 
also due to the multiplicity of policies, actors, variables and effects and the interac-
tions between many of those elements. The given simplification approach for the 
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analyses and design of policies and countermeasures, and the complementary 
issues that lead to applicable, implementable, successful, and sustainable policies 
is strongly recommended, particularly in the context of developing countries. It is 
equally necessary for governments and cities to seek practical decisions and 
 solutions to remove the constraints and the barriers of implementation of the 
 policies and countermeasures outlined in the paper, each in the context of its work 
environment and available resources. Of particular importance is the creation of a 
mother agency to assume a supervisory role to coordinate the many actors involved, 
and to rationalize and harmonize the  policies and the countermeasures. 

As many of the reasons, the variables and the effects of urban transport on the 
environment are similar in type, nature and magnitude in many cities of the developing 
countries, transferable lessons and exchange of experience is needed. It is hoped, 
therefore, that South/South cooperation should take place to achieve this aim. South/
North/South cooperation between countries, cities and/or institutions from two devel-
oping countries aided by counter part city/institution from a developed country is a 
further upgraded cooperation. The latter can serve as a  catalyst for cooperation 
between the former two that facilitate the exchange of experience as well as providing 
two tier transfer of technology for the two. Currently, merely bilateral North/South 
cooperation is in effect.

There is room here not only for decision makers and top officials, transport and 
environment agencies and technicians; but also for researchers from Universities 
and research institutions to form the cooperation partners. The latter are encouraged 
to carry out research in areas around the complexities of the “PAVE” problem and 
assessment and the implication process described in this paper, and to compare 
notes on the difference and similarities between the countries of the developing 
countries, and on how to benefit from the industrialized country experience, bearing 
in mind local constraints and prevailing difference and specificities. Perhaps also 
helping to raise awareness among politicians and the society at large is yet another 
duty of researchers that is often ignored.
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8.1  Latin America and the Caribbean in the Global  
CO2 Context

Today, Latin America is a small contributor to the world’s emissions of greenhouse 
gasses (GHG). However, the region’s car ownership, use, and emissions are higher 
than would be predicted on the basis of population or GDP, and car traffic clogs the 
streets and pollutes the air of many Latin American cities. Furthermore, Latin 
American carbon emissions from transport – mostly cars – are predicted to grow 
threefold by 2030 as both auto ownership and vehicle-kilometers traveled expand. 
The total emissions will still be small compared to those of OECD countries, but 
they will not be trivial.

As a heavily motorized and urbanized part of the developing world, Latin 
American cities suffer from notorious congestion and air pollution as Fig. 8.1a–b, 
from Mexico City and Porto Alegre Brazil symbolize, as well as poor enforcement 
of traffic laws and difficulties with walkability, shown in Fig. 8.1c–d. Yet Latin 
America has also become one of the birthplaces of Bus Rapid Transit (Hidalgo and 
Grafiteaux 2008), not only in Curitiba Brazil (Fig. 8.1e) but now in an increasing 
number of large cities, as the bus from Transmilenio moving in stuck traffic in 
Bogota in Fig. 8.1–f symbolizes.

Reducing the CO
2
 emissions from urban transport in Latin America as population 

and incomes in urban areas grow is a challenging goal, but it is one that many cities 
are already pursuing. Substantial additional gains seem achievable. Latin American 
cities face and find that most of the strategies for improving mobility and reducing 
transportation externalities will also reduce carbon emissions, compared to a “business 
as usual” alternative. The carbon reduction from transportation investments compares 
favorably in many cases to those achievable through vehicle and fuel switching.
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Fig. 8.1 (a) Left: Cyclist in heavy traffic on the Circuito Interior Mexico City. (b) Right: Smoking 
bus in Porto Alegre, Brazil. Photographs courtesy of Lee Schipper. (c) Left: Cars in Contra-flow 
Lane of Eje Central, Mexico City, hurrying to exit the lane as a bus moves against their flow. Photo 
Lee Schipper. (d) Pedestrians trying to cross the P Periférico in Guadalajara Photo Carolyn 
Mcandrews. (e) Left: Buses unloading in Curitiba. (f) Right: Transmilenio bus scoots by a traffic 
jam in Bogotá. Photos courtesy of L. Schipper, except 1f courtesy C. Mcandrews
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This paper first charts out aggregate indicators linking high motorization to high 
CO

2
 emissions for Latin America’s GDP. We estimate the share of traffic and emis-

sions in urban areas to show that light duty vehicles (LDVs), principally cars, domi-
nate both and are the principal cause of congested streets. In discussing mitigation, 
we suggest that direct actions to reduce emissions in individual vehicles must be 
complemented with measures slowing the growth in use of individual vehicles, 
measures justified by good transport policies.

8.2  Global GHG and CO2 Trends: Where Is Latin America?

There is broad consensus that GHG are warming the planet (Intergovernmental 
Panel on Climate Change (IPCC) 2007). Many human activities produce GHG 
emissions, but roughly two thirds of the total anthropogenic emissions comes from 
fossil fuel combustion for transportation, buildings, and industry (2005 data). 
Figure 8.2 shows the origin of CO

2
 emissions from all fossil fuel combustion in 

the world. About half of the total CO
2
 emissions comes from OECD countries 

(excluding Mexico), about 20% from China, and only 7% from Latin America, 
including Mexico and the Caribbean. On a per capita basis, the world average was 
4.3 metric tons of CO

2
/capita, while that from Latin America was only 2.5 tons/

capita (Intergovernmental Panel on Climate Change (IPCC) 2007). In this work, 
carbon or carbon dioxide is always given in metric tons of CO

2
. Conversion from 

quantities of fuel (in liters, tons, or energy units) is made with coefficients  supplied 
by the IPCC.

Figure 8.2 shows global CO
2
 emissions another way, by main energy consum-

ing sector (as shares) in 2006. Figure 8.3a shows the pattern for Latin America 
only (including Mexico) in the same year. Interestingly, as Fig. 8.3b shows, road 
transport represents a full one third of the total CO

2
 emissions in Latin America, 

higher than the world average share. In these portrayals, emissions from electric-
ity production have been allocated by the IEA to sectors where the electricity is 
consumed.

In explaining differences in CO
2
 emissions among regions or countries, the most 

obvious factors are population and degree of development, as measured by per 
capita income. But a host of additional factors share in explaining  differences – 
geography and local climate, degree of urbanization, land uses, fuel mix, and the 
efficiency of energy use. (International Energy Agency 1997) Differences in 
 policies, available technologies, and fuel prices shape the latter factors.

Using data from (International Energy 2009), Fig. 8.4 shows that regional 
differences in the ratio of transport emissions to GDP (and its changes over 
time from 1990 to 2006) are large. Some regions show increases in the ratio, 
while others have achieved substantial decreases. For Latin America, the ratio 
of road transport CO

2
 emissions to GDP has declined only slightly, by less than 

0.5%/year during the years shown. In other words, transport emissions in Latin 
America have increased at almost the same rate as GDP has grown. Emission 
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increases were largely due to the rising importance of fossil fuels for transport, 
especially in populous Brazil, where use of ethanol from sugar cane could not 
keep pace with the demand for automobile fuels after 1990. Emissions from 
other sectors in Latin America grew less rapidly than those from road transport, 
increasing the importance of road transport to overall Latin Americans emis-
sions. Can this trend be reversed?

Fig. 8.3 (a) and (b) CO
2
 emissions for entire world by sector in 2006 (total 4.3 tons/capita) and 

Latin America (2.5 tons/capita)
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8.3  Road Transport in Context in Latin America: 
Motorization and Emissions in Urban Regions

An understanding of CO
2
 emissions from road transport in the region requires a 

clear picture of the vehicle fleet and vehicle use (in vehicle-km). Data on vehicle 
ownership and yearly usage have been developed by International Energy Agency 
for the World Business Council for Sustainable Development’s “Sustainable 
Mobility Project” (SMP) (World Business Council for Sustainable Development 
2004) and are used here, with some modifications.

8.3.1  Vehicle Ownership

Figure 8.5 shows LDV ownership in different regions of the world, relative to both 
population and GDP, in 2005. Among the developing regions shown, Latin America 
had a per capita ownership of LDVs of 86 vehicles per 1,000 people – mostly 
 private cars, SUVs, and light trucks. Relative to its GDP, Latin America has the 
highest motorization in the developing world. The high level of motorization in 
Eastern Europe is explained in large part by a rapid increase in cars bought after 
1990, and stronger presence of Western European automobile manufacturing in 
Eastern Europe after that time. Even though China and India have much larger 
populations, the per capita auto ownership is so low that the total numbers of LDVs 
in those two countries were still well below the number in Latin America in 2005.
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8.3.2  Vehicle Use and Emissions in Latin America

Data estimated by World Business Council for Sustainable Development (2004), 
and more recently refined by the International Energy Agency (Fulton et al. 2009), 
provide information on vehicle types, their energy intensities, and the average km 
driven each year for Latin American countries. Estimate of vehicle utilization  
(passengers/vehicle) give total travel by mode. The total fuel use for each particular 
fuel and vehicle type is calculated using the estimated numbers of vehicles, dis-
tance/vehicle, and fuel/distance, with national road fuel use as tabulated by the IEA 
used as the control total. CO

2
 emissions by vehicle type can be calculated from 

these data. Table 8.1 presents their results. For the region as a whole, about half of 
road transport emissions are for passenger traffic, the other half for freight travel. 
The dominant vehicle type is LDVs, most of which are passenger cars.

For this study, we estimated the urban share of traffic (VKT) and emissions, as 
well as passenger kilometers traveled. The term “urban area” is used loosely here 
to exclude emissions arising from long-distance intercity road traffic, as well as 
traffic confined to rural areas. To develop these estimates from the SMP data in 
Table 8.1, we assumed that 80% of car, motorcycle, and minibus use and fuel con-
sumption is in or around urban areas, largely because the incomes to support car 
ownership as well as mini-bus use are 80% in urban areas. We estimate that 50% 
of large bus traffic is in cities, while that 90% of the truck activity, the other half of 
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Table 8.1 Road transport emissions in Latin America in 2000 by vehicle type: the role of light 
duty vehicles

Vehicle type
Vehicles 
(100,000) km/year Energy (EJ)

Emissions 
Mtons CO 2

Share of total CO
2
 

emissions (%)

LDV pass. 40,127 13,000 2.11 155.4 41.7
Motorcycles  6,948  7,500 0.05 3.0 0.8
Minibuses     930 40,000 0.21 14.1 3.8
Buses     511 40,000 0.20 14.5 3.9
LDV freight  4,459 13,000 0.23 16.2 4.4
Med truck  5,385 22,000 1.15 77.6 20.8
Heavy truck  2,314 50,000 1.38 92.2 24.7
Total 5.33 372.9

Source: WBCSD Sustainable Mobility Project and IEA. Note: 1 EJ (exajoule=10^18 j) = 24 
MTOE (million tons of oil). Data adjusted to include Mexico. Emissions for rail were included in 
the original Sustainable Mobility Project spreadsheets but are omitted here

the bus activity, and 10% of car traffic is intercity. To estimate passenger kilometers, 
we assume the vehicle occupancies shown in the table. Assuming two passengers 
per car is reasonable, consistent with European experience in the early 1970s 
(Schipper and Marie-Lilliu 1999).

SMP did estimate fuel use/km for each vehicle type. Since congestion tends to 
be much worse in urban areas than elsewhere, and congestion tends to boost fuel 
use per km, it was tempting to raise fuel use per km for the urban share. On the 
other hand, urban vehicles (and roads) may be somewhat newer, cleaner and better 
maintained than those in rural areas, which would reduce fuel use/km. For simplic-
ity we let these factors balance, and adopted the SMP intensities for urban vehicles. 
Since urban rail, mostly electric-powered, contributes very little to emissions from 
electricity generated to run it even in countries and cities with the most urban rail, 
e.g., European countries (or cities like Paris and London), we excluded rail sys-
tems. See (Schipper and Marie-Lilliu 1999).

Table 8.2 shows the results. It appears that about 60% of all road transport emis-
sions in Latin America appear to be associated with urban areas, with LDVs 
responsible for well over half of the urban emissions. Further, we estimate that in 
2000, two trillion passenger km were produced in these motorized modes in Latin 
America urban areas.

Data from major metropolitan regions of Latin America are consistent with 
these estimates of urban traffic and emissions. Table 8.3 and Fig. 8.6 show the data 
for Mexico City in 2006. The data comes from the region’s emissions inventory, 
which is updated every other year (del Distrito Federal 2004).

These data show that in Mexico City, CO
2
 from transport arises overwhelm-

ingly (68%) from individual vehicles, i.e., cars, pickups, taxis and motorcycles. 
Traffic is also dominated by these individual vehicles, which account for almost 
83% of VKT. Interestingly, Mexico City car ownership is lower than that in many 
other large Mexican cities, so the share of emissions in LDVs may be even higher 
in other Mexican urban areas where there are more cars per capita. This also 
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Table 8.3 CO
2
 emissions, vehicles, and traffic, Mexico City, 2006

Vehicle type

Mtons 
CO

2
, all 

fuels

Vehicles 
(100,000) 
all fuels

Billion VKT, 
all fuels

Cars 10.49 3,395.8 46.31
Taxis 2.60 155.1 10.38
VW bus colectivos 0.70 39.7 2.64
Other colectivos 0.74 36.1 2.54
Pick up 0.83 133.4 3.48
Other veh < 3 t 0.63 81.6 1.80
Truck tractors 1.63 60.9 1.38
Buses 1.87 43.1 1.79
Other Veh < 3 t 0.54 100.8 2.20
Motorcycles 0.37 180.7 4.47
Total 20.40 4,227.3 76.98

Source: Mexico City Emissions Inventory (SMA, 2006). Colectivos 
are 10–35 passenger vans and small buses

Table 8.2 Estimated urban share of traffic and emissions by vehicle type, Latin America 2000

Vehicle type
Urban share 
of VKT (%)

Urban 
VKT, 
billion

Vehicle 
occupancy 
people

Passenger 
km, Billion

Emissions 
Mtons CO 2

Share of 
urban CO

2
 

(%)

LDV and 
motorcycles

80 453  2 907 127  61.5

Mini buses 80  30 20 595  11  5.5
Buses 50  10 50 511   7  3.5
Light truck 80  46  13  6.3
Medium truck 50  59  39  18.8
Heavy truck 10  12   9  4.5
Total 510 2,013 208 100*

*Very small share of emissions from urban rail systems and trolley bus electricity excluded.
Source: Original calculations. LDV, or light duty vehicles, include all cars, vans, pickups and SUVs, 
of which an estimated 10% are for strictly commercial purposes and counted under LDV freight

implies that the light duty personal vehicle fleet in other Mexican cities is an even 
greater contributor to CO

2
 emissions than it is in Mexico City.

Patterns for Santiago de Chile (Escobar 2007; Goicoechea 2007), Bogotá (Giralto 
2005; Suarez 2006), and Sao Paulo (Melor de Alvares 2008; Vasconcellos 2008) are 
similar. LDVs account for less than 25% of travel, but more than 60% of VKT and CO

2
 

emissions in these urban areas. LDVs are at the heart of congestion in Latin American 
cities (as in most of the world): Unfortunately, Fig. 8.1a and e are representative of the 
region. High car use and high levels of congestion are key reasons why surface trans-
port by bus or trolley sharing the same roadways is slow, and in this case the cars even 
slow the contra-flow bus lane.

This review of available data provides a strong link between high light duty (car) 
ownership and use and high CO

2
 emissions from urban transport suggested by the 

regional data for Latin America. If the same LDVs are the main components of 
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traffic congestion and many other traffic and transport related externalities, such as 
air pollution and accidents, then we may be justified in saying that the high CO

2
 

emissions relative to incomes is a symptom of broader transport problems related 
to the dominance of private cars in urban traffic in Latin America.

8.3.3  Projections of Vehicles and Emissions  
to 2030 and Beyond

Present trends in the Latin America region point to increasing auto ownership and 
use. Latin America will probably approach Europe’s level of motorization of 
the1960s by 2030, but with far more urban regions of over five million that Europe 
has even now. In 2004–2006, Latin America had four urban agglomerations with 
over ten million (Mexico City, Sao Paulo, Buenos Aires, and Rio were all about ten 
million). Europe had just one, Paris (just below ten million). Between five and ten 
million, Latin America had Lima, Bogotá, Santiago and Bel Horizonte, while 
Europe had London and Madrid, with Barcelona at 4.9 million. Latin America had 
eight more cities among the world’s 100 largest urban areas, Europe three more. 
(United Nations and Population Division 2007) Traffic in these largest cities tends 
to be the most congested. Thus the prospects for future traffic problems in the face 
of growing motorization in all these large Latin America cities are daunting.

Figure 8.7 shows SMP projections for LDV ownership for 5 year intervals, 2000–
2050 (World Business Council for Sustainable Development 2004; Fulton et al. 2009). 
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Per capita GDP is on the horizontal axis. The points for 2030 for Latin America, 
China, the OECD, the Former Soviet Union and Eastern Europe, have been 
enlarged to stand out. That the slope of the curve for Latin America is steeper than 
that for most other developing regions means car ownership is expected to increase 
rapidly relative to GDP.

According to this projection, by 2030, Latin America’s per capita income will 
almost double, with per capita LDV ownership – predominately cars – rising to 200 
per 1,000 when Mexico is included, the level of “Eastern Europe” as defined by 
WBCSD. Further, World Business Council for Sustainable Development (2004) 
and Fulton et al. (2009) project that most of the growth will be in cars and light duty 
trucks, not two wheelers that characterize Asia. This means that relative to GDP 
growth, emissions could continue to rise faster in Latin America than in other 
developing countries, where fuel-efficient motor scooters and e-bikes are a major 
portion of motorization.

The same projections foresee a more than tripling of total LDV VKT in Latin 
America by 2030 and a sixfold increase by 2050. The VKT growth is pushed up by 
growth in population, and LDV ownership increases are supported by rising afflu-
ence. The estimates are consistent with historical evidence from Europe and North 
America (Schipper and Marie-Lilliu 1999; Millard-Ball and Schipper 2010). The 
projections also see Latin America maintaining the high ratio of LDV to GDP 
implied by its present position in Fig. 8.7. However, the projections behind Fig. 8.7 
did not foresee any major changes to transportation policy that could slow the rise 
in LDV use. This must mean that left untreated, congestion and other transport 
problems in urban regions simply will get worse.
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In fact, when the projections for vehicles, VKT, and fuel economy for each 
mode are combined, but no other mitigation is included, emissions from passenger 
vehicles in Latin America are forecasted to more than double by 2030 despite 
improvements in vehicle fuel economy (Fig. 8.8). The third bar in Fig. 8.8 has fuel 
economy improvements built in, while the second bar does not. By 2050 (not 
shown), emissions are expected increase to four times their current value. 
Emissions from trucks, not shown, grow less rapidly than those for cars, while 
emissions from buses are not seen as growing much at all. Indeed, while opportu-
nities to reduce emissions per vehicle-km or passenger-km in buses should not be 
ignored, those reductions would be minor compared to the growth in emissions 
from LDVs. Is there any alternative?

8.4  Mitigation of CO2 Emissions: Complementary Strategies

The SMP projections shown in Fig. 8.8 do imply some restraint in CO
2
 emissions. 

On-road fuel economy of LDVs in Latin America is projected to improve from an 
estimated 11.8 l/100 km in 2000 to about 9.4 l/100 km by 2030 and to 8.3 l/100 km 
over 50 years. The improvement is a drop of some 20% in fuel use per km. For 
comparison, the EU hopes that by 2030 its fleet will use less than 6.5 l/100 km on 
the road, below the present value of 7.8 l/100 km, also a 20% improvement 
(Schipper 2010). Since cars in Latin America are smaller and less powerful than 
those in the EU, the high fuel intensity for LDVs in Latin America may seem odd. 
The explanation appears to be poor traffic conditions, seen in the relatively high 
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in-use fuel intensities of small cars in the Mexico City, Sao Paulo, Bogotá, and 
Santiago emissions inventories. Models used to simulate fuel use in traffic in Latin 
America, like MODEC (Goicoechea 2007; Osses et al. 2000) or COPERT and 
Mobile 6 Mexico (Copert 2009; Rogers 2006) show rising fuel use/km with 
greater congestion. If congestion continues to worsen in Latin American cities, 
this gap between vehicles’ potential fuel economy and real-world performance 
will increase, erasing some of the benefits of improved vehicles. Conversely, 
 measures that reduce congestion lead to improvements in in-use fuel economy 
(Skabardonis 2004).

Latin American governments may begin to address the issue of fuel economy 
directly. Lacy (2008) for example, has developed a proposed set of fuel economy 
standards for Mexico, consistent with the improvements in fuel economy that went 
into the projections in Fig. 8.8. As noted, this step still leaves emissions from road 
transport in Latin America more than double over the same period. Even a major 
increase in fuel efficiency over and above the projected levels would still result in 
significantly increased emissions in Latin America. This means that there is reason 
to consider additional interventions to boost fuel economy. Still, the large projected 
increase in car ownership and use is far greater than foreseeable improvements in 
fuel economy. Can this growth in CO

2
 emissions be reduced further by reducing 

growth in car use?
The answer is “perhaps,” if policy makers recognize that is that CO

2
 per se is not 

a driving factor compared for transportation with other externalities or transport 
variables. Figure 8.9 illustrates this for a specific project in Mexico City, Metrobús 
(Schipper et al. 2009). Shown are the components of reductions in CO

2
 emissions 

from introduction of a BRT corridor along one of Mexico City’s busiest routes. 
Included are the emissions of all vehicles in the corridor before the BRT lanes were 
created, and after. Roger’s original estimates (Rogers 2006), subsequently updated 
by him (Rogers 2009) show that this project reduced emissions in the corridor from 
all traffic by 10%. Of those reductions, about one-third came from the direct sub-
stitution of 90 large articulated buses for over 300 small buses (“A” “B” and “C” in 
Fig. 8.9), one-third came from bus riders who used to take cars for the same  
journeys (“D”), and one-third came from smoother resulting traffic in the corridor, 
including some increases arising from problems for cross and left-turning traffic 
(“E”–“H”). No special steps were taken go use low-carbon fuels, hybrid buses, or 
other technological options aimed specifically at fuel saving or CO

2
. It is encourag-

ing that these reductions occurred without any special effort to save CO
2
. These 

reductions illustrate the co-benefits of transport strategies that come at no “cost” to 
save the CO

2
, i.e., they are justified alone as transport measures.

When the results are monetized, the perspective changes. Table 8.4 shows the 
results. The National Institute of Ecology (Instituto Nacional de Ecología (INE) 
2006) estimated time savings using a value of time of approximately 60 US cents/h 
and other values for reduced road wear and health benefits of lower air pollution. 
Excluded are any value to fewer crashes and reduced loss of life, important variable 
not addressed in the INE study. To the benefits, we add the value of fuel saved by 
buses, parallel traffic, and consumers who left their cars at home. In addition we 
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Fig. 8.9 Emissions in Insurgentes corridor before and after metrobús. Source: Rogers (2006) and 
(Instituto Nacional de Ecología (INE) (2006) as tabulated in (Schipper et al. (2009). Notes: 
Legend explanations: A and B are the emission from Metrobús after; C is the emissions of the 
transit vehicles removed; D is the emissions imputed before drivers switched to Metrobús; E and 
F are the extra emissions from delays and circuity imposed by Metrobús. G shown as emissions 
in the corridor before that were saved because traffic on Insurgentes is smoother after Metrobús 
is put in place. H gives the remaining emissions from all parallel traffic on Insurgentes

Table 8.4 Annual benefits of metrobús project

Nature of annual benefit or savings
Low CO

2
 value  

(USD $5/ton)
High CO

2
 value  

(USD $85/ton)

Time savings of bus riders $1.32 $1.32
VKT external costs – reduction in traffic $2.19 $2.19
Air pollution reduction/health benefits $3.00 $3.00
Fuel savings from bus switch $3.68 $3.68
Fuel saving, mode switch car to bus $3.66 $3.66
Fuel savings to parallel traffic $1.56 $1.56
CO

2
 reduction from bus switch $0.09 $1.75

CO
2
 reduction, mode shift car to bus $0.13 $2.58

CO
2
 reduction in parallel traffic $0.05 $0.87

CO
2
 reduction, total value $0.27 $5.20

Reduction in accidents/death  
(not estimated)

Total first year annual value US$ Million (2005) $15.69 $20.62

Source: CO
2
 and fuel calculations made in this study, based on Rogers (2009) and Nordhaus 

(2008) as complied in Schipper et al. (2009)
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include the CO
2
 savings from Fig. 8.9 at a value of $5/metric ton of CO

2
 and at 

$85/ton. The former value is what Mexico City received for savings from a carbon 
fund lower than what an economic study of climate change uses (Nordhaus 2008). 
The latter is the much higher estimate developed by the Stern Report (Stern 2006). 
It is notable that even when CO

2
 is valued at the high end it only comprises about 

20% of the total benefits shown; at the lower end its value almost cannot be seen. 
Estimates form the US, Canada, and Europe find the same relatively low value of 
the CO

2
 externality, when compared with other externalities of transport on a 

per kilometer basis (Parry et al. 2007; Transport Canada 2008; MacKenzie et al. 
1992; Maddison et al. 1996) With CO

2
 valued so low compared with other transport  

benefits, CO
2
 saved from improved traffic and transport can be seen as an important 

co-benefit of good transport strategies, but will not be a driving force in project 
selection and design.

In considering what buses to use for Metrobus, Schipper et al. (2009) considered 
how much energy and CO

2
 emissions would have been saved if parallel hybrid 

buses were employed. Based on experience of hybrids in other regions, it was esti-
mated such vehicles would have saved an additional 3,000 tons of CO

2
/year. These 

savings, however, would have cost at least an additional $10 million for the hybrid 
buses then available. Even counting the significant savings of fuel, adding the 
hybrid option would be expensive. While it should be considered, planners should 
also ask whether the same expenditures, if devoted to better station access, or other 
aspects of Metrobus service might actually be more cost effective by attracting 
more riders. Considering technical options for saving CO

2
 and fuel, together with 

options that improve overall system performance, might reveal system improve-
ments that give more total benefits than CO

2
-oriented technology measures alone.

8.5  Summary: The Transport – CO2 Challenge  
for Latin America

Present levels of CO
2
 emissions from road transport in Latin America are high by 

developing world standards. Not coincidentally, per capita ownership and use of 
LDVs in Latin America are also high. In urban regions, around 70% of CO

2
 emis-

sions from road transport arise from the use of LDVs, which are by far the most 
common vehicle on the streets, and in general the greatest contributors to both 
congestion and pollution as well. What the aggregate data shows is that the high 
CO

2
 emissions from road transport in Latin America can be seen as a symptom of 

transport problems caused by high car ownership and use. Addressing these trans-
port problems likely would reduce car use and fuel consumption somewhat, which 
would reduce CO

2
 emissions as well.

The data and trends-extended forecasts for vehicle ownership and use, fuel 
economy improvements, and predicted emissions present serious challenges for 
transport policy-makers in Latin America and elsewhere. Without additional inter-
ventions, emissions will grow substantially during a period where combating global 
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warming would necessitate their increased traffic in urban regions, which in turn 
implies worsening congestion and other transport problems (unless increases in 
road capacity keep pace with or exceed traffic growth).

If reductions in transport emissions are to be achieved, many analysts now con-
clude that the growth in individual vehicle use must be moderated, and transit 
vehicle use and non-motorized travel increased in relative importance. Further 
reductions in CO

2
 emissions can be accomplished through changes in urban 

 development and transport paths, not just in Latin America but around the world. 
Such changes could reduce growth in vehicle ownership, vehicle use, or both.

Additional CO
2
 reduction can be attained through well-planned urban transport 

investments. Many Latin American cities are already steering transport growth in 
more carbon-efficient directions by investing in high quality public transportation 
and new facilities for bikes and pedestrians. These travel choices improve accessi-
bility for a large portion of the population while managing traffic, cutting pollution, 
and moderating CO

2
 emissions.

Latin American leadership in implementing new travel options is creating 
 models from which others can learn. Cities such as Curitiba and Bogotá are already 
widely emulated for their creative investments in urban planning and bus rapid 
transit. These activities improve transport while reducing carbon emissions, and 
their success puts pressure for change on countries that have been slow to adopt 
carbon reduction policies.

The challenge for authorities in Latin America and other regions is to make the 
transport changes suggested by the externalities illustrated in Table 8.4 for their own 
value and reap the co-benefits of lower CO

2
 emissions. Currently, the rewards of a 

third party paying for the CO
2
 savings would be small compared to the rewards from 

saved fuel and time. Can authorities make these changes if the rewards from carbon 
reduction alone are so small? And given the slow progress in improving transport all 
through the developing region, as argued in this paper for Latin America, can carbon 
make a difference? A recent World Bank Urban Transport Strategy makes the case 
for strong measures to make individual vehicle users face the externalities they cause 
on other travelers, who are the majority in Latin American and other developing 
cities (The World Bank 2008). Following their advice may provide larger carbon 
restraint as a co-benefit than any other group of measures.

Hidalgo and Grafiteaux (2008) charts out the progress of bus rapid transit as 
one of many important transportation measures spreading in cities around the 
world. A more recent update for Mexico alone by the “Fonadin” (the national fund 
for infrastructure (Mier y Tieran 2009) projects more than 2.2 million new trips/day 
on BRT and over 1.2 million trips/day on rail lines in Mexico’s major cities. Such 
changes must of  necessity take road space (and other resources) from cars. The 
experience from Metrobus suggests the good outcome there gives political momen-
tum to this  refocusing of transport planning and infrastructure development.

Additional investments in transportation facilities and services that increase 
access and quality of life while also cutting carbon would benefit cities in Latin 
America and around the world. Transit, pedestrian and bicycle facilities, improved 
traffic management, and coordinated transport and land use are important  
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low-carbon access and mobility strategies. Most cities could also gain by strategi-
cally coordinating transport investments, creating networks of transit operating on 
traffic-managed streets and arterials conveniently reached by bikeways and pedes-
trian ways, and serving mixed-use neighborhood and commercial district centers. 
In addition, most cities could benefit from pricing policies for fuels, parking, and 
other transport services that better reflects marginal social and economic costs. 
Such pricing is not only efficient, but can generate revenue that can be used for 
further transport improvements.
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9.1  Introduction

As the urbanization process tends to proceed at a quicker pace in China, (National 
Bureau of Statistics of the People’s Republic of China 2007) it is predicted that, as 
of 2050, China’s urbanization level shall exceed 70%, a record that no country in 
the world has shared (Sustainable Development Strategy Study Group 2003). With 
the soaring economic growth and urbanization process, various pressures from 
environment, society, and regional development are imposed on China’s urban 
development. How to solve various contradictions arising in the urbanization  
process, especially urban energy consumption and waste gas emission while main-
taining the fast and steady economic growth has become a matter of great concern 
for the Chinese government (Zhu 2007).

During the eleventh 5-year plan period, the energy consumption per unit of GDP 
will decrease by 20% or so, and the total emissions of major pollutants by 10% (Jin 
2008; Huang 2005), the <Program Outline of the Eleventh Five-Year Plan of 
National Economy and Social Development> pointed out. Research shows that due 
to the locking in effect of the urban spatial structure, the energy needed and the 
emissions of carbon dioxide and other greenhouse gases generated by urban trans-
portation in western countries is very difficult to control. Although technical 
advancement may reduce energy consumption and waste gas emissions of cars, if 
the locked relationship between the use of cars, the improvement of a citizen’s 
standard of living and social economic growth remains, the benefits from the tech-
nical advancement will be balanced out soon. In case the urban motorization level 
rises up rapidly in China with the accelerated urbanization process, if no effective 
planning strategy is taken for the future, the uncertainty of global oil resource sup-
ply and environment issues will become restraints to urban development.
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9.2  Urban Planning Towards Lower Carbon Emission

Urban planning may exert long and structural influence on the urban development. 
Once established, the physical environment of a city may be hard to change, and 
will have profound impact on people’s social life and economic activities. 
Adjustment to the industrial structure, healthy lifestyle, and technical innovation 
helps reduce the energy consumption and the emission of carbon dioxide in the 
fields of manufacture, daily life, and other recreation activities, but cannot change 
the travel generated by the urban spatial structure allocation and the corresponding 
energy consumptions and emissions. Once the urban spatial structure is set up, as 
determined by the urban planning, it will be very difficult to conduct structural 
adjustments to the corresponding travel.

At present, almost all Chinese cities have large-scale construction, environment 
reconfiguration, and adjustments to their spatial structure. Over the ages, urban plan-
ning has grown into an important basis that guarantees healthy and orderly urban 
development in China. As a positive response to the target of “Low-Carbon City”, and 
considering that we are in a period of rapid economic growth where urban planning 
is still playing a guiding role, if the implementation of sustainable urban planning 
strategy can be guaranteed, then perhaps, China’s cities will be able to seize signifi-
cant opportunities to follow a model of urban development different from those for 
the western countries. There are a lot of studies on technology to reduce CO

2
 emis-

sion in industry production (Zheng 2005). This research is more focused on spatial 
structure and the integration of land use and transport to reduce CO

2
 emission in 

regional planning, citywide master planning, and detailed residential planning.

9.3  Regional Planning Under the Target of Low-Carbon City

As the urbanization proceeds at a quicker pace, the population moves to cities more 
rapidly, and cities start to spread to surrounding areas. The functional change of 
inner city land use, the migration towards the suburban areas, and the construction 
of industrial parks, enlarge the living and working range in cities and make the 
rural–urban contact even closer, alongside the increasingly heavier travel demand. 
In some developed countries, the periphery areas of some metropolises bear much 
higher intensity of car travel than core cities. Without effective spatial planning 
strategy, and given long travel distance and poor transit services, cars will occupy 
the dominant part in the mode split, which explains why the energy consumptions 
in urban transport and travel remain high in some western countries.

Due to the fact that urban planning, land use planning, and regional development 
planning are formulated by different bodies, while the spatial planning and trans-
port planning are in the charge of different departments in China, there is a weak 
horizontal or vertical linkage, which greatly weakens the integrity of the planning. 
What is more, the compilation process of regional planning still involves strong 
concept of planned economy. As is shown in Fig. 9.1, weak control over regional 
planning shall lead to high vehicle-kilometer and energy consumptions.
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In addition, some regional planning concepts need further deliberation.  
In regional planning, the typical spatial organization form of urban system, which 
features simple endocentric construction with multiple satellite cities or towns, as 
is shown in Fig. 9.2a, b is often adopted, with the expectation that the travel may 
generate mainly within the areas of cities and towns.

However, given the situation that the present development of regional towns and 
villages is mainly dependent on the highway network (see Fig. 9.3), people tend to 
rely on cars more. As a result, arbitrarily, the travel scattered at the entire regional 
space, as is shown in Fig. 9.3, in a disorderly state.

On the premise that disorderly travel has taken shape, it will be a difficult and 
arduous task to reorganize the regional spatial structure and transportation system 
(see Fig. 9.4). What the regional spatial planning strategy aims at is guiding the 
regional trips towards a more orderly direction.

In our opinion, a reasonable urban development mode in China should be the 
corridor development model that combines with the urban rail system or regional 
transit system, as is seen in Fig. 9.5, where spatial integration and control of car use 
are conducted so as to fulfill the target of energy saving, as the spatial development 
of Copenhagen’s finger plan (Cervero 2007) (Fig. 9.6).

The 2007 annual report on sustainable transportation development in the central 
cities of China, proposed to replace former urban–rural transport development 
mode, which now focused merely on highways, with the integration of urban and 
rural passenger transport. In quick response, Chengdu City conducted in time the 
reform of the transport management system; with a basic transit system established 
which could cover all the suburban areas, and a 70% coverage rate to key peripheral 
towns (Lu 2008). Similarly, Shaoxing City, in Zhejiang Province also started to 
establish a new transit network, which would be convenient, clear and orderly, and 
would enjoy the mutual connection and resource sharing between urban and rural 
areas (Wang 2007a).

It should be emphasized in the planning that the regional transit network should 
fit in the regional spatial structure. Suppose transit adopted the corridor mode, 

Fig. 9.1 Urban expansion, planning control and energy consumption
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while the regional spatial structure maintained the grid road pattern, it would quite 
likely encourage car travel. As is shown in the contrast between the Grand 
Stockholm area and the San Francisco Bay Area, which Robert Cervero conducted, 
although both areas possessed almost the same size of regional metro systems, 
cluster development was rarely found in the proximity of the Metro Stations in the 
Bay Area. Generally, the car travel mileage per work day of a typical Bay Area 
resident stood at 2.4 times that of a Grand Stockholm resident, and the average 
travel distance of residents in the Bay Area and Grand Stockholm stood at 44.3 and 
18.4 km, respectively (Cervero 2007).

In addition, only when the adjustment to the regional spatial structure fits into the 
planning for employment and residences can our target of low-carbon urban devel-
opment come true. Guided by the traditional central place theory, many residences 
move out to the peripheral suburban areas, despite the job locations remaining 
unchanged. As a result, the regional travel trips may take on the feature of tide flow 
and long distance. Take Beijing for example. In 2005, the travel distance of Beijing 

Fig. 9.2 (a) Endocentric  
structure (GTZ) (b) Satellite 
town model
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residents reached 9.3 km per trip (excluding walking), up 16.25% from 2000. The 
highest passenger flow ratio between the two directions of Shanghai metro line No.1 
at peak time once reached 6.7:1 (Fig. 9.7). It is imaginable that once the incomes of 
the employees who live in the suburbs, or even outer suburbs are increased, there 
will be a sharp and amazing change in their individual motorization level.

Fig. 9.3 Regional spatial structure and road network

Fig. 9.4 The flow of traffic 
(GTZ)
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Fig. 9.5 From satellite town to corridor development

Fig. 9.6 Copenhagen finger plan
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It has been verified that the job-housing balance of a city and its functional  
self-balance, which remained the emphasis of traditional planning theory, cannot 
reduce its reliance on cars. Instead, a highly-efficient transit system should be 
adopted to connect effectively the cities and towns so as to form regional balance. 
For instance, Stockholm enjoyed a lower car use rate than the famous British New 
Town Milton Keynes, which laid great emphasis on being self-contained and bal-
anced, while at Milton Keynes a majority of its employed population worked 
locally, about three fourths of whom commute by car, and merely 7% takes the 
transit system (Cervero 2007).

9.4  Low-Carbon Urban Spatial Structure Under Master 
Planning

Firstly, let us consider the urban density. More and more researches have proved 
that a city may realize compacted development through density control so as to 
reduce travel, and fulfill the target of low-carbon development. As is shown in 
Fig. 9.8, all cities in the world, where car travel is taken as the dominant means of 
transport, energy consumption remains high.

Although the past several decades have witnessed a grand success of strict urban 
density controlling in China, recently, as land economy is taken as a shortcut to great 
fortune, this traditional tool seems to have lost its previous function. An optimistic 

Fig. 9.7 Comparison of 
bi-direction passenger flow 
of rail transit in Shanghai
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bias in population projection (there is uncertainty in population projection), under 
the circumstance that the density conforms to the standard, has expanded greatly the 
urban land use scope, hence resulting in the physical decreasing in urban density. 
Since 2003, the national average of urban construction land has exceeded the upper 
limit prescribed in the <Standard for Classification of Urban Land and for Planning 
of Constructional Land> (120 m2 per capita) (Wang 2007b).

Urban boundary is used to control urban sprawl in China. In 1994, Beijing 
Municipal Government granted an official approval to Beijing Municipal Commission 
of Urban Planning for the <Application for Carrying out Forestation on the Urban 
Planned Greenbelts>. This choice, though influenced by the Garden City Theory, 
did not go ahead as the planners scheduled. As of May 2003, more than 30 real 
estate projects had been completed in Beijing’s greenbelts (Xueyan LI  2002).

