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ABSTRACT 
 
Energy supply security is a hot topic today. It highly influences energy market, 
national security and also residents’ daily lives. However, due to different aims 
and study strategies, definitions of energy supply security are different. In this 
report, it is defined as stable energy supply processes that result from good 
infrastructure, delivery of energy sources, carriers and services, which are 
sturdily controlled by effective energy policies. Prices of energy supply system 
are also maintained on a reasonable level over a continuous period thanks to 
the efficient crises assessment and management. 
 
In order to make a comprehensive research, energy situation has been deeply 
investigated on worldwide, EU and Swedish levels, respectively. Results from 
these investments obviously certify that due to the big amount of populations, 
there are significant imbalances between energy supply and demands in 
developing countries. To make things better, these imbalances don’t exist in 
developed world, like EU Members including Sweden because of applications 
of advanced technologies and wide utilizations of renewable energy carriers. 
Oppositely, greenhouse gases emission is a severe problem in the world, 
which gives rise to temperature increasing year by year! Besides the global 
warming, some other factors also bring about uncertainties to energy supply 
security, so that efficient policies are necessary in order improve the recent 
situations and to create a secure atmosphere for energy supply, such as 
Directive 98/30/EC for natural gas supply security, Directive 2003/55/EC for 
integration and compatibility of the energy regulation and Directive 2003/54/EC, 
the first policy that regulates EU electricity market as well as IEM Directive, 
which is the improvement of Directive 2003/54/EC, etc. 
 
Although several policies aiming at creation of competitive energy markets and 
achieving energy supply security, vulnerabilities still exist in EU energy supply 
system, such as limited primary energy sources and high dependence on 
nuclear powers, energy network capacity inadequacy, high voltage electricity 
transmission, etc. Concerning Swedish energy supply system, extreme low 
temperatures in winter, drilling technologies and high economic budgets for 
heat sources from underground, hurricanes, thunderstorms to wind turbines 
and man-made disruptions are all potential vulnerabilities. Regarding these 
negative aspects, recommendations are given on four different levels, which 
are global, EU, Swedish and individual perspectives. Specific suggestions to 
achieve energy supply security include independence of different energy 
supplies, to enhance international cooperation, periodic assessments and 
inspections for energy facilities, population control, to keep original energy 
policies updated, to enhance abilities to resist abnormal weather conditions, to 
develop heat pump technologies and try to use energy in efficient ways, etc. 
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Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, the 
Netherlands, Poland, Portugal, Slovakia, Slovenia, Spain, Sweden and the United 
Kingdom. 
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1. INTRODUCTION 
 

1.1 Research Introduction 
 
In this Chapter, aims for the research project as well as the whole scheme of 
the report will be briefly discussed, in order to clarify the report’s structure and 
instruct people to read the whole report in a logical way. 
 
For the sake of improving the current living standards, different forms of 
energies (also energy-carriers, like electricity) have been widely utilized, such 
as coal, crude oil and natural gas. Without any doubt, security in energy supply 
system is of high concern in current society. A significant interruption within 
parts of energy supply system may lead to several negative influences in the 
whole world. For instance, almost everything stops when energy supply 
system breaks down: without security supply of different energies (also energy 
carriers), it is impossible to turn on lights at home, to drive cars and buses 
neither to enjoy air-conditioners during hot summer period, etc. Therefore, 
attention should be strongly paid to the secure issues in energy supply system. 
However, it is quite difficult to guarantee the security in one form of energy 
supply system or only within a small region because each energy form is only 
part of the whole energy chains. To sum up, when it comes to talking about 
energy supply security, the energy chains as a whole is necessary to be taken 
into account, actually. 
 
Basically, in order to deeply investigate in energy supply security, there are two 
objectives for this research project. Firstly, a general overview on EU 
(European Union) energy supply system and the related EU Energy Policies in 
Chapter 4 will be required. Additionally, the EU electricity supply system will be 
briefly introduced (like the system’s history, developing procedures, etc.) as an 
indispensable part in the whole energy chain. Secondly, emphasis should also 
be put onto the potential vulnerabilities from the worldwide perspective, EU 
perspective and Swedish perspective. In Swedish cases, the extreme weather 
conditions and man-made disruptions are the key factors, which need to be 
carefully analyzed. 
 
To make a summary, schemes for this research project are divided into the 
following four steps. From the beginning, a starting point for getting a general 
overview on the current energy situations in the world is necessary for this 
thesis, in which the main energy carriers, relation of energy demand and living 
standard, diversified energy supply sources and some environmental concerns, 
such as greenhouse effect, will be addressed! On the second place, more 
specific details about EU energy supply system and EU electricity supply 
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system is quite compulsory towards establishing: 
 
● EU energy policies regarding EU energy package and energy charter; 
● EU criteria for new forms of energies that will be needed in the near future; 
● How much energy capacity will be needed in EU until the year of 2050; 
● Overview on the EU energy supply system as well as an introduction to EU 

electricity supply system; 
● Vulnerabilities in EU energy supply system and EU electricity supply system. 
 
Thirdly, focus will narrow down to investigate the Swedish energy supply 
system. In order to have a deep insight into vulnerable spots both related to 
abnormal weather conditions coupled with possible man-made disruptions, the 
following information should be collected for giving information about: 
 
● Swedish energy policies, including the policy-making, infrastructures, 

leadership, impacts from energy policies and even further energy strategies; 
 
● How much energy production capacity will be needed in Sweden until the 

year of 2050; 
 
● Overview on the Swedish energy supply system; 
 
● The potential vulnerabilities in current Swedish energy supply system. 
 
Finally, according to these vulnerabilities that have been found in the second 
and the third steps, some potential alternatives in order to achieve energy 
security (or at least to improve current situations from worse to better) will be 
given from 4 aspects in Recommendations section (Chapter 11), which are the 
global perspectives, EU perspectives, Swedish perspectives together with the 
individual perspectives as well. 
 

1.2 Objectives 
 
The first objective for this research project is to have an insight into the EU 
energy supply system, based on a general overview on the related EU energy 
policies, in order to understand the EU future needs and further energy 
strategies for guarantying the EU energy supply security. 
 
