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Preface

1. Preface

Industrialization and increasing wealth in emerging markets — especially in China
and India — as well as intensifying globalization and the associated boost in
transportation have lead to an unexpected rise of global energy demand in the last
decade. According to the Reference Scenario in the 2007 issue of the IEA World
Energy Outlook, the global primary energy demand is projected to grow by 55%
between 2005 and 2030. The developing countries with fast growing populations
contribute 74% of this increase, China and India alone 45%.! The bulk of global
energy supply is coming from fossil fuels. Although renewable energy sources
are promoted heavily in industrialized countries, they will neither be able to
replace fossil fuels, nor fill the gap between growing demand and the current
level of supply of fossil resources in the near future. This has important
implications for the world’s energy security. We will see a growing dependence
of consuming countries on oil and gas imports as well as a reduction of
geographic supply diversity with an increasing market dominance of the Middle
East and Russia. As a geopolitical consequence, energy will greatly determine
foreign relations in the future as the uninterrupted flow of energy will mainly
depend on the political and economic stability of the producer regions.
Furthermore there will be more competition among consumer countries for
energy supplies following this growing energy import dependency. Another
consequence of the soaring demand in combination with the existing global
energy mix is accelerating climate change due to increasing greenhouse gas
emissions. According to the Intergovernmental Panel on Climate Change Fourth
Assessment report’, most of the observed rise in global average temperatures
since the mid-20th century is very likely3 related to the increase in anthropogenic
greenhouse gas (GHG) concentrations. The combustion of fossil fuels is the
largest contributor to GHG emissions and carbon dioxide (CO,) is responsible for
about 95% of the energy-related emissions. Thus fossil fuel combustion is the
single largest human influence on climate. While emissions have doubled in the
period between 1971 and 2005, real gross domestic product (GDP) has reached
three times the value of the base year (see Figure 1). But although declining
global CO, emissions per unit of GDP could be observed in many industrialized

countries, strong economic growth in emerging markets has led to a worrying

' See IEA (2007b), p.73.
2IPCC (2007)
3 In the IPCC terminology “very likely” means a likelihood of occurrence of > 90%.

1
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rise in global CO, emissions in the last years. Similar to the supply security
problem GHG emissions can be tackled by either increasing the share of
renewable energy sources or by the implementation of strict energy conservation
measures as well as efficiency technologies. During the negotiation process for a
new post Kyoto climate regime energy saving measures play a vital role, as
energy saving is far easier in the short term than restructuring the primary energy
mix. However a lot of countries, mostly developing countries, fear that such

policy measures will harm their economic development.

= CO2 Emissions GDP

1971=100

0
300
250 /
200
150 _———
100 f——" "

50
0
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AR ACHC IR S G C SR

Data Source: IEA; author’s own illustration.

Figure 1: World CO emissions from fuel combustion and real GDP*

Since the oil crisis of the 1970’s the relationship between energy consumption,
environmental pollution and economic growth has been analyzed and discussed
in many different ways. Especially between 2004 and 2008 energy became an
issue once again as global economic growth led to an enormous increase in oil

prices.

The IEA World Energy Outlook 2006 stated: “The world is facing twin energy-
related threats: that of not having adequate and secure supplies of energy at
affordable prices and that of environmental harm caused by consuming too much
of it. ...” and “...the need to curb the growth in fossil-energy demand, to increase
geographic and fuel-supply diversity and to mitigate climate-destabilising
emissions is more urgent than ever.”” In the very same year Sir Nicholas Stern
published his widely acknowledged and discussed “Stern Review on the

Economics of Climate Change”ﬁ, presenting scientific evidence for the economic

*World GDP in 2000-USD using Purchasing Power Parities (PPP).
> See IEA (2006), p.37.
® Stern (2006).
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impacts of climate change and necessary policy responses. The subsequent IEA
World Energy Outlook 2007 focused on the role of China and India as the
“emerging giants of the world economy and international energy markets.”” It
became clear that the growth rates of these countries and the impact on global
energy demand would pose a big challenge to the present energy system and
existing efforts to combat climate change. Thus a transition to a more secure,
lower-carbon energy system seemed inevitable, but only without the risk of
undermining economic and social development. Furthermore, soaring energy
prices fueled the fear of a recurrence of the oil crisis of the 1970s and reports
about continuous resource depletion led to a revival of the peak oil theory
initially developed by Marion King Hubbert in the 1950s.%