Fig. 9.8 Urban density and vehicle-kilometer
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Due to uncertainty of the population growth and urban development, the growth 
control over greenbelts allows the periphery areas a tendency to develop into New 
Town or Satellite City. Isolated from the centric city with even bigger space 
distance, the New Town has difficulties in organizing public transit in Fig. 9.9. 
In addition, given the regional development mode that focuses on the highway net-
work under weak control, which we just discussed above, travel by car will be boosted.

Concentrating on the new development around the public transit hub, the transit 
corridor oriented space expansion mode, separated by green wedges, not only helps 
organizing transit and realizing the controlled compact sprawl, but also allows a 
development along the corridor by sections and sequences, and in combination with 
the actual demands of urban development.

Secondly, the spatial form of a city, to a great extent, depends on its transporta-
tion system. As certain urban spatial structures need corresponding transportation 
systems, the formation of the spatial structure of a low-carbon eco-city requires a 
supportive green transportation system. In fact, transportation system has been an 
indispensable part of the urban spatial structure system ever since.

It is widely accepted that the general rule of transportation and land use planning 
of sustainable development is to reduce travel demands and travel distance, advo-
cate walks, cycling, public transit and restrict cars (The Deutsche Gesellschaft für 
Technische Zusammenarbeit (GTZ) 2005). Our government has brought out the 
state policy that priority shall be given to the development of public transit, but it 
should be made clear that the priority for public transit shall be granted to the 
important transportation corridors first, since it might be difficult to achieve the 
quality of public transit service everywhere in the city (Fig. 9.10).

Fig. 9.9 Greenbelt and satel-
lite town
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In allusion to the current urban development in China, we hold that the construc-
tion of a city should, first and foremost, be friendly to pedestrians and cyclists, 
strive to develop high performance public transit, and meanwhile improve the city 
image and control the growth of private cars. Frankly speaking, during the process 
of urban spatial planning and transportation planning, the priority to the consider-
ations shall be given in the following order:

POD > BOD > TOD > XOD > COD

The first consideration shall be on the creation of good walking environment 
while the second, cycling-oriented development. Based on them, the third consid-
eration will fall on the transit-oriented development, and what follows will be the 
image improvement project and the growth of car traffic.

In the entire transportation constitution, the focus should be mainly on cycling. 
In Netherlands, over 30% of all travel trips, and about one fourth of the travel trips 
to the metro stations are by bike (Cervero). Although bikes are also widely used in 
Shanghai, people who ride a bike to the metro station for transfer, accounts for 
merely less than 10% of the total number of metro passengers (Department of Urban 
Planning 2007). In China, a good number of cities either have such plans or are 
under way of metro system construction. As is known to all, the metro line construc-
tion needs enormous investment. If the metro network can be combined with the 
cycling system, the catchment area of the metro may be expanded greatly, resulting 
in a smaller scale of the metro system and a saving of funds and resources.

Fig. 9.10 Public development 
axis with green wedge
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Rarely seen in the world, bike travel plays an important role in the major 
Chinese cities. Chinese cities must promote bike travels and especially strive to 
maintain the environment for the same in the urban spatial planning (such as small-
scale neighborhood, mixed land use, etc.), rather than merely provide bike lanes. 
Giving up bikes is equal to giving up the future of sustainable development in 
Chinese cities.

Finally, emphasis will be laid on three important principles of land use planning 
for low-carbon cities.

9.4.1  The Mixed Land Use Aimed at Short Distance Travel

Short distance travel can only be realized through the functional diversity and the 
mixture of multiple functions in land use. Mixed land use may encourage public 
transit. In the research on 59 large-scaled suburban office development projects in 
the US, Robert Cervero found that for every 20% increase in the share of floor 
space that is devoted to retailing or business activities, there is a 4.5% increase in 
the share of trips by vanpool or public transit.

It is to be noted here that functional partitioning is still used in the urban master 
planning, which may lead to a misinterpretation that every functional partition has 
its individual land use. It is also notable that the mixed land use is aimed to increase 
short travel. As is shown in Fig. 9.11, seemingly land mixture, it is not sure that the 
long distance travel from one’s residential place to work place, can be avoided. 
Thus an advocate of the concept of “effective mixture” shall be made, especially 
when it is based on the reduction to the long-distanced work travels.

Fig. 9.11 Mixture of land use
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9.4.2  Friendly Block Scale for the Use  
of Pedestrians and Cyclists

In terms of the urban block scale, the construction mode of big neighborhoods, or 
Wide Street in China, resembles more car travel-oriented communities. There has 
been an ever-lasting debate on reasonable block scale. Research in the U.S. has 
shown that an American’s daily walking distance is quite limited. In contrast, 
Chinese residents on an average walk further than the Americans every day. As a 
survey in Beijing shows, the average transfer distance for bus at Beijing is more 
than 350 m, 16% of the passengers walk more than 1 km, and more than 30% over 
500 m. Bus passengers may spend 7.95, or 8.41 min, respectively to reach either 
end of their bus stops (530–560 m or so) on too long walking distance, which, 
without doubt, is associated with the overlarge block scale and less dense public 
transport networks.

As is shown in Fig. 9.12a, the density of city street network may change with 
the distance to the city center. Similarly, the block scale should changes with its 
distance to the city center. The farther it is from the city center, the bigger the block 
scale will be. However, the scale should not be too big. When the distance to the 
city center reaches a critical distance, the land use should be reorganized to build a 
new activity center relying on the public transit hub, and plan a friendly block scale 
for walking and bike travels, as is suggested in Fig. 9.12b.

9.4.3  Determining the Development Intensity with the 
Accessibility Level of the Public Transit

In the urban master planning, once the transportation mode split and transportation 
network are determined, whether the accessibility of public transit to different areas 
of the city is strong or weak shall be established accordingly. The transit-oriented 
urban structure encourages the combination of the public transport hubs, and the 
urban or regional centers which are concentrated by the public purpose projects. We 
are to transfer the urban structure from under the leadership of the traditional 
Central Place Theory to the Multi-polar Network Nesting Structure. However, in 
the current phases of master plan and regulatory plan, either the location of the city 
activity centers, or development intensity are determined at random, in ignorance 
of the importance of taking the transit accessibility as the basis, and the possibility 
of encouragement of high energy consumption travel means or even severe traffic 
jam. Therefore, in relevant studies, we put forward the indicator of “spatial coupling 
consistency”(Pan and Ren 2005) which was well expressed in the Cloud Nine 
Shopping Mall case, and has led the areas around Zhongshan Park into an important 
district center in Shanghai very soon with the introduction of two metro lines.
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Fig. 9.12 (a) Block size 
with distance to CBD.  
(b) Block size with distance 
to public transportation hub



142 H. Pan et al.

9.5  Residential Area Planning and Low-Carbon City

In the coming three or five decades, more rural populations will migrate to cities, 
an indication that cities need not only more jobs but also infrastructure of bigger 
capacity. Meanwhile, there will be a demand for more residential area, with the 
residential area per capita increased from 13.5 m2 per capita to 26.1 m2 per capita 
from 1998 to 2005, and the total amount of residential construction constantly ris-
ing up. The ever-increasing housing demand shall exert significant impact on the 
urban structure, urban form and the low-carbon city development.

In 1994, the <Code of Urban Residential Areas Planning and Design>(GB50l8-93) 
specified the scale and development intensity for all kinds of residential develop-
ments (low-rise, mid-rise and high-rise), avoiding the waste in land use and guar-
anteeing certain compactness of the urban development, while the Climate Zone 
Division Code put forward the minimum requirements for housing in the respect of 
sun exposure. In addition, some provisions were offered to provide standards for 
supporting public facilities, playing a positive role for improving the urban living 
standards in China.

In comparison with the target of low-carbon city, two main problems exist in 
current residential area design in China, of which one arises due to the insufficien-
cies in the <Code of Urban Residential Areas Planning and Design>, while the 
other exists because of the problem with the residential area planning and design 
itself.

Design Code, based on which the supporting public facilities to the current 
urban residential area planning are equipped, greatly lags behind the current 
demand for urban residential space. The Code also fails to give instructions on 
aspects such as the flexibility of the public facilities and the regional differences. 
For example, we hope people will send their child to the neighborhood school pro-
vided according to the neighborhood concept in residential area design. But people 
chose the better school, at a greater distance. There is less concern about the con-
nection between the school and the public transport service, so that there are too 
many cars in front of the school (Fig. 9.13).

The parking space ration, as the Code provides, shall be no less than 10% of the 
apartments, but no upper limit is given. Besides, the code also stipulates that the 
layout of community parking lot or garage shall be convenient for the residents to 
use, with a service radius of no more than 150 m. Without doubt, these provisions 
are based on encouraging car using, hence not conductive to promoting energy-
saving and low-carbon travel means.

In addition, there are some questions which need to be discussed in the detailed 
plan of residential areas.

Firstly, the scale of the residential areas is increasing continuously. During the 
urban construction process, the development of big blocks enjoys some advan-
tages, such as the integral organization of the transportation system, large green 
space, etc. The specific boundary and gated management of the communities make 
the stops of the public transit only outside of the communities, which causes great 
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inconvenience to the residents. However, to some extent, big blocks encourage car 
travel and reduce walks and bike rides. As a result, a multitude of traffic flow in 
the residential areas flood the main streets from the community entrance or exit, 
causing traffic congestion, and increasing energy consumption and gas emission 
(Fig. 9.14).

Secondly, unitary land function works out huge residential communities jointly 
with big blocks. Designed for residential living, such communities usually give few 
considerations to the mixed land use and the provision of enough jobs for a certain 
area, causing vast traffic and long-distance commute, leading to urban traffic con-
gestion and increasing traffic energy consumption. Take Anting New Town for 
example (Zhai 2006), covering 5 km2 in total, and 2.38 km2 for the first phase proj-
ect. The New Town sees significant improvements in energy saving, building and 
waste drainage, etc., in comparison with the traditional housing, thanks to the adop-
tion of some advanced energy-saving and environmental-protection technologies. 
However, unitary in land use, the New Town lacks necessary service facilities and 
jobs, extending commute traffic of the residents. The public transit is inconvenient, 
since it usually takes 1½ or 2 h or so to commute to the downtown area by bus. 
Considering the difficulty for the public transit to reorganize their lives and sched-
ules, it is more convenient to use cars as the New Town is close to the entrance of 
a motorway. Most residents choose to take taxis or drive private cars for commute. 
Therefore, the energy saved through the advanced building technologies are can-
celed out by the energy further consumed in the transportation sector.

Finally, in low-density suburban residential areas, land price and development 
intensity is lower than the centric areas; some suburban areas have witnessed low-
rise and low-density detached houses and villa communities. Meanwhile, given the 
operation economy, public transit network is usually quite loose in suburban areas. 
Necessarily, the development of low-density housing and loose transit network will 

Fig. 9.13 Full of car in front of a school
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lead to a series of issues such as the big block, low percentage of public transit 
travels, high percentage of private car rides, etc. In addition, excessively low devel-
opment density may exert great influence on the intensive land use and the use of 
car as well.

9.6  Suggestions for Urban Planning Reform Under  
the Target of Low-Carbon City

To sum up, under the target of building low-carbon cities, some issues covering 
different aspects exist in current urban planning in China, worthy of further reflec-
tion and studies. Based on the analysis aforesaid, we hereby push forward some 
policy suggestions as follows:

To take effective control of the disorderly travel and reduce transportation •	
energy consumption, it is a must that we should combine the urban system plan-
ning with the regional public transit system, and establish regional corridor for 
the development of public transit.
Effective mixture in land use should be encouraged to avoid huge or unitary •	
function partitioning and improve the percentage of short travels.
In the future, the structure of low-carbon Chinese cities shall be based on the •	
trunk public transit system and be friendly to the cyclists, giving up cycling 
means giving up the future of Chinese cities for more sustainable development.
To form the urban spatial structure, the theoretic basis shall be transferred from •	
the Central Place Theory to the Multi-polar Network Nesting Theory. The  
construction of large public facilities shall be combined with the public transit 
hubs, while the spatial coupling consistency may be adopted to measure up the 
coordination between the urban public centers and public transit hubs.

Fig. 9.14 Huge block and its impact on energy consumption
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The development intensity of the urban blocks shall depend on the accessibility •	
of the public transit, a basic basis to determine the indicators for the regulatory 
planning.
During the urban planning process, five 5D principles as follows shall be per-•	
sisted in: namely POD > BOD > TOD > XOD > COD.
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10.1  Energy Consumption in the Indian Transport Sector

Increasing population, economic growth, and structural shifts in the Indian economy 
have led to an increase in the transport demand over the last three decades. In the 
1990s, as India’s economy expanded by 6–7% a year, transport demand grew by 
about 10% annually. The rate of growth, however, varied across modes, reflecting 
structural changes in demand for different modes (ADB 2007). Road transport 
emerged as the dominant mode for the movement of both passenger and freight 
traffic in the last three decades and the share of railways in both passenger and 
freight traffic declined steadily. The growing demand for road transport accompanied 
by rapid urbanisation and motorisation has led to heavy dependence of the transport 
sector on fossil fuels and has raised serious concerns about energy security and the 
state of the environment.

The sector is primarily dependent on petroleum products for meeting its energy 
requirements. The transport sector was the second largest consumer of commercial 
energy after industry and accounted for 18% (36 MTOE) of the total commercial energy 
consumed in the country in 2004/05 (204.1 MTOE). Transport sector also had the 
largest share (35%) in the consumption of petroleum products in 2004/05 (TERI 2009). 
About 98% of the energy needs of the sector are met by petroleum products and the 
remaining by electricity. Although the consumption of petrol and diesel has grown 
at a rate of 7.3% and 5.8% per annum, respectively, between 1980/81 and 2004/05, 
the use of alternative fuels in the transport sector has remained insignificant 
(Planning Commission 2006).
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10.1.1  Road, Rail, and Water Transport

Even as the share of railways in the transportation of both freight and passengers in 
India has declined sharply over the years, the share of coastal shipping and inland 
waterways has remained static and marginal. The National Transport Policy 
Committee (NTPC) set up by the Planning Commission in 1978 had advocated a 
share of 72% to rail and 28% to road in freight transport on the basis of resource 
costs, break-even points, and fuel costs (Planning Commission 1980). However, the 
recommendations of the Committee were not implemented and the share of the 
railways in passenger and freight transport declined from 27.8% and 61.9%, 
respectively, in 1980–1981 to 12.9% and 38.6%, respectively, in 2004–2005 with 
the share of road transport increasing correspondingly. In 2004–2005, the share of 
road transport was 86.7% in passenger movement followed by railways and airlines 
with a share of 12.9% and 0.4%, respectively. In the case of freight movement, 
roads again emerged as the dominant mode with a share of 61.2% followed by 
railways (38.6%), airlines (0.02%) and water transport (0.2%) (Planning Commission 
2007) (Figs. 10.1 and 10.2).

India has a coastline of about 7,517 km and inland waterways of about 
14,500 km, and these offer an excellent opportunity for large-scale water transpor-
tation. However, coastal traffic has a share of just 80 million tonnes or 9.4% and 
Inland Water Transport (IWT) a share of a mere 0.2% of the total freight movement 
within the country. The potential for water transport has not been adequately 
exploited in India.
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10.1.2  Urban Transport

The Urban Transport scenario in India captures the impact of growing urbanisa-
tion, increasing per capita income and rising aspirations on transport demand, 
motorisation, and energy consumption. India is rapidly urbanising. There are 
already 35 million plus cities and the number is projected to increase to anywhere 
between 80 and 90 by 2030 and around 120 by 2050. Due to the lack of integration 
of land use planning with transport planning, these urban agglomerations have 
become poorly connected urban sprawls resulting in an exponential increase in 
personalised motor vehicles, reduction in the use of non-motorised transport, 
growing dependence on fossil fuels and increase in air and noise pollution and 
road accidents.

Figure 10.3 shows the increase in the total number of registered vehicles in India 
during the period 1980–2006. The number of registered motor vehicles in India has 
risen from 4.5 million in 1980 to 89.6 million in 2006, an increase of about twenty 
times. Two-wheelers (i.e. motorcycles and scooters) and cars together accounted 
for about 85% of the total number of registered vehicles in 2006. The larger cities 
have a significant share of the total registered vehicles in the country. Twenty-three 
metropolitan cities, each with a population of over 1 million, accounted for about 
one-fourth of the total vehicles registered in 2006. As indicated in Fig. 10.4, about 
41% of the total cars and 23% of the total two-wheelers in the country were in these 
metropolitan cities in 2006 (MoRTH 2009).

The public transport systems in Indian cities have not been able to keep pace 
with the increasing demand for urban transport. Inadequate and poor quality of 
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public transport have encouraged the use of personalised vehicles. In most cities, 
dedicated public transport is absent and a combination of paratransit modes such 
as sport utility vehicles (SUVs), jeeps, three wheelers, etc. act as public transport. 
Dedicated city bus services are known to operate only in 17 cities and metro rail 
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transport exists only in 4 of the 35 million plus cities (Singh 2005). The share of 
buses in the total vehicle fleet of the country has declined from 11% in 1951 to 
1.1% in 2001 (MoRTH Various Years).

10.2  Impact of Current Trends in Transport Growth  
on Fuel Consumption and Energy Security

The growing dependence on road transport for movement of freight and the increasing 
reliance on personal transport to meet urban mobility needs have contributed to an 
increase in the consumption of petroleum products. As pointed out earlier, the sector 
is already the second largest consumer of energy in the country. If the current trends 
continue, the sector’s share in India’s total commercial energy consumption could 
grow from 18% in 2001 to 31% by 2031 (Fig. 10.5), and the share in total petroleum 
product consumption could increase from 36% in 2001 to 64% in 2031 (Fig. 10.6) 
(TERI 2006). India is currently importing about 76% of its oil requirements of 141 
million tonnes and the extent of imports could increase to approximately 90% of 
about 730 MT by 2031 (TERI 2006) unless immediate and effective action is taken 
to reduce the growth in the consumption of petroleum products by the transport 
sector. Failure to do so will severely undermine India’s energy security.

Fig. 10.5 Sector-wise consumption of commercial energy in India in the BAU scenario. Source: TERI 
(2006)
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10.3  Key Policy Initiatives in the Transport and Energy Sector

10.3.1  Integrated Development of Transport Sector

Efforts to promote and achieve efficient modal mix date back to 1978 when the 
NTPC was set up to formulate a National Transport Policy for the country. The 
recommendations made by the Committee in 1980 highlighted the need for an 
optimal mix of transport modes and a subsequent investment policy, based on 
comparative costs, to achieve the recommended modal mix. However, for a variety 
of reasons, including the lack of an integrated approach, the recommendations of 
the Committee were not implemented. The intermodal shares of road and rail 
continued to be skewed in favour of road transport. In 2001, the Planning 
Commission appointed a Task Force on Integrated Transport Policy with the aim of 
formulating a policy that encourages competitive pricing of and coordination 
between different modes and provides for an integrated, cost-effective and energy-
efficient transport system. The report of the Task Force outlined the broad direc-
tions in which each mode of transport should be developed for realising the optimal 
inter-modal mix as well as freight-passenger mix.

In addition to the initiatives taken by the Planning Commission to formulate an 
integrated approach to transport, sector-specific initiatives have also been taken by the 

Fig. 10.6 Sector-wise consumption of petroleum products in India in the BAU scenario.
Source: TERI (2006)
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concerned ministries to remove bottlenecks in the sectors concerned, improve their 
efficiency, and enhance their share in the movement of passenger and freight traffic.

10.3.2  Increasing the Share of Railways

With an aim to remove the capacity bottlenecks in the critical sections of the 
railway network in the country, the National Rail Vikas Yojana was announced by 
the government in 2002. The Yojana (Plan) envisaged massive investments to 
eliminate capacity bottlenecks on the Golden Quadrilateral and Diagonal stretches 
to provide strategic rail communication links to ports, construction of mega-bridges 
for improving communication to the hinterland and development of multi-modal 
transport corridors. The government also launched the Indian Railways 
Modernisation Plan (IRMP), 2005–2010, which envisaged modernisation of 
passenger and freight services of the railways.

To meet stiff competition from low-fare airlines and the road sector, the railways 
have come up with an investment strategy for capacity augmentation. This involves 
construction of dedicated freight corridors (DFCs) that separate freight traffic from 
passenger traffic on trunk routes and facilitate the speedy movement of both passengers 
and freight. A special purpose vehicle, Dedicated Freight Corridor Corporation of 
India Ltd., has been set up to implement the DFC project of the Indian railways. 
The railways are also establishing High-Speed Rail in select corridors to compete 
with airlines.

10.3.3  Improving Water Transport Infrastructure

To give a boost to the development of IWT sector in India, the Government of India 
formulated the Inland Water Transport Policy in 2001. The policy proposes a 
number of incentives for private sector participation and recommends various 
policy measures for accelerating the growth of IWT.

In the Port sector, the National Maritime Development Programme (NMDP) was 
launched by the Government in 2005 to implement specific initiatives and schemes 
for the development of ports. The program envisages projects in Major Ports in 
India such as construction/upgradation of berths, deepening of channels, rail 
connectivity projects, equipment upgradation/modernisation schemes, etc. that 
would help to augment port capacity and improve efficiency and productivity.

10.3.4  Promoting Energy Efficiency Within the Road Sector

Recognising that improving energy efficiency within the roads sector is critical, the 
Government of India has been taking several steps to encourage fuel efficiency in 
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road transport. The national permit system for goods vehicles has been streamlined 
together with e-payment for the collection of composite fee to facilitate barrier-free 
movement of vehicles across the country. A scheme to assist the states to set up 
model inspection and certification centres to ensure fitness of in-use vehicles has 
been drawn up to improve the fuel efficiency of in-use vehicles. Mandatory fuel 
economy standards are being developed for new vehicles and are expected to be 
notified soon. In addition to this, emission norms are being tightened throughout 
the country in line with the Auto Fuel Policy, 2003. The Policy gives a roadmap for 
progressively tightening vehicular emission norms and upgrading fuel quality over 
a period of time. In line with this policy, Bharat Stage (BS) IV emission norms 
(Euro IV equivalent norms) will be implemented in 13 mega cities and BS III emis-
sion norms (Euro III equivalent norms) in the rest of the country with effect from 
1 April 2010.

10.3.5  Initiatives in Urban Transport Sector

The planning and management of urban transport falls within the jurisdiction of 
state and city governments who lack the expertise and funds to plan and deliver 
sustainable low-carbon transport systems that address the mobility needs of their 
citizens. No guidance or funding was provided by the national government to the 
States and city governments in the planning and delivery of urban transport 
systems. In 2006, the Ministry of Urban Development (MoUD) for the first time 
formulated a National Urban Transport Policy (NUTP). The Policy called upon city 
governments to draw up urban transport plans that:

Focussed on people and made an equitable allocation of road space }
Ensured integration of land use planning with transport planning }
Accorded priority for the use of Public Transport }
Provided for investments in public transport and non-motorised modes }
Promoted intelligent transport systems (ITS), cleaner fuel and vehicle technologies  }
for cities
Built capacity to plan and deliver sustainable urban transport systems. }

In December 2005, the Government of India had launched the Jawaharlal Nehru 
National Urban Renewal Mission (JNNURM), which aimed to rejuvenate 63 cities 
and establish a model for urban reform and rejuvenation. The Government of India 
agreed to fund transport projects from the Mission provided cities came up with 
Comprehensive Mobility Plans (CMPs) that were consistent with the NUTP. This 
visionary decision of the Government of India to fund transport projects in Indian 
cities provided these projects were consistent with the NUTP could go a long way 
to improve the quality of urban transport in India.

The National Mission on Sustainable Habitat of the National Action Plan on 
Climate Change (NAPCC) announced by the Prime Minister also emphasises 



15510 Transport and Energy: The Indian Perspective

promotion and strengthening of public transport systems through various promotional, 
regulatory and fiscal measures. The Mission lays emphasis on linking urban 
development with transportation planning to reduce transport demand. The key 
actions proposed in the mission are:

Promoting the use of coastal shipping and inland waterways, apart from encour- }
aging the attractiveness of rail-based movement relative to long-distance road-
based movement
Promoting modal shift towards public transport and better urban planning for  }
reducing the need to travel and to shorten travel distances
Encouraging energy R&D in the Indian Railways }
Introducing appropriate transport pricing measures to influence purchase and  }
use of vehicles with higher fuel efficiency and alternate fuels
Tightening regulatory standards such as enforcing fuel-economy standards for  }
automobile manufacturers
Establishing mechanisms to promote investments in development of high capac- }
ity public transport systems
Abandoning of old vehicles to be made illegal and responsibility for handing over  }
the end-of-life vehicle to collection centres fixed on the last owner of the vehicle
Setting up of a demonstration unit to take up recycling of vehicles, especially  }
two wheelers, which require new techniques
Setting up a Combustion Research Institute to facilitate R&D in advanced  }
engine design
Providing tax benefits and investment support for recovery of materials from  }
scrap vehicles

10.3.6  Integrated Energy Policy of the Country

In 2006, an Integrated Energy Policy (IEP) report for the country was released, 
which provided a broad framework for guiding the policies governing the production 
and use of different forms of energy from various sectors. The policy propagates 
demand management in an environmentally and economically viable manner. The 
policy is an umbrella policy and covers various energy intensive sectors. In the 
transport sector, IEP suggests improvement in energy efficiency of vehicles and 
enforcement of minimum fuel efficiency standards for all vehicles. To improve 
energy efficiency of vehicular fleets, IEP suggests instituting an Efficient Motors 
Programme that focuses on manufacturers and targets market transformation by 
providing incentives to supply energy-efficient motors. IEP recommends use of 
fuel-efficient vehicles such as hybrids in addition to promoting the already existing 
commercial flexi fuel vehicles.

As is evident from the previous section, the government has undertaken vari-
ous initiatives to address issues related to transport sector’s energy consumption. 
However, lack of an integrated policy and fragmented responsibilities between 
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ministries/departments dealing with transport have led to slow pace of 
 implementation and sometimes conflict of interests. There are also issues related 
to the capacities of different agencies to implement policies. Also, at present 
policies do not provide for any specific interventions or fiscal incentives to effect 
modal shifts or promote inter-modal connectivity and this has resulted in a uni-
modal growth.

10.4  Way Forward

An integrated approach to the movement of freight and passengers to ensure 
increase in the share of water and rail transport cannot be drawn up unless a new 
Transport Policy is formulated on the basis of current data and future projections 
based on that data. A National Transport Policy was last formulated in 1980. Since 
then, the pattern of production and consumption of major commodities such as 
steel, cement, fertilisers and petroleum products have changed considerably resulting 
in a change in transit distances and in the use of transport modes. The pattern of 
urbanisation and urban transport have changed. Technology has changed. There is, 
therefore, a compelling need to initiate a new exercise to draw up a national 
transport policy that takes into account these changes and addresses the needs 
of 2030/2050.

That integrated policy needs to lay emphasis on promoting the growth and devel-
opment of coastal shipping and Inland water transportation and address all relevant 
issues. If necessary, this policy should be underpinned by a Water Transport Act. 
The policy should also address the following issues to strengthen the Indian 
Railways:

 1. Augmenting capacity on high-density corridors
 2. Increasing productivity through signalling synchronisation, etc
 3. Promoting containerisation of freight and introducing competition in container 

movement
 4. Adopting commercial and customer-oriented practices
 5. Modernising the Railway Act to facilitate market interventions
 6. Corporatisation of the railways to subject the system to the rigours of the financial 

and capital markets
 7. Establishing an independent regulator for the railways to rationalise tariffs and 

facilitate private sector participation

Intermodal shift between road transport and other more energy-efficient modes 
cannot take place unless it is targeted and specifically supported. The Marco 
Polo programme in the European Union (EU) as modified and improved over the 
years has resulted in a shift of freight from road transport to water and rail trans-
port in the EU. Similar programmes need to be conceptualised and implemented 
in India. As per TERI (2006) estimates, a 15% shift of freight movement from 
road transport to rail transport would result in a reduction in consumption of 
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approx. 190 Mtoe by 2031. Similarly, a 23% shift of passenger movement from 
road to rail transport would result in a reduction of approx. 100 Mtoe (54%) in 
energy requirements by 2031. India should aim to increase the share of the rail-
ways from the 2001 level of 42% to 60% in freight transport and from 23% to 
50% in passenger transport by 2031and make specific interventions to effect this 
intermodal shift.

Cities need to arrest their current pattern of transportation growth to bring down 
their energy consumption by adopting the “Avoid, Shift and Improve” approach to 
transport planning and management as articulated by the Bellagio Declaration 
(May 2009) and advocated by the Asian Development Bank (ADB 2009). The 
approach focuses on:

Avoiding the need to travel by reducing travel demand, trip numbers and trip  }
lengths (Avoid)
Shifting travel to more energy-efficient and environment-friendly modes (Shift) }
Improving the efficiency and sustainability of modes (Improve) (ADB 2009) }

Key action areas that cities need to address are:

Integrate transport and land use planning }
Improve and augment public transport and non-motorised transport systems  }
(in terms of both capacity and quality)
Discourage use of personal vehicles by using appropriate policy and transport  }
demand management measures
Ensure efficient movement of traffic by better traffic management including the  }
use of ITS
Encourage use of clean fuels and technologies }
Adopt mandatory standards for fuel economy in new cars }
Tighten emission standards and ensure adherence to standards }
Promote use of information technology as substitute for physical mobility }

Ideally, there should be one ministry for transport to deal with all modes of 
 transport. Unfortunately, in India there are as many as four Ministries – Railways, 
Civil Aviation, Roads, Shipping and Ports, and Urban Development dealing with 
different transport modes and mode-specific issues and the Ministry of Heavy 
Industry dealing with automobiles. In the states and cities also responsibility for 
transport is fragmented between and within departments and agencies. They often 
tend to function in silos and do not share a common platform to put India’s trans-
port sector on a sustainable low-carbon path. If it is not possible to set up an 
integrated Ministry for transport, there should at least be a Group of Ministers or 
senior officials to look at all transport issues in an integrated manner with the 
specific objective of making the transport sector energy efficient, environment 
friendly and sustainable.

International cooperation, technical assistance and capacity building can also go 
a long way in promoting sustainable urban transport in cities in India and other 
developing countries. There are several good examples of sustainable urban 
transport systems in the developed world, examples of successful integration of 
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land use planning with transport planning etc. that the developed world can share 
with developing countries. Unfortunately, both the bi-lateral donors and multi-
lateral financial institutions such as the World Bank and the regional developments 
banks have focussed their lending on major transport infrastructure projects such 
as highways, motor ways, bridges, ports, etc. without looking at the impact that 
these projects might have on energy efficiency, the environment and on sustain-
ability concerns. Lending for infrastructure projects in developing countries has 
largely been contractor/consultant driven and not guided by the best interests of the 
recipient countries. This approach needs to change quickly and dramatically and 
development assistance should focus on promoting sustainable transport systems 
and solutions.

Global funding that is now available to combat climate change by reducing CO
2
 

is also not easily available for transport projects. In fact, out of about 1,400 
 projects that have received CDM funding so far there are only two transport 
 projects. The transport sector, which is a major contributor of CO

2
, has not 

received the attention and funding that it deserves largely because of difficulties in 
establishing a baseline and in measuring reductions in CO

2
. Unless conscious 

efforts are made to put transport on a sustainable and low-carbon path, even 
 modest targets for CO

2
 reduction cannot be achieved. It is, therefore, vital to 

include transport in the  climate change negotiations and include climate change 
concerns in transport planning, and evolve imaginative and innovative financing 
arrangements to fund sustainable transport projects. These financing arrangements 
should factor in  co-benefits into the project revenues and also provide for simple 
arrangements to measure and reward project proponents and funding agencies for 
CO

2
 reduction.

The growth of the transport sector in India has been skewed in favour of road 
transport resulting in serious concerns about energy security and the environment; 
the relentless growth in road transport has also raised local concerns such as air and 
noise pollution, congestion, road safety, etc. Policy initiatives are now being taken 
to correct this trend and make transport more sustainable. These initiatives must 
address the issues that have been listed in this paper and be implemented in 
an integrated manner through appropriate institutional arrangements. These national 
initiatives must be encouraged, supported and funded by international financial 
institutions and global funding arrangements.
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11.1  Introduction

The share of rail transit system users in Tokyo metropolitan area is more than 50%, 
while less than 2% in Bangkok in 2009 (Office of Transport and Traffic Policy and 
Planning 2010). Why such a big difference has been created? It highly depends on 
the habit of people in travel and the pattern of population density.

Urban form is affected by the mode and layout of transport infrastructures. 
Among various transport infrastructures, level of rail transit system service is a 
determinant factor of pattern of suburbanization (Hayashi 2006). The priority and 
timing of accomplished transport infrastructures have affected the citizens’ travel 
habits. In those mega-cities where the development of rail was ahead of roads, rail-
based travel habits of citizens were formed in advance, resulting in avoiding excess 
reliance on private cars and consequent environmental problems.

In many developing mega-cities, with continuous expansion of urban built-up 
areas, the growing demand for new transport infrastructures have attracted great 
attention and large amount of investments of government and foreign aid. Under 
rapid urbanization, it is of great importance to promote the priority of constructing 
rail transit infrastructures in these critical stages of development, when their trans-
portation systems have not yet become stable and fixed, leaving great flexibilities.

However, in reality, the necessity to establish efficient rail transit systems is 
often overlooked in developing mega-cities. On the one hand, in domestic financing 
domain, it is hard for domestic governments and private cooperation to invest in rail 
construction spontaneously. The great benefits of rail transit systems cannot be well 
captured by the investors under current financing systems (Hayashi 1989). Hence, 
this kind of investments is generally a huge amount, but with low economic rate of 
return. On the other hand, among the international investment mechanisms, there 
are still big obstacles for them to be successfully applied in transport sector 
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(McAndrews et al. 2009; Golub and Kelley 2009). The reforms on Clean 
Development Mechanism (CDM) and Official Development Assistance (ODA) for 
better financing for sustainable transport are under discussion (Krambeck 2010; 
Acharya 2003; Donoso et al. 2006), but it has not attracted much attention yet. 
Rethinking the international financing for rail transit infrastructure construction is 
important and urgent.

This paper analyses the land use-transport mechanisms to cause chaotic conges-
tion in developing mega-cities, and proposes land use-transport instruments and 
financing public transport as way out from catastrophic increase of CO

2
 emissions 

caused by chaotic congestions. First, “AVOID, SHIFT and IMPROVE” are 
 proposed as three crucial steps. Particularly, to construct rail transit systems in early 
stages in developing mega-cities is of great importance. Second, financing system 
for rail transit infrastructure construction should be reformed. The value capture 
mechanism can be introduced into domestic financing, to reclaim the windfall 
 benefits brought by constructing rail transit infrastructures. And special measures 
for transport sector should be placed in the international financing mechanism, such 
as CDM and ODA, to encourage more funding for rail transit infrastructure 
construction.

11.2  The Land Use-Transport Mechanism to Cause  
Chaotic Congestion

Everyone expects better life with economic growth. However, the reality is always 
reverse in many developing mega-cities as illustrated in Fig. 11.1. Economic growth 
raises household’s income to afford cars and to promote car ownership. At the same 
time, car ownership attracts people to live locating in a sprawl manner far from the 
city center and public transport systems. This makes public transport  systems, such 
as rail and bus transit systems, suffer from low patronage and also from higher cost 
of construction of their infrastructure due to increasing land values. In this way, 
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urban land use-transport systems will fall into a vicious circle to produce more and 
more congestions and emissions, and even economic bottlenecks.

This vicious circle may turn worse in the near future for car ownership and will 
continue to grow, especially in Asian developing countries. It has been studied that 
the car ownership in a city generally starts to grow obviously after its per capita 
GDP reaches 2,000 USD (Fig. 11.2). And IEA’s research presents that the car 
 ownership of developing countries in 2050 will be 20 times larger than that in 2010. 
In the scenario of business as usual, the vicious cycle of more car ownership and 
more serious traffic congestions will not stop.

Serious traffic congestion exists in many developing mega-cities. It seems com-
mon that the road supply can hardly catch up with the demand growth caused by 
increasing car ownership. Hence, together with the increase in the total car num-
bers, there often appear more and more congestions on roads. Bangkok was a typi-
cal case of heavy traffic congestion in its late 1980s and early 1990s, without urban 
rail transit systems. During the peak hours, it was almost unable to move in a car in 
Bangkok at that time. While the car ownership in Bangkok rose from 100 cars/1,000 
inhabitants in 1986 to more than 200 cars/1,000 inhabitants in 1993, the average 
speed of cars during peak hours decreased drastically from 15 km/h (9 min/km) to 
7 km/h (4 min/km) (Fig. 11.3). As a similar drop in speed is seen, around 6 km/car 
would be the turning point to vicious circle.

Traffic congestion comes also together with the high energy consumption in 
road transport sector, and therefore leads high CO

2
 emissions. In 1988, when the 

traffic congestion was nearly at its worst situation in Bangkok, the energy consump-
tion of road traffic was much higher than other cities in the same period. The aver-
age energy consumption of cars in Bangkok was 0.17 liter/km, and the total energy 
consumption for road transport during half a day was 627 TOE (Hayashi and Roy 
1996). The amount was four times higher than Tokyo in the same time.
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This kind of vicious circle of recurring urban sprawl and traffic congestion has 
happened not only in Bangkok, but also many developing mega-cities almost without 
urban rail transit systems have been suffering from the serious congestion problems, 
which are highly related to limited road supply and progressive car ownership.

From these evidences, we should keep road supply-demand ratio above 6 m/car. 
If each city can continue to invest in road supply at the same speed as that of car 
ownership, the curves in Fig. 11.3b must be flat. But it is almost impossible.

11.3  Land Use-Transport Instruments as Way  
Out from Catastrophe

Here, our purpose is to make the urban land use-transport systems sustainable in 
terms of CO

2
 emission.

There are three steps to get a way out to reduce CO
2
; (1) AVOID trips, (2) SHIFT 

the mode from high-carbon mode to low-carbon one, and (3) IMPROVE the mode 
by technology and policy. In this chapter, we will extend ideas to AVOID, SHIFT 
and IMPROVE, respectively.

11.3.1  Avoid

The priority of constructing rail transit instead of road will show impacts on the 
residential location choices of people as well as the urban sprawl manner, to avoid 
unnecessary car ownership increase and congestions.
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When road constructions take priority in a city, the citizens easily form a 
 dependence on using private cars, which is called as “preconception” in psychology 
research. Once preconception of the transport mode choice habits are formed, it 
would be very hard to change. Hence, it is pivotal that sufficient rail transit systems 
should be built before per capita GDP reaches 2,000 USD in developing cities, 
when the rising of car demands has not yet started (Fig. 11.2).

Four developed and developing mega-cities are selected for comparison, which 
are Tokyo, Bangkok, Shanghai, and Beijing. Figure 11.4 shows the sequences of 
rail and road construction in those case cities, in which the time series is from the 
earliest year with available data to recent years. The vertical axis is the percentage 
in the total current length of roads or rails.

Rail construction got the highest priority in Tokyo where almost 80% of today’s 
rail transit system network had accomplished in 1960 at its very early stage of 
 economic development when the road network was only 10%.

On the contrary, in the other three cities the rail construction lagged behind road 
construction, particularly in Bangkok. When Bangkok met its worst road 
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[Data sources: Institute for Transport Policy Studies (1960–2005), Japan Statistic Bureau  
(1960–2005), Shanghai Municipal Bureau of Statistic (2009), Beijing Municipal Bureau of 
Statistic (2009)]
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 congestions in 1990s, there were no urban rail transit systems in the city. Comparing 
the two cities in China, the road constructions in Beijing were slightly ahead of that 
in Shanghai.

The lags of rail construction have an important relationship with heavy road 
congestion in these cities. Benefited from its priority strategy given to the rail tran-
sit system, Tokyo suffered less from the road congestion during its urbanization 
process. On the contrary, Bangkok encountered the world famous congestion in its 
1980s with highly car-dependent transport system, when it has no urban rail transit 
system. It can be observed that the slowest development on urban rail transit sys-
tems has led to the poorest traffic condition in Bangkok. When comparing the two 
Chinese cities, the reason that Beijing suffers from heavier traffic congestions can 
be explained by its earlier completion road network, which formed the car use habit 
of the citizens at the beginning of rapid urbanization.