Secondly, Swedish energy supply systems should also be investigated. 
Objective is to have knowledge of seeking for potential vulnerabilities in 
Swedish energy supply system, including abnormal weather conditions 
coupled with potential man-made disruptions. 
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1.3 Main Research Question and Sub-Questions 
 
1.3.1 Main Research Question 
 
What are the possible measurements that could be taken into practice within 
EU Members in order to guarantee EU energy supply security from global 
perspectives, EU perspectives, Swedish perspectives together with individual 
perspectives as well? 
 
1.3.2 Sub-Questions 
 
● What are the current energy situations around the whole world? 
 
● What are the current energy situations within EU Members? 
 
● What are the current energy situations in Sweden? 
 
● What are the EU criteria for further developments and investigations of new 

energy carriers and updated technologies in the future? 
 
● What kinds of energies will be needed in year 2050 in EU Members? 
 
● What are the main uncertainties in EU energy supply systems and EU 

electricity supply system? 
 
●  What are the measurements that have been taken in EU Members to 

guarantee the security both in EU energy supply system and EU electricity 
supply system? 

 
● What are the main vulnerabilities in Swedish energy supply system? 
 

1.4 Key Words 
 
Energy situations, energy supply security, EU Directives, EU energy supply 
system, EU electricity supply system and Swedish energy supply system. 
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2. METHODOLOGY 
 

2.1 Surveys 
 
The initial step starts with surveys. Received and gathered valuable 
information (likes energy policies and EU Directives, EU electricity supply 
system as well as Swedish energy supply system) is used for making a 
general overview as a whole, in order to establish the energy situations on 
different scales and also to formulate the related policies for secure energy 
supply, etc. All of this information together creates the whole atmosphere for 
this research project. Within the first phase, books from KTH library, related 
reports online, networks and other magazines can all be regarded as good 
references. However, concerning the vulnerabilities in each energy supply 
system, some important factors in detail will be taken into account: internet is 
not enough to complete the report. Therefore, talking and discussing with 
professional experts, visiting websites of energy companies and computer 
simulations are all indispensable tools. 
 

2.2 Connections 
 
This research involves two different energy supply systems (EU energy supply 
system and Swedish energy supply system) and deals with several 
corresponding issues, like EU energy policies as well as methods for 
improvement, etc. Therefore, it is important to keep consistency and maintain 
a clear structure! To achieve this, there has been chosen to make a separation 
into subjects and aspects, as will be explained future on. In order to make the 
thesis more comprehensive, energy situation in the whole world will be 
regarded as the starting point, statistics about energy generations, 
consumptions, diversified supply sources and the environmental concerns will 
be briefly introduced. Then, attention will be narrow down to the EU energy 
supply system, in where the electricity supply system will be shown as an 
example, but it will be carefully considered as an important part in the whole 
energy chain. Further more, focus will continuously narrow down to the 
Swedish energy supply system, the extreme weather conditions and 
man-made vandalisms are the two key issues, which will be investigated from 
different perspectives. Finally, layout in Recommendations section (Chapter 11) 
will also be formulated coherently: the effective means that have been taken 
on global scale to guarantee the secure energy supply will be considered, than 
followed by the EU scale, Swedish scale and the individual scale! 
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2.3 Definitions 
 
In order to give reasonable answers to the main research questions and sub 
questions, two different energy supply systems, which have already 
established, are studied and analyzed concerning security. They are EU 
energy supply system and Swedish energy supply system. The reason why 
these two systems have been chosen is that large amount of energy has been 
transmitted everyday through EU energy supply system, which is necessary 
for people’s lives. 
 
To give a general view on the definition of security in energy supply system in 
this research, definition has been elaborated by the World Economic Forum in 
partnership with Cambridge Energy Research Associates in spring 2006 [1], 
from which the energy supply security was defined as a flow of energy supply 
to meet demand in a manner and at a price level that does not disrupt the 
course of economy in an environmental sustainable manner. It can also be 
more precisely regarded as a reliable energy supply, a reliable transportation 
of supply, a reliable distribution and delivery of supply as well as a reasonable 
price over a continuous period. From this definition, the security in energy 
supply system has been analyzed in three aspects: economy, environment 
and energy transportation. However, effective measurements that are taken by 
government at political level are also extra contribution to secure energy 
supply. First of all, policy-making is quite a crucial process to achieve this goal. 
Sufficient policies should compatible with the current energy situations, to 
exactly deal with problems that arise in energy supply system, and also be 
able to easily adapt to ever changing surroundings. Secondly, a steady 
infrastructure can greatly support implementation of these policies. Basically 
speaking, competent infrastructure should be divided into different sections; 
close cooperation between each section should also be established. Therefore, 
policies can be implemented in various levels to achieve aims step by step, 
from which the stability in processes of policy implementation can be ensured. 
What’s more, crises assessment and management is also indispensable 
because periodic assessment can keep energy price more stable; and 
negative consequences in energy crises can be minimized by excellent 
management. 
 
Therefore, based on these discussions above, energy supply security can be 
reformulated again as stable energy supply processes that result from good 
infrastructure, delivery of energy sources, carriers and services, which are 
sturdily controlled by effective energy policies. Prices of energy supply system 
are also maintained on a reasonable level over a continuous period thanks to 
the efficient crises assessment and management. 
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3. SITUATION REVIEW 
 
In the beginning of this Chapter, definition of ‘energy source’ and ‘energy 
carrier’ needs to be clarified. Coal, oil and natural gas are energy sources, 
which were extracted from the earth. They already contain stores of energy 
previously ‘charged,’ such as springs, batteries, hydrogen etc. that typically 
contain energy derived from a power plant or solar panels. 
 
While, an energy carrier is a substance or phenomenon that can be used to 
produce mechanical work or heat or to operate chemical or physical processes, 
which might be any system or substance that contains energy for conversion 
as usable energy later or somewhere else, such as hydrogen and electricity. 
 