These developments and discussions were the starting point for this text. The
idea was to dig deeper into the mechanisms of energy use and economic
development and to assess which are the main factors behind energy savings and
a reduction of energy related carbon dioxide emissions. As discussed in detail in
the following chapters, the existing empirical literature only gives a limited view
on these issues as to the methods used, to the geographical and sectoral coverage,
as well as the time periods observed. This thesis thus aims at empirically giving
insights about the relationship between energy consumption, economic growth
and CO, emissions on a global scale. The analysis is carried out for the top
energy consumers and CO, emitters worldwide with a special emphasis on the
European Union and some focus countries for the detailed investigation of the
industry and transport sector. In addition, recent panel cointegration and

decomposition methods are used to analyze detailed data of the last 25-35 years.
The statements or assertions below are to be tested within this context:

- There is a mutual interrelationship between economic growth and energy
demand.
- Developing and emerging economies are more energy-dependent than the

economies of highly developed countries.

7 See IEA (2007b), p.41.
8 See Hubbert (1956).
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- Rising energy productivity in combination with changes in the primary
energy mix with less carbon content is the best strategy to mitigate energy
related emissions.

- The reduction of CO, emissions within the industrial sector in Western
European countries was only possible due to a relocation of energy

intensive subsectors to developing and newly industrialized countries.

The text is structured as follows. Chapter 2 gives a description of the relationship
between energy, economic growth and the environment. The current energy
system in terms of availability and use of energy sources is illustrated. The
question is discussed, whether pollution is rising inevitably with economic
growth, or if emissions fall again at a certain level of per capita income

(Environmental Kuznets Curve).

In Chapter 3 the causality between energy prices, energy consumption and
economic growth is analyzed empirically. This empirical investigation applies
cointegration and error correction techniques and consists of two parts. In the
first part the bivariate relationship between energy and GDP is examined for the
15 biggest global energy consumers between 1978 and 2005. In the second part,

energy prices are added as a third variable.

Chapter 4 uses decomposition analysis of the change in carbon dioxide emissions
in order to analyze the relationship between emission growth and changes in
underlying factors using the Log Mean Divisia Index (LMDI) method. It covers
the biggest carbon dioxide emitting countries and regions that together account

for over 80% of total emissions worldwide in the period from 1971 to 2005.

The industry sector is one of the largest consumers of energy and also one of the
largest energy-related CO, emitters. Chapter 5 gives insights into the
mechanisms of change in industrial energy consumption as well as changes in
CO, emissions for ten manufacturing industries in five European countries by

using the same decomposition technique.

The transport sector is one of the largest and fastest growing sources of
greenhouse gas emissions. As a consequence Chapter 6 provides an overview of
energy consumption and emission drivers in the transport sector, with empirical

examples for the United States, Japan and Germany. The second part of the
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chapter focuses explicitly on road transport, as this sub-sector has the lion’s share

of transport energy use and emissions.

Finally Chapter 7 summarizes the empirical results and presents policy

implications as well as further need for research beyond the scope of this text.

This thesis uses recent panel cointegration and error correction models to test for
causality between energy consumption and economic growth. It also assesses the
role of energy prices in this context using real indices of energy prices for
industry and households, while most other studies on this issue use consumer
price indices as a proxy. In chapters four to six a perfect index decomposition
method LMDI1 is applied to analyze the underlying factors of energy
consumption patterns and CO, emissions. Time series decomposition is used
because the decomposed results given by this approach can better explain the
underlying mechanisms of change in energy use. Most other decomposition
studies of energy consumption and CO, emission use period wise decomposition,
which is based on the data of two benchmark years, and the data for the
intervening years are discarded. These period wise decomposition results are less
informative and hence may not result in superior representation to the real
situation. Apart from rising incomes and population, these models also account
for fuel mix in primary and final energy consumption as well as structural
effects. The analysis is not only conducted on an aggregate level, but also for the

industry and transport sector.