Tokyo is quite lucky to have given a priority to improving rail transit system. It 
is unimaginable if such a large city as Tokyo does not have an efficient rail transit 
system. It would be a catastrophe that more developing mega-cities keep on making 
the same mistakes in transport by overlooking the importance of constructing rail 
transit infrastructures, which have already been suffered by many cities.

11.3.2  Shift

11.3.2.1  Which Mode Is Better to Invest for Less Congestion?

In many cases in making urban transport policies in developing mega-cities, people 
tend to invest on expanding road capacity to relieve road traffic congestions. 
However, it is often overlooked that improving rail transit system could also absorb 
the traffic demand and therefore relieve road congestion by reducing the car usage 
demand. Which one is better to invest, directly in road or indirectly in rail, is dis-
cussed theoretically, using demand and supply curves in road and rail markets by 
showing the differences of two policy scenarios: investment on improving road 
capacity or rail capacity (Fig. 11.5).

As we can see from the lower part of Fig. 11.5, rail transit systems have higher 
construction cost at the very starting point of operation. However, the cost for 
expanding rail transport capacity per person-km is often less than that of roads.

The green line scenario is investing in improving capacity of rail transit system. 
Investment (C

Ra
2 – C

Ra
1) can bring the benefit of enlarging rail passenger volume 

(V
Ra

2 – V
Ra

1). This can correspondently reduce the road traffic volume by 
(V

Ro
1+ – V

Ro
2+), and reduce average car travel time by (t

Ro
1 – t

Ro
2+). The red line sce-

nario is investing in improving road capacity. Investment (C
Ro

2 – C
Ro

1) can bring the 
benefit of enlarging road passenger volume (V

Ro
2 – V

Ro
1+), and reduce average car 

travel time by (t
Ro

1 – t
Ro

2).
It is clear that in the ranges of bigger passenger volumes where supply curve is 

steeper than demand curve in road market, the investment on improving rail transit 
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systems rather than the one direct on road can get a better investment return. In two 
scenarios, the increased amounts of passenger volume are almost the same, while 
the rail investment (C

Ra
2 – C

Ra
1) is much less than the road investment (C

Ro
2 – C

Ro
1), 

and the travel time improvement brought by rail investment (t
Ro

1 – t
Ro

2+) is much 
larger than that of road investment (t

Ro
1 –t

Ro
2).

11.3.2.2  Which Mode Is Better to Invest for Less CO2 Emissions?

The explanation by dual market systems is applicable not only for rail transit 
 systems, but also for a variety of public transport systems. To judge which system 
is most carbon efficient, we have examined a lifecycle CO

2
 in different levels of 

demand density.
According to our former research, in urban transport, the per person-km carbon 

dioxide emission of each transport mode varies according to the urban population 
density (Fig. 11.6). It is pointed out that the higher the population density is, the 
greater the advantages to improve rail transit system are.

In the case of more than 7,000 persons/km2 of population density in built-up 
areas, the optimal transport mode is mainly rail transit, including heavy railways 
and Light Rail Transit. Moreover, when population density is more than 11,000 
person/km2, the subway/AGT(Automated Guideway Transit)/Monorail is highly 
recommended. Only when the population density is below 3,500 person/km2, cars 
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 and trip density (Osada et al. 2006)

are regarded as the most optimal transport mode for low CO
2
 emissions. The 

 population density of 3,500 person/km2 is usually considered as very low-density 
development areas. In most developing mega-cities, the population density is often 
much higher than that, hence the rail transit systems are highly recommended for 
them, while the cars are not recommended.

11.3.3  Improve

If we really need to use cars, a high carbon system in densely inhabited areas, due 
to the reasons such that there are no public transport systems available for some 
pairs of origins and destinations, we should technologically improve engines, fuels 
and networks.

As we may see, in the result of analysis, technological progress of vehicle engine 
and energy would be far from enough to achieve the reduction target of CO

2
. In this 

forecast, it is assumed that (1) number of vehicles are referred from Ministry of 
Land, Infrastructure, Transport and Tourism (Japan) and IEA (China), (2) vehicle-
km is proportional to number of vehicles, (3) one scenario is that CO

2
 emission rate 

per vehicle is the same as that in 2010, and the other scenario is that frontier 
 technology of vehicles and their energy (EV, FCV, and CCS) will be improved and 
popularized. In Japan, it was declared that its target as revealing 80% CO

2
 reduction 

in 2050 compared with 1990. However, the maximum reduction is obviously lower 
than 80% if only by technology progress. In China, the CO

2
 emission will still 

increase dramatically if only by technology progress. Therefore, we do need to 
parallel promote the instruments for AVOID, SHIFT and IMPROVE.
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11.4  Financing Public Transport Systems as Way  
Out from Catastrophe

Financing for rail transit infrastructure construction can be classified into domestic 
parts and international parts, and also be classified into private parts and public 
parts (Table 11.1). As the level of finance in green transport in developing 
 mega-cities is too low, we need a substantial reform of ODA for drastic increase in 
public financing and CDM for attracting private investments in rail transit systems. 
While we need such international fund, enhancement of domestic financing is 
important at the same time.

Current investments in rail transit infrastructure construction are mainly from 
domestic public funding. There are still bottlenecks for the application of rail transit 
systems to private funding and international funding. The key issues of the reforms 
are as follows:

Lowering barriers for investment
Reclaiming the windfall benefits
Green subsidy
Green priority in transport infrastructure investment

In this chapter, reforms for value capture in domestic private funding and those for 
ODA and CDM in international funding are proposed, respectively.

11.4.1  Promoting Value Capture

Value capture for rail transit system investments means to capture the increasing 
property values and commercial profits by virtue of the improvement of the rail 
transit. It has been discussed as a promising alternative way for rail transit system 
funding for a very long time (Hayashi 1989; Smith and Gihring 2006). Sun Yat-sen’s 

Table 11.1 Financing methods for urban rail transit systems

Public Private

Domestic National rail transit systems
– Full public financing

Private rail transit systems
– Fare revenue
– Value capture
–  Commercial activities (such  

as department stores)
–  Pre-purchase and 

development of residential 
areas near stations

Third sector rail transit systems
– Partial public financing

International ODA CDM (Kyoto Mechanism)

Financing by international organization
– World Bank, ADB, etc.

PFI
– BOT, etc.
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“Equal Right to Land” theory is recommended as a fundamental theory for value 
capture practice.

According to our former research (Hayashi 1989), the benefits of constructing 
and operating a new rail transit line consist of (a) user benefit in new line, (b) user 
benefit in existing lines and in other modes, (c) increase of real property value, and 
(d) increase of profits from real property. Thus, the groups of beneficiaries who 
should pay are (1) rail operators, (2) users of alternative rail transit systems  
or modes, (3) developers, (4) municipality and prefecture, (5) inhabitants, and  
(6) enterprises. And the forms of fund transfer are (1) fares, (2) loans, (3) subsidies, 
(4) lending capitals, (5) bonds, (6) enterprise charges to support constructions, and 
(7) provision of land.

Sun Yat-sen’s “Equal Right to Land” theory, which origins from Henry George 
theorem (Trescott 1994) gives a useful fundamental theory for effective value capture. 
Sun’s theory consists of two main principles: make the best possible use of land, and 
share the profit of land. To reveal these two principles, two kinds of taxes are intro-
duced, which are land value tax and land capital gain tax of which tax base is value 
increment (Hayashi 2006). The land value tax can be raised if the current land use 
cannot make the maximum profits of the land or does not fit the requirements from 
the government. The land capital gain tax is used to collect the windfall benefits and 
to return them to the investor in betterment, namely private rail operators.

The introductions of land value tax and land capital gain tax to reclaim the ben-
efits brought by rail operator investment can be the basic reform proposal for 
domestic private financing for rail transit system.

11.4.2  Reforming the Rule for Approval of CDM

The CDM is one of the market-based mechanisms defined in the Kyoto Protocol. The 
CDM allows emission-reduction (or emission removal) projects in developing coun-
tries to earn certified emission reduction (CER) credits, each equivalent to one tone 
of CO

2
. These CERs can be traded and sold, and used by industrialized countries to 

meet a part of their emission reduction targets under the Kyoto Protocol (UNFCCC 
2010a). CDM is the main source of mitigation finance to date for developing coun-
tries, as it may raise 18 billion USD (15 billion to 24 billion USD) in direct carbon 
revenues, depending on the price of carbon by 2012 (World Bank 2010).

Because of the uncertainty in getting CER and the high risk of loss in transport 
projects, now there are only three projects approved in transport sector among 
2,270 CDM projects (UNFCCC 2010b). Therefore, in the CDM mechanism, new 
policies with inclination to transport projects, especially those to promote rail tran-
sit systems, are necessary. To deal with the uncertainty of corresponding carbon 
dioxide emission reductions in transport projects, a set of Programmatic CDM is 
proposed to replace Project CDM. To deal with the low rate of return on carbon 
dioxide emission reductions in transport projects, the Risk Hedge Fund is proposed 
to subsidize transport projects of CERs donated by the projects in all sectors.
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11.4.3  Project CDM to Programmatic CDM

The Programmatic CDM is a new scheme to realize a program which consists of a 
bundle of similar projects. It calls for counting the CER not in a single transport 
project, but together in several transport projects carried out during a period of time. 
Compared with traditional project CDM, Programmatic CDM can absorb the risks 
of each individual CDM project, reducing uncertainty in credit of CO

2
 emission 

proposed in transport sector. Programmatic CDM is supposed to enhance the com-
petence of rail transit-related projects.

11.4.4  Risk Hedge Fund

Risk hedge fund is proposed to help avoid the risk of loss in the process of mitigat-
ing CO

2
 emission in transport sector. This risk hedge fund might be donated by 

several countries, or be donated from 1 to 2% of other CDM projects’ profits. This 
fund should be established to finance a certain percent of CDM projects in transport 
sector, especially rail transit promoting projects.

ODA is defined as grants or loans to countries and territories on the Development 
Assistance Committee (DAC) List of ODA Recipients (developing countries) and 
to multilateral agencies which are: (a) undertaken by the official sector; (b) with 
promotion of economic development and welfare as the main objective; (c) at con-
cessional financial terms (OECD 2010a).

Based on the existing changes in ODA to pay more attention on “Green Growth,” 
further support for “Green ODA” transport funding is proposed.

11.4.5  Reform in ODA for “Green Growth”

DAC has set up DAC Network on Environment and Development Co-operation 
(ENVIRONET), which promotes and facilitates the integration of environment and 
climate change into all aspects of development co-operation, creating a successful 
shift toward “Green Growth” (OECD 2009a).

First, a climate lens is suggested to be applied in ODA activities. It is an analytical 
process to enable a policy maker to decide whether the policy is at risk from climate 
change (OECD 2009b). Second, since the 2005 Paris Declaration on Aid Effectiveness, 
aid delivery has shifted from project interventions to more programmatic forms 
(OECD 2009b). Third, data started to be collected on aid targeting the objectives of 
the Rio Conventions (Rio markers), which identify the activities targeting biodiver-
sity, climate change and desertification, in the Creditor Reporting System from 2004 
(OECD 2004). The annual average amount of fund targeting on climate change miti-
gation had been 3,479.9 million US$ between 1998 and 2007, and had a significantly 
increase in 2008, reaching 8,409.7 million US$ (OECD 2010b).
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11.4.6  ODA Funding for Economic and Sustainable 
Development: Supporting “Green Transport”

The ODA is undoubtedly a core source of international transport funding aid. 
Transport and storage account for 11% of total bilateral ODA in 2007–2008, which 
is 4.4 billion USD (OECD-DAC Secretariat 2010). However, most of these funding 
are used in constructing roads instead of rails. Therefore, we propose a CO

2
 reduc-

tion crediting mechanism for ODA system that credit is given to those ODA project 
to contribute to CO

2
 reduction by its reduced amount. The credit may be shared by 

the donor country and recipient country for both sides to be given incentives to seek 
for low-carbon transport to ensure the aims at a “Green ODA.” This must turn the 
trend of transport ODA as to keep the share of rail transit systems most appropriate 
against road to minimize CO

2
 emission.

11.5  Concluding Remarks

According to the analyses and discussions above, conclusions of this paper can be 
summarized as follows:

 1. While urban land use-transport systems in developing mega-cities often fall into 
a vicious circle to cause catastrophic increase in CO

2
 emissions due to chaotic 

congestions that we found it occurring at 6 m road supply per car or under, 
improvement of rail transit systems can contribute to help jumping out of this 
vicious circle. Under the situation where passenger transport demand is large as 
well as car ownership is growing due to increasing income, which often happens 
in developing mega-cities, investment in rail transit systems can release road 
congestion more effectively than the direct investment in road systems, and 
therefore mitigate more CO

2
 emission in transport sector.

 2. Among the three steps of AVOID, SHIFT, and IMPROVE to get a way out of 
catastrophe, the importance of priority to constructing rail transit systems is 
highlighted. The priority and timing of improvement in alternative transport 
infrastructures affect on the citizens’ travel habits. Completion of higher density 
of rail transit stations attracts population to live in a compact manner near there 
and to reduce the car ownership and consequently to raise the rail transit share 
along the corridor. It is of great importance to give priority to constructing rail 
transit infrastructures, which can help to realize the Leap-frog to sustainable 
transport in developing mega-cities.

 3. The financing system for rail transit infrastructure construction acts also as a 
way out of catastrophe of mega-city getting into chaotic traffic congestion and 
thus emitting unacceptable amount of CO

2
. It should be reformed to properly 

reclaim benefits of constructing rail transit systems, making invisible windfall 
benefits to be visibly reclaimed to encourage more investors to fund rail tran-
sit spontaneously. Value capture should be effectively applied in rail transit 
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infrastructure  construction and operation projects in domestic financing. For 
international financing, such as CDM and ODA, innovative turning the funding 
toward “Green Transport” is urgently necessary. Programmatic CDM and Risk 
Hedge Fund need to be adopted in the CDM mechanism, and “Green ODA” 
which includes CO

2
 reduction  crediting mechanism is recommended to shift 

more fund to rail transit systems.
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12.1  Introduction

According to the World Energy Outlook (IEA 2004), the transport sector accounts 
for approximately 34% of energy and 62% of oil consumption in OECD countries. 
In many developing countries, this share is still considerably lower (India 9% and 
34%, China 11% and 39%). With the high economic growth over the past decades 
and the positive perspectives in future development, the transport sector of those 
countries is already showing the highest growth rates in energy consumption, and 
it continues to show the highest growth rates in the future (see Fig. 12.1).

Within the transport sector, the highest growth can be found with road transport. 
Road transport is not only one of the most energy-inefficient modes of transport but 
also one that produces through its high dependency on fossil energy large volumes 
of greenhouse gases (GHGs). Road transport counts for nearly 80% of all GHG 
generated by the transport sector.

Besides the fact that with growing wealth in the society, private car transport has 
a high priority for the population, further reasons for the high increase in road and 
air transport are missing energy and CO

2
-efficient transport alternatives. Figure 12.2 

shows specific CO
2
 emissions for different transport mode alternatives. The lowest 

CO
2
-emission rates can be found with rail and public transport modes. Those are 

also the modes with the lowest energy consumption. Especially if these transport 
modes are introduced in densely populated urban areas or regions or if, in the case 
of freight transport, high loading rates can be achieved, the specific energy consump-
tion per passenger-km or tonnes-km is very low. Thus, urban mass transit and 
railways represent the most climate friendly alternatives.
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In most developing and emerging countries, those environment-friendly and 
energy-efficient modes often do not exist or the existing infrastructures and services 
are old, inefficient or do not correspond to the needs of the people or the economy.

In addition, infrastructure investments in public or rail transport are often 
rather extensive, and planning, construction, as well as operation require know-
how that is often not available. The following text will show what options for 
technical improvements are possible and what role development cooperation can 
play in this field.
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Fig. 12.1 Growth perspectives of global energy consumption (Source: IEA, World Energy 
Outlook 2004)

Fig. 12.2 Specific CO
2
-emissions of different transport modes (Source: ifeu 2009)
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12.2  Promotion of Energy-Efficient Transport Systems

To shift the increasing transport demand in developing countries to more energy-
efficient and environment-friendly modes, these modes must first of all exist and 
further become more attractive to the users. This can be done by

The improvement of existing infrastructure of those modes }
The implementation of new infrastructure for environment-friendly modes }
Improvement of rolling stock and introduction of other more efficient technology  }
or organization and management of the respective transport services

The following text will illustrate a few examples on how this can be done 
practically.

12.2.1  Improvement of Existing Transport Systems

To be attractive and competitive to road and air, rail transport must show a sufficient 
reliability, speed, and comfort (in the case of passenger and high-valued goods trans-
port), high capacity (in the case of bulk goods transport), and a competitive price.

Regarding rail infrastructure, there are several options to improve the attractiveness 
of railway services:

Electrification of railway lines with modern electrification technology (this is  }
vital for a reliable operation of long tunnels and bridges)
Reliable and low-maintenance fixed installations and equipment }
Modern track maintenance technology }
Modern operation management and signalling technology }

An example for such an improvement is the electrification and modernisation of the 
operation management and signalling on the railway line Harbin – Dalian, China, 
that was implemented in 2000 (Fig. 12.3).

The following map shows the location of the line (Map 12.1):
Before the improvement, it was only possible to run trains at a relative low 

speed, capacity was limited and not sufficient for the increasing demand. With the 
implementation of parallel motorways and other new roads, the competitiveness of 
the railways was continuously decreasing.

The line improvement project encompassed the following elements:

Electrification of existing 950 km railway line that connects 25 major cities }
The new system is characterised by low maintenance requirements and high  }
availability

After the completion of the improvements, the line capacity could be increased by 
20% (now 152 train pairs per day), 40% freight train capacity increase (now 5,000 
tons per train). The maximum train speed increased from 100 to 160 km/h.
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The increased attractiveness of the line resulted in about 30% increase in passenger 
and freight transport performance (from 1995 to 2005) and CO

2
 emissions could be 

reduced in the range of 0.5 million tons p.a.

12.2.2  New Rail Infrastructures Avoid Detours

In the past, it was not possible or too expensive to build railway lines through 
mountainous areas with longer tunnels or through difficult geological terrain, 
e.g. swamps. As a result, the track alignment made long detours and steep gradients 

Fig. 12.3 Implementation of line electrification

Map. 12.1 Location  
of Dalian–Harbin railway 
line
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did not allow for higher speed. Today, modern construction equipment allows for 
straight and low-gradient railway tracks even in difficult geological and topo-
graphical areas, i.e. track length can be shortened, low gradient allows for low 
energy consumption and high-capacity trains.

In the case of densely populated cities, modern tunnel boring machines allow the 
construction of underground railways or metro lines with a minimal impact on the 
road traffic at the surface.

An example for a long distance railway line that applied such new construction 
equipment is the new high-speed railway line Wuhan – Hefei, China.

As shown by Map 12.2, the old existing railway line made a long deviation to 
the south mainly due to a difficult mountainous area (up to 1,800 m), steep valleys 
and some swamp areas. The old non-electrified line has a length of 556 km, it has 
a relative low capacity, high gradients and many curves that only allow for low 
speed. The transport demand of the two cities with a good economic perspective is 
considerably high with a fast-growing perspective (Wuhan: 4.3 million inhabitants 
and Hefei: 4.5 million inhabitants).

The newly build high-speed line now shows a length of only 356 km.
The difficult geological conditions required modern construction equipment and 

a specific electrification technology that enables for a reliable power supply in long 
tunnel sections. In total, the new line shows 119 km bridges and 64 km tunnels 
(Fig. 12.4).

The double track electrified line significantly increased the line capacity. 
The 200 km shorter line with low gradients and without narrow curves allows for 
high speed, e.g. passenger trains between the two cities now only need 2 h instead 
of 8 h. Thus, the new railway line is competitive to road and even to plane transport. 
In addition, the new railway connection will reduce CO

2
 emissions in the range of 

1 million tons p.a.

Map. 12.2 Location of Wuhan He fei railway line
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12.2.3  Modern Rolling Stock

Modern rolling stock also has a considerable potential to reduce energy consumption 
and GHG emissions. In urban public transport modern metro and light rail vehicles 
can provide longer trains with a higher capacity and thus a lower energy consump-
tion per transported passenger-km. Further increase in energy efficiency can be 
provided by light weight vehicles. Compared to traditional vehicles, weight reduc-
tions of about 20% are possible. This results in a reduction of energy consumption 
in the range of 10–18%. In addition, regenerative braking systems provide a further 
source of energy saving. The new Chinese metro vehicles of standard type A com-
bined those three aspects of energy saving. They have first been operating on 
Shanghai Metro lines 1 and 2 as well as on Guangzhou line 1.

12.2.4  Other Modern Technologies

There are a number of other possibilities in the fields of energy-efficient modern 
vehicle technology and operation management:

 } Operation Management: Training of train and tram drivers in combination with 
electronic assistance systems are able to reduce considerably the energy needed for 
acceleration and deceleration. The potential energy saving is in the range of 10%.

Modern operation control technology optimizes operation and reduces 
energy consumption.

Fig. 12.4 Modern bridge construction equipment
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 } Regenerative braking: In long distance, rail transport energy reductions of 
about 8% can be achieved. It can be even significant higher with heavy freight 
trains on long downhill gradients.

Regenerative braking save up to 30% energy in urban and suburban rail systems.
High-performance capacitors (ultracaps) represent a rather new technology 

especially in urban transport that allows energy savings of 30% up to 46% 
(Problem: it is not yet a mature technology).

 } Hybrid technologies for bus and rail vehicles enable energy savings of about 30%.

Mode shifts to energy-efficient rail and public transport can only be achieved if 
their competitiveness is strengthened. Attractiveness and safety of public transport 
can be achieved by, e.g.:

Modern passenger information and automatic fare collection systems that  }
increase the user friendliness of the systems
Air conditioning of trains and stations plus platform screen doors increase consider- }
ably the comfort of train and public transport usage specifically in hot regions
Escalators and elevators enable a comfortable usage of public transport for old  }
and handicapped persons or mothers with child

12.3  Transport Policy

12.3.1  Transport System Choice

Transport needs increase rapidly in emerging and developing countries. Fast-
growing mega cities in these countries often represent economic growth poles. The 
increasing wealth of the population leads to a growing transport demand. If there 
are no energy-efficient and environment-friendly transport alternatives available, 
the increasing demand will be directed towards road transport.

Figure 12.5 shows the typical development of public transport share (expected 
path) with growing income of the population. With low income, people have no 
alternative but to use an even badly organised and often not at all comfortable 
public transport. With higher income, they can afford faster and more comfort-
able modes of transport, i.e. usually road transport by private cars. If the city 
manages in an early stage of this development to provide an attractive and fast 
public transport, the trend towards falling share of public transport can be reversed. 
If no alternative to road transport exists or if it is only provided rather late, i.e. after 
the modal share of road is already very high, it is very difficult and also expensive 
to return to higher public transport shares.

New or improved public transport infrastructure systems must anticipate and 
adjust to future demand, i.e. their capacity must meet today’s but also the future 
demand. In the case of fast-growing cities in developing countries, high capacity 
metro systems can be appropriate at least along the main corridors.
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Figure 12.6 shows the capacities of various transport systems. Bus Rapid Transit 
(BRT) and light rail systems already show about 10 times the capacity of private 
car transport. The highest capacity is provided by heavy rail transport (in the 
case of long distance transport) and by metro systems (in the case of urban transport). 
A metro system is able to move about four times the passenger demand of a BRT 
or light rail system. Usually, a combination of various systems is applied, e.g. high 
capacity metro along main “backbone” corridors and lower capacity systems as 
feeder systems.
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Fig. 12.5 Feasibility of public transport options (Source: Acharya 2005)

Fig. 12.6 Capacity of various transport systems (Source: Botsma and Papendrecht 2009)
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12.3.2  Role of Development Cooperation

Although it would be required in a rather early development stage to provide a high 
capacity, attractive and environment-friendly transport system, the extensive fund-
ing needs usually do not match the funding capability of a city or a country. It is 
also difficult to attract private investment funds, as public transport infrastructures 
are usually financially not profitable.

In addition, there is often a lack of local capacity for an effective and fast 
implementation in terms of transport planning and policy.

Under such conditions, development cooperation could assist in affordable 
funding of energy-efficient transport infrastructure investments at favourable condi-
tions to match the long maturities of such investments.

It is also vital for the success of a high capacity and environment-friendly transport 
system to design and integrate it into an overall urban and long-distance transport 
system development strategy.

12.4  Conclusions

12.4.1  Technology

Modal shifts to public mass transport and rail transport systems show highest 
potentials for an increase in energy efficiency and environmental friendliness.

Thus, new transport infrastructures for these modes should be established as an 
attractive alternative to road transport if they not yet exist. If these infrastructures 
do already exist, but at an inefficient old standard, they should be improved by 
modern technologies. Modern transport technologies usually already exist and are 
mature in industrialized countries.

Developing cooperation can assist developing countries to shift earlier and faster 
from older and less energy-efficient to modern transport technologies. As a side 
benefit, technology transfer can considerably improve the national technological 
capability by adapting the technology.

12.4.2  Finance

Public transport infrastructures often need larger investments with a relative low 
financial profitability. Those types of investments are usually not very attractive for 
private investors. Thus, public finance or support from international development 
cooperation is needed.

Although investments in infrastructure are not profitable, private operators can 
often provide efficient and profitable operation and maintenance.
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It is important for the sustainability of investments in climate friendly transport 
modes that they are embedded in a broader planning and strategy approach, e.g. public 
transport coordinated with urban land use planning (to avoid long trips) as well as 
push–pull measures (such as parking management).
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13.1  Introduction

Noise, air pollution, uncovered costs of accidents and congestion as well as climate 
change effects are the most important external effects of transport. Presently, climate 
change induced by a growing concentration of CO

2
 in the atmosphere is the biggest 

challenge for mankind since the industrial revolution. CO
2
 is not the only greenhouse 

gas (GHG1); however, the impact of other anthropogenic GHG is less significant. 
This is especially true for the transport sector, where currently the share of CO

2
 on 

GHG emissions is about 99% (Eurostat 2010).2 Comparing the reduction efforts in 
other economic sectors in the European Union (EU) with the transport sector in 
recent decades leads to the alarming result that other sectors have significantly 
reduced its CO

2
 emissions while the emissions by the transport sector are still grow-

ing at high yearly rates (Eurostat 2008). Between 1990 and 2007, the transport 
sector increased its emissions by 24%, whereas industrial processes (−11%), energy 
generation, transformation, supply and use (−7%), as well as agriculture and waste 
(−11% and −39%, respectively) decreased their emissions (EC 2009). Overall, the 
share of transport in total GHG emissions in the EU was 21% in 2007 (EC 2009). 
In the global context, this share amounts even to 23% (JAMA 2008). Road trans-
portation plays a crucial role accounting for more than 70% of the overall (direct) 
CO

2
 emissions from transport in the EU-27 (EC 2009). When considering only 

transport within European borders, the share of road transport even exceeds 90% of 
the direct transport emissions (EC 2009).
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1 Other GHGs are e.g., methane (CH
4
), nitrous oxide (N

2
O), haloalkanes, ozone, and aerosol particles.

2 The increasing usage of biofuels might decrease this share in the future.
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The strong future increase in GHG emissions in the transport sector (see Fig. 13.1) 
is due in the first instance to the rapid growth of aviation, second to a raise in the 
global vehicle fleet from about 0.8 billion in 2000 to more than 2 billion in 2050, 
and third by the dynamics of freight transport in the process of globalization (from 
20 trillion tkm in 2000 to 45 trillion tkm in 2050) (WBCSD 2004). Especially in 
transition countries the vehicle ownership rate is increasing rapidly. Currently, in 
the OECD countries, the vehicle ownership rate is about 500 cars per 1,000 inhabit-
ants, whereas in China or India it is about 40 vehicles per 1,000 inhabitants. Due to 
the increasing incomes in these emerging markets a fast increase of this rate seems 
inevitable; some experts forecast a growth of vehicle km in these countries by the 
factor 10 until 2050. Environmentally, more friendly modes such as the railways are 
not expected to increase market share under status quo conditions (Schafer 2000).

But even for Europe, most studies forecast a further increase in transport emis-
sions, despite a more moderate economic growth and partly declining population, 
if the cost and regulation regimes in the transport sector persist. From the current 
point of view, the considerable potential for shifting to smaller and more fuel-
efficient vehicles (e.g., electric vehicles, Erdmann 2009; Jochem et al. 2010) or to 
other modes (BMU 2006; Schafer 2000; DeCicco and Ross 1996) is not seen to be 
significantly tapped. However, the technological options to reduce CO

2
 emissions 

are substantially more expensive such that voluntary shifts to energy-efficient 
technologies will be limited (TNO et al. 2006). Therefore, it is not surprisingly that 
some studies have concluded that transport will be among the last sectors to bring 
its emissions down below current levels (among others Stern 2006, Annex 7c). 
Other studies have disputed this finding by demonstrating how the combination of 
demand and supply side approaches and the adoption of small-scale “soft” measures 
are cost-effective routes to demand reduction in this sector (CfIT  2007; Anable 2008).

Fig. 13.1 Outlook of CO
2
 emissions in the global transport sector until 2050 (WBCSD 2004)
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The development of transport and its emissions sketched out above is more or 
less a perpetuation of current developments to the future, i.e., the scenario is based 
on the assumption that no new regulatory instruments are introduced or changes in 
the behavior of traffic participants occur. Alternative scenarios presume that the 
speed of transport development and the magnitude of externality production can be 
reduced substantially if the external costs are internalized by convenient policy 
instruments. This implies a four-step procedure:

 1. Definition and scoping of external costs
 2. Measuring the effects at the source
 3. Following the impact path and quantifying the impacts on exposed people and 

nature
 4. Economic appraisal of the impacts

Infras and IWW (2004) have analyzed the types of external costs and resulted in air 
pollution, noise, climate change, uncovered costs of accidents, impacts on land-
scape and biodiversity, separation effects and upstream or downstream effects. 
Furthermore, congestion costs are mentioned, which play a dominant role in 
neoclassical welfare economics. It is pointed out in Infras and IWW (2004) that 
congestion costs are of a totally different type, compared with the costs of the 
environment. Congestion costs occur through an interaction of agents in the transport 
networks, they are causing inefficiency while the associated additional costs are 
born by the agents themselves. Environmental costs, on the other side, are produced 
by the transport network users and imposed on third parties as well as on future 
generations.

In this article, we concentrate on the external effects of GHG, which are char-
acterized by global production and accumulation, global impacts, complex causation 
mechanism, long-term impacts for many future generations, and the needs for 
global actions for mitigation. This means that narrow economic concepts of 
short-term (static) efficiency are not appropriate and have to be substituted by a 
long-term dynamic (adaptive) efficiency concept. This means that rather than 
setting prices right in the short run it is more important to set incentives right in the 
long run. Against this background of adaptive efficiency, the theory of ecological 
economics gives an orientation for the optimal trigger of economic instruments 
over time. They include the need of complementary of nature and economics, a 
consideration of irreversibility in natural processes and the coherent attention of 
potential irreversibility within the complex system of nature as well as an inclu-
sion of accounting dynamic feedback mechanisms of the analyzed processes 
(Rothengatter 2003a:21).

In the following, we give a short introduction to the theory of external effects 
(Sect. 13.2). Then we identify the challenges for its introduction into the trans-
port sector with respect to GHG emissions (Sect. 13.3). In this context, we 
highlight the measurement of external effects (Sects. 13.3.1 and 13.3.2) and the 
valuation principles (Sects. 13.3.3 and 13.3.4). Appropriate policy instruments 
for internalization of external climate effects are discussed in Sect.13.4. 
Section 13.5 concludes.
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13.2  Theory of External Effects

The theory of external effects is a strong instrument for optimizing the amount of 
pollutants without controversy as long as the underlying assumptions are met. 
However, if these assumptions are violated, this strong instrument leads to mis-
leading results. A profound knowledge of the underlying theory is therefore 
appropriate.

13.2.1  Historical Background and Definition of External Effects

Alfred Marshall introduced the term of “external economies” in the first issue of 
 his “Principles of Economics” in 1890. According to Rothengatter (2000:79), 
Marshall’s concern was to explain that even with the existence of increasing 
returns to scale (decreasing average costs) the paradigm of a perfect market 
economy would not be destroyed through monopolistic concentrations of the 
industry – as prophesied by Karl Marx. In the following decades, the notion of 
externalities was specified more precisely and in particular extended on the side 
of external costs. Pigou (1920) elaborated the concept congestion costs, starting 
with the famous “Pigou problem” of traffic assignment on two routes between 
origin and destination. The congestion externality is caused by involuntary inter-
actions among road users and the fact that they do not take into account the 
impacts of their route choices on other users. Besides the congestion phenome-
non, Pigou (1920) mentions already (antiquated) environmental externalities, as 
for instance the impacts of sparks emitted by locomotives, which could cause fire 
and destroy woods and cornfields.

The following scientific debate was characterized by substantially extending the 
list of possible external effects – as well external benefits as external costs – a viva-
cious debate on the needs of compensation and the elaboration of concepts for 
internalization of externalities to restore the welfare optimal economic equilibrium. 
The various examples, concepts, and compensation schemes have contributed to an 
overall fuzziness of the idea (see Papandreou 1994). The famous blossom-
bee-example of Meade (1952) illustrates the problem of a clear scoping of exter-
nalities: Meade argues that the apple farmer needs the input of bees and the apiary 
needs the existence of apple trees; however, the mutual inputs are unpaid and the 
question is whether compensation payments are necessary to optimize the allocation 
in form of apple trees planted and bee colonies raised. It is obvious that including 
such phenomena into the scope of externalities would lead to a huge list of potential 
external effects, including many types of interaction effects and complementary 
relationships among input factors or implicit contracting of agents. Against this 
background, Rothengatter (2003b) has suggested a narrow definition of externali-
ties, which implies that all phenomena within the defined scope call for 
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 compensation and internalization measures. External effects, by this definition, are 
characterized by three properties:

 1. Involuntary interactions among agents who use a resource jointly of which the 
property rights are not defined.

 2. Processing of the interaction outside the market, i.e., without trading of bargain-
ing such that the costs occurring or benefits generated are not allocated to the 
responsible party.

 3. Relevant market failure, which leads to reduced adaptive efficiency through false 
signaling.

This excludes the economics of density, which Marshall indicated, as well as most 
of the external benefits discussed in the literature, including the external benefits 
of transport. In particular, property (3) eliminates most of the interaction effects 
between transport and the production/service industries, which stem from comple-
mentary effects, scale economies or implicit contracting with mutual benefits for 
the involved parties in an uncertain environment.

13.2.2  Theoretical Concepts

There are three basic concepts for the economic analysis and treatment of external 
effects: The neoclassical concept by Pigou (1920), the theory of Coase (1960), and 
the concept of Ecological Economics (e.g., Farber et al. 1999).

Pigou (1920) characterizes an externality by the divergence between the marginal 
social product and the marginal private product. Such a divergence occurs if agents do 
not get allocated the costs or benefits which they are responsible for such that they 
neglect these effects in their decision making. The suggested remedy is a tax or a 
 subsidy to balance the difference between social and private marginal costs. This con-
cept relates to neoclassical welfare theory, which is based on a number of rigid assump-
tions. It is assumed that polluters as well as victims are price takers (i.e., sufficient high 
number of agents), the set of consumption complexes for each consumer is convex, 
closed, bounded, and contains the zero vector. The utility functions of consumers are 
twice differentiable, quasiconcave, and there is no saturation in consumption. The fea-
sible production set for each firm is defined as a set of technical constraints that are 
twice differentiable and define a convex production possibility set (Baumol and Oates 
1988:37). This implies that marginal costs increase with rising production volume. 
Market participants are rational utility maximizing agents (homo oeconomici) with 
complete information and for interactions of agents no administrational costs occur. As 
the Pigou concept is mostly taken as basic principle for coping with externalities3, it is 
important to remember the very restrictive set of underlying assumptions.

3 It is, for example, the basis for the recommendations of the White Paper of the EU Commission 
on Fair and Efficient Pricing for the Transport Infrastructure, published in 1998 and updated in 
2006 (EC 2006).
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Coase (1960) has presented a rather judicial perspective of treatment of external 
effects (summary of main points from Rothengatter 2003b):

 1. Externalities arise if the property rights for a resource jointly used by several 
agents are not clearly defined.

 2. Externalities are reciprocal, that is, the “perpetrator” and the “victim” are contrib-
uting to the magnitude of the effect.

 3. And if (1) and (2) hold and it is assumed that transaction costs are negligible and 
there is an equal distribution of bargaining power of the stakeholders; then, the 
famous Coase Theorem holds: An efficient allocation of resources will be 
obtained by allocating the property rights of the jointly used resource to one of 
the conflicting parties in a clear manner, i.e., either to the “perpetrator” or to the 
“victim.”

 4. However, with respect to the empirical implementation, it can be assumed that 
relevant transaction costs occur. Therefore, an evaluation whether the gain from 
removing the externality is greater than the sum of losses and transaction costs is 
to be accomplished. In a policy scheme for reducing external costs, the least-cost 
principle has to be applied.

Therefore, Coase gives a valuable method for empirical conditions in recom-
mending a cost-benefit analysis of the considered internalization instruments. 
This is opposed to neoclassical theory as it is a priori not clear whether charging 
the marginal external costs will lead to an optimization of welfare. Counterproductive 
effects are possible. Baumol and Oates (1988), for instance, highlight that a compen-
sation of victims might attract people with low damage costs to increase their 
damage in moving to more polluted areas to receive the “average” compensation. 
As long as they do not displace people with high damage costs, this leads to an 
agglomeration around polluters. This decreases social welfare and hence the 
authors suggest refraining from the pure compensation (Pigou) approach. Another 
example is the possible crowding out and relocation effects following a congestion 
pricing scheme in a city center. A marginal cost-based pricing scheme might stimu-
late consumers and retail business to move outside the charged area, which at the 
end of the day might increase air pollution and climate impacts through an increase 
of total travel distances. These possible rebound effects have to be estimated 
through a cost-benefit analysis, as suggested by Coase.

The approach of Ecological Economics (e.g., Farber et al. 1999) stresses on the 
complementary of nature and economics, natural resources cannot be substituted 
with material resources and should therefore not be exhausted beyond critical 
thresholds. Natural processes are complex and partly irreversible and emissions 
(flows) can accumulate (stocks) and produce harm to future generations. For impacts 
of this type, a target-driven approach is appropriate. It implies that “safe minimum 
values” are set for every essential effect, which touches nonrenewable resources 
(nature, human health, and life). If prices (charges, taxes) are the only instrument, 
then they have to be set in a way that the safe minimum values are at least guaranteed 
(e.g.,: standard/price system of Baumol and Oates 1988). If several instruments are 
available, they have to be combined through a least cost strategy. Suppose that the 
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strategies are characterized by increasing marginal costs if the intensity of the 
strategy is increased. Then the strategies can be ordered lexicographically and 
applied beginning with the lowest cost strategy and changing to the second lowest 
strategy as soon as the costs per unit of abatement are equal, etc.

13.2.3  Implications for Internalization of External Effects

The three theoretical concepts lead to substantially different internalization 
strategies.

Pigou’s concept solves the externality problem by introducing a Pigou tax as the 
difference between marginal social costs and private costs, measured at the point of 
social optimum. After introduction of the Pigou tax, the individuals will behave in 
a socially optimal manner. This implies that marginal cost curves have to be quanti-
fied for every external effects and added up to achieve the social marginal cost 
curve. Furthermore, the demand curve has to be estimated such that the social opti-
mum can be identified at the point of intersection of the demand curve with the 
social marginal cost curve.