3.1 World Energy Situations 
 
3.1.1 Main Energy Carriers 
 
An energy carrier is a substance that can be used for energy storage, for 
operating chemical or physical processes and also can be converted to 
mechanical works. It may also be part of an energy system that conversions 
between different energy forms could be achieved. For example, in a steam 
turbine, steam is used to turn the blades of the turbine, which may then be 
used to turn a generator to produce electricity. This process also requires that 
the steam be cooled at some point in the process, because this cooling causes 
the pressure drop in one part of the system which causes the steam to move 
from one place to another, which causes the blades of the turbine to turn. 
Another, atoms of fissionable material in a nuclear power plant, such as 
uranium and other radioactive substances are split into fast-moving ions, and 
these products produce intense heat after they strike and are stopped by the 
materials of the fuel rods and reactor cooling fluid. This heat is then used to 
generate steam from water, which in turn is used very conventionally in a 
steam turbine to produce electricity. 
 
Nowadays, coal, crude oil and natural gas are the most commonly used 
primary energies, which totally account for a big proportion in primary energy 
supply, as the Figure 1 illustrates on page 15. From this figure, it is obvious to 
notice that coal, crude oil together with natural gas contribute to more than 
80% in total primary energy supplies, followed by renewable energies (account 
for 13.4%). Meanwhile, with the development of society and the increasing 
living standards, electricity, as one of an indispensable application of energy 
carrier, becomes a crucial part in the whole energy chain, which could be 
produced in several alternatives, like conversion from primary energies, RES 
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(Renewable Energy Sources) and nuclear powers, etc. Thus, electricity supply 
and demand strongly influences the whole energy markets in the world. Finally, 
these main energy carriers will be briefly introduced in following subsections. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Coal 
 
Coal is the first fossil fuel that was applied to industries, which provides human 
with gas for cooking, space heating and part of electricity production. As one of 
the most frequently used energy carrier, the amount of coal’s productions and 
consumptions always remains at a high level. Statistics from 2004 show that 
the world coal consumption was 1.87 billion tons [2] in that year, reported by the 
IEO (International Energy Outlook). Moreover, the current top ten of coal’s 
producing and consuming countries have been illustrated in Figure 2 on page 
16, from which it is apparent that China is the biggest producer and consumer 
all over the world, followed by the United States. 
 
Due to the large amount of Chinese population, the coal’s consumption in 
2004 was approximately 32 quadrillion Btu (British Thermal Unit) and the 
number was going to increase annually. However, there are abundant of coal 
reserves in China, which is much more than its big amount of consumption. 
Thus, the excessive amount can be exported, especially to some European 
countries and Latin America, due to the lack storage of coal in these 
continents. 
 

Figure 1: Primary Energy Supplies in the World. 
Source: Renewable Energy Technology Course (4A-1611) at KTH, 2006 
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Figure 2: The Current Top-Ten Countries of Coal’s Producing and Consuming.
Source: The U.S. Energy Information Administration, 2004 Data 

 
In contrast with coal’s indispensable role in the world, the GHG (Greenhouse 
Gases) emissions (usually CO2) are a big environmental concern for all kinds 
of fossil fuels, which should strongly deserve our attention. The GHG emission 

from different sectors 
has been shown in 
Figure 3 on the left, 
from which it is clear 
that 11.3% of overall 
GHG emissions come 
from fossil fuels. To 
make things better, 
these environmental 
problems will be 
successfully solved 
by the development 
of clean coal 
technologies and 
their applications in 

new plants, such as recycle the CMM (Coal Mine Methane), techniques of coal 
gasification, the investigation of several different types of carbon capture and 
carbon storage facilities. These ever developing and booming applications are 
the key contributions to the coal’s long-term future. Moreover, some effective 
policies in various regions limit the discharge of GHG to atmosphere, such as 
the famous Kyoto Protocol that aims at reducing the GHG emissions in EU 
Members. 
 

Figure 3: GHG Emissions from Different Sectors 
Source: Global Warming Art, 2008 
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Crude Oil 
 
Crude oil is another necessary form of energy carrier in the world. The total 
reserves of crude oil continue to show a substantial energy supply. The global 
level of proved recoverable reserves is 160 billion tons at the end of 2005 [3]. 
Of course, the Middle East and Russia remains the biggest amount, with 61% 
of the global total, Africa goes behind with 11%, followed by South America 
and Europe with 8% each and North America at just approximately 5% [3]. 
Without any doubt, crude oil is a crucial element for transportation. It can be 
refined to gasoline, kerosene and even dieses-oil, which are the main impels 
for airplanes, ships and vehicles. Consequently, consumption of crude oil was 
sharply increased, due to the fast growing demands in the transport sector 
during the latest 10 years. For example, there were a sharp increasing number 
of Chinese passengers since 1990. Thereafter, conditions of the Chinese 
domestic transport have to be strongly improved by government, which directly 
gave rise to the increased demands for crude oil by over 7 million barrels per 
day in China during those periods [4]. To sum up, the world crude oil demand 
has been rapidly increased in the latest 10 years especially due to the world 
transport development. 
 
Although crude oil is widely used in human’s society today, the recent high oil 
price (about $75 per barrel) is the biggest obstacle for all of wanted countries 
and consumers to afford. There might be several factors fluctuate oil prices, 
such as wars, politics, unregulated oil market managements, low level of 
leadership and unreasonable assessments, etc. The fluctuated oil prices from 
1947 to 2004 have been illustrated in Figure 4 on page 18, from which it 
evidently confessed that the oil prices were not only related to energy situation, 
but also depended on political situations as well. The Iran/Iraq Wars together 
with 9/11 Events have strongly influenced the oil market. The fluctuation of oil 
prices is really a difficult problem that only one country can not do anything 
about it, but it might be negotiated through international cooperation. 
 
Basically, there are 3 main factors that contribute for the high price, which have 
been summarized below: 
 
● The oil prices around the world is fluctuated by unstable political situations, 

such as the oil crisis in 1970, Iran/Iraq Wars and 9/11 Events, etc. 
 
● Less than 20% of the world's oilfields originally contained 70% of the total oil 

reserves; 
 
● Additionally, because of anomalous geology, some oilfields are difficult to be 

discovered; 
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Finally, endowment of conventional crude oil from the earth is a large but finite 
volume. Production may reach the peak amount in this century. All of 
discovered crude oil basins have been explored and most of them are partially 
to be fully explored. Therefore, a great mission is to look for a potential method 
to use oil in an efficient way. 
 
Natural Gas 
 
Natural Gas is a vital component for the world's energy supply. It is the one of 
the cleanest and safest form of energy carriers, with regard to the utilization 
processes. However, it is a fossil fuel, which also contributes, more or less, to 
the GHG emissions. Basically, natural gas is a combustible mixture of 
hydrocarbon gases, while it is formed primarily of methane. What’s more, 
ethane, propane, butane and pentane are also some by-products. The 
compositions of natural gas vary widely. 
 
Since 1980, the proved reserves of natural gas in the world have increased at 
an average annual rate of 3.4%, owing to a number of exploration successes 
and improved assessments of some existing fields. The volume of proved gas 
reserves has more than doubled during this period. Proven world gas reserves 
are now equal to about 60 years of gas production at current rates. In the past 
years, productions of natural gas have increased very fast and the estimated 
reserves could be lasted for another 200 years. On global scale, more than 
70% of this amount of proven world reserves now is discovered in Middle East 
and Russia [5]. In contrast to the distribution of reserves, production and 

Figure 4: World Oil Prices Fluctuations between 1947 and 2004 
Source: http://www.btinternet.com/~nlpwessex/images/oilprice1947S.gif
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consumption are dominated by the industrialized countries in North America 
and Western Europe. 
 

Hundreds of years ago, 
natural gas has been 
regarded as a useful 
substance. The ancient 
Chinese residents have 
discovered that the 
natural gas could be 
harnessed and used to 
heat water. In the early 
days of the natural gas 
industry, it was mainly 
utilized to lights in 
streets and also in 
houses. Additionally, 
with the so much 
improved distribution 

channels and technological advancements, natural gas is applied in more 
fields than before. Figure 5 gives an inspiration of the proportion of natural 
gas’s utilization in different sectors around the world, from which the industrial 
sector accounts for 32% of the total natural gas consumption, which is the 
largest proportion followed by electric generation (24%) and residential sector. 
 
Electricity and Transmission Losses 
 
Currently, electricity has been regarded as the most flexible energy carrier. 
Large amount of electricity comes from RES like hydropower plants, from 
where electricity can be transformed from kinetic energy due to the big altitude 
differences of water. Electricity can be used widely for the society not only in 
industries, but also in the residential sector as well. In the year of 2006, the 
world electricity consumption was 1545 billion KWh [6] and the large amount of 
consumption is continuously increasing year by year. 
 
Although electricity has become a versatile energy carrier for the whole world, 
the big losses during transmission were used to be regarded as an obvious 
disadvantage that has been well solved. Basically, transmitting electricity at 
high voltage reduces the energy lost. For a given amount of power output (P), 
a higher voltage (U) reduces the current (I) and thus reduces the resistive 
losses. Long distance transmission is typically done with overhead cables at 
high voltages between 115 KV and 1200 KV in order to minimize losses. Take 
the situation in UK for instance, transmission and distribution losses were only 
at 7.4% in 1998 [7], with the application to high voltage transmission. 

Figure 5: Natural Gas Using by Sectors. 
Source: EIA Annual Energy Outlook, 2002 
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Theoretically, the main electric power loss (P Loss) is due to losses in the 
conductors and is equal to the product of the resistance of the wire (R) and the 

square of the current: R×I=P 2
Loss . For a system which delivers power at 

unity power factor at a particular voltage, the current flowing through the cables 
is given by: 

U
P

=I . Therefore, the power lost during transmission is: 2

2
2

Loss U
P×R

=R×I=P , 

from which conclusion can be drawn that the power lost is proportional to the 
resistance and the square of power output, both of them are invariable, but it 
inversely proportional to the square of the voltage, which can be determined by 
electricity suppliers. It can be easily calculated that 10% increase of the 
voltage results to 17.3% decrease of losses during electricity transmission. 
Therefore, a higher transmission voltage can minimize the losses. That is why 
a high electricity voltage is always adopted during transmission. 
 
3.1.2 Energy and Economy 
 
Energy and Living Standards 
 
With the development of technical skills, conventional energies have been 
successfully applied to practice in the society. Coal, natural gas together with 
crude oil is the 3 main energy sources, which has been introduced respectively 
in Chapter 3.1.1. At the same time, people’s living standards have also been 
greatly improved, so that it seems that there might be subtle relations between 
energy demands and living standards. However, it is a paradox that an 
increased living standard does not necessarily go hand in hand with increased 
energy demands, especially when a country has obtained a certain standard. 
Take statistics from 1992 to 2001 in some typical developed and developing 
countries for example, the primary energy consumption each year in those 
countries have been quoted below. 
 

 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 Increased by (%)
Canada 10.94 11.46 11.74 11.75 12.12 12.37 12.05 12.74 13.15 12.51 14.35 