While Pigou based his concept on a two routes problem, for which the optimal 
network problem can be easily transformed to a market analogy (in a market dia-
gram with price and quantity at the axes), in reality we have to cope with large 
networks with millions of routes, multiple users, and multimodality. This implies 
that the simple textbook problem has to be extended to a most complex network 
optimization problem. As LeBlanc and Rothengatter (1982) have shown, it is rather 
a system and user-optimal network problem, which have to be solved and the dif-
ferences between the marginal social costs and the individual average costs at the 
point of equilibrium for every link of the network should be optimized. Despite the 
progress of algorithms and computer efficiency, it is still a challenge to model these 
optimality problems appropriately for large-scale networks with complex demand 
interactions.

As soon as the rigid assumptions of the concept are not met in practice, the 
Pigou scheme often is modified. This concerns for instance:

 1. Using average costs instead of marginal costs (e.g., in the case of traffic noise)
 2. Adding mark-ups to the marginal costs (e.g., in the case of fixed costs to be 

recovered)
 3. Differentiating the prices according to the (inverse) of the demand elasticities 

(“Ramsey Pricing”)

With such adjustments, the optimality property of the pricing scheme is no longer 
given (“from first-best to second-best approaches”).

The Coase concept starts with constructing a negotiation situation between the 
involved parties, the “perpetrator” and the “victim.” In the absence of transaction 
costs, a negotiated agreement could be achieved, which includes a compensation 
payment and a production limit for the externality. However, as denoted above, 
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if transaction costs matter (and other deviations from the neoclassical world are  
considered) every compensation solution has to be checked with respect to achieving 
a net welfare gain. For example, the London congestion charging scheme shows 
extremely high transaction costs of about two-thirds of the revenues. According to 
Coase, this scheme would have to be tested with respect to its net welfare 
contribution.

The approach of Ecological Economics is based on the definition of safe 
minimum values for critical externalities. These values may be developed by expert 
teams or by policy makers. In the case of noise or air pollution, the WHO has set 
standards for every type of emission (WHO 2003). In the case of road accidents, the 
European Commission has set the target to reduce fatal accidents by half within one 
decade. And in the case of GHG, the IPCC has prepared an empirical and (climate) 
modeling platform from which the necessary reduction values for CO

2
 and other 

climate gases can be derived. If the world temperature should not increase by more 
than 2°C until the end of this century, a number of mitigation measures have to be 
taken and implemented world-wide. The second element of this approach is the 
least-cost triggering of the reduction strategies. This presupposes that the cost func-
tions for all possible strategies are quantified, a lexicographical order of cost-
efficient strategies is setup and a lower envelope for the cost functions is constructed. 
This implies using network and cost models, which are run iteratively to approxi-
mate the least cost combination of strategies.

13.2.4  Intergenerational Effects and the Problem  
of Social Discount

Even if a (unrealistic) good prediction of the interrelationship between GHG 
emissions and the resulting climate change is assumed, the economic valuation of 
the corresponding impacts in the far future are still impossible to be forecasted. 
This is mainly due to the following four problem areas:

 1. Quantitative impacts for mankind: Future emissions of GHG depend widely on 
economic development and technological progress. The possible impacts depend 
on complex feedback mechanisms, which lead to a worldwide distribution on 
tipping points. The damages for mankind are dependent on the severeness of 
impacts and the intensity of adaptation measures (protection measures, migra-
tion of affected population). It is practically impossible to predict such changes 
for a century or more, such that scenarios have to be setup and a scenario, associ-
ated with a development trajectory, has to be selected which appears consistent 
and probable from present point of view.

 2. Change of technology and prices: Damages are caused by resource consump-
tions following the application of particular technologies. Scarcity and relative 
prices of resources depend on technological progress and demand development. 
Whereas an improved technology leads, on the one hand, to a preserving of the 
resources and a decrease in price, it leads, on the other hand (therefore), 
simultaneously to a higher demand and a higher consumption of the resource 
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(rebound-effect). In particular, the construction of long-term scenarios for  
technological development leads to speculative futures, because radical innova-
tions – as they may induce new “Kondratieff-cycles”4 – cannot be predicted.

 3. Change of preferences over time: The preference for exhaustible resources, in 
particular for a livable environment, may go up with increasing environmental 
problems in the future. With growing population also, the scarcity of land and 
water lead to increasing values of land in agglomerated areas and clean water.

 4. Ethical problems and intergenerational equity: It is obvious that within one gen-
eration the value of a unit of consumption now is higher than that of tomorrow. 
This is expressed by a rate of discount. But in the context of intergenerational 
allocation of welfare, a high rate of social discount implies a shift of intertempo-
ral consumption to the present generation. If the present generation, however, 
feels “empathy” with future generations, then the long-term rate of social dis-
count will be very low.

The problem of social discount plays a dominating role in the debate between 
N. Stern and W. Nordhaus (2007). The result of the “Stern Review” (Stern 2006) 
that the benefits of an immediate mitigation policy with respect to climate change 
is five times of the cost to be invested is strongly dependent on the very low rate of 
social discount (0.1%). Nordhaus suggested a discount rate of at least 1.5%. 
Applying this rate of discount to impact scenario used by Stern for his economic 
analysis would lead to a drastic devaluation of future benefits (the present value of 
one dollar of benefits to be received in 100 years would be 22 cts, which is almost 
the factor 5). This means that a slight revision of scenario assumptions of the Stern 
Review would be sufficient to come to the conclusion that adaptation is the better 
choice in the economic sense rather than mitigation.

From this follows that the assumptions on ethical preferences of the present 
society play a dominating role with the estimation of present values of long-term 
future external costs of climate change. The state of discussion on international 
climate conferences and the announcement of reduction policy actions by many 
countries indicate – beyond the strategic hesitation of big transition countries – that 
empathy with future generations can be weighted so high that it is justified to set 
the social rate of discount close to zero.

13.3  Measurement and Valuation of External Costs  
of Transport with a Focus on Climate Change

The challenge to internalize external effects of transport rises and falls mainly with 
their measurement and right valuation. Whereas the measurement of GHG emis-
sion in transport is straightforward, the valuation raises considerable challenges.

4 See the introductory paper of Rothengatter in this volume for a definition of Kondratieff-cycles.
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13.3.1  Measurement of Emissions

Although the measurement of several local external effects such as noise or air 
pollution (e.g., particulate matter) is rather sophisticated, it is relatively easy for 
global-acting CO

2
 emissions as the leading GHG: The production of CO

2
 is directly 

linked with the consumption of fossil energy by transportation activities. As more 
than 90% of energy used for transport purposes is fossil energy, it is possible to 
construct direct relationships between transport activities, consumed energy (fuel), 
and produced CO

2
. Although this simplification reflects most of the effect, it 

abstracts from other GHGs. However, for the aviation sector this simplification is 
not precise enough as high quantities of non-CO

2
 climate gases such as NO

x
, contrails, 

or water vapor are emitted (IPCC 1999). It is estimated that these climate gases 
make at least 50% of the emitted CO

2
 of aviation, measured in CO

2
 equivalents 

(IPCC 1999).

13.3.2  Measurement of Impacts

Measuring the impacts of GHG is challenging because of the complex coherence 
between the time sensitive amount of GHG emission and the climate as well as the 
other forecast problems pointed out in Sect. 13.2.4. It is not possible to identify 
unanimously the impact paths from the emission of CO

2
 to the changes of environ-

mental conditions at tipping points and finally the impacts on people exposed to the 
risks. The emission of GHG is not primary a flow problem, but rather a stock value 
with a tremendous time delay of some decades (IPCC 1999). The concentration of 
CO

2
 in the atmosphere at a certain point in time is the critical value, not the addi-

tional flow. The current status of the CO
2
 concentration in the atmosphere (about 

350 ppm, IPCC 1999) seems not to be critical. However, in the long term, the eco-
logical degradation of CO

2
 concentration in the atmosphere is not fast enough   

compensate the current human emission rate of CO
2
. This leads to a further increase 

of the concentration even if the emissions are stopped immediately. It is expected 
that a concentration of 650 ppm or more will occur by the end of this century under 
business as usual conditions. Reducing CO

2
 emissions by 50% until 2050 would 

give a chance to limit the concentration to about 450 ppm and the increase of global 
temperature to about 2°C (IPCC 1999).

The next step of analysis is to identify the changes generated by reactions of 
nature to the increase of global temperature. The Potsdam Institute for Climate 
Research (Edenhofer et al. 2008) has published a map on potential worldwide 
changes of nature stemming from global warming (Fig. 13.2). From this map, 
it becomes obvious that these global tipping points (e.g., the methane outburst 
in Siberia or the performance of the marine carbon pump in the south  
east pacific, El Niño, etc.) are manifold and associated with a high degree of 
uncertainty.
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The IPCC scenarios (IPCC 2007) give quantitative figures for the manifold kind 
of changes and their possible impacts on the living conditions of mankind. Based 
on this, the economic impacts can be estimated as done by Stern (2006).

13.3.3  Valuation of Impacts

As external effects are not processed through the market system, there are no market 
prices available for a direct economic valuation of such impacts. A number of possi-
bilities are given to overcome this problem, as for instance:

 1. Estimation of damage costs
 2. Estimation of avoidance costs
 3. Contingents methods (willingness to pay/accept, stated and revealed preference)
 4. Hedonic pricing
 5. Market game-based simulation methods

The approaches can lead to significant different results. Apparently, especially the 
first two are based on complete contrary principles. The amount of damage might 
differ strongly from the avoidance costs. The “Stern Review” (Stern 2006) esti-
mates the damage costs, which might occur under business-as-usual conditions. 
This presupposes to transform the IPCC results into a monetary framework, which 
includes a number of uncertainties with respect to the economic transmission 
mechanisms. At the end of the analysis the economic value of a ton of CO

2
 can be 

quantified with about 80 Euro, worldwide, on average.

Fig. 13.2 Tipping points in the earth system (Source: Edenhofer et al. 2008)
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But, as the damage cost approach requires to set up a very detailed scenario of 
the impact mechanisms including many uncertainties, many authors prefer the 
avoidance cost approach even though it does not consider future generations. This 
approach requires to set the reduction target and to estimate the costs of a least-cost 
mix of instruments to achieve the target. Infras and IWW (2004) start from the 
IPCC targets for CO

2
 reduction (OECD countries: 80% until 2050) and result in a 

value of 140 Euro per ton of CO
2
, which seems much higher than the Stern estima-

tion. But considering that the Infras and IWW (2004) figures relate to EU 15 
(European Union before extension through the accession countries), while the Stern 
figure includes the developing countries (for which a stagnation of CO

2
 production 

is assumed) this difference diminishes.

13.3.4  Valuation Results for External Effects of Transport

It is interesting to compare the results of neoclassical approaches, based on Pigou’s 
principle of charging the difference between marginal social and average private 
costs, and empirical values. Maibach et al. (2008) prepared a European handbook on 
external costs of transport for the European Commission, which gives an overview of 
published marginal costs for every type of external costs, expressed in Euro/vkm (see 
Fig. 13.3) and compared these costs with the effectively applied national charges.

This figure is based mainly on values estimated by the neoclassical Pigou 
concept and consequently congestion comes out as the most important externality 
in peak hours, while climate change appears to be almost irrelevant. This is due to 
the fact that most studies derive the price for a ton of CO

2
 from the European 
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Fig. 13.3 Marginal external costs per cost category in €ct/vkm for passenger cars (in €2000) 
(Source: Maibach et al. 2008)
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Emission Trading Scheme (EU-ETS) introduced in 2005 for some industrial sectors 
and electricity production. As too many certificates were allocated, the resulting 
certificate price was moderate. For instance, the comprehensive EU study UNITE 
(Bickel and Schmid 2002) uses a CO

2
 price of 17 Euro/t. As already mentioned, the 

study of Infras and IWW (2004) for the International Union of Railways (UIC) 
exhibits higher values of CO

2
 of up to 140 Euro per ton (see Fig. 13.4). Accordingly, 

the external costs of climate change become the second largest impact for individ-
ual passenger transport. This underlines the uncertainties connected with the valu-
ation of external effects of transport.

Besides these different values for external costs, even the classification of modes 
is considerable different. The European Handbook for External Costs of Transport 
comes out with the result that aviation is an environmentally friendly transportation 
mode (Maibach et al. 2008:110), while the study by Infras and IWW (2004) char-
acterizes aviation as most problematic from the environmental point of view.

Under these conditions, it is obvious that the question “which approach is right 
or wrong” cannot be answered. But it is clear that the valuation of CO

2
 used in the 

Handbook (Maibach et al. 2008) is not consistent with the target set by the 
European Commission to reduce CO

2
 until the year 2020 by 20% or even by 30% 

if other countries follow the EU reduction policy. The internalization of CO
2
 exter-

nalities based on the Handbook prices (Maibach et al. 2008) would not lead to a 
significant change of traffic behavior. For instance, the mark-up for an air ticket 
price on medium distance in Europe would be 2–5 euros.

Fig. 13.4 External costs of transport assuming a price of 140 Euro per ton of CO
2
 (Source: Infras 

and IWW 2004)
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13.4  Policy Instruments for Internalizing External Climate 
Effects of Transport

For internalizing external climate effects of transport, four categories of policy 
instruments can be identified, which are depicted in the following:

 1. Voluntary agreements and technological support
 2. Regulations
 3. Taxes and charges, as well as
 4. Trading of emission certificates

These are depicted in the following.

13.4.1  Voluntary Agreements and Technological Support

European transport policy has relied for some time on the benevolent self-interest 
of the automobile manufacturers to improve fuel efficiency of vehicles. In 1998, the 
Association of European Automobile Manufacturers (ACEA) had published a self-
commitment to reduce the average fuel consumption of newly licensed passenger 
cars to 140 g/km in 2008 (EC 1998). In reality, only 154 g/km was achieved which 
was mainly due to the trend to premium cars with higher weight and more horse-
power (T&E 2008).

This underlines that the market is not contributing automatically to the climate 
goals. This is only the case in time phases of high fuel prices, which lead to 
increased market demand for fuel-efficient vehicles and an appropriate reaction of 
the suppliers. Such market reactions could be observed in the mid-seventies and 
early nineties when oil prices peaked. Cars with a low fuel consumption of 3 l/100 km 
were already on the market more than 10 years ago, which underlines that a change 
to low fuel consumption is not a technological rather than a market demand 
 problem: The new fuel-efficient technology vanished from the market as soon as 
the relative prices of fuel went down. The lesson learned is that the market signals 
are fluctuating and do not provide enough certainty for the suppliers to invest con-
tinuously in better energy efficiency.

Presently, there is high interest of the automobile manufacturers to invest in 
E-mobility, i.e., in new battery technology, electric propulsion, or fuel cells.  
In some countries, this tendency is massively supported by the state, for instance in 
China. Also European countries give financial support and organize pilot projects 
for an accelerated propagation of E-technology. This industrial and political trend 
is only consistent with the climate goals if a number of conditions can be met:

 1. Energy efficiency of E-mobility has to be increased, i.e., presently an electric car 
consumes more (primary) energy compared with an efficient diesel-driven car.

 2. Electrical energy has to be produced by a high share of regenerative power.
 3. The charging of vehicles has to be controlled that the peak of electricity demand 

in the evening hours are smoothened.
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 4. The driving range of battery-driven cars has to be extended and the loading or 
exchanging of batteries organized more convenient.

 5. Hydrogen-based technology (if applied) would need a new infrastructure for the 
supply of energy and a much more efficient production method.

 6. The costs for the battery can still not cope with the conventional technology –  
a price decline would be necessary.

As a consequence, one cannot expect that under the current conditions E-mobility 
will gain a big market share in the next decade. A decrease in battery-prices, a more 
volatile electricity price, might however foster a considerable market share in the 
near future. There is still a big potential for improving the efficiency of diesel and 
gas-driven cars, which will make the main contribution for energy saving in a fore-
seeable future. Furthermore, one should not neglect the other possibility for energy 
savings, as there are better aerodynamics, lower weight, better tyres, automatic 
switch-off of engines, gear mechanism, and other technological improvements, 
which bring considerable efficiency gains in combination, and especially if paired 
with better energy consciousness of the drivers. A trend to smaller cars cannot, 
however, be beaten by these measurements – at least when costs are included in the 
considerations. Furthermore, traffic management in form of traffic information, 
guidance, recommendations, and obligatory route choices can help the drivers to 
make the best choices with respect to travel time, route and mode choice or the 
choice of destination, e.g., for leisure or shopping.

To conclude: A change of the technology from the supplier side can only be 
expected if the demand side is changing to more energy-efficient products, and the 
latter will only happen in a regime, which offers benefits to the customers if they 
change demand patterns. With respect to the latter conditions, it is not enough to 
hope for the market signals to develop to the right directions rather than it is neces-
sary that the state sets the regulations and prices in a way that energy-efficient 
behavior pays for the agents.

13.4.2  Regulations

Economists usually argue that regulations constrain unduly personal freedom of 
market agents and leads to a failing of the welfare optimum. But in the long run, 
when decisions for future generations are made, it is inevitable to include the 
incapable future generation by a long-term reliable regulatory framework to guide 
the market forces into the sustainable direction. The European Commission, when 
reacting on the failure with the self-commitment of the automobile industry, took 
the second position and introduced a strict regulatory regime for the CO

2
 emissions 

of newly licensed cars.
Following Directive 2009/33 EC, the European Commission introduces weak 

regulations on fuel consumption of the vehicle fleet of manufacturers in 2012, 
which are followed by rigid rules in the year 2015, limiting CO

2
 emissions to 120 g/vkm 

in 2015 and reducing this limit to 95 g/vkm in 2020. The penalties foreseen can 
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reach a magnitude of 95 Euros per gram of CO
2
 emission per vkm exceeding the 

reference curve per vehicle sold. The reference curve allows the producers of bigger 
cars (e.g., vans) to deviate from the target, but less than proportional. Under status 
quo conditions, the producers of big premium cars would have to pay between 
3,500 and 15,000 Euros per car in the future, which might influence purchase 
decisions substantially, even in the market segments of premium cars.

A crucial problem with regulatory policy of this type is the dynamic adjustment of 
regulatory standards over time, as the US example with the CAFE standards demon-
strates. In the USA, the Corporate Average Fuel Economy (CAFE) standard has been 
enacted in 1975, as a response to the oil embargo from the organization of the 
Petroleum Exporting Countries (OPEC) in 1973. The limit values were set dynami-
cally and in a way that producers could adjust without major frictions, e.g.,: 20 mpg 
(274 g/vkm) in 1980 and 27.5 mpg (199 g/vkm) from 1990 to 2010. The regulation has 
been successful until the nineties, but lost its incentive power because it was no longer 
adjusted dynamically after 1990. Furthermore, particular trucks and sport utility vehi-
cles (SUVs) were exempted or treated more softly, such that vehicle types with high 
fuel consumption – as for instance the famous Hummer SUV – were not penalized.

In 2007, the CAFE standards received their first update after about three decades. 
Future fuel efficiency should be increased substantially by setting the performance 
of 35 mpg (156 g/vkm) until 2020, without exemptions for light trucks and SUVs. 
Furthermore, a credit trading flexibility was introduced, such that producers of high 
fuel consumption cars can trade with producers of low fuel consumption cars. The 
new requirements mark a first fixed standard for the emission of GHGs by car traffic 
in the USA and cover the years 2012–2016. The standards foreseen for 2016 are 
39 mpg (141 g/vkm) for cars and 25 mpg (219 g/vkm) for trucks.

13.4.3  Taxes and Charges

Taxes and charges are the classical “Pigou-instruments” for internalizing external 
costs. According to the textbook paradigm, there would be one Pigou tax appropri-
ate to internalize all externalities of different types. This would presuppose that all 
types of external effects can be aggregated consistently by one (concave) welfare 
function. More sophisticated approaches follow the Koopmans (1975) theorem 
according to which every type of externality represents a particular objective and 
optimizing a set of objectives needs a set of instruments. With respect to climate 
change, one can follow that fuel or carbon taxes are compatible instruments and also 
a differentiation of vehicle excise taxes might generate right incentives. Kilometer-
based charges, however, are not appropriate because a vehicle km travelled does not 
indicate exactly how much CO

2
 is produced. This is the reason that the European 

Commission includes only three types of externalities into an internalization strategy 
based on time and/or spacial sensitive charges: noise, air pollution, and congestion. 
Climate change effects are excluded with the well-founded argument that fuel or 
carbon taxation or trading CO

2
 certificates are better instruments.
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Although fuel or carbon taxes are appropriate instrument to internalize external 
climate effects, it is rather difficult to implement an harmonized worldwide carbon 
taxation scheme even this would be desirable form an economic point of view. 
Taxes usually have a long national history, and they are an element of the overall 
public finance. Within the EU, a unification of fuel taxes or the introduction of a uni-
fied carbon tax would presuppose a unanimous decision of the EU Council. The 
different budget situation and tax structures of different countries make it difficult 
to come to a harmonized tax solution for the internalization of climate effects. It 
furthermore has to be considered that the sectors of international aviation and mari-
time shipping are governed by international agreements such that isolated national 
or EU taxation interventions are not possible.

13.4.4  Trading of Emission Certificates

Emission trading is the favorite instrument of the Kyoto Protocol, and it seems that 
also the international agreements for the post-Kyoto phase (after 2012) might be 
based on this instrument. Emission trading schemes can be mainly characterized in 
two dimensions:

 1. Open or closed emission trading schemes
 2. The obliged party within the energy flow chain (upstream, downstream or 

midstream emission trading schemes)

In open schemes, all (applicable) parties emitting CO
2
 are allowed to trade, regard-

less which sector or region they belong to. Closed schemes are restricted to particu-
lar sectors or spatial entities. The second dimension is from an ecological 
perspective unproblematic as a liter of fuel emits the same amount of CO

2
 – this 

allows a regulation at each node within the energy flow chain. However, from an 
economic point of view the associated transaction costs may differ strongly. An 
upstream scheme means that the producers or traders of fossil energy – which is 
burned in engines and transformed to CO

2
 – are the trading agents. International 

organizations and the states set the targets, which are introduced as yearly caps to 
reduce emissions over time. The advantage is that the number of traders is limited 
and the transaction costs are low. For the demand side of the market, this scheme 
works like a carbon tax.

In downstream schemes, the consumers of fossil energy are the trading parties, 
such that there will be millions of traders. CO

2
 allowances in such a system function 

like an additional currency and high transaction costs are necessary to make such a 
market functioning.

Midstream schemes usually are closed and regulate the vehicle manufacturers 
even though other agents could be considered. Producers of small and fuel-efficient 
cars would be able to sell allowances, while producers of premium cars and SUVs 
would have to buy. In this case, every producer would be free to produce an optimal 
mix of passenger cars under consideration of the purchase/sales of CO

2
 allowances. 
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However, as the number of cars as well as the concrete driving behavior is 
unrestricted, this scheme does not guarantee the achievement of the desired 
emission reduction aim.

The allocation of certificates is of minor interest in this context.
According to the simulations with a multiagent model by Jochem (2009), the 

decision to close or to open an emission trading scheme for the transport sector has 
a significant influence on the CO

2
 price. In an open scheme (upper part of Fig. 13.5), 

the transport sector benefit from other sectors, which have lower mitigation costs 
such that the price of CO

2
 emission allowances will be kept low. As soon as the 

trading system is closed for the transport sector and a particular reduction target has 
been set (e.g.,: 10% until 2020), the price for a ton of CO

2
 will strongly increase 

from a current point of view (lower part of Fig. 13.5). This is mainly driven by the 
willingness to pay for big and prestigious vehicles of many households.

As it is hard to integrate international aviation into a fuel or carbon taxation 
scheme, the European Commission has tried to include this sector into the existing 
European CO

2
 emission trading scheme (EU-ETS), which has been introduced in 

2005 and was restricted to industrial sectors and electricity production until 2012. 

Fig. 13.5 Example of CO
2
 prices in an open (above) or a closed (below) trading scheme (Source: 

Jochem 2009)
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Directive 2008/101 states – among other clauses – the following essential arrangements 
for the aviation sector:

 1. All flights are included which arrive/depart at EU aerodromes, beginning with 
Jan. 1, 2012.

 2. From January 1, 2013, 15% of allowances will be auctioned. This percentage 
may be increased as part of the general review of this Directive.

 3. At least 15 months before the start of each period, the Commission shall calculate 
and adopt a decision setting out:

The total number of allowances –
The number of allowances to be auctioned –
The special reserve –
The number of allowances allocated free of charge –
The benchmarks to be used to allocate allowances free of charge to aircraft  –
operators (in principle dependent on the fuel consumption of the operated 
aircraft fleet).

This system can be regarded as an international “top runner”-model for including 
international transport sectors into a CO

2
 trading scheme. From the logical point of 

view, it can easily be extended to the maritime sector, while the practical implemen-
tation problems might be bigger in the latter sector.

13.5  Conclusions

Looking at the upcoming challenges in the climate change concern, it is inevitable 
that the transport sector contributes considerably to CO

2
 emission reduction. 

Notwithstanding, the growth in the global passenger car fleet and the increasing 
volumes in freight transport will lead to very ambitious efforts.

From an economic point of view, CO
2
 emissions are external effects, which 

should be internalized to increase social welfare. In the neoclassical theory, this is 
straightforward. However, in its empirical implementation the approach is very 
sophisticated and the “first-best”-rules such as marginal cost pricing collapse for 
most external effects. In the real world, it is the major issue of economic advice, to 
consider the dynamic incentive patterns, the acceptability and the institutional 
consequences of a pricing scheme. Hence, the public objectives can only be 
achieved by a variety of instruments.

These instruments include the support of voluntary commitment, of setting 
regulations and standards, of introducing taxes and charges as well as establishing 
trading schemes for CO

2
 emissions. With respect to the externalities of climate 

change, general taxes such as fuel or carbon taxes or CO
2
 trading schemes are 

appropriate measures. However, the quantification of unpredictable future damages 
as well as the stock feature of GHG makes a valuation of external costs of GHG 
very demanding. With respect to the political implementation, the considerable 
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difficulties to implement harmonized taxation schemes in an international context 
make a concentration on an agreement for an international open CO

2
 certificates 

trading scheme most reasonable. The specific problems of developing and transi-
tion countries could be solved by allocating the CO

2
 allowances on a per capita 

basis. Additional instruments such as a change in allocation rules of the clean 
development mechanism (CDM) within the Kyoto Protocol framework and of the 
1991 initiated Global Environment Facility (GEF) could help to increase the interest 
of these countries in effective reduction policies.
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14.1  Introduction

Transport generated approximately 25% of emissions of CO
2
 in the world in 

2003, and this share amounted to 30% in OECD countries. Among these emis-
sions of one of the main greenhouse gases (GHGs), 18% come from road trans-
port; 3% from air and 2% from maritime transport (OECD 2007). Moreover, 
emissions from transport have increased by 31% in the world between 1990 and 
2003. Given recent evidence on the need for deep GHG reduction in the next 
few decades (Stern 2006), several industrialised countries have set ambitious 
targets, e.g. a reduction by four of their emissions by 2050. Regarding transport, 
the policies will have to be more determined: they should aim at reducing total 
consumption which means reducing vehicle-kilometres travelled, not just 
vehicle-specific consumption.

Among the measures identified to reduce transport intensity, carbon taxes and 
vehicle taxes seem to be the most cost-effective (OECD 2007; Parry et al. 2007). 
However, the “fuel tax protests” of September 2000 in several European countries have 
shown that public opinion is very resistant to fuel tax increases (Lyons and Chatterjee 
2002). This resistance can also be explained by concerns about fairness, since many 
households depend on the car for day-to-day living and for getting to work. Moreover, 
fuel tax increases would require the international harmonisation of fuel taxation in 
different countries, which, in Europe, appears to be extremely difficult.

In the light of these difficulties, another instrument which combines economic 
incentives and quantity control, namely marketable or tradable permits (TPs), might 
be of interest. This category of instruments is part of a wider one, namely transferable 
permits. According to a general definition given by Olivier Godard (OECD 2001), 
transferable permits cover a variety of instruments that range from the introduction 
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of flexibility into traditional regulation to the organisation of competitive markets for 
permits. These instruments have in common: the setting of quantified physical 
constraints in the form of obligations, permits, credits or rights allocated to target 
groups of agents consuming scarce resources; and the permission granted to agents 
to transfer these quotas between activities, products or places (offsetting), periods of 
time (banking) or to other agents (trading, hence “tradable permits”).

We will show that there are several directions of theoretical relevance for the use 
of emission trading in transportation, especially “cap-and-trade” schemes, and that 
hybrid instruments combining tradable permits with taxation may be particularly 
efficient. Moreover, we will also show that there is no sound reason to dismiss in 
principle downstream trading on the basis of their potentially high transaction 
costs, because of the large number of mobile sources to deal with. Downstream 
schemes will be presented, which are feasible both on technical and institutional 
grounds, thanks to available electronic technology. Regarding the need to coordi-
nate transport emissions reduction at the international level, and especially regard-
ing international transport, we will also argue that emission trading in transport 
could be quickly implemented contrary to the harmonisation of fuel taxation.

This chapter is structured as follows. First, starting from the theory about trad-
able permits, their relevance in transport emissions is analysed. Second, the case for 
downstream approach is discussed, and two proposals of tradable rights for fuel 
consumption for private vehicles and for freight transportation are presented. Third, 
international aspects regarding border effects and international coordination in the 
European Union and with other regions in the world are analysed. In the next two 
sections, some evidences regarding behavioural effectiveness and acceptability 
issues are presented.

14.2  The Theoretical Case for Economic Efficiency

The economic theory of pollution permit markets is well established now. It started 
from the seminal work of Coase (1960) on external costs, showing that with low 
transaction costs and well-defined property rights an efficient distribution of 
resources (including externalities) could be achieved. This was followed by the 
work of Dales (1968) on regulating water use, and the formalisation of pollution 
permit markets by Montgomery (1972).

In a “cap-and-trade” scheme, the regulating authority determines the total amount 
of pollution acceptable (i.e. the “cap”) and distributes the permits (or quotas or 
rights1) among the agents, who are liable to return these permits to the authority in 
proportion of their emissions. The agents are authorised to trade the unused permits.

The theory may be summed up as follows (Baumol and Oates 1988). A system 
of tradable permits (TPs) equalises the marginal costs of reduction between all 
emission sources. Under some assumptions, this is a sufficient condition for minimising 

1 The terms “quota”, “permit” or “right” will be used interchangeably thereafter.
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the total cost of achieving a given emissions reduction objective. This result is 
obtained independently of the initial allocation of rights: it should be stressed that 
this makes it possible to separate the issues of efficiency and equity. Moreover, 
opposite to conventional taxation, the public authority needs no information about 
damage and abatement cost functions to fix the optimal level of intervention: with 
permit markets the authority needs only to fix the total amount of pollution.

Indeed, regarding the quantitative objective of emissions reduction, the essential 
difference between taxes and permits lies in the fact that in practice the public 
authorities do not possess full information on the reduction costs for the different 
agents. With a permit-based approach, achieving the quantitative objective of emis-
sions reduction is guaranteed, but there is no guarantee with regard to the actual 
level of the marginal costs of reduction. On the contrary, in the case of the tax, the 
marginal cost of reduction for each agent is fixed, but there is no guarantee with 
regard to the amount of emissions reduction.

This uncertainty makes it difficult for the regulator to make a choice as errors 
regarding reduction costs for agents may be very costly to the community, 
 particularly regarding the distribution of efforts over time and between agents. 
Nevertheless, a number of criteria may be relevant when making this choice 
(Baumol and Oates 1988).

A first criterion for the appropriateness of a quantity-based approach (i.e. quotas) 
is whether the damage to the environment is increasing very rapidly or becoming 
irreversible when certain emission thresholds are reached or exceeded. In this case, 
TPs provide a relative advantage over a tax approach since quotas control reduces 
the cost of errors (Weitzman 1974).

However, there is a controversy regarding the pace of damage cost function of 
GHG emissions, between those who argue it is rather steep relative to the abatement 
cost function (Stern 2006) and those who argue the opposite (see, for instance, 
Nordhaus 2006). In order to overcome this uncertainty about the costs of (in)action, 
a hybrid approach combining permits and a “safety valve” for price would provide a 
pragmatic solution (Roberts and Spence 1976; Baumol and Oates 1988, pp. 74–76). 
It involves setting a payment in full discharge (i.e. a “safety valve”): this way, the 
emitter could be discharged of his or her obligation to return permits by paying the 
payment in full discharge for each unit of emission exceeding the rights he or she 
holds. This payment in full discharge would then set the upper bound of the permit 
price. This hybrid solution is to be applied when the regulator must make decisions 
either with regard to the temporal distribution of efforts (e.g. annual objectives) or 
with regard to the distribution of this effort between the different actors or sectors.

A second criterion is whether agents are more sensitive to quantitative than to price 
signals, particularly if the price-elasticity of demand is low in the short or medium term 
as is the case in transportation. Here again a permit system is more appropriate.

For example, emissions from travel may be reduced by various means: by 
changing driving style; by reducing vehicle-kilometres travelled (by increasing the 
number of passengers in vehicles, reorganising trips or changing the locations of 
activities); and by changing one’s vehicle or changing transport mode in favour of 
one which consumes less energy. Some of these actions may be implemented in the 
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short term, while others such as changing one’s vehicle, changing one’s place of 
work or residence may take much longer. Thus, price-elasticities of fuel consump-
tion are generally low in the short term and considerably higher in the long term. 
For example, for fuel consumption, the price-elasticity values are between −0.2 and 
−0.3 in the short term2 and −0.6 and −0.8 in the long term (Goodwin 1988; Graham 
and Glaister 2002; Brons et al. 2006).

Furthermore, a third criterion that is an important factor for the effectiveness of 
TPs is the heterogeneity of the agents involved in the system. This means that the 
marginal costs of abatement must be sufficiently different between agents to allow 
benefits from trading permits, thereby making the market function effectively.

For instance, if one considers the use of private car, the marginal abatement cost 
curves are highly varied and, in particular, rise as one moves from urban to suburban 
and then to rural settings. Changes in the locations of activities to reduce the 
distances between different activities are much easier to make in urban areas than 
in suburban or rural locations, as a result of the density of available activities. 
Reducing commuting distances is easier in a conurbation which provides a high 
density of job and housing opportunities. Likewise, public transport which provides 
an alternative to the private car is more frequently available in urban areas.

To sum up, there are several directions of relevance for TPs in the transport sector. 
Moreover, the controversy about efficiency opposing pure taxation to pure tradable 
permits looks now old-fashioned: the design of practical schemes should be based 
on hybrid solution combining TPs with the “safety valve” referred to above.

There are now a lot of experiences in implementation with TPs, for instance in the 
fisheries, and in the fields of construction rights and water pollution, some with 
success other with failures. The US “Acid Rain” scheme is a good example of a large-
scale system of tradable sulphur dioxide emission permits between power plants 
(Godard 2000). These experiences make it possible to identify some general criteria 
of success (OECD 1997, 1998) which include among others: the simplicity and the 
clearness of the system; the possibility of effective market operation; the credibility 
of emissions monitoring and sanctions; and the long-term validity of permits.

14.3  Towards Practical Implementation: The Case  
for Downstream Approach

The main arguments against the use of permits in the transport system are the cost 
of administering and monitoring permits over a large number of mobile sources, i.e. 
the transaction costs. This is why trading is generally considered only at the 
upstream level, i.e. fuel producers and refiners: however, some limits of upstream 
trading can be identified. Since transport in Europe is already partly concerned by 
the current Emission Trading Scheme (ETS), schemes regulating emissions of 

2 That is, a 10% increase in price would lead to a 3% reduction in fuel demand.
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ground transportation need to be modulated in addition to this one. Two proposals 
are recalled, one regarding a domestic tradable fuel rights scheme for private vehicles, 
the other regarding a tradable fuel rights scheme for freight transportation. Final 
sections address the phasing in of these schemes and the issue of administrative costs.

14.3.1  The Crucial Issue of Transaction Costs

Stavins (1995) has shown that when transaction costs are involved, the initial alloca-
tion of rights affects the final balance and the total cost of reducing emissions. Thus, 
reducing these transaction costs is a crucial issue: this should be done by avoiding 
finicky regulations or by facilitating the activity of intermediaries – like brokers – 
between vendors and purchasers (Hahn and Hester 1989; Foster and Hahn 1995).

Crals and Vereeck (2005) offer a definition and an in-depth comparison of trans-
action costs between taxes and tradable permits. Transaction costs include legisla-
tive, information, search, set-up, operational, negotiation, contract, monitoring and 
enforcement, and compliance costs. Their conclusion is that the overall costs 
depend on the details of the scheme design, whether tax-based or permits-based.

For instance, permits distributed for free on a large scale incur almost no infor-
mation costs when compared with taxation. An upstream system with a few partici-
pants may incur high costs of negotiation (or lobbying) when compared with a 
large-scale downstream system with a fixed allocation. Combined with modern 
technology and brokerage without regulatory interference for trading, permits 
operational costs can be set at their minimum.

Last but not least, with corrective (e.g. personalised) taxation there is a trade-off 
between transaction costs and environmental effectiveness. This has to do with the 
issue of acceptability (see below). On the opposite, the permits allocation scheme 
needs no trade-off with its environmental effectiveness since permits are by design 
used in their most efficient way.

14.3.2  Some Limits of Upstream Trading

This issue of administrative costs is the main argument against the use of permit systems 
within the transport sector which, by definition, involves a large number of mobile 
sources. This explains why propositions in the literature have been initially confined 
to targeting vehicle unit emissions through auto makers (Albrecht 2000; Wang 1994; 
and the California’s ZEV programme in Raux 2004). The main advantage of these 
proposals is that the permit systems would involve a small number of participants thus 
allowing lower transaction costs. Permits on household car ownership are another 
indirect way of controlling car travel (Walton 1997) but the linkage with actual fuel 
consumption is very crude. These systems have the disadvantage of ignoring the other 
component of total emissions, fuel consumption through actual vehicle use by drivers.
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Transport supply might be another area of TPs implementation. For instance, 
local governments, which plan land use and define transport policy and hence 
provide transport infrastructure and services, could be involved in ETSs (following 
the idea of “city carbon budget” by Salon and Sperling 2008). However, the basic 
difficulty is to monitor mobile sources which can be fuelled somewhere in a specific 
administrative area and can travel through other administrative areas: to which local 
governments should the liability of emissions be attributed?

Regarding fuel consumption by transport vehicle users, to reduce the administra-
tive costs, it seems relevant to set up the system of permits at the very upstream, at 
a level where the actors are very few: it could be the fuel refiners or distributors, 
which already transmit the current excise duty to the ultimate consumer and return 
the product of the excises to the government. By imposing to the producers and the 
importers of oil, natural gas and coal to return the quotas, the system would cover 
the whole CO

2
 emissions resulting from the combustion of the hydrocarbon fuels 

by the end-users (Winkelman et al. 2000).
In a study on the design of a GHG emissions trading system for the USA, 

Nordhaus and Danish (2003) argue the case for a hybrid approach which would 
combine an upstream procedure for fuel producers with a downstream procedure 
for automobile manufacturers. However, as German (2006) points out, there are a 
number of difficulties with such a scheme: one of the main problems is the risk of 
double counting both in terms of credits to automobile manufacturers for fuel 
efficiency improvements and in terms of allowances for fuel producers: credits for 
vehicle manufacturers are based on the entire lifetime of the vehicle, while 
 allowances for fuel producers are for emissions in the current year. Furthermore, 
this type of programme does not cover the existing vehicle fleet, which is known 
to have a lifespan of around 15–20 years on average. In short, such a programme 
would be highly complex.

Moreover, an upstream system is prone to two disadvantages. First, there is a 
risk of diluting the incentive effect of permits on the final emitter, so that they 
implement the complete panoply of behavioural adaptations which are available to 
them. Indeed, whether the permits are acquired by auction or distributed free to the 
fuel suppliers, these suppliers would pass opportunity costs3 relating to these 
permits to their customers as a simple additional fee. In this case, the advantage 
vis-à-vis the current system of fuel taxation is null.