Germany 14.01 14.06 14.01 14.32 14.30 14.30 14.33 14.12 14.18 14.35 2.43 

Japan 19.14 19.41 20.18 20.83 21.48 21.78 21.43 21.57 21.75 21.92 14.52 

U.K. 9.33 9.65 9.64 9.60 10.09 9.81 9.77 9.74 9.77 9.81 5.14 

Brazil 6.29 6.58 6.89 7.31 7.76 8.19 8.45 8.70 9.03 8.78 39.59 

China 29.31 31,36 34.04 35.21 36.04 37.61 37.07 36.84 36.95 39.67 35.35 

Egypt 1.43 1.51 1.55 1.58 1.73 1.79 1.85 1.89 2.02 2.13 48.95 

India 8.71 9.10 9.59 11.10 11.17 11.47 11.76 12.16 12.67 12. 81 47.07 

Table 1: Primary Energy Consumptions (in 1015 Btu) in Selected Countries from 1992 to 2001. 
Source: The U.S. Department of Energy and European Logistics Association 
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From Table 1 on page 20, the eight selected countries locate in Europe, North 
America, Latin America, Asia and Africa, which almost covers the whole world. 
The former four countries (Canada, Germany, Japan and United Kingdom) are 
all developed countries, while the latter four are typical developing countries. It 
goes without saying that living standards in the former four countries are much 
higher than the latter ones. However, according to the calculations, the growth 
of energy consumptions in developed countries is much slower, compared with 
all of developing world. From this table, the fastest growth of energy demands 
in developed world took place in Japan, which was only 14.52%. In contrast, 
the rate was around 40% in developing countries and the extreme situation 
was in Egypt, where the growth of energy consumptions rate was almost as 
high as 50%. Therefore, it is obvious that the improvement of living standards 
in developing world has to at the cost of much larger amount of energy 
demands. Basically, there are three contributions for this phenomenon. Energy 
saving technologies is the first factor. Without reducing comfort and living 
standards, it is possible to reduce energy consumption by at least 20% in 
developed countries because the saved energy is sufficiently valuable to be 
reused again. This saved primary amount would correspond to over 8400 PJ 
per year [8]. Secondly, sufficient management is an indispensable contribution 
to minimize energy consumption, such as to increase the taxation for using 
extra energy, effective crisis management and assessment, etc. Further more, 
people’s consciousness plays an important role in term of energy saving. In 
developed world, all residents have been well educated to save energy, so that 
consumption behaviors have also improved. As a result, consumers are used 
to putting a great emphasis on energy saving, green consumption, 
environmental issues or some other related topics. To sum up, all of these 
reasons together strongly contribute to the small amount of energy 
consumptions in developed countries, while these issues in developing 
countries are still remaining on a relatively low level. 
 
In contrast, electricity consumption on worldwide scale shows an opposite 
standpoint, compared with other energy carriers. That is to say electricity 
demand is also considerably increased with the increasing of living standards. 
Therefore, numerous measures to limit electricity consumption were adopted, 
but the situation was not significantly improved. Statistics show that the growth 
rate of electricity consumption in EU, 2004, in residential sector, service sector 
and industrial sector were still as high as 10.8%, 15.8% and 9.5%, respectively 
[9]. These ever increasing demands for electricity in EU Members can be 
summarized to the following 3 factors. First of all, large amount of electricity is 
consumed during complicated industrial processes. To increase energy 
efficiency requires several new skills and advanced technologies, which 
consume much electricity than original technologies. Secondly, nuclear power 
plants are fast growing, especially in developed countries today. Although 
considerable quantity of energies has been efficiently generated from nuclear 
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power plants, they are at the expense of big demand for electricity. Therefore, 
necessary measures should be taken to keep a balance between nuclear 
technologies’ development and electricity consumption. Finally, the extensive 
use of traditional appliances as well as increased number of new appliances 
(like TVs, refrigerators, air conditioners as well as laptops, etc.) in households 
is another important contribution to the high demand for electricity. Even EU 
Members could not control the electricity consumption, let alone those 
developing countries (like China and India). To sum up, electricity is quite 
important in the whole energy chains because it is the most frequently used 
energy carrier in current human society and it is also indispensable for 
transformations and generations of other energy forms (like hydrogen as well 
as nuclear power). That means electricity is no longer a common energy 
carrier only, but the potential values behind are also quite considerable as well, 
which can give rise to much amount of economic benefit and large amount of 
energy saving. As a result, the consumption is ever increasing no matter in 
developed world and developing world! 
 
Energy and GDP 
 
Energy consumptions bear a close relation to GDP in each country. It seems 
that the more energy consumption means to the higher GDP, and most rich 
and developed countries, as the Figure 6 shows below (the net energy 
consumptions differ from the growth of energy consumption mentioned in the 
former section). USA, Canada, Sweden and Finland, etc. consume bigger 
amount of energy than those developing countries, such as Russia, 
Mozambique and China. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6: GDP and Energy Consumption 
Source: http://www.greenparty.ca/files/Energy%20Consumption%20vs%20GDP%20655.jpg 
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From the Figure 6, it is clear that there has been a direct (almost linear) 
correlation between the energy consumption of a society and the energy use. 
This trend might hopefully be broken in the near future and the whole human’s 
society will be developed to consume fewer amounts of energies than today. 
Additionally, a possible way to look at issue of economic energy would be an 
'economic energy efficiency,' or economic rate of return on its consumption of 
energy: how many economic units of GDP are produced by the consumption of 
units of energy as Figure 7 illustrates. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7: GDP and Energy Efficiency 
Source: http://upload.wikimedia.org/wikipedia/en/7/70/Gdp-energy-efficiency.jpg

 
The graph above shows the relative efficiency of economies in terms of energy 
inputs. It is clear that Canada is the most inefficient economy, and the only 
economies that are more inefficient than USA are Iceland, Kuwait and UAE 
(United Arab Eremites countries). It is a truth that 1 million of Btu consumed 
with an energy intensity of 8,553 produced $116.92 of GDP for the USA, 
whereas, each million of Btu of energy consumed in Bangladesh with an 
Energy Intensity of 2113 produced $473 of GDP, over four times the rate in 
USA. Russia, on the other hand, produced only $48.37 GDP per 1 million Btu 
based on an energy intensity of 20676. Finally, Bangladesh could be perceived 
as having nearly ten times the economic energy efficiency of Russia. It is easy 
to conclude that a high GDP per capita may not give rise to lower economic 
energy efficiency. 
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To sum up, big energy consumptions do not mean to high living standards. 
However, GDP in individual countries proportion to the amount of energy 
consumptions and inversely proportion to energy efficiency. 
 
3.1.3 Diversification of Energy Supply Sources 
 
Diversification of energy supply sources is a significant objective for energy 
development strategy in the near future as the world enters into a period of 
energy shortage. Being regarded as traditional energy forms, coal, crude oil 
and natural gas are going to be replaced by other new energies, like solar 
energy, wind power, hydropower as well as bio-energy. Aim of energy 
diversification is to achieve minimum consumption of primary energies by 
using these RES (RES is also primary energies with higher efficiency) and 
further to guarantee the energy supply stability and security. However, it is 
much easier said than done! To diversify the conventional energy sources is 
quite a complicated issue: energy infrastructures, sources, policy-making 
issues and technologies should be considered carefully before real 
measurements being taken place. 
 
First of all, processes of policy-making highly depend on energy supply 
sources. Due to energy supply security, sufficient energy policies should be 
accurately established for each exact energy source, these mature policies 
might be changed simultaneously with the improvements of energy sources. 
For instance, when it comes to natural gas, strictly restriction has been made 
that pressurized and liquid form is required during the transport, but this policy 
will not valid anymore when hydrogen applies into practice instead of natural 
gas. Consequently, new policies are necessary to be constituted for new 
energy carriers. Nevertheless, policy-making is rather a complex processes, 
which include problem survey, development of proposal, strategy for social 
service and planning to implementation. The whole time span for total 
processes of energy sources diversification can be up to more than 30 years 
from the very beginning to the dead end because complicated investigations 
for adapted policy are required before the real starting of new energy supply 
sources. That is to say, processes of energy diversifications always take a long 
time due to different energy carriers, infrastructures and corresponding political 
issues. Secondly, inexperienced skills and technologies are another significant 
barrier for promotion of diversified energy sources. Take the wind power for 
example: although a large number of wind turbines have been applied in the 
Netherlands and Denmark, related knowledge about the wind turbines’ 
installations, technologies to protect from lightning or environmental issues has 
not been clarified. It goes without saying that these immaturities will bring 
about inferiority and potential risks for new energy sources. Finally, there are 
still some ‘soft issues’ that make the diversification processes complicated, like 
social economy, energy leaderships and crisis management, etc. 
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Conclusion could be made according to the discussion above that it is 
theoretically possible to accomplish the diversification of energy supply 
sources. Oppositely in reality, it must be a difficult mission that might be 
successfully achieved in a long term. 
 
3.1.4 Greenhouse Effects and Global Warming 
 
According to the research by US National Academy of Sciences in 2001, the 
temperature on surface of the earth has risen by nearly 1°C in the past century, 
with accelerated greenhouse effects during the past two decades [10]. Most of 
GHG emissions over the last 50 years were attributed to human activities of 
inappropriately energy using, such as overlarge utilization of oil and gas 
sources to produce electricity for industry and providing fuel for transportation 
and home usage, etc. Essentially, social activities have altered the chemical 
processes to build-up of GHG: primarily CO2, CH4 and NOX, in which CO2 is 
the dominant GHG from burning fossil fuels that gives rise to more than half of 
all man-made GHG emissions. Ever increasing amount of used hydrocarbon 
sources to produce energy over the next few decades will cause more CO2 to 
be released by widely application of vehicles and power plants. Thereafter, the 
greenhouse effects will be continuously accelerated. 
 
In principle, the global warming directly results from greenhouse effects, which 
refers to the increase in the average temperature of the earth near surface air 
and oceans in recent decades. The overall step of global warming during 1900 
and 2000 has been shown in Figure 8 below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8: Global Warming between 1900 and 2000 
Source: http://www.ipcc.ch/ 
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Climate models referenced by the IPCC (Intergovernmental Panel on Climate 
Change) predict that global surface temperatures are likely to increase by 
6.4°C between the year of 1990 and 2100. The IPCC also concludes that most 
of the observed increase in globally average temperatures since the middle 
20th century is very likely due to the observed increase in anthropogenic GHG 
concentrations by the greenhouse effects [11]. To make things worse, an 
increase in global temperatures is expected to cause other changes, including 
sea level rise, increased intensity of extreme weather events and changes the 
pattern of precipitation. Scientific researches prove that the average 
temperature on global scale might be 3°C higher in 2050 than the earth’s 
temperature in 2000, which will bring about extinction of many species [12]. 
 

3.2 EU Energy Situations 
 
Without any doubt, energy is the foundation for everybody’s daily life. However, 
the EU residents are suffering from higher energy prices than before; the 
phenomenon of energy shortage might be a reasonable explanation to the 
high energy prices. As a result, EU Members have to import energy from other 
regions in the world. That is to say, the security of energy supply, energy 
efficiency and some related environmental concerns seem more meaningful. 
Therefore, in Chapter 3.2, attention will be paid to the EU main energy sources 
and the energy capacity that will be needed in 2050. 
 
3.2.1 Main Energy Carriers 
 
Coal 
 
Nowadays, coal is the main provider for more than 30% of the total electricity 
production in EU Members. Although it is not directly used for cooking, 
catching fire or transport, coal is still one of main energy sources in the whole 
energy chains. As a result, EU is the third largest coal’s consumer around the 
world, following China and the United States of America. 
 
However, the biggest challenge for coal is the CO2 emissions. Basically, the 
amount of released CO2 is closely related to the efficiency of conversion from 
coal to other energy carriers. Therefore, to improve the conversion efficiency is 
one of a possible approach to limit CO2 emissions. In order to achieve this aim, 
the clean coal technology is a potential way, from which coal can be converted 
to heat and electricity with high efficiency and low GHG emissions. Report from 
EC (European Commission) in 2006 [13] said that the conversion efficiency had 
been largely improved by 30% in the last 5 years when the clean coal 
technology was applied to industry. Additionally, ultra-supercritical combustion 
is another booming technology, from which the transforming efficiency above 
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50% is not impossible in the near future. Simultaneously, related research 
aimed at improving energy efficiency is still underway to exploit the 
opportunities of CO2 capture and storage. Coupled with integrated gasification, 
coal could, in this way, provide much less CO2 than before. What’s more, all of 
these alternatives above are underpinned by the Kyoto Protocol, in which it is 
clearly prescribed that the CO2 emissions must be reduced by 8% in EU 
Members at the end of 2012; otherwise penalties for excess CO2 discharges 
would be €100 for each ton [14]. 
 
To make a summary, concerning the trend of coal in the future in EU Members, 
due to its negative aspects in climate change, coal is likely to be replaced by 
other fuels mainly by biofuels, which are increasing rapidly in many sectors as 
a result of improvements in gas turbine technology. 
 