The second disadvantage appears in the event of free allocation of quotas to the fuel 
suppliers. The fuel suppliers could transmit the opportunity costs relating to these 
permits: this would not call into question the economic efficiency of the system but 
certainly its acceptability, since those supporting the effort of reduction would not 
benefit from the revenue created by the free allocation. An upstream permits system 
thus seems, for reasons of political acceptability, incompatible with a free allocation.4

3 As the permits will have a value on the market, the opportunity cost for a fuel supplier would 
consist in not selling on the market the permits which they received for free, or not recovering their 
value in the form of extra costs to their consumers.
4 Unless this revenue is taxed, from which arises a new complexity.
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14.3.3  Transport in Europe Is Already Concerned by an ETS

The advantage of complete coverage by an upstream permit system has lost its 
strength today in the European Union, with the operation of the CO

2
 ETS since 

2005 (see Box 14.1). Since electricity production is already included in the ETS, 
ground transportation in Europe is impacted through rail operation and the future 
potential large-scale use of electric plug-in vehicles.

Regarding the articulation with world international freight transport, the inclusion 
of air transport in the European ETS is already on tracks by 2012 (see Box 14.2).

When it comes to maritime transport, the same approach might be adopted by 
the European Commission as stated in the “climate package” adopted in December 
2008. If no agreement is reached with the International Maritime Organisation by 
2011, the Commission should make a proposal to include international maritime 
emissions with the aim of its entry into force by 2013. These initiatives are first 
steps towards the inclusion of international transport in a worldwide ETS.

Since aviation is already included in the ETS – and maritime transportation will 
potentially in the near future – a scheme regulating emissions from ground trans-
portation should now be modulated as a complement to the ETS.

Box 14.1 The European Emission Trading Scheme

The ETS is in force since 2005 and has been set to help the European Union 
to reach the Kyoto Protocol targets of its member states. It covers currently 
more than 12,000 energy intensive fixed industrial facilities and power plants 
and till now concerns only CO

2
 emissions. After the first phases of the scheme 

which have seen an over-allocation of free allowances by member states to 
their industries and a subsequent collapse of carbon price, the scheme will be 
modified by 2013.

Following the EU commitment to reduce its emissions by 20% compared 
to 1990 levels, total EU industrial emissions will be capped at 21% below 
2005 levels by 2020. New industrial sectors will be included along with two 
new GHGs (nitrous oxide and perfluorocarbons). It is expected that 50% of 
all EU emissions will be covered. In order to avoid over-allocation by mem-
ber states to their domestic industries, national allocation plans of the ETS 
first phases will be replaced by an EU-designed allocation method based on 
benchmarking vis-à-vis the most efficient techniques and processes.

Moreover, from 2013 auctioning of emission allowances will be intro-
duced and increased with the aim to have 100% auctioning in 2027. Sectors 
not included and which use fossil fuel, such as ground transport or buildings 
for instance, are expected to achieve a 10% reduction of emissions by 2020: 
national caps have been established for these sectors.
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Box 14.2 The Inclusion of Aviation in the European Emission Trading Scheme 
by 2012

Given the slow progress of negotiations regarding international air transport 
emissions at the International Civil Aviation Organisation (ICAO), the 
European Commission decided in 2005 to take unilateral action and proposed 
to bring aircraft operators into the EU ETS for all flights arriving or departing 
from the European Union. According to the directive 2008/101/EC issued 
in November 2008, the scheme will include all the flights, starting in 2012. 
The scheme will initially concern only CO

2
 emissions and not nitrogen 

oxides and water vapour with its condensation trails.
The total quantity of allowances will be calculated on the basis of average 

CO
2
 emissions for the aviation sector over the period 2004–2006: it will 

amount at 97% of this quantity in 2012 and set to decrease gradually after the 
starting of the scheme. A fixed percentage of this total will be allocated free 
of cost (85% in 2012) and the remainder will be auctioned.

Each aircraft operator will then apply for a free allowance based on its 
historical activity (tonne-kilometres) and a benchmark ratio of total quantity 
allowances to the tonnes-kilometres achieved by the operators. In addition, 
operators will be able to buy allowances from other sectors covered by the ETS.

Indeed, end-users are an important target for emissions reduction since vehicle 
use represents about 75–80% (tank to wheel) of whole emissions from the point of 
view of vehicle life-cycle analysis (from cradle to grave). End-users as the final 
decision makers can modify, albeit with more or less constraints, their travel 
choices, activity locations, or choice of vehicle or transport mode. Moreover, 
according to Baumol and Oates (1988), the incentive to reduce CO

2
 emissions 

should be put as close as possible to the pollution source, to maximise the policy 
efficiency. This pleads for targeting the fossil fuel consumption of end-users.

In the next two sections, schemes of fully downstream permit markets within 
the transportation sector are proposed. This is undertaken separately for private 
vehicles and for the freight industry, due to significant differences in economic 
behaviour between these two sectors.

14.3.4  Proposal for a Domestic Tradable Fuel Rights  
Scheme for Private Vehicles

Here is summarised a proposal of “tradable fuel consumption rights” for motorists 
(for a detailed description and discussion, see Raux and Marlot 2005; Raux 2010). 
This idea has some connections with the more general one of “domestic tradable 
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quotas”5 which would encompass all fossil fuel consumption of households, thus 
including, e.g. home heating.

According to this scheme, motorists as consumers of fuel and hence emitters of 
CO

2
 would be liable for the obligation to return the corresponding fuel rights to the 

regulating authority. The right corresponds to an authorisation to emit the CO
2
 

equivalent of a litre of fuel.6 These rights may be held initially by the agent or pur-
chased in the permit market.

Different options are available for allocation of fuel rights and these refer to 
different views of equity. One option would be to allocate free fuel rights on a per 
capita basis. The rate by which rights allocations would be reduced each year would 
be announced several decades ahead and periodically adjusted by a regulatory 
authority independent of the government in office.

In order to consume more fuel than his or her free allocation, a consumer would 
have to purchase additional rights on the market. On the other hand, a consumer 
who does not use all his or her allocated rights could sell them. Practically, partici-
pants would buy and sell rights through intermediates like their usual bank operator 
or buy them at the petrol pump.

In order to reduce administrative costs and enforce a reliable monitoring, fuel 
rights debit would be validated when the motorist buys fuel at the pump. The rights, 
awarded annually, would be held on a chipcard. This could be either a smart card 
compatible with the automatic teller machines (ATM) that are already installed at 
petrol stations or a modification of credit smartcards currently used in these ATM. 
It would also be possible to purchase or resell permits in banks, using ATM bank 
distributors or over the Internet.

Other options in design include the choice of limited or unlimited validity of per-
mits, and a face CO

2
-equivalent value decreasing year-to-year to limit speculation.

For acceptability reasons, the management of fuel rights would not be left 
entirely to the market: rights would be sold and bought back at a price fixed by the 
authority. This implies that the authority would adjust this price on a yearly basis.

It would be socially unacceptable to apply suddenly the fuel rights system to all 
motorists. Hence, the implementation of the fuel rights market should be progres-
sive and would coexist with a CO

2
 taxation system. Moreover, taking part in the 

fuel rights system should be voluntary.
A solution is to set up the “safety valve” referred to above, which would be paid 

both by fuel consumers who wish to stay outside the rights market, and those who 
are taking part in it but have used up their allocation and are either unable or unwilling 

5 This idea was first developed by David Fleming (http://www.dtqs.org/ Accessed Dec 2008).
6 Currently in France, 2.4 kg CO

2
 for a litre of gasoline and 2.6 kg CO

2
 for a litre of diesel. Strictly 

speaking, this value should vary according to the type of fuel: diesel fuel contains more carbon 
than gasoline, gasoline with ETBE can have different emissions than gasoline without ETBE.  
A conversion factor would apply for each kind of fuel. For the purpose of simplicity of exposition, 
we have assumed that one right unit corresponds to 1 L of any fuel.
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to purchase permits. That would play the role of a conventional “CO
2
 tax” and 

constitute a price ceiling of permits on the market. It would have to be adjusted with 
reference to the country’s international commitments to reduce emissions.

To sum up, the current fuel excise taxation system will be supplemented by the 
coexistence of two schemes: the rights market on a voluntary basis on the one hand, 
the extension of fuel taxation with a “CO

2
 tax” for those not wishing to take part in 

the rights market on the other hand. These two systems will be the alternative pro-
posed to motorists: the incentive to adopt the fuel rights system will be effective if 
the price of fuel right stays lower than the CO

2
 tax.

14.3.5  Proposal for a Tradable Fuel Rights Scheme  
for Freight Transportation in Europe

Fuel rights for freight transportation would also be based on quotas of CO
2
 calcu-

lated from the carbon contained in the fuel (mainly diesel oil for trucks) consumed 
by any freight vehicle user, i.e. a for-hire carrier or a shipper performing its own 
transport (Raux 2010). Obligation would be made to the user to return to the regu-
lating authority the corresponding rights, which would then be cancelled.

In principle, there should be no free allocation to shippers. In case of full integra-
tion in the ETS, shippers holding ETS quotas could use them for transport. A free 
allocation could be devised for transport operators to improve the acceptability of 
the scheme. Given the European scale of freight ground transportation, the principle 
of a free allocation or not and, if a free allocation is adopted, the choice of the 
method of allocation and the calculation of the allocations would be decided at 
the level of the European Union.

The for-hire carrier (or the transport organiser) would negotiate with the shipper 
to get (or be paid for) fuel rights in view of the achievement of transport operation. 
Carriers holding unused rights (after having transferred the required quantity to the 
regulating authority) could sell them.

All freight transport modes would be covered, i.e. road, rail, river, maritime and 
air modes. This is already the case for aviation by 2012 (see above). The geographical 
coverage would be at the level of the European Union at least.

Transfer of quotas to the regulating authority would be monitored at the time of 
fuel purchase, either at the pump or when filling a tank on the carrier’s site.

The entrance into the fuel rights trading system would be on a voluntary basis. 
A “CO

2
 tax” would apply to the fuel consumers not wishing to take part in the fuel 

rights market. Participants to the rights market who have exhausted their initial 
allocation could buy additional rights on the market or pay the CO

2
 tax as a “full 

discharge” payment. Other transport sectors or agents not included in the fuel rights 
market (eventually the private cars, depending on the extension of fuel rights 
market to them, see above) would be covered at least by a CO

2
 tax.



21914 Downstream Emissions Trading for Transport

14.3.6  Phasing In

Fuel rights markets in the transport sector could be phased in. The fact that a 
new market is implemented does not mean that it will gain the support of all of 
the stakeholders overnight. Operations on rights transfer – for instance, debiting 
procedures at the pump – will require technical and institutional modifications 
which inevitably take time. This said, the necessary modifications might well 
happen quickly as fuel distributors will wish to attract customers who want to 
participate in the rights market.

If stakeholders are free to enter the market, the incentive for them to do so will 
implicitly be the existence of the “CO

2
 tax”, provided that the latter, driven by gov-

ernments, remains higher than the price of fuel rights on the market. The other role 
of the “CO

2
 tax” is to ensure fair treatment by avoiding ways out of emission reduc-

tion requirements.
For political and practical reasons, the different fuel rights markets could be 

introduced separately, i.e. on different dates for the freight transport and private car 
sectors. Of course, for a complete coverage, public transport operators should be 
included in the scheme for passenger transportation, along with private car owners.

The crucial point is that as soon as at least one of the markets is implemented, a 
general “CO

2
 tax” is established for all of the agents not yet concerned. To ensure 

the acceptability of these measures, the tax should be reasonably low to begin with, 
with increases to be phased in over several years announced in advance. This means 
that the different markets will have to be established within a limited timeframe.

14.3.7  How Administrative Costs Are Reduced?

ETS operation has revealed that the costs of administering and reporting emissions 
is high for small emitters, i.e. structures managing only a few stationary installa-
tions affected (e.g. a boiler in a hospital). This is a good example of how a scheme 
design influences its operation costs. On the opposite, the above proposals on fuel 
rights are aimed at avoiding these pitfalls.

In the case of fuel rights for drivers, the principle of a fixed free allocation is 
proposed. It avoids the need for complicated calculations that are costly to admin-
ister on an individualised basis. The simplicity of the allocation principle proposed 
and the transparency of the calculation as well as the fact that it applies to the entire 
population reduces any risk of government decision-making being captured by 
private interest groups.

For freight transport, it is proposed that there be no free allocation to shippers, 
which eliminates any reason to lobby for allocations and the adverse consequences 
that might occur. This is in line with the developments agreed regarding the ETS, 
which will introduce progressive auctioning of permits by 2013. However, regard-
ing road freight vehicles, in view of increasing the scheme acceptability fuel rights 
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could be allocated as a fixed allowance free of charge per vehicle. In order to reduce 
the risks of escalating allocations if member states pursue a “free rider” policy, the 
flat-rate allocation method should be defined at the European Union level.

As a general rule, the principle of fixed, cost-free allocations, which avoid 
complicated calculations, sharply reduces the administrative costs of these schemes. 
There would still be the costs of monitoring emissions and managing fuel rights 
transactions, which the proposals above have sought to keep as low as possible.

14.4  Border Effects and International Coordination

14.4.1  Border Effects and the Issue of “Tank Tourism”

Overall, the above scheme of fuel rights for private vehicles is designed in a way 
that allows a domestic implementation, that is to say a state regulating private cars 
fuel consumption to comply with its own commitments regarding CO

2
 emissions.7 

In this scheme, foreign drivers would not benefit from the fuel rights free allocation 
of the country they visit and would have to buy rights or more probably pay the 
“CO

2
 tax” on automotive fuel.

However, a domestic implementation raises the issue of coordination with 
neighbouring countries, because of the potential of cross border fuelling (i.e. “tank 
tourism” by a driver residing in one country and travelling to another one to fuel 
the vehicle): the driver behaviour results from a trade-off of the price difference 
between the two countries and the distance travelled (Rietveld et al. 2001; Banfi 
et al. 2005). In case of no coordination between neighbouring countries, an obvious 
limit would be put on a government trying to control more strongly fuel consumption. 
Yet it should be underlined that this problem is not specific to quotas approach but 
also concerns the tax approach.

When it comes to the scheme of fuel rights for freight transportation, which is 
designed at the scale of the European Union, a legitimate interrogation remains that 
of the possible competition of carriers external to the European Union. In fact, the 
carriage of goods is less prone to economic distortions than the other branches of 
industry: freight will always have to be loaded in locations within the EU to be 
distributed for use in other locations within the EU, whether processing industries 
or final goods delivery locations. The only notable incidence would come from 
carriers being able to load fuel outside the European Union, thus potentially not 
subjected to any CO

2
 taxation or fuel rights scheme, and then carry out a transport 

within the EU. This competition could be significant in the border countries, since 
trucks can have a cruising range of 1,500–3,000 km on a single tank (CEC 2002). 
This issue would require some kind of coordination with neighbouring countries.

7 In order to attribute national responsibilities, UNFCCC greenhouse gases inventories per country 
are based on fuel sales within the country, excluding fuels used in ships or aircrafts for interna-
tional transport.
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14.4.2  International Coordination Within the European Union 
and with Other Regions

Within the European Union, national caps have been established regarding sectors 
not included in the ETS like ground transportation. While in principle the economic 
incentive of the ETS guarantees the future reach of the target for the sectors covered, 
there is no such guarantee regarding transport: there is no economic sanction 
preventing potential “free rider” behaviour by any member state. That is why the 
issue of carbon taxation in Europe is set again in discussion.

This is a critical issue especially in the European Union where the proposals for 
an EU-wide tax based on both carbon and energy date back to the 1990s. Currently, 
the Energy Taxation Directive imposes only minimum rates of tax on energy prod-
ucts to reduce distortions of competition between member states.

Indeed, taxation is an area in the EU legislation where unanimity is required 
from member states (which are 27 today). While some countries support the idea 
of a carbon tax (some of them like Sweden or Finland have already implemented 
such a tax), others are fiercely opposed to any greater cooperation on energy taxation 
issue, which they see an interference in their own domestic taxation policy.

On the contrary, in the EU legislation procedures, emissions trading comes 
under environmental matter, and there is no need for unanimity but rather for 
“qualified majority” voting, that is to say a majority of countries suffices to impose 
such a legislation.

Recently, in June 2010 a new proposal for a European carbon tax was dismissed 
again by the European Commission. These 20 years of political discussion about 
carbon taxation in Europe without any step forward are to be opposed to the speed 
of ETS implementation: the Green Paper on GHG emissions trading within the 
European Union was issued in 2000 and the Directive on ETS in 2003 with an entry 
in force in 2005.

From a European – and a political economy – point of view, ETS looks like an 
obvious and particularly attractive scheme around which to organise the regulation of 
transport emissions, especially when considering the international nature of this activity. 
This should be the frame upon which to coordinate transport emissions policy with 
other regions in the world, of which some are currently discussing their own ETSs.

14.5  Behavioural Effectiveness

Due to the novelty of the instrument, empirical knowledge regarding this topic is 
limited.

According to their design, TPs should have an obvious effect on emissions: fuel 
consumers should at least comply with their allowances or buy supplementary emis-
sion permits (for instance if they want to maintain their current behaviour). Moreover, 
there is another effect in case of free allocation, due to the possibility to sell unused 
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permits: this is an incentive to make further abatement efforts. This last effect is 
expected to yield supplementary positive outcomes when compared with taxation.8

Moreover, due to the specific nature of tradable permits applied to personal 
consumption of fuel, potentially supplementary outcomes are expected on psycho-
logical grounds rather than economic ones (Fawcett 2010). First, fuel rationing 
through a carbon allowance is a radical policy and seen in this way may induce 
radical behaviour change. A second effect might come from making carbon visible 
at the end-user level, with a carbon account delivering frequent feedback on travel 
behaviour. A third effect could come from the social norm associated with a personal 
allowance fixed within the frame of a public policy: sticking to this personal target 
would be rewarded by the respect of others. However, one should be cautious since 
fiscal or monetary incentives may “crowd out” intrinsic motivation to pro-environmental 
behaviour (Frey 1997; Frey and Stutzer 2008).

Some empirical studies indicate that personal carbon trading may induce 
additional emissions reduction when compared to carbon taxation (Bristow 
et al. 2010; Harwatt 2008). However, these studies remain largely exploratory due 
to the size of the samples.

Bristow et al. (2010) have identified only five studies of behavioural response to 
personal carbon trading in the UK whether restricted to transport or not. More 
research is obviously needed on the interaction between economic mechanisms and 
psychological ones in the process of individual behaviour when facing cap-and-trade 
schemes. Lee-Gosselin (2010) offers empirical and methodological lessons from 
research on consumer behaviour following oil shortages in the 70’s. A study of 
stated choices of individuals (N ~ 300) facing tradable permits or taxation in trans-
port, undertaken by the author in France, will soon provide additional insights.

14.6  Acceptability

If one considers the development of stringent objectives of emissions reduction in 
the future, a fuel rationing seems unavoidable: this rationing can basically take the 
form of either price rationing (tax) or quantities rationing (permits). From this point 
of view, the acceptance of rationing is an identical precondition for the two instru-
ments and needs at least an information campaign and a political willpower to 
introduce any measure of emission control. This is the first step which needs to be 
achieved. It is in this context of “accepted rationing” that the relative acceptability 
of tradable permits can be evaluated.

The “tax rebellion” that took place in several European countries during the high 
rise of oil price in September 2000 shows how sensitive the public opinion is to fuel 
taxation (Lyons and Chatterjee 2002). Central government is a focus for opposition 

8 It is argued that a tax combined with a direct fixed compensation would achieve the same 
objective. However, such a scheme would be subject to the same set-up and administrative costs 
as tradable permits.
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as it benefits from the tax, although it has little control over oil prices. Proposing a 
“CO

2
 tax” in view of emissions reduction is likely to start again the debates on the 

use of the fiscal revenues from the excises, which currently in the majority of coun-
tries are not earmarked and play an essential part in the balance of public finances.

A first step to avoid raising too much revenue from voters who could success-
fully oppose the scheme would be to implement a tax with a threshold under which 
the fuel consumption would remain uncharged (Pezzey 2003). A similar scheme 
was proposed by the French government in 2009 but cancelled in 2010 because of 
a massive rejection by the public opinion, despite the planned threshold (in fact a 
direct compensation) was taking into account the size of families and the consump-
tion needs through the household residential location (urban or not).

Like for behavioural response to tradable permits scheme, studies about accept-
ability of these schemes are rather limited and often combined with the studies 
about behavioural responses previously evoked. However, a detailed study of how 
the design of schemes – whether personal carbon trading or carbon tax – influences 
their acceptability has been performed by Bristow et al. (2008) in the UK with a 
stated preferences survey (N ~ 300). Their key result is that personal carbon trading 
or carbon tax may be both acceptable depending on the design of the schemes. 
In particular permits allocation is considered fairer when it includes children and 
takes into account the extra needs (e.g. remote home locations). Carbon tax with 
threshold may be nearly as acceptable, accompanied with revenue hypothecation. 
Other features of permits scheme include authorised use of excess permits, permit 
life, scope of the scheme, management of carbon accounts and market operation 
with government setting annually the price: the results are broadly consistent with 
the features of the scheme for private vehicles proposed above.

Another recent in-depth study in France (Lejoux and Raux 2010), with a much 
smaller sample (N ~ 38), is in line with some of the previous results regarding 
acceptability. According to the preferences expressed by the majority, the allow-
ances should not be allocated only to motorists and should apply to both car and 
plane trips. Allowances should take into account the household size and residential 
location. However, the people surveyed were equally divided regarding their prefer-
ences towards permits or carbon tax scheme.

14.7  Conclusion

There are several directions of theoretical relevance for the use of emission trading 
in transportation. The controversy between pure taxation and pure tradable permits 
is no more topical: policymakers should consider hybrid instruments combining 
tradable permits, partly distributed for free and partly auctioned, with a ceiling 
price as a “safety valve”.

There is no sound reason to dismiss downstream trading in principle on the basis 
of potentially high transaction costs. These costs depend on the actual design of the 
schemes to be implemented, including their needed features regarding behavioural 
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effectiveness and acceptability. From this point of view, the full range of instruments 
should be considered, including taxes, permits and their hybrids, tax thresholds or 
compensations, free permits and so on.

According to the theory, the policy efficiency would be maximised when the 
incentive to reduce emissions is put as close as possible to the decision-maker. 
Given the electronic technology available nowadays for monitoring end-user fuel 
purchase, schemes that are technically feasible have been presented. A parallel can 
be made with the case of electronic road pricing which has made road user charging 
feasible in urban areas.

There is a need to achieve the integration of transport emissions with existing 
schemes, especially the ETS in the European Union. Opposite to harmonised 
taxation, emission trading in the transport sector can be quickly implemented, in 
coordination with other regions in the world. Due to its international nature, the 
implementation process could start with freight transportation.

The urgency now is to design fine-tuned practical schemes and to devise the 
optimal mix of economic and psychological incentives that may maximise the 
behavioural efficacy and the acceptability of a policy which could be actually 
implemented.
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15.1  Introduction

Today, numerous works conclude that transport seems to be completely coupled to 
economic growth. Therefore, as a direct consequence of economic development, 
transport sits today as one of the major final energy consumers and one of the most 
important sources of greenhouse gas (GHG) emissions. What is more, in the absence 
of major technological change, this unsustainable situation will most undoubtedly 
get worse in the future.

Furthermore, recent scientific insight has shown that to reduce the climate 
change risk (overshooting a 2°C increase in global temperatures), global emissions 
should be cut by at least 50% in the next 40 years. Consequently, for developing 
and developed economies to be able to attain the 50% mark, industrialized 
countries must reduce their emissions by at least 75%. This is not an easy task; to 
plan for these drastic reductions, numerous studies (Banister et al. 2008; Kato et al. 
2010; Lopez-Ruiz and Crozet 2010; Schade et al.; Schipper et al. 2010; Schäfer 
2009; Sperling and Lutsey 2009) have looked into different options on how to get 
to this desired future. These studies concur on the fact that new technologies and 
their widespread use will be necessary to attain considerable GHG reductions, but 
they also agree that these new technologies will not be enough for industrialized 
countries to get to their objectives. Indeed, most works conclude that it would also 
be necessary to increase the match between new technology supply and consumer 
demand through the use of incentive economic instruments.

In this manner, GHG mitigation strategies imply the need to set up a certain 
number of public policies ranging from inciting technological progress, to tolls, to 
intermodal development or even rationing (tradable emission permits). Currently, an 
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increasing number of countries have started to set up different types of programs to 
try to influence behavior in passenger mobility (especially personal vehicle mobility) 
and curb emissions from the transport sector, but are these initiatives enough?

This chapter has three aims: first, we explore – on the basis of long-term 
scenarios for the French economy – how a continued trend in the vehicle market 
(although promising concerning GHG reductions because of lower consumption 
factors) is not viable in the long-term future from an infrastructure point of view. 
Second, we offer insight on how requiring changes in behavior through public 
policies can offer more viable solutions for mitigation of GHG emissions in devel-
oped economies. Finally, we will explore how policies aiming at mitigation of 
emissions can cause imbalances on a microeconomic level which lead to envisaging 
adaptive strategies to increase policy acceptability.

In order to better explain how we have carried out our analysis, we will present 
the reader with a brief description of the overall inner workings of the model used 
for this chapter [Transport Issues in the Long Term (TILT)] while focusing particu-
larly on the microeconomic module (TILT-micro) which will be used extensively 
throughout the chapter.

15.2  The TILT Model

The TILT model has been designed to be a long-term equilibrium model by 
combining a macroeconomic and a microeconomic structure in a backcasting 
approach that takes into account new motor technologies and facilitates sensitivity 
and impact assessments through five modules that work on three different geo-
graphical scales (urban, regional, and interregional):

A macroeconomic model based on a refoundation of the energy-environment •	
modeling structures to properly assess long-term modifications of demographic 
variables and their impact on economic productivity and time use. This module 
was adapted from the BASES module in the VLEEM model (Consortium 
VLEEM 2002).
A microeconomic model based on discrete choice modeling – adapted from ant •	
algorithms – (Lopez-Ruiz 2009) that takes into account transport cost, infra-
structure capacity, and quality of service.
A vehicle fleet dynamic model that analyses technological impact based on •	
market penetration probabilities for new motor technologies and vehicles’ 
survival rates.
A public policy model that joins a sensitivity analysis and a multicriteria analysis •	
to offer a detailed assessment of the effects of different public policies on oil 
consumption and GHG.
An impact assessment model based on an input–output equilibrium analysis that •	
details impacts on employment and production by sector.
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The TILT model is centered on the simple idea of defined behavior types – in 
which speed/GDP elasticities play a key role – to determine macroeconomic 
transport demand estimations. The TILT model supposes that modal split in 
transport is directly linked to the idea that modal speed, transport times, trans-
port management, and household/firm locations determine modal shares. In this 
manner, the model’s main hypothesis is that transport modal saturation rhythms 
can be varied – in the model – through public policies that have an effect on 
household/firm location and speed/GDP elasticities (LET-ENERDATA 2008; 
Lopez-Ruiz 2009).

Furthermore, the model is also able to asses the system’s sensitivity to public 
policies, investment needs in infrastructure, and economic impact of different 
public policies while taking into account microeconomic choices. In this manner, 
the TILT model structure enables the user to calculate energy consumption and 
pollutants emitted by transport activity (freight and passengers) on different geo-
graphical scales based on behavior patterns that can be influenced by public policies. 
In sum, the model has three main functions:

Modeling passenger-kilometers and ton-kilometers coherent with a micro/•	
macro-equilibrium structure according to motor technology used for journeys 
and area of service
Modeling the vehicle park according to: age, motor technology, and year of •	
production (for freight and passengers)
Modeling and assessing public policy impacts on CO•	

2
 emissions, infrastructure 

investment needs, as well as overall impact on the economy

By joining these three functions of the different TILT modules, it is possible to 
build scenarios that:

Quantify the consequences of transport on the environment while detailing the •	
systems’ structure according to behavior and organizational changes and motor 
technology
Give a precise view of traffic by motor technology, gas consumption, and emission •	
levels for each type of transport according to service distances, type of vehicle, 
and transport cost
Assess impacts of different policy pathways according to different scenario •	
configurations

These results, coupled with the model’s structure, make TILT a powerful tool for 
building and exploring scenarios. The utility of the TILT model lays not only in its 
capacity to be flexible concerning different transport policies, changes in demography, 
behavioral differences, as well as changes in transport structure and cost, but also 
in its capacity to integrate a microeconomic insight module, on which this chapter 
will be focused.

The TILT microeconomic submodel lets us understand how, according to past 
tendencies (characterized by the coupling between growth and mobility), future public 
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policies will impact demand for transport services as well as tradeoffs linked to 
behavioral change and infrastructure use on different geographical scales.

TILT-micro is largely inspired by developments done on ant algorithms (Dorigo 
et al. 1999) and their application to freight and passenger transport (Lopez-Ruiz 
2009). This model relies on the idea of a representative agent that optimizes its 
transport decisions by taking into account opportunity (defined as the sum of goods 
and services that can be consumed in a period of time, Linder 1970) and cost in 
respect to a certain level of service on infrastructure – measured through a lateness 
index (Lomax et al. 1997).

TILT-micro considers that the lateness index is defined by the difference existing 
between normal transit time and real transit time. This last indicator is useful in 
factoring in speed, distance, and time into the calculation of the choice model and 
has the convenience of being comparable between modes.

In this manner, the proposed framework lets us asses the representative agent’s 
choices that are coherent with the transport structure and its level of service. In the 
model, the value assigned to each choice [a

ij
(t) – which refers to the choice of 

mode used to move from point i to point j] is calculated using the following 
equations:
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The inherent logic of the microeconomic module is particularly useful in 
technico-organizational public policy assessments, as it enables an analysis 
based on the idea that public policies are implemented as increasing/decreasing 
constraints on the system, in view of getting to a certain objective. Consequently, 
this facilitates the building of scenarios where a wide variety of social effects on 
different levels and aspects are comprised. In this manner, the TILT model is 
capable of giving insight on how changes in the transport structure linked to 
environmentally oriented public policies might influence passenger behavior in 
the future.

The following paragraphs will show how the theoretical framework of the TILT-
micro model can assess social effects on a public level for new behavior patterns 
that will undoubtedly need to be accompanied by clearly defined adaptive mitigation 
strategies.
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15.3  BAU Scenario Overview, Car Market Trends,  
and Infrastructure Investment Assessment

In 2008, the TILT model was used to develop three technico-organizational scenarios 
to quantify the effects of climate-oriented policies in the transport sector (LET-
ENERDATA 2008). The original version of the report is in French; a detailed descrip-
tion in English can be found in Lopez-Ruiz and Crozet (2010). The main aim of these 
scenarios was to test the efficiency of public policies (modeled as growing constraints – 
ranging from promoting new motor technologies to public policies aiming at multi-
modality and decoupling transport activities from GDP) on GHG emissions.

In this study, the underlying principle of incremental constraints on the system 
allowed to present three different scenarios that allow a quick comprehension of the 
GHG reductions that can be obtained through policy mixes. Consequently, the 
scenarios offer a good representation of the general policy pathways usually 
accepted as being efficient and viable options for long-term oil consumption reduc-
tions. On this basis, we will develop how the presented microeconomic framework 
can help in the analysis for each scenario and can give insight on adaptive strate-
gies for sustainable planning.

The 2008 LET-ENERDATA report assessed sustainable transport scenarios for 
the French economy with a specified objective of −75% in GHG by 2050 through 
the identification of the different equilibriums possible that allow the attainment 
of the specified future. From these possible equilibriums, the three that best depict 
the range of solutions available – through public policy – were chosen:

Promoting strict technology standards – business as usual (BAU)•	
Green multimodality•	
Decoupling transport activities from economic growth (GDP)•	

The results for each scenario were obtained by modeling a mix of different policies 
aiming at sensible changes in transport behavior and new motor technologies. Each 
of these scenarios imply different characteristics (a list of the main hypothesis can be 
found in annex) that are tightly linked to modal shares and demographic dynamics.

In sum, the first scenario is a BAU situation with strict technology standards. 
This scenario depicts a 48% reduction in emissions, whereas the other two 
scenarios (multimodality and decoupling) represent a reduction of a little over 
75%. In the following paragraphs, we will first present the details of the BAU 
scenario and then we will go over the two alternative scenarios.

15.3.1  Promoting Strict Technology Standards (BAU)

The BAU scenario represents a situation where the speed/GDP elasticity for 
passengers is of 0.33 and where transport times are stable (1 h per person per day). 
This scenario lets us appreciate:



232 H.G. Lopez-Ruiz and Y. Crozet

Mobility in a situation where there is no major public policy affecting behavior •	
and/or the system’s regular performance (continued infrastructure investments 
and optimization is supposed)
The effects of new motorization technologies on total CO•	

2
 emissions

In this manner, the BAU scenario lets us evaluate the contribution of strict and 
realistic technology standards that – according to our calculations – would lead to 
half of the reductions of the CO

2
 target (Fig. 15.1).

As we can see in Fig. 15.2, if we suppose that hybrid vehicles go into the market in 
2010 and electric vehicles are marketed by 2015, the modeled vehicle fleet, for this 
scenario, would be mainly composed of hybrid vehicles in 2040. This change in 
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technology (coupled to the fact that electricity in France is mainly produced by nuclear 
reactors) would ensure in a BAU case almost a 50% reduction in CO

2
 emissions.

If we take a more detailed look into the details of this scenario, we observe that 
it is a scenario based on an inelastic market structure largely dependent on private 
vehicles with high oil prices and a very good offer in public transport. This trans-
lates into a scenario that is very dependent on road transport and, thus, dependent 
on road infrastructures. Therefore, if we suppose that market trends in cars continue 
to follow current practices, it is more than likely that spatial demand for car use – 
thus infrastructure needs – will grow accordingly. In order to carry out this assess-
ment, we calculated the investments (see Table 15.1) that would be required 
throughout the 40-year period, to 2050, for new infrastructures in a BAU scenario 
(operation costs are not included). In sum, spending on infrastructure would remain 
at a 1.4% of GDP level (which is roughly the same as in 2007) with most of it going 
to road infrastructures.

Although it would seem like an ideal situation, because we would not be spending 
more money than we are today, the dilemma behind these results is linked to the 
fact that it might be a loss of money to have continued high investments on road 
infrastructure when it can be spent on something else. A BAU scenario with 
continued investments in road infrastructure would mean a reduction of almost 55 
million tons of CO

2
 (Mt CO

2
), thus a ratio of 35€ invested in infrastructure per 

mitigated tCO
2
. Although this ratio is highly speculative and narrow sighted, it is 

very self-illustrative, especially when it will be compared to its value in other 
scenarios in the following section.

15.4  Exploring Alternative Scenarios

Although the BAU scenario results in almost a 50% reduction in GHG emissions, 
this result is far from the desired 75%. Consequently, the LET-ENERDATA report 
analyzed two alterative scenarios that look into the effects of public policies aiming 
at changing behavior. These two scenarios offer a great basis for exploring how 
sustainable scenarios would shape future investment needs in the transport sector. 
In the original report, these scenarios are presented as different possibilities to 
attain important GHG reductions through multimodality and/or decoupling from GDP. 

Table 15.1 Investments in new infrastructure

Billions of € Mode 2050 Pegasus Per annum % of GDP Year 2007 % of GDP

Investments Road 1,043 21 0.7 12 0.9
Rail 747 15 0.5  2 0.2
Public transport 137  3 0.1  2 0.2
Others –  – –  1 –
Total 1,927 39 1.4 18 1.4

Lopez-Ruiz (2009)
Note: means not applicable – values are in 2,000€



234 H.G. Lopez-Ruiz and Y. Crozet

2000 BAU 2050 Multimodality 2050 Decoupling 2050

H.G. LOPEZ-RUIZ 2010

B
ill

io
n

 P
K

m

Interregional Pub. trans. 

HST interregional 

Plane 

Interregional road 

Regional Pub. trans. 

Regional road

Urban Pub. trans.

Urban road 

0

200

400

600

800

1.000

1.200

1.400

1.600

Fig. 15.3 Passenger mobility for all scenarios

The differences between each scenario are linked to the transport structure 
where: speed/GDP elasticities, modal speeds, and transport times differ accord-
ingly to public policy aims. Therefore, each scenario implies different character-
istics and thus different types of results that are tightly linked to modal shares and 
demographic dynamics. Before going into the details of each scenario, the reader 
can review the mobility results in Fig. 15.3.

15.4.1  Promoting Green Multimodality

In this scenario, market-oriented policies constrain the use of high carbon footprint 
modes which lead to an increase in the use of slower transport options that have 
smaller carbon footprints. In this scenario, the 75% reduction objective is nearly 
attained by favoring greener modes through an increase in transport costs according 
to their speed and associated emissions. As a result, the multimodal scenario shows 
a change in behavior patterns where the main effects are as follows:

A tradeoff between the system’s need for speed (coupled to growth)•	
An increase in transport times, consequence of an important modal shift •	
(especially towards public transport)

Indeed, since the characteristics of this scenario imply a speed/GDP elasticity equal 
to zero, this translates into an increase in transport times (roughly 1 h 20 min per 
person per day). Thus, this scenario is based on market-oriented public policies in 
an infrastructure intensive situation (because transport distances and public trans-
port traffic increase sharply). In this manner, it lets us appreciate that a mix of 
technology and policy can get us to the wished reduction target but at the cost of 
slower transports speeds, higher transport times, and continued investment needs in 
infrastructure (see Table 15.2).
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15.4.2  Promoting Decoupling Between Transport  
Activities and GDP

The main issue in this scenario is a tradeoff between an elevated transport cost and 
average transport distances. Indeed, transport costs (both in time and in money) are 
considered to be higher than in the multimodal scenario. This results in economic 
agents choosing to modify their household/firm locations and develop a proximity 
intensive way of life.

This scenario implies a speed/GDP elasticity equal to zero but, since transport 
distances increase less rapidly than in the BAU and the multimodal cases, 
transport times are reestablished around 1 h per person per day. In this manner, 
the decoupling scenario leads the way to reductions in GHG emissions that 
go over the 75% objective through market mechanisms, regulation, and spatial 
planning.

This new equilibrium based on proximity gives the system a better opportunity 
for the implementation of low range zero emission vehicle technologies and also 
requires lower investments on transport infrastructure.

As we can see in Table 15.2, a decoupling scenario lets us appreciate a situation 
where mobility increases from the 2000 level (and less than in a BAU or multi-
modal scenarios) but where infrastructure needs are not as overwhelming as in the 
two previous scenarios. Nevertheless, we need to take into account that as transport 
distances get shorter, cities get denser, and this implies high costs in urbanism 
investments (which are not calculated in Table 15.2).

In sum, these three scenarios and their assessment give us a clear view of how 
the allocation of funds in planning for CO

2
 reductions will be a crucial factor. 

Indeed, the value of CO
2
 reductions per euro invested, in a BAU scenario (35€), is 

a bit higher than that of the multimodality scenario (33€) and higher than the decou-
pling scenario (20€). In our view, this ratio is important in the sense that the two 
alternative scenarios present a situation where, even though investments needs are 
high (maybe even higher than the BAU if we add urban planning costs in the decou-
pling scenario), the choice of infrastructure in which the community would be 
investing would seem more sensible.

Furthermore, investment calculations for the scenarios clearly illustrate that 
the implementation of different long-term policy mixes entails a (re-)optimiza-
tion of agents’ (passengers and firms) choices based on transport cost, infra-
structure availability, and the opportunities offered by transport services. 
Therefore, these sustainable scenarios imply private social effects linked to wel-
fare variations associated with tradeoffs between transport expenditure, house/
firm location, accessibility, transport monetary budgets, and in fine consumption 
of goods/services. These variations are important to understand to define how 
acceptability of these different public policies can be increased through adaptive 
mitigation strategies.
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15.5  Adapting to Change

In order to assess how change in behavior will influence adaptive strategies in the 
long term, it is necessary to take into account how changes in passenger behavior – 
as a result of public policy – will undoubtedly have an effect on the system. For this, 
TILT-micro can offer some insight into how the (re-)optimization linked to public 
action in different scenarios can lead to household budget (money and time) real-
location effects that will have an important impact on other sectors (which will have 
a loopback effect on transport).