Crude Oil 
 
The amount of proved crude oil reservation in EU Members is unsatisfactory 
for residents’ living and economic growth because the majority of crude oil 
sources from British oilfields in the North Sea is gradually running dry in recent 
years. Consequently, EU has to import more crude oil to plug a deficit for the 
own production and to satisfy the large oil demand, EU statistics agency, 
Eurostat, reported [15]. In the year of 2005, the EU crude oil import was 548.5 
million tons, which were equivalent to 4004 barrels [16]. The amount of imported 
crude oil, especially from Middle East and Russia, is ever increasing annually, 
resulting from the shortage of reservation and the decrease of the EU 
domestic crude oil production. 
 
Crude oil is quite an important fossil fuel not only for EU Members, but also for 
the whole world’s development due to its versatile functions. Basically, to 
extract the maximum value from crude oil is the first need. It can be refined into 
petroleum products, including gasoline and petrol. However, there are many 
other products that can be obtained when a barrel of crude oil is refined, such 
as LPG (Liquefied Petroleum Gas), naphtha, kerosene and fuel oil. What’s 
more, a wide range of sub-items like perfumes and pesticides are also 
ultimately derived from crude oil. To sum up, several products that are listed 
above can spontaneously be used as inputs or feed stocks in the production of 
petrochemicals, and the various types of petrochemical products are more 
than 4000. Considering the vast numbers of products that are derived from, 
crude oil is a very versatile substance that can not be displaced by other 
energies. 
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Natural Gas 
 
EU Members still provide about 60% of the natural gas for their domestic use. 
Statistics show that more than 95 million customers were connected to the EU 
natural gas grid at the end of 2002 [17]. Conversely, this indigenous supply 
amount will decline by 40% around 2020 because both of the biggest EU 
domestic providers, Germany and the Netherlands, proved that the natural gas 
reservation is less than 2% of the total reserves in the world. Therefore, natural 
gas in EU Members will also highly depend on the import. To make things 
better, supply diversity of natural gas together with the interconnected delivery 
routes to EU will sharply increase as the increase of economic benefits from 
natural gas markets. The existing pipelines for natural gas import from Russia 
to EU Members have been shown as Figure 9 below. The pipelines have 
covered almost EU Members. As a result, it is convictive that the EU Members 
import a large amount of natural gas from Russia, and this trend will be 
strengthened in the future. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Currently, there is 40% of the natural gas comes from abroad and the imported 
amount will be increased to 70% in 2030 [18]. Large volume of natural gas that 
exports to EU countries will be enhanced from traditional producers, such as 
Middle East, Russia, Algeria and Libya. New volumes can be contracted from 
extra sources, like the Gulf States, Nigeria, Egypt and South America. 
 

Figure 9: Natural Gas Supply to EU Members from Russia 
Source: http://blog.kievukraine.info/uploaded_images/3060-794651.jpg
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As have been discussed above, the EU natural gas market is ever growing due 
to the considerable economic benefits. As a result, the price of natural gas is 
also much higher than before; situation for the natural gas is the same as other 
energies. Although market price reflects the global upward trend, the good 
quality of natural gas still remains, which guarantees a key role for natural gas 
in EU energy chain. So far, natural gas has become the second most 
indispensable fossil fuel for every EU Member, meeting 25% of primary energy 
needs. Additionally, the environmental advantages from using natural gas have 
already been recognized by environmental policy-makers and by consumers 
as well. Generally speaking, natural gas is a relatively clean energy: much less 
CO2 is discharged from combustion processes than coal and any other fossil 
fuels. For the same use, NOX emissions can also be decreased a lot if natural 
gas is used instead of other fossil fuels. Within the low NOX combustion 
technologies, emissions are reduced if the best approach for environmental 
protection could be achieved. 
 
Electricity 
 
The EU electricity supply system had been established in 1915, when the first 
investigation was started to achieve electricity transmission to each household. 
Nowadays, high voltage electricity transmission through long distances has 
been achieved and serviced well for people’s daily lives, like transport, 
appliances, cooking and space heating, etc. Electricity now is the most 
frequently used energy carrier, which is not displaceable by any other energy 
carriers. As a result, the EU electricity consumption is considerable each year. 
Take the year of 2004 for example, the average consumption in single house 
was 4098 KWh [19]. Industry consumed the largest proportion (41.1%) and 
followed by households (28.8%), as the Figure 10 illustrates below. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10: Electricity Consumption in EU Countries by Sectors in 2006. 
Source: European Environment Agency, EN18 Electricity Consumption, Eurostat, 

Primes Energy Model for Projections 
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Electricity consumption in EU has continued to increase despite of efforts to 
improve electricity efficiency, reported from a research center by the EC. It was 
a fact that during the period from 1999 to 2004, household-used electricity in 
EU Members had grown by 10.8%, while electricity consumption in the service 
sector and the industrial sector increased by 15.6% and 9.5%, respectively. 
Assumptions have been made by Labeling Energy Efficient Office that the total 
EU electricity consumption in 2010 will be sharply increased to 156TWh from 
37TWh in year 1990 [20]. Consequently, the EU annual electricity consumption 
is increasing rapidly year by year. 
 
Electricity has 2 positive aspects. The first apparent advantage over others is 
that electricity can be easily transferred during a long distance with minimum 
losses! It is beneficial to build cables from one place to another; costs for 
building overhead electrical cables are much lower than other means of 
transports. Other forms of energy carriers can not be transferred to quite a long 
distance, such as heating and cooling because temperature will spontaneously 
balance with its environment, which means heating or cooling must be lost on 
a large scale during transmission. However, hydrogen is another kind of 
energy carrier that might be transferred by trucks and trains, but the 
transmission processes require demanding conditions in order to protect 
hydrogen from leakage, burning and explosion. Therefore, according to 
Chapter 3.1.1, high voltage electricity is an important form of energy carrier 
that achieves the minimum amount of losses during transmission, compared 
with other energy carriers. The second advantage for electricity is the flexibility, 
which means it can be produced from different forms of energies, such as wind 
power, hydropower and even nuclear power plants. Some of these are RES 
that can make electricity generation in sustainable ways. What’s more, many 
other energy forms or energy carriers can be generated from electricity without 
any questions. For example, electrical power can be transformed into heat 
during winter period and it can also create cooling in summer through 
air-conditioners’ applications. However, heating and cooling is extremely 
difficult to be transformed back to electricity. Therefore, the minimum losses 
and the ability to easily transform with other energy carriers are the two main 
advantages for electricity over other energy carriers. 
 