As long as the inherent principle of transport policies will be based on rendering 
high carbon footprint transport less attractive (through cost, speeds, level of service, 
etc.) than low carbon footprint transport, the results stemming from the policy’s 
macroeconomic changes will most certainly influence microeconomic choices in 
other domains. These effects will be different for each country, network, and set of 
public policies.

In this manner, if we assess the TILT-micro results for the French multimodality 
scenario, we see that as constraints on speed and emissions come into play as a 
signal aiming at changing behavior patterns, there is a sharp increase in the use of 
rail and public transport. This, in turn, implies that average speed in the system 
should invariably go down and transport times should go up (more or less depending 
on the evolution of car use elasticity).

This situation seems particularly difficult because it translates into: paying more 
(for car users) for lower transport speeds (an all modes) and thus loosing potential 
value added time (VAT) that could be spent increasing revenue. In this setting, we 
can easily deduct that increasing the sum of goods and services (opportunities) 
linked to transport activities might help to counterbalance the situation of lost VAT 
[in other words increasing the numerator in equation (15.2)]

If we follow the same line of reasoning, the logic behind a decoupling 
scenario is very much influenced by proximity services, and public policies at 
play are largely related to spatial planning and infrastructure investment. In a 
decoupling logic, the main tradeoff at play is directly linked to location strate-
gies, and production organization aimed at decoupling transport distances from 
GDP growth. This entails a densification of main cities and production sites 
which would, in turn, translate into a sharp increase in the use of urban and 
regional road networks.

Unlike the multimodality scenario, transport cost characteristics in a decoupling 
logic lead to more stable transport money budgets because transport distances grow 
at a slower pace. Nevertheless, if a decoupling scenario is not accompanied by an 
adaptive strategy based on a fast increase in the supply of proximity solutions as 
consumer behavior is modified, an important loss of welfare could be observed.

In sum, a multimodality scenario implies paying more for the same opportunities 
with higher transport times, and, in consequence, a microeconomic equilibrium 
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requires adaptive strategies looking to counterbalance lost welfare by increasing 
opportunities. In a decoupling scenario, due to the fact that constraints are even 
higher than in a multimodality scenario, opportunities must increase even more 
(becoming proximity opportunities) to counterbalance overall distance reductions 
and stay within an equilibrium.

Moreover, the need for adapting to mitigation is reinforced by the fact that as 
constraints on oil consumption grow, more and more passengers will turn to 
public transport services. Consequently, a second underlying factor (the first 
being the before-mentioned microeconomic equilibrium hypothesis) that explains 
the need for planning adaptive mitigation strategies is market power. Indeed, as 
private vehicle costs rise, public transport use will also rise and, in consequence, 
this will imply a decrease in price elasticity of demand in public transportation 
and thus cause a shift in market power. This change in market power will most 
undoubtedly profit users instead of transport operators. Consequently, the system 
would be pushed toward a change in how opportunities are conceived by operators 
and planners.

Indeed, as market power shifts, the need for a change in the way that opportunities 
are assessed, planned, and evaluated would become more and more pressing at the 
risk of welfare loss. As a result, assessment methods would have to start  
taking into account the time it takes to access opportunities [c.f. the denominator  
of equation (15.2)].

Currently, certain dense networks are already starting to carry out this type  
of analysis: for example, the Access To Opportunities and Services (ATOS) index 
(Cooper et al. 2009) proposed by Transport for London to improve planning 
measures.

Indeed, just as the UK’s planners have begun changing their metrics to take into 
account these new behavior patterns in transport activities, ITS specialist and planners 
will have to evolve to seize the opportunity to offer new services and explore new 
markets that will be based on a choice model taking into account adaptive mitiga-
tion strategies that conceive the utility of the representative agent as not only being 
a function of opportunities but also of the goods and services that are accessible to 
him in a reasonable lapse of time.

Accordingly, this change in how the utility function of users is integrated into 
the planning process will imply a differentiation within transport time budgets and 
how it is perceived by the agent’s choice model [c.f. (15.2)]. In this sense, the 
choice model would change to take into account the effects that access time would 
have in a situation where we differentiate the time needed to consume and also the 
time it takes to get to that consumption.

As public policy evolves, changes in the transport system will suppose behav-
ioral modifications. This situation will face planners and industry deciders with a 
new challenge: to plan according to a utility function that will depend not only on 
the opportunities an agent has but also on the possibility of actually being able to 
consume them. In this manner, all changes linked to public policies affecting time 
use should be accompanied by adaptive mitigation strategies.
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15.6  Closing Remarks

On the basis of the three scenarios, different ways of attaining planned CO
2
 reductions 

were analyzed and discussed. In sum, realistic technological hypothesis show that 
a 50% reduction in emissions is a clear possibility, and that going further based on 
new technologies would require very big advances in zero emission vehicles.

Nevertheless, in the absence of these new technologies, the remaining reductions in 
emissions are possible through different types of policy mixes that come down to:

Encouraging important modal shifts that would translate into a decrease in total •	
average speed which would in turn make transport times go up.
Encouraging modal shift accompanied by a decoupling of transport distances. •	
Consecutively, this would help to maintain stable transport times.

In this setting, this chapter offered a brief view of current developments concerning 
organizational solutions that could lead to a reduction in oil consumption and 
emissions through important changes in the transport structure and behavior 
patterns and proposes a quantitative analysis of investment needs for different 
policy mixes.

On this basis, this chapter gives insight on how policies aiming at modifying 
passenger behavior could heighten the pressure put on infrastructure demand 
(road, rail, etc., depending on the scenario), and will be an important issue in long-
term planning for mitigation.

In addition, we would like to identify the following three main points on the 
relationship between policy and adaptive mitigation strategies.

15.6.1  Mitigation Leads to Systemic Changes

On a regional and interregional level “low-emission high speed transport” for 
passengers is something that already exists and that will most certainly keep on 
being promoted as a solution to GHG emissions. Nevertheless, planning for mitiga-
tion will most certainly bring about big changes on how public transport is 
conceived, by planners as well as users, and how it might be better utilized.

15.6.2  Change Needs Flexibility

Integrating the user into the planning process will bring about important changes in 
time use and consumption behaviors accompanied by the continued development 
of proximity services. All of this implies the need for innovative transport solutions 
and new consumer services. In this manner, associating freight policy strategy and 
passenger policy strategy with urban and transport planning will be important to 
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gain flexibility while continuing to open new markets for new types of behaviors 
and consumption patterns. These integrated policies for mitigation will undoubtedly 
require careful planning.

15.6.3  Flexible Cities Adapt Over Time

Although, the actual lack of quick answers to the climate risk problem will most 
certainly continue to be an important subject in future studies and even though 
innovative ideas will help overcome this problem, it will most certainly take time 
to seriously address all problems involved with transport activities. However, 
adaptation-based planning should not to be underestimated as it offers great oppor-
tunities for mitigation acceptability.

15.7  Annex

Scenario  
characteristics 2000

Pegasus  
2050

Chronos  
2050

Hestia  
2050

Urban
 Freight Km/h

 Road urban 50 60 52 52
 Passengers Km/h

 Private car urban 23 30 25 25
 Public transport urban 20 24 20 22

Regional
 Freight Km/h

 Road regional 50 60 52 52
 Passengers Km/h

 Private car regional 58 67 58 55
 Public transport regional 58 68 57 54

Interregional
 Freight Km/h

 Rail + plane national 40 63 45 45
 Rail + plane international – 70 70 70

 Passengers Km/h
 Private car interregional 110 115 90 90
 Public transport interregional 80 90 80 80
 High speed rail interregional 250 250 250 250
 Plane 500 500 500 500

Total
 Freight (nat/inter) Km/h 43 54/52 43/52 43/52
 Passengers Km/h 45 50 37 37

(continued)
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Scenario  
characteristics 2000

Pegasus  
2050

Chronos  
2050

Hestia  
2050

Elasticities
 Speed/GDP – 0.33 0 0
 T.Km/GDP – 0.6 0.6 0.3
 T.Km/international trade – 1.6 1.6 0.25

Macroeconomics
 Population 64 67 67 67
 Average yearly GDP 

growth
1.5 1.5 1.5

 Child per household 2.19 2.15 2.15 2.15
 Productivity rate 100 225 225 225
 Transport time budget 1 1 1.2 1

Note: means not applicable
Lopez-Ruiz (2009)
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16.1  Introduction

Many countries have introduced policies to support the use of biomass-based  
transport fuels (see, e.g. Searchinger 2009; Wiesenthal et al. 2009). EU Member 
States have agreed to achieve a share of energy from renewable sources in all forms 
of transport of at least 10% by 2020 (EU 2009a), with biofuels being likely to 
constitute a considerable part of those. In 2009, biofuel consumption reached 
12 Mtoe, representing a 4% share of the total road transport fuel consumption in 
the EU (EurObserv’ER 2010).

Substituting fossil-based transport fuels with biomass-based fuels has gained 
momentum as a techno-economic option in the context of climate change mitiga-
tion policies. Depending on the primary feedstock used and the conversion process, 
many types of biofuels emit less greenhouse gas (GHG) emissions on a well-to-
wheel basis than conventional fuels and have therefore the potential to reduce the 
GHG intensity of transport energy demand. The net GHG savings can nevertheless 
be altered to a significant degree when direct and indirect land use change effects 
that occur increasingly with higher biofuel production are accounted for.

Other drivers behind public support to biofuel production and consumption 
include the creation of an alternative outlet for farm produce and development of 
rural areas,1 and the aim to reduce the oil dependence of the transport sector and 
hence increase supply security. While historically, support to the agricultural sector 
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1 According to EmployRES study (Ragwitz et al. 2009) and quoted in the European Commission’s 
Renewable Energy Progress report 2009 (COM 2009) agricultural activity related to the renewable 
energy sector generates a gross value added of over bn 9 € per year.

* The views expressed are purely those of the authors and may not in any circumstances be 
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(e.g. France, Czech Republic) and especially energy security were the main drivers 
(e.g. the Brazilian Proálcool support programme), combating GHG emissions has 
become an at least equally important goal for biofuel support.

In this chapter, we will assess the potential of biofuels in reducing the GHG 
emissions of the European transport sector. After a brief review of key characteris-
tics of the main biofuel conversion routes and the related fuels in Sect. 16.2, we will 
approach the assessment of the biofuel potential from three different angles. To this 
end, Sect. 16.3 starts with an appraisal of the available primary bioenergy potential 
and then focuses on the technical and realisable potential of biofuels in distinct 
transport modes in the EU, which is determined by blending limits, the vehicle 
stock and introduction of new dedicated vehicles and constraints in the growth rates 
of production capacities. This is complemented by an estimation of the economic 
potential for a given trend of energy and carbon prices. Sect. 16.4 discusses the results 
before we draw conclusions in Sect. 16.5.

16.2  Biofuel Characteristics

16.2.1  Biofuel Conversion Routes

There are three main routes for producing biofuels: esterification, biochemical 
conversion and thermo-chemical processes (Fig. 16.1).

Esterification is an established way for producing (first generation) biodiesel 
(fatty acid methyl ester, FAME) from vegetable oils such as rapeseed, soybean, 
palm or sunflower. Oil seeds are crushed to produce vegetable oil and oil cake, a 
byproduct used for animal feed. The oil is combined with alcohol (methanol or 
ethanol) and transformed into biodiesel, with glycerine as a byproduct. During the 
production process, bioethanol can be used to replace methanol. Biodiesel is cur-
rently the main biofuel type used in the EU, representing 9.6 Mtoe of the total 
biofuel consumption volumes of 12.1 Mtoe in 2009 (EurObserv’ER 2010).

The biochemical route is used for producing ethanol of first or second genera-
tion. Conventional (or: first generation) bioethanol is produced by fermentation 
from biological feedstock that contains sugar or material that can be converted into 
sugar such as starch. To date, the most widely used raw materials for bioethanol are 
sugarcane (Brazil), corn (USA), sugarbeet and cereals such as wheat, barley and rye 
(European Union), which are then processed by traditional fermentation. As a 
byproduct, dried distillers grains with solubles (DDGS) and pulp for animal feed 
are produced. The production of ligno-cellulosic ethanol (or second generation 
ethanol) does not depend on a sugar- or starch-based feedstock but can use a much 
broader variety of feedstock, such as straw, maize stalks and woody residues.  
In order to extract sugar glucose for ethanol production, it is necessary to break 
down the ligno-cellulosic raw material (i.e. made of cellulose, hemicellulose and 
lignin). This takes place in a pre-treatment phase followed by cellulose hydrolysis 
on which enzymes are needed. This enzyme-based breakdown of complex sugars 
is still a process in R&D and demonstration phase.
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The thermo-chemical route can use a wide range of feedstocks to produce  
synthetic fuels such as second generation biodiesel (biomass-to-liquids, BtLs), 
synthetic natural gas (SNG), and bio-oil. For this purpose, and after being treated, 
the feedstock can undertake either a gasification or pyrolysis process, depending on 
the biofuel required (e.g. gasification for BtL diesel, pyrolysis for bio-oil).

Other types of biofuels can be obtained via mechanical processes (pure vegetable 
oil), hydrogenation of vegetable oils (hydrogenated vegetable oil, HVO) or diges-
tion (biogas). HVO biodiesel is based on the hydrogenation of vegetable oils or 
animal fats. In terms of the primary feedstock, it is therefore similar to biodiesel. 
Nevertheless, within the process the oils are hydrogenated, obtaining a high quality 
synthetic diesel that does not have any restrictions in use. Biogas is obtained from 
various types of biomass (dedicated energy crops as well as byproducts such as 
manure, green tops of crops and from landfill gas or sewage treatment) anaerobic 
fermentation. It is usually further treated to obtain a gas with a high methane con-
tent. Besides the described pathways, R&D efforts are currently undertaken on the 
fermentation of sugar crops to produce biodiesel (BP 2009; Shell 2010).

While production of first generation biofuels is a mature technology, the so-
called second generation biofuel processes are not yet being commercialised in 
significant quantities. Uncertainty remains as to which pathway will become com-
petitive and market-ready and by when.

The bio-refineries concept is based on a selection of the above. Its advantage 
is that it can use a wide variety of feedstock and can produce not only different 
final products, including biofuel, heat and electricity, but also materials or 
food, in various proportions. Due to this, it achieves a higher utilisation of the 
entire primary biomass (IEA Bioenergy 2009). The basic biofuel conversion 

Fig. 16.1 Overview of biofuel production routes (simplified). Source: own elaboration
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Biomethane-1 (biogas)
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processes nevertheless remain the ones described above, yet with an improved 
use of “byproducts”.

In addition to significant RD&D efforts undertaken on advanced biofuel 
conversion processes, a wide variety of crops is being assessed with regard to 
their suitability as future bioenergy feedstock (see for an overview, Connor and 
Hernandez 2009; IEA 2010; WBGU 2010; Sect. 7.1). One of the most promis-
ing new bioenergy feedstocks that is currently being researched are microalgae 
due to their elevated yields and the fact that they do not compete for land or for 
other biomass uses. In addition to the high yields, algae consume much less 
water; besides, due to their CO

2
 consumption characteristics they may also be 

used to clean flue gas from coal power plants; and their nutrient needs can help 
in cleaning wastewater. However, the GHG emission saving potential of large-
scale algae cultivation needs to be further assessed. All in all, McGill (2008) 
and Accenture (2009) come to the conclusion that the barriers to the commer-
cial use of algae-based biofuels will take many years to overcome.

The various biofuel pathways do not only differ in the types of feedstock used 
and the conversion processes and its maturity, but also in the quality of the obtained 
biofuel. This affects the level of blending that can be used in transport vehicles. The 
limitations in the use of the distinct types of biofuels largely determine their technical 
potential and will therefore be discussed further in Sect. 16.3.2.

16.2.2  GHG Savings

As a result of the distinct types of feedstock and of conversion processes, the spe-
cific GHG emissions per unit of biofuel differ largely between the various fuel 
types and production pathways. They crucially depend on the crops used and the 
way in which they have been cultivated, the conversion process and here in particular 
the carbon content of the energy used. Also the way in which byproducts are used, 
and the carbon credits associated with the distinct forms of their usage and the 
products they substitute, influence the GHG emissions of biofuels.

Table 16.1 provides an indication of the well-to-wheel emission savings when 
replacing one energy unit of fossil fuels with biofuels. First generation biofuels turn 
out to reduce GHG emission in the range of 20–70%, while GHG emission reduc-
tions of second generation biofuels are higher (80–95%).

It is very important to note that the specific emission reductions as shown in 
Table 16.1 do not consider the recently published communication on sustainability 
criteria, in which the Commission set out a detailed way of calculating default values 
and counting rules for biofuels (COM 2010a, b; Biograce 2010). Furthermore, 
Table 16.1 does not take into account GHG emissions from land use change (see 
Sect. 16.2.3 for further discussion). Moreover, Crutzen et al. (2008) pointed out that 
the N

2
O emissions caused by fertiliser use should be well above the default values 

of the IPCC approach. Applying a higher conversion factor from N to N
2
O could 

lead to higher specific emissions of biofuels. At the same time, there is discussion 
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on whether the reference emissions of fossil fuels may need to be revised upwards 
considering that the marginal environmental costs of fossil fuels are increasing as 
more energy-intensive oil drilling techniques are needed and unconventional 
resources are progressively entering the market (Pieprzyk et al. 2009).

16.2.3  Effect of Land Use Change

One of the most critical issues in the biofuels debate involves the GHG emissions 
arising from land use changes, when land is converted from non-arable (e.g. forest 
or grassland) to arable use (Searchinger et al. 2008). One can distinguish two cat-
egories of land use change that are triggered by the expansion of biofuel produc-
tion: direct and indirect. A direct land use change occurs when a producer allocates 
more of his land to growing crops to be used as feedstock for biofuels at the 
expense of the previous use of the reallocated land. Direct land use changes thus 
alter the supplies of other outputs, which may affect relative prices across a wide 
range of commodities, thereby causing a further round of land use changes, so-
called indirect land use changes. Direct and indirect land use changes potentially 
alter the GHG emitted by agriculture and therefore the net emissions of biofuels 
(see, e.g. WBGU 2010; Al-Riffai et al. 2010; Croezen et al. 2010) because of 
changes in the type of vegetation covering the land and/or changes in the degree of 
intensity of cultivation of an existing crop.

A generalised calculation of the impact of land use changes on GHG emission 
levels remains nevertheless difficult due to the large number of uncertainties 
involved when moving beyond the level of single case studies. Uncertainties arise 
in the determination of (1) the equilibrium level of below and above ground carbon 
storage of a specific land use, (2) the net annual carbon sequestration and release 
of a specific land use, (3) the land use before and after, and (4) the land use change 
expected due to biofuels.

Starting from both ends, methodologies to reduce these uncertainties are cur-
rently being researched. In order to tackle the first two uncertainties, approaches 
based on IPCC (2003) and complemented with land cover surveys can provide a 
detailed starting point. The assessment of the third uncertainty regarding the actual 
land use before and after the introduction of a change is the most difficult to 
approach and is in an infant status.

A large uncertainty lies in the quantification of the overall level of land use 
change created by biofuels (point 4 above). Biofuels create an additional demand 
on agricultural resources on top of those already present, making agricultural 
resources in general scarcer in relation to demand. Thus, the associated indirect 
land use changes are not in response simply to changes in relative prices to meet a 
fixed aggregate demand. Rather, they are the combined effect of changed relative 
prices and an overall increase in the prices of agricultural (land-using) outputs 
generally stimulated by higher aggregate demand. This general rise in commodity 
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prices has several effects. First, it causes land already in agricultural use to be used 
more intensively (e.g. by adopting higher-yielding varieties and techniques).  
A result of switching lower-grade land to more demanding land uses is that produc-
tion becomes less sustainable in the longer term. Increases in intensity of land use 
are modelled to the extent that yields are allowed to be price-sensitive. Second, 
however, and of greater concern, are land use changes at the so-called extensive 
margin. Because of the extra pressure generated by higher prices on the total land 
area in commercial use, there are strong incentives for land that was previously not 
used for agriculture (commercial forest, rainforest, peat land, rangeland, savannah) 
to be cleared and switched to agricultural use. This very often involves reducing the 
carbon-storage role played by the land that is switched, resulting in a loss of seques-
tered carbon that will take many years to cancel out by the use of bioenergy. 
Moreover, this previously virgin land often performed other important ecological 
functions as well, such as providing unique habitat for wildlife and helping to regu-
late complex climate patterns.

Considerable efforts are undertaken to assess biofuel-induced land use changes 
and several approaches are currently being developed. In the studies by Hertel et al. 
(2008) and Taheripour et al. (2008), substitution between agricultural land and 
commercial forestry is allowed, but not the clearing of virgin land for commercial 
use. A study by Banse et al. (2008) tries to solve the problem by incorporating land 
supply functions that are driven by land prices, while acknowledging that this solu-
tion presents calibration problems for countries where land price data are lacking. 
Nonetheless, in their conclusions, Banse et al. (2008) stress the importance of land 
supply endogeneity, and relative degrees of land scarcity in different countries and 
regions, for their results. Blanco Fonseca et al. (2010) assess the land use implica-
tion of the EU biofuel policy on a global scale.

Overall and despite all ongoing efforts, a full albeit simplified accounting of 
GHG emission changes including land use changes is not available in a consistent 
manner so far. Nevertheless, it would most likely result in a reduction of the 
overall potential of biofuels to reduce GHG emissions. A first approach (Al-Riffai 
et al. 2010) modelled the changes in world land use due to the EU biofuel policy 
and in addition calculated general estimates based on change in carbon stock due 
to the overall land use change, assuming average values of carbon stock for dif-
ferent land uses in agro-ecological zones. It finds that direct emission savings 
from a 5.6% share of (first generation) biofuels in the European road transport 
mix by 2020 could achieve direct emission savings of some 18 Mt CO

2
, while 

indirect land use changes would cause additional emissions of 5.3 Mt CO
2
, thus 

reducing the net balance to 13 Mt CO
2
 (Al-Riffai et al. 2010). The study further 

concludes that higher shares of biofuels could lead to substantially larger emis-
sions from land use changes, hence substantially reducing the net emission 
savings.

Due to the large uncertainties regarding the GHG emission changes due to land 
use changes (direct and indirect), these are not considered in the calculations pre-
sented in the reminder of this chapter.
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16.2.4  Biofuel Production Costs

As for the specific emissions of GHG, the biofuel production costs also depend on 
a wide variety of factors: First, the costs of conventional first generation biofuels 
are largely determined by the (highly volatile) feedstock prices. Second, production 
costs depend on the oil price. Eventually, the costs are also largely influenced using 
the byproducts and the prices paid for them.

Overall, there is no central figure on the production cost of the different biofuel 
types but a broad range rather, which is shown in Table 16.2.

As second generation biofuel production has not yet reached a large-scale com-
mercial state, it is difficult to determine what would be the standard production 
costs of the mature process. Most studies expect substantial improvements in the 
process and feedstock production for the future. Together with economies of scale, 
an important drop in the costs due to learning effects can be anticipated. Cost reduc-
tions will depend on a number of factors that according to IEA (2008a) include a 
continuous strong public and private support to R&D; demonstration and pre-
commercial testing; the development of measures of environmental performance; 
and a better understanding of relevant biomass resources and geographical 
availability.

Despite the remaining uncertainties, most studies expect significant cost 
decrease for second generation technologies for 2020 and thereafter, assuming suf-
ficient investment and scale of production. For BtL, production cost reductions are 
assumed to be around 35–50% below 2010 values by 2030 (see Table 16.2; values 
in brackets). On an annualised basis, this is equivalent to a learning rate of 3.1% 
p.a. for capital cost. In the case of ligno-cellulosic ethanol, production costs are 
estimated to be in the order of magnitude of some 35–55% below 2010 values (see 
Table 16.2; values in brackets). On an annualised basis, this is equivalent to a learn-
ing rate of 3.8% p.a. for capital cost.

16.3  Potential of Biofuels

Various ways exist to determine the potential of biofuels (see, e.g. Resch et al. 
2008), three of which will be described in detail in this section. First, one can aim 
to derive the theoretical production potential for biofuels on the basis of the avail-
able amounts of primary biomass that is largely limited by land available for the 
cultivation of bioenergy crops and residues (Sect. 16.3.1). Second, the realisable 
technical potential of biofuel demand can be estimated for a given year on the basis 
of blending restrictions imposed by engines, taking into consideration the dynamic 
changes in the car fleet and limits to the annual growth of biofuel production 
capacities (Sect. 16.3.2). Finally, the economic potential can be calculated for a 
given point in time and a specific scenario that provides consistent energy and car-
bon prices (Sect. 16.3.3). The economic potential forms a subset of the realisable 
technical potential. In contrast to this, the realisable technical potential cannot be 
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directly derived from the theoretical primary production potential; nevertheless, a 
comparison of the former with the latter allows concluding on whether there is suf-
ficient primary biomass available for fully exploiting the realisable technical 
potential.

16.3.1  Theoretical Biomass Potential

Even though available biomass resources have been assessed by many different 
studies, the differences in the approaches and the assumptions made2 imply that 
there is not one consolidated figure for the European or global potential. The ongoing 
FP7 project Biomass Energy Europe (BEE) therefore aims at harmonising biomass 
resource assessments, focusing on the EU and neighbouring countries. In the 
“Status of biomass resource assessments” (BEE 2008) available studies are assessed 
and compared, broken down by the different main biomass sources, namely agri-
culture, forestry and waste. Most relevant for first generation biofuels are the 
resources available on agricultural land due to the need for dedicated energy crops. 
The biomass resource assessments reviewed in BEE (2008) all find an increase in 
the potential from energy crops over time, but widely differ in the absolute amounts. 
(Fig. 16.2). Some explanation of the difference are given by the scenario assump-
tions, others stem from the crops (and the related energy yields) assumed to be 
grown on the available land area. Nevertheless, for the year 2020, the majority of 
the studies find a potential in the 2–5 EJ/year range.

When looking into the potential of second generation biofuels, also other bioen-
ergy streams are of interest as these pathways can make use of a wide range of 
cellulosic biomass. To this end, the overview of resource assessments from forestry 
and residues is also included in the figure shown below.

A recent overview of major studies on the global bioenergy potential is provided 
in German Advisory Council on Global Change (WBGU 2010). It analysed the bio-
energy potential in a geographically explicit manner for four scenarios that differ in 
assumptions on food production and nature conservation. Depending on the scenario, 
the global bioenergy potential from the cultivation of energy crops could reach 
30–120 EJ/year by 2050. On top of this, agricultural and forestry residues could add 
around 50 EJ/year. The German Advisory Council on Global Change (WBGU 2010) 
notes that this potential can be further limited by socio-economic considerations and 
competition with existing traditional biomass uses. In order to further determine 
which part of the bioenergy potential would be available for biofuels, and which others 
for the competing uses as electricity, heat or materials, further assumptions would 
need to be made which is beyond the scope of thepresent analysis. These assumptions 

2 Some studies focus on the theoretical, others into the technical or economic potential. A number 
of studies introduce further framework conditions such as environmental guidelines that shall 
ensure that the potential does not create additional environmental pressures (e.g. Thrän et al. 2006; 
EEA 2006).
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would need to consider economics as well as non-market considerations (equity 
issues, etc.). Moreover, it is likely to assume that substantial parts of the European 
biofuel demand will be imported either directly as biofuel or in the form of feedstock. 
This potential depends on the relation between the prices of domestically produced 
biofuels and imported ones, the latter of which being influenced by the way in which 
biofuel demand develops in other world regions as well as by domestic and foreign 
trade policy (import/export tariffs).

A recent overview of the global bioenergy potentials by 2050 undertaken by the 
IEA (2010) comes to a similarly wide span of results. IEA also further analyses the 
available potential from dedicated energy crops grown on arable land and the poten-
tial for second generation biofuels production from agricultural and forestry resi-
dues. It finds that some 10% of the global forestry and agricultural residues would 
be sufficient to produce some 4.2–6.0% of current transport demand from second 
generation biofuels. Twenty-five percent of the residues could provide as much as 
10.5% of BtL or ligno-cellulosic ethanol, and 14.9% if converted into Bio-SNG.

Another way of cross-checking the potential availability of primary biomass for 
producing certain amounts of transport biofuels is to calculate the corresponding 
requirements of arable lands. UNEP (2009) estimates that about 118–508 Mha 
would be required for providing 10% of the global transport fuel with biofuels by 
2030, depending on assumptions on crops, yields, etc. This corresponds to between 
8% and 36% of current world cropland.

25
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crops
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Food system residues
& organic waste
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Fig. 16.2 Annual potential of bioenergy from different sectors in the EU27; synthesis of various 
sectoral resource assessments (EJ/year). Source: BEE (2008)
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All in all, the competition for resources at various levels – e.g. over land with 
food and fodder production, infrastructure and nature protection requirements; over 
the primary bioenergy potential with the material use, bio-heat and bio-electricity 
generation – makes it difficult to determine a theoretical biofuel production poten-
tial on the basis of the raw material without introducing major assumptions on 
development of the agricultural sector, energy and carbon prices, the availability of 
substitutes and policy choices which directly or indirectly favour one use to 
another.

16.3.2  Realisable Technical Potential

Rather than estimating the potential of biofuels in road transport from the primary 
bioenergy potential, we will assess the biofuel demand on the basis of consider-
ations of fuel quality and blending limits prescribed by current EU legislation as 
well as maximum blends determined by engine technologies, and the vehicle stock 
in road transport and similar considerations for other transport modes.

Furthermore, for second generation biofuels dynamic constraints in the available 
production capacities are included. They are based on the BtL production capacity 
projection under optimistic assumptions such as a technological breakthrough and 
successful demonstration made by Vogel et al. (2008). This growth rate has also 
been used as proxy for the HVO capacity development. Hence, both production 
capacity developments can be considered as a maximum technical potential.

16.3.2.1  Realisable Technical Potential per Transport Mode

 Road Transport

Bioethanol can be used in different ways to replace fossil-based fuels: as low blends 
in the car fleet or high blends in dedicated flexi-fuel vehicles, or as ethyl-tertiary-
butyl-ether (ETBE) to replace methyl-tertiary-butyl-ether (MTBE) in the fuel  
production processes. Tests are also being performed to mix some bioethanol into 
fossil diesel. The use of low blends of ethanol to gasoline is limited by its higher 
oxygen content and the increase of fuel vapour pressure at low blends of ethanol. 
The amendment of the EU fuel quality directive 2009/30/EC currently allows a 
blending of up to 10% in volume terms, corresponding to a 6.6% share in energy 
terms. This is accepted by all car, engine and fuel injection system manufacturers. 
Considering the renewal of the car stock, we have assumed that by 2020 all gaso-
line-fuelled cars can run on E10. We assume that the blending of gasoline will 
increase to 20% (E20) until 2030 due to adaptations of the vehicle technology.

In high concentrations, ethanol is typically used as a blend of 85% ethanol and 
15% petrol, known as E85. High blends of ethanol are mainly used in flexible- 
fuel-vehicles (FFVs) that can operate on any blend of ethanol and petrol. A large 
number of FFVs is already available on the market at limited extra-costs; in a number 
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of countries like Brazil, the USA and Sweden, FFVs have already entered the  
market in considerable quantities. In Brazil, the number of FFVs increased from 
around 30,000 in 2003 to more than nine million vehicles in 2009. In the USA, 
FFVs reached seven million vehicles in 2008 starting from around 170,000 vehicles 
in 1998. Based on the annual growth in these countries, we assume that the annu-
ally purchased amount of FFVs in Europe could increase by 500,000 vehicles each 
year. This would result in a realisable technical potential of 27.5 million vehicles in 
EU27 in 2020 which equals some 20% of all gasoline cars in the vehicle stock. 
Until 2030, FFV could increase further to 50 million vehicles in EU27 in 2030.

Ethanol can also be used for the production of ETBE, which is produced by 
etherification of ethanol (47%) and isobutylene or natural gas. ETBE is an additive 
to enhance the octane rating of petrol as a replacement of the fossil MTBE and to 
reduce emissions. In Europe, the maximum limit for the ETBE content in gasoline 
is set at 15% in volume terms.

First generation biodiesel replaces fossil diesel and can be blended in different 
shares. Compared to fossil diesel, it is sulphur-free and contains about 8% less 
energy per volume. Low blends can be used in diesel engines without any adjust-
ment to the engine or fuel system. Current EU legislation (standard EN 590:2009 
and EU fuel quality directive) limits the maximum blend of biodiesel in fossil diesel 
to 7% in volume terms, equalling 6.4% in energy. ACEA (2008) points out that for 
passenger cars the blending of diesel should not exceed 7%, which has been 
assumed here to be valid also by 2020. Nevertheless, several studies point to the 
possibility of higher blends for the use in heavy duty vehicles (ADFC 2010; MAN 
2010); hence a B20 blend has been assumed for diesel consumption by HDVs  
in 2020.

Synthetic fuels (e.g. BtL and HVO) can be used in all levels of blends in  
conventional diesel engines without any modifications of the engine. They are usu-
ally sulphur-free and have a very low aromatic content. Moreover, they have a high 
cetane number, which indicate good auto-ignition qualities. They can be blended 
with fossil fuels at any level or be used pure without any modifications to the 
engine; their technical potential is therefore only limited by the available produc-
tion capacities and the primary feedstock (see above). Biomethane is considered to 
be used in vehicles that would otherwise be powered from natural gas.

 Aviation

The use of alternative fuels in jet aircrafts is seen as key option for the medium 
term.3 The International Air transport Association (IATA) has set a target for its 
member airlines to have 10% of airline fuel needs from alternative fuel sources by 
2017 (IATA 2008). As shown in Fig. 16.3, there are several alternative jet fuels that 
are being developed.

3 For a more detailed analysis of the developments of alternative fuels in the aviation sector, see 
e.g. IATA (2009), Kinder and Rahmes (2009) and SWAFEA (2010).
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In the short to medium term, two alternative “drop-in” fuels are expected to be 
used as replacement for conventional jet fuel. There are synthetic fuels obtained 
via the Fischer Tropsch process from fossil fuels or biomass (xTL) and 
hydrotreated vegetable oils (HVOs), both are synthetic paraffinic kerosenes 
(SPKs). Even if these two fuels have common points, they are produced by means 
of different processes (see Sect. 16.2.1) and present several differences in terms 
of maturity level, environmental and economical aspects. They both meet the 
specific technical/operational requirements for aviation, which is far from being 
the case for the commercially available biofuels (e.g. in terms of energy density, 
viscosity, flash point, freezing point; IFP 2009).

FT-SPK4 is an SPK obtained via the Fischer Tropsch process derived from fossil 
fuels or biomass (BtL). FT-SPK has already achieved certification for commercial 
use at 50% blend under the International specification ASTM D7566 (American 
Society for Testing and Materials) that was created in 2009.

HVO jet fuel or Bio-SPK is also an SPK produced from a wide range of vege-
table oils or fats (see above). In the last years, HVO was successfully tested in real 
conditions throughout the world by different aviation motorists, airline companies, 
fuel suppliers and airframe manufacturers (IATA 2009). During these tests, engines 
were running successfully on HVO up to a 50% blend ratio in volume terms. In 
their conclusions, Boeing reported that “The Bio-SPK fuel blends used in the test 
flights have all either met or exceeded the performance specifications for jet fuel” 
(Kinder and Rahmes 2009). Hence, the certification ASTM D7566 of the 50% 
HVO blend is ongoing and scheduled for the end of 2010 (100% blend is expected 
to be approved by 2013).

Alternative Jet Fuels (AJFs)

Synthetic Paraffinic
Kerosene (SPKs)

Oxygenated fuels
(e.g. higher alcohols; furanic

compounds)

Hydrodeoxygenated Oil (HDO)
(Thermochemical route: Pyrolysis –

Bio-oil – HDO) 

FT-SPK
(Thermochemical route: Gasification

– Syngas - FT process) 

HVO Jet Fuel
(Hydrotreating vegetable oil

with hydrogen)

Short-to-medium term Long term

Fig. 16.3 Overview of potential alternative jet fuels. Source: Based on IATA (2009)

4 Also called synthetic fuel (xTL) or simply FT-fuel.
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Apart from the above-mentioned SPK fuels, medium-to-long-term options for 
the aviation sector might be the use of naphtenic fuels (coal or biomass liquefac-
tion) and oxygenated fuels (higher alcohols and furanic compounds) that are at 
early development stage. They will be analysed in detail in the EU FP7 project 
Alpha-Bird (Alpha-Bird 2010).

 Shipping

In general, it is considered that bio-based fuels may replace the use of diesel in 
shipping rather than that of fuel oil (Hill et al. 2009), even though some consid-
erations have been given to, e.g., pure plant oil. An additional advantage of biod-
iesel for the use in shipping is the fact that it is biodegradable, hence being less 
harmful in case of spillages. Furthermore, some blends can reduce the CO and 
PM emissions, while at the same time emissions of NOx would slightly increase 
(Hill et al. 2009).

 Rail

In the rail mode, the most important use of biofuels is again to replace diesel by 
biodiesel. It is generally used in blends of less than 30%. Moreover, replacing fossil 
by biodiesel can also reduce gaseous and particulate emissions (Silver 2006). 
Presently, biofuel consumption in the rail sector is very limited due to economic 
reasons. There are, however, some countries that aim to increase its use in rail (see 
Hill et al. 2009).

16.3.2.2  Total Realisable Technical Potential

The total realisable technical biofuel potential is obtained by summing up the tech-
nical potential in the distinct modes as assessed above, taking into account that 
limitations in the production capacities restrict the aggregated consumption of sec-
ond generation fuels of all modes. For each mode, the technically realisable poten-
tial is derived by applying the maximum blend of biofuels to the total energy 
consumption of the mode. The total energy consumption per transport mode and 
the vehicle fleet composition are taken from the iTREN 2030 reference scenario 
(Fiorello et al. 2009).

The realisable technical biofuel potentials in the various transport modes can be 
up to 111 Mtoe by 2020 as shown in Table 16.3, representing 26% of the transport 
energy consumption by then. It would rise rapidly thereafter to almost double by 
2030, reaching a level of 250 Mtoe by then.

By 2020, much of the technical potential of biofuels would be realised in road 
transport (63 Mtoe) and aviation (46 Mtoe). The potentials for the use of biofuels 
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in maritime and rail transport are limited. Using a blend of 30% biodiesel in maritime 
transport could lead to a technical potential of around 2 Mtoe. In rail transport, a 
blend of 30% biodiesel could lead to a technical potential of around 1 Mtoe.

The technical potential of first and second generation ethanol, for both of which 
apply the same limitations in terms of maximum blending, has been estimated to be 
around 25 Mtoe in 2020. Until 2030, it could increase further to some 45 Mtoe due 
to the assumed replacement of E10 by E20 in road transport until 2030. The realis-
able technical potential of first generation biodiesel use would be around 30 Mtoe 
by 2020 due to the assumptions of B20 used in trucks, with only limited increases 
thereafter.

The technical potential of BtL and HVO has been estimated to be in the order of 
12 and 40 Mtoe, respectively, by 2020. It could rise steeply thereafter to reach 76 
and 100 Mtoe, respectively, by 2030 as constraints in the expansion of production 
capacities become less important.

Multiplying the biofuel potentials with the specific emission factors taken from 
Table 16.1 gives an indication of the realisable technical GHG emission potential 
without land use change that may be achieved through the use of transport biofuels 
in the EU.5 Biofuels may avoid GHG emissions in the order of 230 Mt CO

2
 by the 

year 2020. First generation bioethanol and biodiesel contribute with about 70 Mt 
CO

2
, while second generation biofuels already have a higher GHG emission 

reduction potential.
While in energy terms, the realisable technical biofuel potential almost doubles 

between 2020 and 2030, the rise in the GHG emission reduction potential is even 
more pronounced. It might triple from around 250 Mt CO

2
-equivalent by 2020 to 

more than 750 Mt CO
2
-equivalent by 2030, when neglecting emissions from land 

use changes. The main reason behind this is the shift toward second generation 
biofuels with higher relative GHG emission reduction potentials (see Table 16.1).

16.3.3  Economic Potential

In order to address the market-driven response to the technically available opportu-
nities assessed by the technical potential analysis, an approximation of the eco-
nomic potential by biofuel type was carried for a scenario that assumes an oil price 
of 80 €/bbl and a CO

2
 price of 50 €/t CO

2
 by 2020. No further biofuel support  

policies are assumed in the determination of the economic potential.
To derive the economic potential, abatement cost-resource curves of the various 

biofuel types and pathways have been generated using the BioPOL model, which 
will therefore be briefly described in the following. The model uses the biofuel 

5 As described above, this does not account for emissions from indirect land use change that will 
lower the net emissions avoided.
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production costs and specific emission factors shown in Tables 16.1 and 16.2 
above (“central value Schade and Wiesenthal”).

The BioPOL model is a recursive dynamic model that is constructed in the 
VENSIM modelling platform (for details, see Schade and Wiesenthal 2011). It is 
based on a year-by-year simulation of biofuel production, production cost and bio-
fuel demand until 2030. The model delivers detailed outcomes for the types of 
biofuels considered6 with regard to production capacity and produced volumes, 
costs and well-to-wheel emissions of GHGs.

For each set of exogenously given parameters, the biofuel consumption level 
is determined so that the market prices of biofuels equal those of the fossil alter-
native they substitute, taking into account the feedstock prices coming from the 
agricultural market conditions. An increase in the biofuel consumption and the 
related production capacities imply a higher demand for feedstock. This in return 
means rising feedstock prices, and therefore increasing production costs, result-
ing in higher market prices of biofuel. The latter are then compared with the 
market prices of fossil fuels to determine the biofuel demand which triggers bio-
fuel capacity and biofuel production. The model also takes into account addi-
tional costs – reflecting technical adaptations – related to certain levels of biofuel 
consumption, which reflect well the different blends described above. The abate-
ment cost curve linking the biofuel production cost per pathway with the avoided 
GHG emissions was generated by applying the BioPOL with different oil prices 
(60, 80, 100 €/bbl in constant prices) and varying the level of biofuel shares.

To derive one value for the economic potential from the abatement cost curve, 
certain economic framework conditions were defined based on the iTREN-2030 
reference scenario. The oil price was assumed to rise from 80 €/bbl in 2020 to 100 
€/bbl in 2050, and the carbon value would be of 50 €/t CO

2
-equivalent in 2020 and 2030. 

The level of the carbon value could rise further to 100 €/t CO
2
-equivalent in 2050.

The resulting economic potential is in general significantly lower than the techni-
cal potential (see Table 16.4). Overall, it reaches only 31 Mtoe compared to 111 Mtoe 
of the technical potential. Due to improvements in biofuel cost production, the eco-
nomic potential increases to about 50 and 130 Mtoe in 2030 and 2050, respectively.

Bioethanol both from first and second generation would take the highest share, 
as well as Bio-SPK. The use of biomethane might avoid some 2 Mt CO

2
-equivalent 

by 2020 in an economic manner, if sufficient gas-powered vehicles were on the 
market. In aviation, some 6 Mtoe could be replaced by biofuels mainly by HVO. 
Second generation biofuels gain more importance over time. For example, the 
economic potential of BtL would reach 3 Mtoe by 2020, avoiding some 11 Mt CO

2
-

equivalent. Including technical improvements the economic potential could reach 
37 Mtoe, avoiding some 125 Mt CO

2
-equivalent in 2050.

6 The model considers conventional biodiesel based on the two feedstocks of rapeseed and sun-
flower, and conventional ethanol based on cereals and sugar beet. It also includes advanced second 
generation pathways from ligno-cellulosic feedstock (i.e. ethanol and synthetic diesel BtL).
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Based on the economic potential, around 70 Mt CO
2
-equivalent could be avoided 

by biofuels at a carbon value of 50 €/t CO
2
-equivalent in 2020. The GHG emission 

reduction might double until 2030 and reach 350 Mt CO
2
-equivalent in 2050. While 

in the short run, the GHG emission reduction potentials of first and second genera-
tion are very similar; second generation biofuels contributes with 215 Mt CO

2
-

equivalent much more to overall GHG emission reduction in the long run (excl. 
emissions from land use change).

Given that biofuels directly compete with the fossil fuels they substitute, the 
economic potential heavily depends on the trends in oil and CO

2
 prices as well as 

in feedstock prices (Schade and Wiesenthal 2011). This relation is illustrated in 
Table 16.5.

Table 16.4 Economic potential in the EU-27 in 2020, 2030 and 2050

Economic potential in 2020,  
2030 and 2050

Energy (Mtoe)
GHG emission reduction 
(Mt CO 

2
-equivalent)

2020 2030 2050 2020 2030 2050

Gasoline by first generation  
bioethanol

10 10  22 16 16  36

Gasoline by ligno-cellulosic  
bioethanola

 5  8  27 (17) 18 25  90 (55)

Diesel by biodiesel  5  5   9 9 10  16
Diesel by BtLa,b  2  7  30 (19) 8 25 100 (65)
Kerosene by BtLa,b  3  9  37 (24) 11 31 125 (81)
Kerosene by bio-SPK  6 13  29 10 40  85
Gas by biomethane  2  2   2 2 2   2
Sumb 31 47 126 66 124 355
a Figures in brackets indicate economic potential if no further technological improvements after 
2030 are assumed
b The economic potential provided for BtL is either the one shown in the row “Diesel by BtL” or 
the one shown for “Kerosene by BtL”. These must not be added

Table 16.5 GHG emission reduction at different oil prices and 
carbon value in EU-27 in 2020

GHG emission reduction (Mt CO 
2
-equivalent)

Carbon value (€/t CO 
2
 ) Oil price (€/bbl)

60 80 100
25 17 36  99
50 32 66 139
75 51 99 170

Note that the economic potential does not imply that there are no 
other measures that are cheaper for reducing GHG emissions in the 
transport sector; neither that the use of the available raw feedstock as 
transport biofuel is preferable to its use in heat and/or electricity pro-
duction. The analysis of those topics goes beyond the scope of the 
present work
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16.4  Discussion Results

16.4.1  Comparison with Other Studies

The “economic potentials” estimated above can broadly be compared to the penetration 
of biofuels found in other scenario exercises.

According to the IEA Energy Technology Perspective (IEA 2008a), second genera-
tion biofuels could globally save up to 2.2 Gt CO

2
-equivalent by 2050 in the ambitious 

“Blue Map scenario”. Some 13% of this (286 Mt CO
2
) might be realised in OECD 

Europe. This confirms the economic mitigation potential of second generation bio-
fuels (i.e. ligno-cellulosic ethanol, BTL, HVO; see Table 16.4) that has been calculated 
in this chapter and was found to be in the order of 300 Mt CO

2
. Possible biofuel 

implementation scenarios for achieving the EU renewable targets were assessed 
within the JEC Biofuels programme (JEC 2010). The work is mainly based on the 
development of the European vehicle fleet and the type of blending. In the reference 
scenario biofuel demand could reach 20 Mtoe. Varying the blending biofuel demand 
could be more than 30 Mtoe, which is close to the economic potential (31 Mtoe) 
derived in this chapter, although some assumptions and applied methods differ 
significantly.

McKinsey (2009) calculates that by 2030, globally 380 Mt CO
2
 could be avoided 

at relatively low cost through a 25% blend of biofuels in the gasoline supply of road 
transport and an increase in biodiesel, stemming from conventional and advanced 
biofuels. In Europe, this potential would be around 57 Mt CO

2
. Additional potential 

is considered to be available, but at higher costs. This compares to the biofuel miti-
gation potential in road transport of 76 Mt CO

2
 calculated here for 2030.

The climate mitigation scenario of the IEA World Energy Outlook, which is 
more in line with the energy framework used here than their reference scenario, 
projects a European biofuel consumption of around 25 Mtoe by 2020, rising to 
42 Mtoe in 2030 (IEA 2009). This is well in line with the findings of the present 
work, according to which the economic biofuel potential could reach 31 Mtoe and 
47 Mtoe by 2020 and 2030, respectively.

16.4.2  Consistency Between the Approaches

As the economic potential forms a subset of the technically feasible potential, it is 
consistent by construction. It remains to be seen whether the economic and/or tech-
nical potentials are well below the available primary bioenergy potential, and are 
therefore theoretically possible to realise from a resource point of view without 
significant harm to the global environment.

Converted to primary bioenergy, the technical potential by 2030 would equal 
some 600 Mtoe (25 EJ) of primary biomass in total. Of this, around 350 Mtoe 
(15 EJ) would to come from dedicated sugar/starch and oily energy crops, while the 
remainder would serve the production of BtL or ligno-cellulosic ethanol and could 
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thus draw on a wider range of feedstock including residues. Exploiting the economic 
potential would imply a need for primary feedstock in the order of 90 Mtoe (3.6 EJ) 
by 2030 and around 225 Mtoe (9.4 EJ) by 2050 to satisfy the EU demand.

The comparison with studies on the primary biomass potential (see Sect. 16.3.1; 
Thrän et al. 2006; EEA 2006; BEE 2008) shows that these potentials in the EU 
alone would most likely not be sufficient to fully exploit the technical or economic 
potential. This implies that the EU will to some extent depend on imports of biofuels 
and/or biofuel feedstock and could then draw on the sufficiently large global poten-
tials. But also on the global level competition for various (energy) uses prevails 
over the primary potential; hence only part of it would be accessible as feedstock 
for biofuels, depending on market and policy choices made both in the EU and 
abroad.

16.4.3  Limitations of the Methodology

The consideration of the technical biofuel potential largely relies on assumptions of 
biofuel blends and the market uptake of advanced biofuel technologies. The former 
considers the maximum levels set by European legislation; it also considers some 
potential revisions to these in the future. As for the development of second genera-
tion production capacities, we have relied on published material. Nevertheless, all 
these considerations remain assumptions that may well turn out to develop differ-
ently over time than foreseen here. Some studies even conclude that on the basis of 
today’s knowledge, no reliable assessments can be made for the GHG-abatement 
potential of second generation biofuels for the time horizon 2020/2030 (UBA 
2010). Modifications to the assumptions on technological learning of advanced 
biofuels not only influences the realisable technical potential, but also the economic 
potential, considering that this is one of the key determinants of biofuel market 
penetration besides the prices of oil of CO

2
, and primary feedstock (Schade and 

Wiesenthal 2011).
There is also the possibility of novel technologies – such as the fermentation of 

sugar crops into biodiesel or the exploitation of algae – to achieve an unforeseen 
and unforeseeable breakthrough.

The potential of biofuels in avoiding GHG emission of the European transport 
sector is also largely influenced by the specific emission reductions assumed for 
every biofuel pathway. In the present analysis, these do not account for the emis-
sions of land use change (direct and indirect), and therefore overestimate the GHG 
emission reduction potential (see Sect. 16.2.3).

At the same time, Pieprzyk et al. (2009) claims that the reference emissions for 
fossil fuels may be set too low as the exploitation of conventional oil resources 
become increasingly difficult and energy-intensive and unconventional resources 
with elevated GHG emissions are entering the market. This would imply that the 
GHG savings from biofuels as sketched out above may be underestimated.

Also the sustainability criteria for biofuels that are being set out in Directive 
2009/28/EC are not taken into account here (EU 2009a, COM 2010a, b; Biograce 2010), 



264 B. Schade et al.

which may limit the use of biofuels produced from some emission-intensive 
pathways. The Directive prescribes minimum GHG emission requirements for biofuels 
that are taken into account in the targets set by the Directive. Biofuels shall save at 
least 35% of GHG emissions, rising to at least 50% by 2017. Biofuels produced in 
installations that started production on or after 1 January 2017 shall save at least 
60%. Furthermore, biofuels shall not be made from raw material obtained from 
land with high biodiversity value.

16.5  Conclusions

This chapter sketches out the potential of biofuels in avoiding GHG emissions of 
the European transport sector. To this end, it reviews the available primary bioen-
ergy potential, calculates the realisable technical potential and finally estimates the 
economic potential.

The realisable technical biofuel potential has been estimated on the basis of the 
vehicle stock, blending and market deployment of novel technologies. It could 
reach a level of around 110 Mtoe in 2020, representing 26% of the sector’s energy 
consumption by then. It increases thereafter to make up as much as 55% of trans-
port energy demand in 2030, facilitated by the assumed use of higher blends and 
the faster higher deployment of second generation biofuels. Most of this potential 
is considered to be found in the road sector – and for first generation biodiesel in 
road freight – and aviation once synthetic biofuels (SPK-like) become available. 
This indicates the high influence of legislation setting maximum levels of blends, 
and of a successful market introduction of advanced biofuels that can overcome 
blending limits and can also be used in aviation.

The economic potential reaches 7% of the transport energy demand by 2020 – 
less than one third of the technical potential despite assuming an oil price of 
80 €/bbl and a carbon value of 50 €/t CO

2
. Depending on the assumptions made 

for prices of oil and CO
2
, the economic potential could nevertheless adopt very 

distinct values. Due to technical improvements, the economic potential would 
increase further to reach some 50 Mtoe in 2030.

A comparison of these potentials with assessments of the available primary bio-
mass potential suggests that sufficient biomass could theoretically be made available 
for biofuel production when also considering imports to the EU. Ultimately, the 
amount of primary bioenergy that can be used for production of transport biofuels 
will depend on relative prices and policy choices between their competing uses. As 
the EU is likely to be a net importer of biofuels, it will depend on these policy choices 
made abroad. At the same time, considering that the European biofuel market cur-
rently represents about one fourth of the global biofuel market, the EU can set bio-
fuel sustainability criteria that may factually have an influence beyond its borders.

The elevated substitution potentials of fossil-based fuels with biofuels indicate 
the theoretically high GHG mitigation potential. Yet, the extent to which the biofuels 
uptake can materialise in emission savings heavily depends on which biofuels are 
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used, and therefore point to the need of quantifying the emissions caused by land use 
changes (direct and indirect). As the present study does not consider emissions from 
land use change, the “economic” GHG mitigation potentials of 66 Mt CO

2
-equivalent 

in 2020 and almost twice this value by 2030 can be seen as optimistic results. 
The doubling of the emission reduction potentials between 2020 and 2030 compared 
with the 50% increase in energy terms results from the increasing share of second 
generation biofuels with their significantly lower specific emissions in the biofuel 
mix and points to the importance of these advanced technologies in exploiting the 
role of biofuels as GHG mitigation measure.
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Glossary

ACEA European Automobile Manufacturers’ Association
BEE Biomass Energy Europe
BtL Biomass-to-liquid
DDGS Dried distillers grains with solubles
ETBE Ethyl-tertiary-butyl-ether
FAME Fatty acid methyl ester
FFVs Flexible-fuel-vehicles
GHG Greenhouse gas
HVO Hydrogenated vegetable oil
IATA International Air Transport Association
ICE Internal combustion engine
IPCC International panel on climate change
iTREN-2030 Integrated transport and energy baseline 2030
MTBE Methyl-tertiary-butyl-ether
R&D Research and development
RD&D Research development and deployment
SNG Synthetic natural gas
SPK Synthetic paraffinic kerosene
xTL Coal, gas or biomass-to-liquid
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17.1  Introduction

Today, road transport activities are the major source for CO
2
 emissions from  

transportation in Europe. According to the DG-TREN Statistical Pocketbook 2009, 
freight and passenger road transports were responsible for 93% of all transport-
related CO

2
 emissions within EU27 in 2006. About two third of this road CO

2
 

emissions can be allocated to passenger transport activities. Since 1990, passenger 
road CO

2
 emissions have been steadily increasing.

In order to meet the CO
2
 emission reduction targets of the EU until 2020 (−20% 

compared to 1990 levels) and long-term targets to remain on the 2-degree pathway 
according to the IPCC, significant changes in today’s passenger road transport  
sector have to happen. One way to achieve prospective CO

2
 emission limits for 

transport is the reduction of transport demand by changing mobility behaviour. 
Pricing mechanisms and other incentives are powerful instruments to induce these 
changes in combination with the awareness of transport burdens for the climate. 
Policy makers are reluctant to implement incentives that oblige the population with 
additional financial burdens on passenger transport as mobility is still an essential 
need for a functioning and growing economy. Hence, instruments leading towards 
less transport demand, modal shift towards rail and decreasing average trip lengths 
have to be accompanied by innovations reducing the energy consumption of the 
rolling stock.

Climate policy impacts on transport, economy and society have been assessed 
in several studies like ADAM (Jochem et al. 2009) or iTREN-2030 (Schade et al. 
2010). This chapter focuses on the technological CO

2
 emission reduction poten-

tials of passenger cars. This includes technologies aiming at improving the 
fuel efficiency of conventional cars with internal combustion engines as well as 
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alternative fuel technologies such as CNG, LPG and battery electric vehicles 
(BEVs). The technological potentials have been elaborated in the GHG-TransPoRD 
project (Akkermans et al. 2010) on behalf of the European Commission (DG-RTD). 
Another project that deals with technological potentials is EU Transport GHG: 
Routes to 2050.

In the following sections, the methodology to analyse the reduction potentials is 
described in detail. Based on a long list of technologies, the most efficient and 
compatible technologies are clustered into eleven measure groups. A zoom into 
these groups is as follows. It should explain the technologies considered, their 
functioning and where in the car they can be applied. Additionally, the technical 
feasibility and the maturity of the technologies are elaborated. Finally, relative CO

2
 

emission reduction potentials as well as absolute CO
2
 savings are derived for all 

measure groups.

17.2  Study Approach

The approach applied has been developed for the GHG-TransPoRD (upcoming in 
2010: Akkermans et al. 2010) project on behalf of the European Commission. It 
foresees two lines of activity. The first line starts from a literature research, technology 
journal review, expert and stakeholder interviews. A long list of potential technolo-
gies to reduce CO

2
 emissions of road passenger transport is the result. As most 

studies offer ranges of potential CO
2
 emission reductions from a minimum to a 

maximum value, both values are extracted. The final choice of a technically feasible 
CO

2
 reduction potential for each technology is carried out by comparing outcomes 

of different studies, assessing the underlying assumptions and if available expert 
judgment in technology journals and forums. Additionally, the technical feasibility, 
the maturity, the applicability and the compatibility with other technologies are 
elaborated.

The next step consists of an allocation of all technologies to the respective sub-
system in a car (e.g. engine, car body, drive, etc.). Non-compatible technologies 
are excluded in this clustering process such that those combinations of technolo-
gies are chosen which bear the highest CO

2
 emission reduction potentials. 

Reduction potentials of a combination of technologies are estimated by multiply-
ing the single reduction factors.

The second line starts from existing projects analysing energy demand and CO
2
 

emissions from transport until 2030 (iTREN-2030 project, Fiorello et al. 2009) and 
2050 (ADAM project, Schade et al. 2009). Based on these studies and particular 
extensions based on the TREMOVE model (version 2.7c) and the EXTREMIS 
database, the so-called common energy framework is developed. The common 
energy framework constitutes an aggregate summary of fuel use in energy units by 
type of fuel and by mode.

Projections of energy demand for each car type and the CO
2
 emission reduction 

potentials of the different measure groups are the basis for estimating the absolute 
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reduction potentials in the years 2020 and 2050. They provide an indication on the 
importance of each measure group to contribute to transport CO

2
 reductions. This 

approach supports to identify effective measures, since we are speaking about 
reductions of CO

2
 emissions of transport of more than 60% until 2050, which will 

not be feasible applying marginal measures. Broadly this approach for the second 
line of activity comes from the German study preparing the annual UNFCCC 
reporting of Germany (Öko-Institut et al. 2008).

Absolute CO
2
 emission savings of the considered technologies in 2020 and 2050 

do not only depend on the energy framework but also on the technical feasibility, 
the maturity and the applicability to only certain engine types. Even for technolo-
gies that have entered the market in 2010, a complete diffusion into the whole car 
fleet until 2020 is due to the average lifetime (13–14 years in EU27) of passenger 
cars not feasible. Therefore, many technology groups have significantly lower 
impacts on CO

2
 emission savings in 2020 compared to 2050.

17.3  Energy Framework

The baseline for the assessment of CO
2
 emission saving potentials is the projection 

of the energy demand from passenger car transport between 2010 and 2050. The 
so-called common energy framework is derived from the iTREN-2030 Reference 
Scenario (Fiorello et al. 2009). As iTREN-2030 only provides forecasts until 2030, 
the iTREN-2030 energy demand pathway is prolonged by results from the 
TREMOVE model and from the Reference Scenario of the ADAM project in which 
the ASTRA model has been applied.

Figure 17.1 shows the estimated development of energy demand from car fuel 
consumption between 2010 and 2050. Car fuel consumption is projected to increase 
until 2030, stagnate in the following decade and slightly consolidate in the last 10 
years until 2050 in EU27. The share of alternative fuel cars in this reference case is 
supposed to be only marginal.

BEVs and hydrogen fuel cell cars do not diffuse into car fleets in EU27, which 
can be considered as a pessimistic case. Transferring the energy demand into CO

2
 

emissions shows that passenger cars are projected to emit about 12% more CO
2
 in 

2020 and 24% more in 2050 compared to 2010.

17.4  Long List of Technologies

The outcome of literature and technology journal review, expert and stakeholder 
interviews is consolidated in a long list of car technologies improving fuel  
efficiency. Table 17.1 demonstrates the 46 most promising technologies and the 
estimated contribution of each technology to the reduction of CO

2
 emissions of cars 

in a range from minimum to maximum potentials. For some technologies, upper 
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and lower potentials differ significantly as they were extracted from different 
 studies with varying degree of implementation and underlying assumptions. As an 
example, the measure “utilization of lightweight materials” covers a whole range 
of possibilities. It starts from a simple substitution of smaller steal by plastic parts 
and ends with a complete substitution of steal by lightweight materials such as 
carbon fibres, aluminium and magnesium. In this case, the technical feasibility was 
taken into account, such that only the lower CO

2
 reduction potential is estimated to 

be realized until 2020.
In the next step, all 46 technologies are allocated into the following 11 technol-

ogy clusters. lightweight construction, engine control system, heat and cooling 
management, electrical system – energy supply, injection technology, aerodynam-
ics and resistance, electrical system – energy demand, BEVs, hybrid vehicles, drive 
and transmission and CNG and LPG vehicles, respectively.

Additionally, the compatibility of all technologies is elaborated to avoid dou-
ble counting of CO

2
 reduction potentials. Total CO

2
 emission reduction potentials 

of a combination of compatible technologies in a cluster are then estimated by 
(17.1). Finally, the technology combination with the highest potential is chosen.

 1

POT ( ) 1 (1 POT ( )),
n

j
j

i i
=

= - -Õ
 

(17.1)

where POT = relative CO
2
 emission reduction, i = eleven technology clusters, 

j = technologies 1 to n in a cluster.
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Fig. 17.1 Energy demand of passenger cars in EU27 (reference case). Source: GHG-TransPoRD
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Table 17.1 Long list of car technologies

Nr. Measures/technologies

CO
2
 reduction

Min Max

1 Reduced mechanical friction components 0.4% 5.0%
2 Low viscosity lubricants 0.5% 4.0%
3 Low rolling resistance tyres 2.0% 2.0%
4 Improved aerodynamics 1.5% 1.8%
5 Tyre-pressure monitoring system 1.0% 1.0%
6 Substitution of fossil fuel by battery electric vehicles 7.8% 7.8%
7 Control mechanism for servo-steering 3.1% 5.0%
8 Electric power steering (EPS) 2.0% 3.0%
9 LED headlights 2.5%
10 Pneumatic brake booster 1.6% 2.5%
11 Intelligent fuel pumps 0.3% 0.3%
12 Solar panels on roofs 17.0% 29.0%
13 High efficiency alternators 0.5% 2.0%
14 Intelligent battery sensor 1.5% 1.5%
15 CNG 16.7% 16.7%
16 LPG 9.0%
17 Electrohydraulic valve gear 10.0%
18 Variable compression ratio 5.0% 10.0%
19 Cylinder deactivation 2.1% 8.0%
20 Variable valve actuation 3.0% 7.0%
21 Start–stop system 3.0% 4.0%
22 Variable valve timing 1.0% 3.0%
23 Fuel quality sensor 1.2% 1.2%
24 Latent-heat storage 8.1% 8.1%
25 Intercooling 2.5% 2.5%
26 Dual cooling circuits 0.5% 2.0%
27 Exhaust heat recuperation 1.5% 1.5%
28 Cooling fluid shutdown system 1.0% 1.0%
29 Hybrid-type: full 18.0% 22.0%
30 Hybrid-type: mild 10.0% 11.0%
31 Brake energy recuperation 3.0% 3.0%
32 Hybrid-type: plug-in
33 Homogeneous Charge Compression Ignition 11.0% 25.0%
34 GDI with stratified charge (stoichiometric) 8.0% 14.0%
35 GDI with stratified charge (lean burn) 4.3% 6.4%
36 GDI with homogenous charge (stoichiometric) 0.7% 5.0%
37 Piezo injectors 3.0% 3.0%
38 Further penetration of gasoline direct injection
39 Utilization of lightweight design and materials 0.9% 20.0%
40 Weight reduction by minimizing convenience features 4.9% 4.9%
41 Smaller capacity fuel tanks 2.0% 3.0%
42 Continuous variable transmission 2.1% 9.0%
43 6-speed manual/automatic gearbox 2.5% 5.0%
44 Dual clutch transmission 4.0% 5.0%
45 Piloted gearbox 4.0% 4.0%
46 Optimization of gear boxes 1.0% 2.0%

Source: GHG-TransPoRD
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17.5  Technology Packages

The chosen technology clusters respectively measure groups to reduce CO
2
  emissions 

from car transport are described in this chapter. Table 17.2 provides an overview in 
terms of relative and absolute CO

2
 emission reductions on the technical potential of 

the eleven clusters. All savings refer to the CO
2
 emissions in EU27 in 2020 

 respectively 2050 in the reference scenario described by the common energy frame-
work. It is assumed that all technologies will be implemented in all new cars in EU27. 
Due to the average lifetime of a car in EU27, not all cars will be equipped with the 
new technologies until 2020. Additionally, the savings consider that some technolo-
gies are only applicable for a certain car technology (e.g. only for diesel cars).

Injection technologies bear the highest CO
2
 reduction potential in 2020 with 

about 92 Mt of CO
2
 abated. In the long term, the substitution of fossil fuel cars by 

BEVs could contribute by 77% less CO
2
 significantly to the achievement of GHG 

reduction targets. All numbers consider only technical issues and hurdles. They do 
not take into account lower potentials due to lacking acceptance, currently too high 
costs or internal constraints in the automotive industries like long-term linkages 
between OEMs and certain suppliers.

Following the approach for estimating the potential of a combination of technolo-
gies, one could also assess the CO

2
 emission reduction potential of the best combina-

tion of all compatible technology packages. Technically, a reduction of CO
2
 emissions 

of about 40–45% from passenger cars in EU27 in 2020 is projected to be feasible. In 
the long term, the underlying assumptions on different technology packages make 
such a calculation more difficult. Most packages foresee a complete diffusion of a 
technology bundle into the EU27 car fleet until 2050. As many technology bundles 
can be applied only to fossil fuel cars with an ICE, the strong potentials of hybrid 
vehicles and BEVs can only hardly be accounted. Considering only fossil fuel tech-
nologies, about 60–68% CO

2
 can be saved in 2050 compared to the reference case.

The following sections describe the technologies allocated to the respective measure 
group, their CO

2
 emission reduction potential, the technical feasibility and the maturity.

Table 17.2 Technical CO
2
 reduction potentials

Measure/technology group

2020 2050

rel. abs (Mt) rel. abs (Mt)

Injection technology 10% 92 24% 211
Electrical system – energy supply 10% 89 20% 178
Heat/cooling management 10% 89 14% 122
Lightweight construction  8% 72 17% 152
Engine control system  7% 65 12% 112
Hybrid vehicles  7% 61 18% 159
Aerodynamics/resistance  7% 60  9%  83
CNG/LPG  6% 54  8%  75
Battery electric vehicles  6% 54 77% 689
Electrical system – energy demand  5% 47  7%  64
Drive and transmission  3% 29  6%  50

Source: GHG-TransPoRD
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17.5.1  Injection Technology

The technology cluster with the largest technical CO
2
 reduction potential is called 

injection technology. It is assumed to contribute by 10% less CO
2
 emissions in 2020 

and even 24% less CO
2
 emissions in 2050. Several promising injection technolo-

gies have been developed in the past to reduce CO
2
 emissions of ICE. This measure 

group focuses on the most promising technology in terms of its potential: 
Homogeneous Charge Compression Ignition (HCCI). HCCI combines homoge-
neous charge spark ignition (gasoline engines) and stratified charge compression 
ignition (diesel engines) such that well-mixed fuel and oxidizer are compressed to 
the point of auto-ignition.

Several automobile companies are currently experimenting on the potential of 
HCCI engines. Overall, controlling HCCI engines is the major hurdle to more 
widespread commercialization. HCCI is more difficult to control than other popular 
modern combustion engines. Another technical problem is currently the limited 
power of engines operating completely in HCCI mode. Current HCCI engines run 
only in HCCI mode at part load conditions.

HCCI engines are still being researched on test beds and very early prototype 
vehicles. HCCI technology is expected to be ready to diffuse into the market in 
2018 (EPA 2008).

17.5.2  Electrical System: Energy Supply

This technology cluster focuses on three technical measures aiming at improving 
the efficiency of the energy supply side of electrical systems in passenger cars. The 
most promising technology in terms of reducing CO

2
 emissions from passenger 

cars in this group is the measure solar panels on vehicle roofs (SEV 2010). High 
efficiency mono-crystalline photovoltaic cells are installed on vehicle roofs to gen-
erate electricity for electronic on-board applications in all passenger cars or to 
upload the batteries in hybrid and BEVs.

The second measure analysed in this group of measures is the implementation 
of high efficiency alternators. Most passenger cars are currently equipped with low 
cost alternators which have an efficiency of only 50–60% (IEA 2005). Due to the 
rising number of electronic on-board applications, the importance of the efficiency 
of alternators is increasing.

The last measure to be considered in this group is the application of intelligent 
battery sensors. Batteries in vehicles did not advance that much compared to the 
significantly growing number of electronic equipment in passenger cars. Intelligent 
battery sensors should balance the electric energy requested by the numbers of 
consumers with the energy supplied by the alternator and the battery. This balance 
optimizes the energy flow and supports the improvement of fuel efficiency.

The CO
2
 reduction potential of this technology cluster in EU27 is with about 

10% in 2020 and 20% in 2050 slightly lower than the projected HCCI potentials. 
About 89 Mt of CO

2
 can be saved in 2020 by implementing the combination of 
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these technologies consequently starting in 2011. In combination with hybrid 
respectively battery technology, this cluster even bears higher CO

2
 saving poten-

tials. Assuming that all fossil fuel based cars in 2050 will have hybrid systems 
about 178 Mt of CO

2
 could be reduced in 2050.

Solar panels are already offered in 2010 on the US market. High efficiency 
alternators and intelligent battery sensors are as well already available, but not yet 
implemented in most current passenger cars.

17.5.3  Heat and Cooling Management

The technologies and measures allocated to the group “heat and cooling manage-
ment” contain solutions to reduce CO

2
 emissions from passenger cars by recycling 

originally wasted heat energy or by optimizing cooling processes in internal com-
bustion engines. Two approaches are considered to transform the heat energy of ICE 
into useful energy. Latent-heat storage is a technology that is proposed by Greenpeace 
(2008). The waste heat generated in combustion engines is stored in the battery and 
recycled by fostering the warm-up phase in following cold starts. Hence, the engine 
operates earlier in an efficient stage which bears a CO

2
 emission reduction potential. 

The second technology is called exhaust heat recuperation or exhaust gas recircula-
tion (EGR). It is already applied in turbocharged engines and transfers waste heat of 
exhaust gases to compressed air to preheat the air before entering the engine.

Additionally, three technologies optimizing cooling management processes are 
included in this group of measures. The first approach is implemented in turbo-
charged respectively supercharged gasoline and diesel engines and acts as an air- 
to-air heat exchange device. The so-called intercoolers aim at improving the 
volumetric efficiency of ICE by increasing the intake air charge density. This is 
realized by nearly pressure constant (isobaric cooling). Another technical solution 
to reduce CO

2
 emissions via improving fuel efficiency is the implementation of 

dual cooling circuits. The concept of this technology aims at reducing engine 
warm-up times by installing two separate cooling circuits for cylinder heads on the 
one hand and cylinder walls on the other hand. The last technical measure included 
in this package is called cooling fluid shutdown system. According to the automo-
tive supplier Hella (2010), this system prevents the car from circulating cooling 
fluids during engine warm-up phases to save energy.

Available studies do not indicate the compatibility of all five measures within 
one car. At least no study has been reviewed that doubts about the efficiency of such 
a combination. Therefore, the resulting maximum potential is computed by multi-
plying all single maximum reduction potentials. Therefore, the group of measures 
has a CO

2
 reduction potential of 14.3% over all passenger cars.

Assuming a vehicle fleet composition in EU27 as in the Reference Scenario of 
the iTREN-2030 project (Fiorello et al. 2009), the implementation of all five mea-
sures would save about 10% CO

2
 (89 Mt) in 2020 and 14% CO

2
 (122 Mt) in 2050.

All technologies in this group can be implemented in all fossil fuel driven cars. 
The only limitation consists for the intercooling technology which can only be 



27917 Technological Potential for CO
2
 Emission Reductions of Passenger Cars

applied for turbocharged or supercharged gasoline or diesel engines. Technically, 
all five measures are feasible and partially already implemented like intercooling or 
exhaust heat recuperation.

17.5.4  Lightweight Construction

There is a direct correlation between the weight of passenger cars and its fuel  
consumption. Therefore, each unit of weight saved in cars reduces CO

2
 emissions. 

The first option in this set of measures and the most effective in terms of the CO
2
 

emission reduction potential is the utilization of advanced lightweight design and 
materials. AEA (2009) estimates the CO

2
 reduction potential of this option by about 

20% compared to an average conventional passenger car. TNO (2006) assumes 
lower reduction potentials of up to 6.3%. As the implementation of advanced light-
weight materials will only be partly diffuse into car fleets until 2020, only 10.5% 
CO

2
 reduction is assumed until 2020.

The automotive industry already tried to reduce weight using higher share of 
plastics in cars or aluminium in car bodies. This option foresees an advanced use 
of materials such as reinforced composites, aluminium or magnesium.

The second component foresees the further reduction of weight by minimizing 
or eliminating unnecessary convenience features like seat heating or electrical 
devices. Greenpeace (2008) estimates about 4.9% improvement of fuel efficiency 
by abandoning unnecessary luxury features in passenger cars. As this measure 
automatically decreases the investment costs, the real abatement costs per tonne of 
CO

2
 would even be significantly lower than assumed here.

The third measure among this group proposes the reduction of fuel tank capaci-
ties to avoid additional weight. Between 2% and 3% fuel efficiency improvement 
can be achieved without additional financial burdens on users.

Overall the combination of these measures could save about 8% of all CO
2
 

 emissions from passenger cars in 2020 and 17% in 2050 in EU27. This represents 
about 72 Mt of CO

2
 in 2020 and 152 Mt of CO

2
 in 2050.

Materials such as magnesium, aluminium or carbon fibres are already applied on 
the luxury segment to reduce weight and improve fuel efficiency. High costs of 
lightweight materials prevented most manufacturers to apply those in lower cost 
segments until now. In future cars magnesium is expected to be applied for reducing 
the weight of engines. Aluminium and carbon fibres are implemented in oder to 
decrease the weight of car bodies.

17.5.5  Engine Control System

Engine control system is a set of five technical measures to reduce CO
2
 emissions 

by optimizing the control of ICE. According to CARB (2004), variable compression 
ratio (VCR) technology is the measure with the highest reduction potential in this 
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group. The compression ratio in current internal combustion engines is fixed. An 
optimal engine operation requires VCRs. VCR enables higher compression ratios 
with lower loads and lower compression ratios with higher loads to reduce CO

2
 

emissions. CARB (2004) estimates 5% up to 7% CO
2
 reduction potential for VCR, 

while AEA (2009) considers even 10% maximum potential of this technology.
Another fuel economy technology works via deactivation of cylinders. Depending 

on the load, cylinders are switched off or half of cylinders are deactivated to reduce 
pumping losses. Cylinder deactivation is projected to improve fuel efficiency in a 
range between 2.1% and 14% (CARB 2004; IEA 2005; IEEP 2004).

Start–stop systems are also assigned to this measure group, even if they are 
applied also in most hybrid vehicles. Start–stop systems automatically shut down 
and restart a vehicles ICE to reduce the amount of time the engine spends idling. 
The technology behind has already been implemented in the 1970s by Audi but due 
to lacking interest of costumers not considered any more since then. The potential 
of start–stop systems differs between 3% and 4% (TNO 2006) and 3% and 6% 
(IEEP 2004)

Variable valve timing is an additional technical feature to improve fuel effi-
ciency in gasoline engines. This measure allows gasoline engines to operate more 
efficient by managing precisely on optimal opening and closing of valves depending 
on the current vehicle load demand. Variable valve timing is assumed to reduce CO

2
 

emission by 1.5% up to 3% (TNO 2006; CARB 2004; IEA 2005).
The last measure considered in this group is the application of fuel quality  

sensors to control the injection of the optimum amount of gasoline or diesel at 
engine start processes. This technology is assumed to contribute by about 1.2% to 
less fuel consumption.

Taking the average between minimum and maximum potentials, about 7% less 
CO

2
 emissions (65 Mt) by combining these five measures are expected in 2020 and 

12% (112 Mt) in 2050.
Despite VCR all measures of the engine control system group are already 

 implemented in cars. Start–stop systems are common at least in the upper car 
 segments. VCR is the only technology that only started to diffuse into vehicle fleets 
in EU27. According to CARB (2004), the technology was too expensive at its state 
in 2004.

17.5.6  Hybrid Vehicles

The group “hybrid vehicles” focuses on the CO
2
 emission reduction potential that 

can be achieved according to literature review by replacing new registered conven-
tional vehicles with mild hybrid vehicles in a first step until 2020 and with full 
hybrid or plug-in hybrid vehicles until 2050.

Generally, hybrid electric vehicles (HEVs) are differentiated by the degree of 
hybridization. Mild hybrids are vehicles that cannot be driven by its electric motor 
as this motor is not designed for that purpose and does not have enough power. 
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They have an oversize starter motor enabling the ICE to be turned off during coasting, 
braking and stopping. Furthermore, the motor is used for regenerative braking to 
recapture energy. Full hybrid vehicles can run on both, an ICE and on electric 
engines provided with energy from batteries with high capacities.

The CO
2
 emission reduction potential of HEVs depends strongly on the driving 

situation. As regenerative braking is a major issue in HEVs, the operation in urban 
stop and go situations is more efficient than long distance travel with constant speed 
on motorways. Two studies quantified the fuel efficiency gains by HEVs compared 
with conventional cars (diesel and gasoline): AEA (2009) and IEA (2005). IEA 
(2005) estimates a CO

2
 emission reduction potential for mild hybrids between 5% 

and 7% compared with average gasoline cars, while AEA (2009) indicates between 
10% and 11% better fuel efficiency. The reduction potential difference between the 
studies for full hybrids is significant. The IEA (2005) study assesses about 30% up 
to 50% less fuel consumption compared to gasoline cars, while AEA (2009) ranges 
only between 18% and 22%. Obviously, the difference emerges due to varying 
baseline assumptions about the driving situation. AEA (2009) considers a realistic 
mixture of driving on motorways, interurban roads and in urban areas which differs 
from the assumptions of IEA (2005).

Substituting fossil fuel cars by HEVs has a CO
2
 emissions reduction potential of 

about 7% in 2020 and 18% in 2050. In total numbers, the substitution of conven-
tional cars by HEVs can save about 61 Mt of CO

2
 yearly in EU27 in 2020 and about 

159 Mt in EU27 in 2050.
Technically, the development of HEV depends strongly on the battery develop-

ment, as the batteries constitute a major cost and weight factor. Nevertheless, 
hybrid components are currently implemented in many upper segment car types. As 
most OEMs have to reduce average fleet emissions due to the CO

2
 emission legisla-

tion, equipping cars with hybrid components to improve fuel consumption is a 
widely used measure.

17.5.7  Aerodynamics and Resistance

The group of measures named aerodynamics and resistance aims at reducing the 
opposing resistance or frictional forces that act against the motion of a car. The 
technical measures considered try to optimize aerodynamic drag, rolling resistance 
and mechanical friction of internal combustion engines in passenger cars.

The measure to improve aerodynamics covers solutions to reduce frontal areas 
and to optimize car body shapes with skirts, air dams or underbody covers. TNO 
(2006) and CARB (2004) estimate about 1.4% up to 1.8% less CO

2
 emission due 

to improvements in aerodynamics.
Reduced engine friction losses can be realized by different approaches. One con-

sists of outlining of the crank with the cylinder to lower the friction of the piston. Other 
concepts foresee coatings in the cylinder or electrification of auxiliaries. Furthermore, 
engine manufacturers try to reduce friction losses at rolling element bearings, rolling 
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contacts, block deformation and ring tension. The estimated CO
2
 reduction potential 

ranges between 0.4% and 5% (CARB 2004; IEA 2005; AEA 2009).
Low resistance tyres and tyre-pressure monitoring systems are measures to 

improve fuel efficiency by reducing rolling resistance of passenger cars. The design 
and material of tyres are relevant for the rolling resistance of cars. Tyre tread pat-
terns, tyre belts or the traction surface are areas to improve rolling resistance of 
tyres. According to AEA (2009) and IEA (2005) low resistance tyres bear a poten-
tial between 1% and 2% less CO

2
.

Additionally, tyre-pressure monitoring systems should help to operate the car 
with optimal tyre pressure. Tyre-pressure monitoring systems are assumed to 
improve fuel efficiency by further 1% (TNO 2006; IEA 2005).

The last measure in this group is the application of low viscosity lubricants in 
fossil fuel driven engines to reduce mechanical friction and improve fuel efficiency. 
CO

2
 emission reduction potentials of low viscosity lubricants differ among the 

available studies between 0.5% and 4% (TNO 2006; IEA 2005).
The combination of all technologies in this group results in a CO

2
 emission 

reduction potential of 7% (60 Mt) in 2020 and 9% (83 Mt) in 2050. Despite low 
viscosity lubricants, all technologies can be applied to all types of passenger cars. 
Low viscosity lubricants are limited for the application in cars with ICE.

All technologies in this group are at least partially implemented in several new 
passenger cars. Tyre-pressure monitoring systems are offered in the luxury segment 
or in other segments as extra equipment. Several OEMs already offer more fuel effi-
cient alternatives for nearly all car products. Optimized aerodynamics is part of these 
products as well as low resistance tyres. Nevertheless the tyre companies are still 
experimenting with different material mixtures and low resistance full-cushion tyres 
are still not on the market. According to AEA (2009), approaches to reduce engine 
friction losses in an optimal way are still being researched by engine manufacturers.

17.5.8  CNG and LPG

The objective of the measure “CNG and LPG vehicles” is to reduce CO
2
 emissions 

from passenger cars by replacing conventional gasoline and diesel cars by CNG 
cars. LPG technology is not considered, as the CO

2
 emission reduction potential of 

CNG vehicles is higher. According to TNO (2003), LPG technology provides a 
benefit in CO

2
 emissions only compared with gasoline cars. The report indicates 

that average diesel cars emit even less CO
2
 than LPG cars.

Current CNG cars are usually equipped with an internal combustion engine 
which resembles a classical gasoline engine. Instead of combusting a gasoline air 
mixture, CNG cars combust a CNG air mixture. Due to the characteristics, CNG cars 
can also operate as conventional cars with gasoline. In order to extend the range of 
CNG cars, nearly all currently available CNG cars are equipped with both, a CNG 
tank and a gasoline tank. Due to the high compression ratio of CNG, the tanks bring 
additional weight which influences the environmental benefit negatively.
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The CO
2
 emission reduction potential of CNG cars is analysed in the following 

studies: TNO (2003) and CONCAWE (2006). As opposed to TNO (2003) study, 
CONCAWE (2006) considers in the estimation of average CO

2
 emission reduction 

potentials Well-to-Wheel emissions. The study assumes that CNG is imported 
mainly over an average distance of 4,000 km. Taking into account the additional 
emissions, the reduction potential ranges between 4.1% compared with average 
diesel cars and 16.7% compared with gasoline cars.

Transforming these potentials into a total reduction potential, about 6% in 2020 
and 8% CO

2
 emissions could be abated by replacing conventional with CNG cars. 

In total numbers, this means a reduction of 54 Mt of CO
2
 in 2020 and about 75 Mt 

of CO
2
 in 2050 compared to the reference case.

The highest technical hurdle for stronger diffusion of CNG cars is the at least in 
some EU27 countries small number of filling stations offering CNG and the limited 
range that can be achieved by operating the car only with gas. Nevertheless, the 
number of filling stations is increasing steadily, and the range could also be 
improved by OEMs in the last years, such that 300 km on average are possible with 
a full tank. Compared with conventional cars, the potential for fuel efficiency 
improvements of CNG technology is still large.

17.5.9  Battery Electric Vehicles

The substitution of fossil fuel cars by pure BEVs is subject to this group. BEVs use 
electric motors instead of internal combustion engines for propulsion. The required 
energy is stored in rechargeable battery packs in terms of chemical energy. Plug-in 
hybrids or other forms of hybrid vehicles are not considered in this group.

The CO
2
 emission reduction potential of substituting fossil fuel cars by BEVs is 

estimated in several steps. As opposed to technologies in other groups of measures, 
the assumption of a complete and immediate substitution of all new registered fossil 
fuel cars by BEVs from 2010 on is supposed to be not realistic. Problems with only 
small ranges, high costs of batteries and uncertainties about the durability of battery 
packs are still significant. Furthermore, the envisaged average purchase costs of 
BEVs are still high by more than 34,000 €. Hence, a challenging but realistic pro-
jection on the diffusion of BEV in EU27 until 2020 has been extracted from the 
2-degree Scenario of the ADAM project (Schade et al. 2009). The study estimates 
an optimistic market diffusion of about 19.3 million BEVs in EU27 until 2020. In 
order to estimate the maximum reduction potential until 2050, a complete replace-
ment of fossil fuel cars by BEVs is assumed. Based on the Reference Scenario of 
the iTREN-2030 project, about 285 million BEVs will be registered in EU27.

Based on average yearly mileages and the assumed development of energy effi-
ciency of average BEVs, the energy consumption of all BEVs in 2020 and 2050 is 
assessed. Average carbon intensities of electricity production in EU27 from the 
POLES model (Fiorello et al. 2009) is then taken to transfer the energy consump-
tion into CO

2
 emissions. Finally, abated CO

2
 emissions by replaced fossil fuel cars 



284 M. Krail and W. Schade

are accounted with additional emissions from electricity generation induced by 
higher numbers of BEV to estimate the CO

2
 emission reduction potential of this 

measure in 2020 and 2050.
The absolute CO

2
 emission reduction potential of this measure is projected to be 

about 54 Mt of CO
2
 in 2020. The maximum potential will be achieved under the 

prerequisite that all cars will be BEV which will be in 2050. Hence, a maximum of 
689 Mt of CO

2
 emissions from road passenger transport can be saved by this mea-

sure in EU27 in 2050. In relative terms, this means a reduction potential of about 
6% in 2020 and about 77% in 2050.

The limited range and the high costs for batteries are still the major disadvan-
tages of BEVs compared with conventional cars. Some countries in the EU try to 
promote BEVs by giving purchase incentives. Nevertheless, the low range allowing 
only something about 130 km maximum without recharging is a hurdle.

17.5.10  Electrical System: Energy Demand

The group of measures called “electrical system – energy demand” combines tech-
nologies that aim at reducing energy demand of on-board energy consumers. The first 
technology in this group covers the replacement of classical halogen head, rear and 
brake lamps by LED lamps. The application of LED lams bears several advantages 
besides lower energy demand leading towards lower CO

2
 emissions. They are char-

acterized by longer economic lifetimes and higher robustness. Furthermore, they 
require less space in the car body and can be switched on faster than classical halogen 
lamps, which is essential for brake lights. LED lights can contribute to about 2.5% 
less CO

2
 as they require only 80 W compared to halogen lights with about 200 W.

The second technology called electric power steering (EPS) optimizes the 
energy demand caused by steering assist systems (IEA 2005). EPS is designed to 
use an electric motor to reduce effort by providing steering assist to the driver of a 
vehicle. The idea behind this intelligent version is to provide assist only in case of 
steering activities such that in all other driving situations, the assist will be kept 
switched off. IEA (2005) assesses the impact of EPS on fuel efficiency between 2% 
and 3% less CO

2
 compared to an average fossil fuel driven car.

The third technical measure covered in this group foresees the substitution of 
inefficient motor driven by electrical vacuum pumps for example applied for brake 
boosting (Hella 2010). The electronic pump helps improving fuel efficiency as it 
provides the brake booster with additional vacuum only when it is required. 
Usually, this is only the case during warm-up phases. Electric vacuum pumps are 
assumed to improve fuel efficiency by 1.6% up to 2.5%.

The last technical measure consists of an implementation of intelligent fuel 
pumps. Currently, cars are equipped with fuel pumps providing continuously the 
amount of fuel required during full load situations. The application of a controlling 
advice limiting the power of the fuel pump according to current load situation can 
reduce the energy consumption of the fuel pump by 0.3%.
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Overall, the implementation of all technologies is projected to save about 5% 
CO

2
 (47 Mt) in 2020 and about 7% CO

2
 (64 Mt) in 2050.

Technically, the implementation of all four technologies has no constraints. All 
technologies are already offered by automotive suppliers like Hella. In the past, 
OEMs tried to save money by integrating low cost components accepting losses in 
fuel efficiency. The growing importance of fuel efficiency due to changing con-
sumer behaviour, increasing political pressure on OEMs and higher fossil fuel 
prices will foster the optimization of energy demanding parts in vehicles.

17.5.11  Drive and Transmission

The measure “drive and transmission” consists of a technical innovation which 
aims at improving fuel efficiency by optimizing the gear and transmission process. 
The so-called continuous variable transmission (CVT) is a type of transmission, 
which can change through a nearly infinite number of gear ratios between minimum 
and maximum values without any steps in between. Other conventional transmis-
sion technologies allow only the selection of few different distinct ratios. CVT is 
the most flexible transmission technique and allows the driving shaft to maintain a 
constant angular velocity over a whole range of output velocities. Thus, the engine 
can operate at its most efficient revolutions per minute for a range of vehicle speeds 
which makes driving significantly more fuel efficient.

Compared with other drive and transmission technologies, CVT bears the highest 
CO

2
 emission reduction potential. IEEP (2004) estimate between 2.1% and 9% 

improvement in fuel economy by implementing CVT in fossil fuel cars. Fuel con-
sumption reductions achieved by implementing other technologies like dual clutch 
transmission, piloted or optimized gear boxes are significantly lower.

The relative CO
2
 emission reduction potential for road passenger transport in 

2020 is about 3% or 29 Mt of CO
2
. This value results from the assumption that all 

new registered fossil fuel driven passenger cars will be equipped with CVT. As the 
average lifetime of cars is higher than 10 years (between 12 and 14 years), CVT 
will only diffuse partly into the car fleet until 2020. The potential increases until 
2050 with about 6% less CO

2
 or 50 Mt of CO

2
 less.

The principle of CVT has been implemented already in 1987 by Subaru and Ford. 
As opposed to the early applications, CVT generation of today is controlled elec-
tronically such that the engine can operate always in the most fuel efficient RPM. 
Due to the high costs, most OEMs offer CVT only as an optional extra equipment.

17.6  Conclusions

The objective of this chapter was to review innovative and prospective technologies 
to reduce CO

2
 emissions from passenger car transport. Therefore, a comprehensive 

literature review in combination with stakeholder interviews and expert judgments 
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has been carried out. The major outcome of this research was a list of technologies 
clustered into 11 topics. Technically feasible CO

2
 emission reduction potentials as 

well as information about the feasibility, maturity and compatibility with other 
technologies were studied. Technically, a CO

2
 emission reduction from passenger 

cars of 40% up to 45% in the EU27 until 2020 seems to be achievable. Until 2050, 
even 60% up to 68% are realistic. All these potentials refer to the common energy 
framework which acts as a reference case. At first sight the reduction potentials 
seem not astonishing. Considering that these potentials can be reached even without 
strong diffusion of alternative fuel cars like BEVs or hydrogen fuel cell cars 
increase the importance of the feasible reduction potentials. Nevertheless, the 
potentials have to be treated carefully, as they do not take into account costs or 
organizational constraints. Some of the considered technologies have currently high 
prices, such that a widespread implementation in all price categories of cars seems 
to be at least questionable. This has definitely an impact on the estimated potentials 
until 2020 as this will influence the speed of diffusion. The remaining 40 years until 
2050 seem to be long enough to even take these hurdles.

Having a closer look at the technology bundles, injection technology (HCCI), 
electrical system – energy supply and heat and cooling management are projected to 
have the highest CO

2
 emission reduction potential in 2020 each by about 10%. Until 

2050, the picture changes. BEVs as a single technology bundle can contribute by 
about 77% less CO

2
 emissions to the transport GHG reduction targets in EU27.
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18.1  Introduction

In evaluating the effect of changes in transport operations and technology on the 
GHG emissions from transport carriers, it is critical to emphasize that transport is a 
“derived demand.” That is, neither people nor goods typically consume transport 
merely to sit on a train or truck; instead, transport is primarily a means for moving 
people and goods from one point to another. Thus, transport actually exists to serve 
more fundamental needs that are driven by decisions related to broader economic or 
social activity.1 Choices about transport are generally made on the basis of economic 
benefit to the user; to the extent that noneconomic benefits or costs influence modal 
choice, they must be introduced through forces outside transport markets, per se.

18.2  Economic Benefits

In meeting underlying economic requirements, each mode of transport has a 
specific set of characteristics that are usually summarized by: trip or shipment time 
from origin to destination; perceived total cost of the trip or movement, including 
fares or tariffs and insurance and allowing for public subsidy; the frequency and 
convenience of departures; on-time reliability and safety of the trip or movement; 
and access and egress times for the trip or movement. To these general characteristics 
might be added a number of more detailed influences such as perceived comfort, 
minimum shipment size, personal security, etc., depending on the person or 
commodity involved.

L.S. Thompson (*) 
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1 Some travelers do enjoy the “view out the window,” and certain kinds of Dutch Gin (Oude 
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All forms of transport are subject to market-based tradeoffs among these 
characteristics. Railway freight transport is always cheap, but is usually slow and 
requires large minimum shipment size. Rail freight is also relatively unreliable 
and often infrequent. Airlines are usually the fastest way to travel long distances 
but are increasingly subject to slow airport access, unpredictable security delays, 
and unreliable takeoff and departure times. Discount airlines offer very basic trans-
port, but often do not serve convenient airports, and frequently impose high charges 
for all but the most basic services. The airline “majors” may offer higher frequency 
from large airports, but charge more and are increasingly adding annoying “extras” 
that jack up the total cost. Urban passengers often use slightly different modes 
(bus and rail transit), but the fundamental choice determinants are the same.

These modal choice tradeoffs never involve CO
2
 (or other GHGs) directly: that 

is, neither shippers nor travelers consider CO
2
 or other emissions explicitly in 

making modal choices. There is never an entry on the ticket or shipping document 
that includes kilos of CO

2
 emitted,2 nor is there a direct way that emissions can be 

traded against other qualities such as cost and frequency.
The most direct way in which CO

2
 emissions enter the transport market calcu-

lation is through the cost of the energy consumed.3 In practice, though, energy costs 
may not be a significant factor in total cost and thus changes in energy cost may not 
have much of an effect on tariffs or fares. Table 18.1 shows that energy (fuel) costs 
as a percent of total operating costs range between 7% and 30%. Other costs, 
especially labor and depreciation, loom much larger.

Table 18.1 The percent of total cost that energy 
use represents

Freight

Truck (YRC worldwide) 13
Rail 20

Passenger
Autoa 11–20
Rail (Amtrak) 19
Bus 9
Commuter rail 9
Heavy rail 7
Air (SWA) 30

Source: Author’s calculations, based on APTA 
(2009), STB various years, 2008 annual reports 
of YRC Worldwide and Southwest Airlines
a Ownership costs only

2 It is an interesting speculation whether a requirement that each transport ticket or document 
contain an estimate of the GHGs emitted by the trip or shipment – similar to statements of 
nutritional content (or absence thereof) in restaurants – would have any impact.
3 As discussed later, this assumes that the transport provider actually faces the market cost of 
energy – an assumption that is generally invalid. See Fig. 18.1.
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In one sense, this table shows that carriers might well decide to increase energy 
costs (and GHG emissions) to reduce other operating costs: vehicle operating speed 
might be a good example. In another sense, the table underlines the fact that 
measures aimed at reducing CO

2
 emissions though (for example) taxes on fuel might 

not have the full effect expected: taxes might have to be quite high before causing 
any significant change in fuel use. In summary, market forces acting through trans-
port fuel costs (even as affected by taxes or emissions permit costs) alone might not 
have a significant impact on transport demand or modal choice.

18.3  Nonmarket Aspects of Transport

Transport has many nonmarket attributes that we recognize, but find hard to 
quantify. Consumption of fossil fuel or other hydrocarbon energy, aside from its 
direct costs, emits CO

2
. Transport operations also generate air “pollutants,” including 

carbon monoxide (CO), oxides of sulfur (SO
x
), oxides of nitrogen (NO

x
), unburned 

hydrocarbons (HC), and particulate matter (PM). Many parts of transport networks 
are congested during peak usage times, imposing trip time costs on all users. 
Transport systems emit noise and are often unsightly. Transport can improve access 
to jobs, with particular import for the poor who would otherwise have fewer 
employment options. Urban form and density (and productivity) are governed by 
the transport options available: some countries may lose as much as 3% of national 
GDP as a result of congestion in major cities. Highway accidents are one of the 
major national public health problems in many countries. The difficulty is that 
when market forces are not available to influence behavior directly, then they must 
be incorporated through the political and policy processes – and that has proven 
difficult, especially in the case of GHGs.

There are a number of reasons why the political process finds the complex, 
nonmarket benefits difficult to manage. The result is that experts often have a very 
different and more detailed understanding of complex issues – an understanding 
that is usually not shared by politicians or the public at large.

To some extent, this is caused by the sheer problem of availability and complexity 
of the information involved. Even interested laypersons find it difficult to get access 
to the large databases on which much of the modern understanding of global warming 
is based. In addition, many databases are either not open to the public or only 
usable by professionals with specialized expertise in the hardware and software 
involved. It is encouraging that the web is rapidly expanding information availability 
and access, but large gaps will always remain between what experts know and the 
public does not.

This is compounded by the fact that science becomes ever more specialized. It 
is in fact unlikely that any one scientific discipline qualifies a professional to under-
stand all of the sources of information or analysis involved in analyzing the GHG 
problem. The public and politicians are inevitably left far behind.
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In fact, the real problem may be deeper than a gap in expertise or information; 
instead, it deals with the way in which problems and facts are understood. “The 
public perception of scientific ideas depends largely on two factors: people’s ability 
to grasp factual information and the cultural lens through which that information is 
filtered.”4 [emphasis added].

The seriousness of this issue can be seen by one example – the degree to which 
the public rejects the Theory of Evolution, one of the most thoroughly researched 
and “proven” sets of knowledge that science has to offer. Table 18.2 shows the 
percentage of people in different countries that share the belief that humans evolved 
(over any time frame) from an earlier life form. For example, Table 18.2 shows that 
45% of the US population believes that evolution did NOT occur – that is, they 
believe in creationism, which is the religious dogma that the earth and all its inhab-
itants were created in a relatively recent time frame (thousands of years). Although 
the USA appears to be extreme in this regard (only Turkey has a higher percentage 
of creationists on the chart), the 20–25% creationist range typical of many EU 
countries points to a significant percentage of the population that must, by this 
measure, be unreachable by scientific reasoning and evidence. Polling on this topic 
has not been done in other countries, but it seems likely that similar (or higher) 
results would emerge since the sample in Table 18.2 contains many of the wealthier 
and better-educated people in the world. In democracies where a committed 
minority can slow or even halt legislation on a contested measure, 20–35% can be 
a major roadblock.

One could validly question whether the theory of evolution is an atypical flash 
point on the boundary between faith and reason. Perhaps global warming, not 
having historical associations with the religious aversion to Charles Darwin, would 
be different. Table 18.3 shows that it is not distinct. About 30% of US White 
Evangelical Protestants reject the idea that global warming is happening at all 
(for whatever reason, anthropogenic or otherwise), in stark contrast to the beliefs 
of those with no religious affiliation. Perhaps more significant, less than half of 
religiously affiliated people in the USA believe that anthropogenic warming is 
happening. The effect of the “cultural lens” of religion (US Christianity, at least) 
could hardly be clearer, and it is not promoting a response to global warming.

This is not, of course, to suggest that religion is the only lens that is filtering 
perceptions. There are significant gaps in perception as a function of degree of 
education and income level, with concern for global warming growing with increasing 
income and education, although the correlation clearly suffers from multicolinearity 
among education, religion, and economic status.

A good example is the fact that agreement with the statement that “[t]here is 
solid evidence that the earth is warming” actually fell in the USA between April 
2008 and October 2009. While the scientific evidence actually grew stronger during 
this period, the economic crisis and the presidential election focused the attention 
of the electorate on economic and partisan political issues. Sadly, the issue of global 
warming has become a partisan political issue in the USA, with Republicans 

4 Nature, p. 1173, 29 October 2009.
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Yes No No opinion

US scientists 95  5  0
Iceland 85  7  8
Australia 72 11 17
France 80 12  8
Denmark 83 13  4
Sweden 82 13  5
Britain 79 13  8
Spain 73 16 11
Norwaya 74 18  8
Estonia 64 19 17
Italy 69 20 11
Belgium 74 21  5
Ireland 67 21 12
Hungary 67 21 12
Portugal 64 21 15
Bulgaria 50 21 29
Canada 58 22 20
Germany 69 23  8
Luxembourg 68 23  9
The Netherlands 68 23  9
Slovenia 67 25  8
Malta 63 25 12
Romania 55 25 20
Finland 66 27  7
Czech Republic 66 27  7
Poland 59 27 14
Latvia 49 27 24
Switzerland 62 28 10
Croatia 58 28 14
Austria 57 28 15
Slovakia 60 29 11
Lithuania 49 30 21
Greece 55 32 13
Cyprus 46 36 18
US ALL 41 45 14
Turkey 27 51 22

Source: Eurobarometer (2005)
a Separate website source

Table 18.2 Belief that 
humans evolved from earlier 
species (over any time frame)

generally arguing either that warming is not happening or that doing anything about 
it would be too costly. The recent, overblown scandal of stolen email correspon-
dence at The Climatic Research Unit at the University of East Anglia5 gives further 
evidence of cultural (and political) lenses at work.

5 Nature, p. 545, 3 December 2009.
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Another example of an issue where the cultural lens is critical is the gap in 
attitudes between developing and developed countries. However productive (or not) 
it might be to frame the issue in “fault” terms and to argue that the only “fair” 
solution is to aim for equal emissions per capita, it is also clear that the largest 
single emitter is now a developing country (China), and India may not be far behind 
in absolute terms. In this case, even if global warming is accepted, cultural percep-
tions as to the cause and “fair” solutions will hinder a resolution.

Whatever the perceptual lenses, there are three critical points that scientists, 
engineers, and economists need to focus on: (1) the consensus that is needed to 
bring about effective policies in the major democracies to deal with GHGs simply 
does not yet exist, especially in the largest economy and second largest emitter 
(the USA), but probably elsewhere as well; (2) reaching consensus in a wide variety 
of developing and developed countries will probably take place on grounds that are 
only partially scientific or engineering or economic; and (3) the challenge for the 
academic community is more effective communication of quantitative information 
and conclusions that will inform politics, notably when a large (usually a majority) 
of the audience is neither qualified nor necessarily inclined to accept a merely 
fact-based argument.

18.4  The Challenge of Implementation

Effective management of the threat of global warming will clearly involve reasonably 
proficient implementation of the largest, most sophisticated, and most expensive set 
of coordinated policies and investment projects ever undertaken on a worldwide 
scale. Given the policy “noise” that currently exists, and the incentives for poor 
execution that actually exist, is it reasonable to plan for success; or, in the alternative, 
is there a way to frame our programs to minimize the predictable problems?

18.4.1  Policy Noise

Economists often argue (on impeccable theoretical grounds) that price signals are 
the answer to efficient implementation of carbon emission management programs. 

Table 18.3 Linkage between religious belief and perception of global warming in the US 2009

 
Anthropogenic 
warming exists

No opinion, or warming 
exists but not anthropogenic

Religiously unaffiliated 58 24
White mainline protestants 48 33
White non-Hispanic Catholics 44 35
Black protestants 39 47
White evangelical protestants 33 37
US total 47 33

Source: Pew Research, April 16, 2009
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The problem, at least in the transport arena, is that nations have such widely varying 
tax regimes for transport fuels that any reasonable price signal will be lost in the 
fiscal noise. Figure 18.1 shows the range of policies in force for setting domestic 
prices (US cents/liter) of gasoline and diesel fuels. This figure plots the November 
2008 diesel price (vertical axis) against the gasoline price (horizontal axis) in 152 
countries for which the German Technical Cooperation Agency (GTZ) collects fuel 
prices.6 Each point thus reflects a paired set of diesel and gasoline prices in a 
particular country as of November 2008.

The price for crude oil on the world markets at the time of the data collection 
was roughly the equivalent of 30 US cents/liter for diesel and for gasoline. Any 
gasoline price to the left of the vertical dashed line, or below the horizontal dashed 
line is below the related world price and is therefore defined as “highly subsidized” 
by GTZ. There are seven countries, mostly oil producers (including Iran and 
Venezuela) in which the price of both diesel and gasoline is below the world price. 
Any gasoline prices to the right of the solid vertical line or diesel prices above the 
horizontal solid line are considered by GTZ to be “highly taxed.” There are 39 
countries in which both gasoline and diesel fuel are highly taxed (most of the 
EU countries fall in this category).

Fuel prices in the USA (56 cents/liter for gasoline and 78 cents/liter for diesel – 
the point is circled in Fig. 18.1) are considered by GTZ to be “the international 
minimum benchmark for a nonsubsidized road transport policy.” That is, in broad 
terms, US prices reflect the world price plus a normal industry margin and taxes 
adequate to pay for the road system in total. By this GTZ definition (which can of 
course be debated), transport fuel prices begin to be subsidized when the price falls 

6 GTZ (2008).

Fig. 18.1 Fuel price variations: the impact of tax policy (November 2008)
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below that in the USA, and they begin to be more and more highly taxed 
(above transport system costs) when they rise above the US levels.

As Fig. 18.1 shows, gasoline prices range from 7 US cents/liter to 195 US cents/
liter, and diesel prices range from 1 US cent/liter to over 170 US cents/liter. The 
ratio of the price of gasoline to the price of diesel (in the same country) ranges from 
50% to 700%. If we accept that the absolute price of gasoline should be in the range 
of 56 cents/liter and diesel should be 78 cents/liter, then the impact of national tax 
policies having nothing to do with transport costs or social impacts becomes rather 
stark. In addition, if we accept that the ratio of the price of gasoline to the price of 
diesel should be in rough proportion to their energy content (about 90%), then the 
impact of different tax policies for gasoline as compared with diesel (i.e., assigning 
the burden on autos as compared with trucks or vice versa) also becomes clear.

Most important, a US $10.00 tax per ton of carbon content would yield a tax per 
liter of fuel of slightly less than 10 US cents/liter. Even a carbon tax of US $40.00/ton 
(~40 US cents/liter of fuel), which has been discussed as a place to start with carbon 
taxes, would be lost in the noise caused by national revenue policies having little to 
do with GHGs or even transport costs. In other words, many countries have effec-
tively already imposed a carbon tax that is well above the level needed to create 
appropriate GHG incentives. Put another way, a carbon tax in the range of US $40/ton 
so far proposed will not have as significant an impact on transport as it will have in 
other sectors, such as coal-fired electric power generation.

18.4.2  Management Capacity and Incentives

As suggested above, implementation of all of the required carbon reduction 
measures will involve a coordinated effort that, in many ways, will be larger and 
more difficult than the world has seen before. The term “mega-project” has been 
used to define an effort which, because of a combination of sheer size, location and 
identity of its management, and impact on social objectives, assumes a character far 
broader than the normal engineering project.7 Given the character of the GHG 
control effort, perhaps we even need to invent a new term, “giga-project,” to des-
cribe what lies ahead.

The question this poses is whether we have any right to expect (or hope) that the 
investment, management, and policy coordination challenges involved will be met 
at anything like the cost and timing that is currently planned. Will “everything go 
right,” or might there be bumps along the road?

There is, unfortunately, little reason to be optimistic. Large public sector initia-
tives seem inherently to be subject to over-optimism on cost, schedule, and perfor-
mance. Whether this is due to normal political exuberance or something a little 

7 See, e.g., Thompson (1982) and Flyvbjerg et al. (2003).
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darker, the typical unfavorable experience with large public transport projects is 
shown in Table 18.4.8 It deserves emphasis also that, by comparison with transport, 
planned GHG projects are often based on less proven technology and on more 
limited operating experience. In addition, most of the transport projects in 
Table 18.4 were in a single country where multi-jurisdictional coordination was, in 
principle, not as serious as a multi-country context.9 While many of the individual 
investments in GHG control will be in a single country, international policy devel-
opment, coordination, and implementation will almost always include a large 
number of countries, which will inevitably complicate the task. The projects in 
Table 18.4 were also conducted in developed countries where human and financial 
resources were adequate to the task: this is not often going to be the case with 
GHG control programs in developing countries (where much of the work will 
eventually be done).

18.4.3  Corruption

Developers of large, multinational programs and drafters of treaties often make the 
comforting assumption that the governments of the countries involved have two 
characteristics: (1) they are actually motivated to act in the interest of their 
citizens; and (2) they are capable of implementing the measures they are com-
mitted to by agreement or treaty. Pervasively corrupt governments will not meet 
either test very well.

Is this a serious concern? Corruption is a very uncomfortable subject that inter-
national institutions have long found difficult to discuss. Unfortunately, it will be 
difficult to ignore the issue in looking ahead to the implementation of a many-year 

Table 18.4 Cost and performance experience for mega-projects

Project
Construction cost 
overrun

Initial traffic as 
% of forecast

Humber Bridge, UK 175 25
Channel Tunnel, UK/FR 80 18
Baltimore Metro, USA 60 40
Tyne & Wear Metro, UK 55 50
Portland Metro, USA 55 45
Buffalo Metro, USA 50 30
Miami Metro, USA 35 15
Paris Nord TGV, FR 25 25

Source: Flyvbjerg et al. (2003)

8 Flyvbjerg et al. (2003) contains a detailed analysis of the performance of transport mega-projects 
and the reasons why expectations are not usually met.
9 The policy and financial coordination problems on the Channel Tunnel project illustrate how 
multiple jurisdictional disputes can further complicate a mega-project.
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program, especially if there is a transfer of wealth from developed to developing 
countries or if, as is planned, carbon offsets paid by developed countries are to be 
implemented and enforced in developing countries, especially when implemented 
by government agencies or state-owned enterprises.

Transparency International compiles annually a corruption perception index 
based on interviews and responses from individuals and companies doing 
business in 177 countries.10 The corruption index could range from 1.0 (utterly 
corrupt – government officials essentially use their office wholly for private 
gain) to 10.0 (totally honest – officials carry out their duties entirely in accord 
with rules and laws and do not attempt to benefit personally from the exercise 
of public authority). Table 18.5 shows the corruption indices for a sample of 
countries.

Table 18.5 confirms some expectations. The Scandinavian countries enjoy 
exceptionally honest and effective governments, as do Canada, Austria, Australia, 
The Netherlands, Switzerland, and New Zealand: we would have confidence that 
these countries would act in the interest of their citizens and that they would be able 
to implement their obligations. Iraq and Afghanistan suffer from the most corrupt 
regimes, and we would realistically have to discount expectations as to their 
willingness and ability to live up to obligations where any significant economic 
sacrifice or program complexity is involved.

Obviously the measurement of the corruption index has a significant qualitative 
component and the reported value of each index is subject to a range of error. 
Moreover, the shadings are gradual. It would be difficult to say exactly when the obvi-
ous confidence that a 9.3 rating inspires must be replaced with the pessimism that a 
rating of 1.3 or 1.5 would require. For example, by experience one would expect 
countries with the 6.9 to 7.3 indices of France, Belgium, Japan, and the USA to be 
within the range of acceptable performance. Similarly, experience might suggest as 
well that ratings below 5.0 would justify caution, and ratings below 4.0 could indicate 
a real question about the motivation and/or capabilities of governments, their officials, 
and public enterprise managers in the countries involved.

Figure 18.2 looks at the issue from a more global point of view. Figure 18.2 
shows the cumulative percentage of four variables [Gross National Income (GNI)] 
at official exchange rates, GNI adjusted for Purchasing Power Parity, tons of CO

2
 

emitted, and population that are found at or below various corruption indices. For 
example, around 80% of the world’s population lives in countries with corruption 
indices of 4.0 or below. More significant, about half of the world’s CO

2
 is emitted 

by countries (notably Russia, India, and China) where the corruption index is 
4.0 or below.

Yes, the question is serious and is likely to pose serious challenges as soon as 
GHG programs move beyond treaty signing and into actual implementation.

10 The entire data set is available at Transparency International (2008).
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Table 18.5 Sample corruption indices

Country Index

Iraq 1.3
Afghanistan 1.5
Russian Federation 2.1
Iran, Islamic Rep. 2.3
Pakistan 2.5
Ukraine 2.5
Egypt 2.9
India 3.4
China 3.6
Bulgaria 3.6
Romania 3.8
Poland 4.6
Turkey 4.6
Greece 4.7
Italy 4.8
South Africa 4.9
Hungary 5.1
Czech Republic 5.2
Korea, Rep. 5.6
Israel 6.0
Spain 6.5
Estonia 6.6
France 6.9
Belgium 7.3
Japan 7.3
USA 7.3
UK 7.7
Germany 7.9
Norway 7.9
Austria 8.1
Australia 8.7
Canada 8.7
The Netherlands 8.9
Switzerland 9.0
Denmark 9.3
New Zealand 9.3
Sweden 9.3

Source: Transparency International (2008)

18.4.4  How to Respond?

To some extent, this chapter is an unavoidable counsel of despair. Many years of 
personal experience with governments and public enterprises in developed and 
developing countries lead me to the conclusion that “optimism in objectives, pessi-
mism in plans” would be a good idea. It seems clear that the easier (but still difficult 
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and not yet achieved) part of GHG control will be the development of appropriate 
policies and technology and getting reasonable international agreement on them. 
The really hard part will be implementation. With this said, there do seem to be a 
number of points that scientists, engineers, and economists should be considering:

Shape the message to the real audience and repeat it consistently. The scientific •	
community simply can no longer talk down to those who, by different faith or 
culture, look at life differently. The scientific message must be shaped to transcend 
the critical cultural and educational barriers to understanding. A 2009 study 
by the Center for Research on Environmental Decisions contains an excellent 
discussion of the psychology of understanding and communicating a better 
understanding of climate change issues.11

Align science and engineering with economics or, at least, ensure that economic •	
incentives do not undermine science and engineering objectives. This will be 
particularly true with regulations that, for whatever reasons, are in conflict with 
clear price signals (e.g., regulations requiring better fuel economy in combina-
tion with politically imposed cheap fuels – see Fig. 18.1).
Keep solutions, programs, and investments simple, especially in corrupt •	
environments. Complexity is the enemy, and that which is not transparent 

11 Center for Research on Environmental Decisions (2009).

Fig. 18.2 Cumulative percent of population, PPP GNI, Atlas method GNI, and CO
2
 emissions 

versus corruption perception index
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usually evaporates. This would, for example, argue strongly for carbon taxes and 
against trading regimes or carbon offsets where the additionality or implemen-
tation of the offset is questionable, or where enforcement is critical.
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 1. Climate change is the biggest challenge for the world economy since the  industrial 
revolution. Climate change is partly man-made and can be influenced. As it seems 
to be inevitable that the world temperature will increase by about 2°C until the end 
of this century, it will be important to consider adaptation measures to be prepared 
for the long-term impacts. But it is an even more essential issue to start with effec-
tive mitigation actions as soon as possible to avoid temperature increases which 
might be substantially above this limit and might lead to a catastrophic change of 
the worldwide ecosystems.

 2. The economic crisis gives the chance to change the structures of economic activi-
ties toward a more sustainable trajectory. Old routines may be replaced and the 
long-term challenges of energy saving and CO

2
 reduction might be boosted through 

the market mechanism. Logistics and freight transport have a big potential to adjust 
through technological and organizational changes, while passenger transport could 
be directed to a more sustainable path, induced by behavior and technology.

 3. Industrialized countries have caused the problem of increased CO
2
 concentration in 

the atmosphere since the industrial revolution. Therefore, it is their major responsibil-
ity to take the lead in the next decades to come in achieving substantial reductions of 
greenhouse gas emissions in an order of magnitude of 20–30% until 2020 and 50–60% 
until 2050, compared with 1990. Compared with the trend development, the transport 
sector would have to achieve about 80–90% to be in line with this requirement.

 4. Developing and transition countries will change from followers to leaders with 
respect to climate policy. The reason is first that they will be hit most by the long-term 
impacts of global warming. Second, there will be a change of economic and political 
power in favor of transition countries like China, India, Brazil, Russia, or Indonesia. 
Third, there will be a growing market for climate technology, and the transition 
countries will develop from the workbenches of production today to growth poles of 
new technology in the future.
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 5. There are a number of instruments to accelerate the market mechanism such that 
the necessary reduction of emissions is achieved earlier than under a regime of 
free market decisions. Global instruments such as carbon taxes or emission 
trading are favored, but they will not be sufficient in the next decades. They have 
to be complemented by national taxation, regulation, and standard setting, and it 
is the role of industrialized countries to start with effective packages of instru-
ments to show developing/transition countries the way to proceed.

 6. The cornerstones of a successful international policy scheme are threefold: first, the 
industrialized countries have to take the role of top runners, to demonstrate that 
reduction policy is possible without economic disadvantages. Second, the uncon-
verted countries have to be converted, which works best by removing possible regu-
lation leakages and stopping climate arbitrage. Third, the developing and transition 
countries have to be motivated much more by financial instruments. Some very 
efficient instruments have been created under the Kyoto Protocol and the UN initia-
tives, such as the Clean Development Mechanism (CDM) or the Global 
Environmental Facility (GEF) scheme. These instruments have not been success-
fuly applied in the transport sector for particular reasons (e.g., project-related mea-
surement of CO

2
 reduction) and have to be developed further in the future, eventually 

under a Post-Kyoto Regime. The following figure exhibits the diagnosis and the 
suggestions of the Special Interest Group on Transport and the Environment (SIG11) 
of the World Conference on Transport Research Society (WCTRS), as they have 
been submitted to the Copenhagen World Climate Conference. Following the sug-
gested path would increase the motivation of developing and transition countries 
much more to participate in the common actions to control the climate change.
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