3.2.2 Capacity Simulation 
 
The WETO (World Energy Technology Outlook) to 2050 study has developed 
a reference projection of the world energy system. All the projections to 2050 
have been made with a world energy sector simulation model, which is the 
POLES model that describes the development of the national and regional 
energy systems, their interactions through international energy markets as well 
as under constraints on resources. The reference projection describes a 
continuation of existing economic and technological trends, including short 
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term constraints on the development of and moderate climate policies for 
which it is assumed that EU keeps the lead [21]. 
 
Energy Consumptions 
 
It is a fact that the primary fuel-mix is rather stable until 2020. But thereafter, 
the development of RES accelerates rapidly. The total energy consumption in 
the world is expected to increase to 22 billion tons per year in 2050, where 
fossil fuels provide 70% (coal and oil provides 26% each 18% comes from 
natural gas) and non-fossil sources 30%. Concerning the EU situation, overall 
energy consumption is almost stable until 2030, but then it will start to increase 
smoothly. The total energy consumption in EU increases only a little from 1.9 
billon tons per year today to 2.6 billion tons in 2050. Until 2020, consumption 
for primary fuel-mix will be rather stable, except for a significant increase in 
natural gas consumption. Thereafter, the development of RES accelerates and 
nuclear energy revives in EU Members. In 2050, non-fossil energy sources, 
nuclear and renewable energy together provide 40% of the primary energy 
consumption, which is 20% higher than the present. Take the whole forms of 
energies into account, RES provides 22% and nuclear 30% for the EU total 
energy consumption in 2050, resulting in the share of fossil fuels to less than 
50%. However, coal consumption stagnates, despite the availability of CO2 
capture and storage technologies. 
 
The size of the world economy in 2050 is 4 times as large as now, but world 
energy consumption only increases just a little bit due to high energy efficiency. 
The significant improvement in energy efficiency arises partly from 
autonomous technological or structural changes in the economy, partly from 
energy efficiency policies and partly from the effects of much higher energy 
prices. However, energy demand grows strongly in the developing regions of 
the world, where basic energy needs are at present hardly satisfied. The 
consumption in these countries overtakes that of the industrialized world 
shortly after 2010 and accounts for two thirds of the world total in 2050. 
 
Energy Productions 
 
Conventional oil production levels off after 2025 at around 100Mbl/d (Million 
barrels per day). The profile forms a plateau rather than the peak that is hot 
discussed today. Non-conventional oils provide the increase in total liquids, to 
about 125Mbl/d in 2050. Natural gas shows a similar pattern, with a delay of 
almost 10 years. Three quarters of power generation is based on nuclear and 
renewable sources and half of thermal power generation is in plants with CO2 
capture and storage. Hydrogen delivers a quantity of energy equivalent to 15% 
of that delivered by electricity. By 2050, half of the total building stock is 
composed of low energy buildings and a quarter of very low energy buildings. 
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More than half of vehicles are low GHG emission oriented (e.g. electricity or 
hydrogen powered cars). The move to a hydrogen economy induces further 
changes in the structure of generation and the share of nuclear reaches 38%. 
 
From the POLES model, electricity production can be simulated. Basically, the 
total electricity production in the future is as 4 times as today. However, due to 
the relatively strong climate policies, electricity production in EU Members is 
70% de-carbonized in 2050; and RES provide 60% of the total electricity 
generation and 25% electricity generation is equipped with CO2 capture and 
storage systems. According to advanced technologies, thermal electricity 
production associated with CO2 capture and storage system will give more 
electricity. The utilization of CO2 capture and storage systems develops 
strongly and by 2050, more than 50% of thermal electricity production will be 
expected to generate from plants with CO2 capture and storage. Finally, the 
consumption of electricity keeps pace with economic growth; the market for 
electricity remains dynamic because of new electricity uses, especially in the 
information and advanced communication technologies. 
 

3.3 Swedish Energy Situations 
 
In this Chapter, main energies will not be introduced respectively because the 
situations in Sweden are more or less the same as energy situations in the 
whole EU Members. Instead, the total energy supply and demand in Sweden 
as well as the Swedish energy developing procedures will be addressed. 
 
3.3.1 Total Energy Supply 
 
The total energy supply in Sweden amounted to 630TWh in 2005, excluding a 
net export about 8TWh of electricity. The greatest proportions of energy supply 
were met by oil and nuclear fuel, followed by biofuels and hydropower. Since 
1970, the make up of energy supply has changed. The supply of crude oil and 
oil products has fallen by 47%, while the net production of electricity has 
increased by about 250% as a result of the construction of nuclear power 
stations and expansion of hydropower production. The supply of biofuels has 
increased by over 60%. During the 1980s, local authority energy utilities 
installed large heat pumps for space heating supply. At the same time, natural 
gas was brought to towns along the west coast, while wind power construction 
started in the middle of the 1990s. The use of coal and coke as fuels increased 
during the beginning of the 1980s, but has declined somewhat since then. 
Nuclear power used 210TWh of fuel energy input in 2005, to produce 69TWh 
of electricity. Hydropower produced 73TWh of electricity that was considerably 
above productions of 54TWh and 61TWh during the 2 respective preceding 
years. Averaged annual hydropower production is 67.5TWh, but it varies 
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widely, depending on the amount of precipitation during the year. Fuel based 
on thermal power production produced 12.2TWh of electricity, while wind 
power supplied 0.9TWh. About 55TWh of fuels were used for space heating 
production. The proportion of RES total energy supply amounted in 2005 was 
29% in Sweden, which is relatively high on international scale [22]. 
 
3.3.2 Total Energy Demand 
 
Basically, residential sector requires much more energies than others in order 
to provide for lighting and space heating in Sweden due to its high latitude 
location, which gives rise to an extremely low temperature and long winter 
period. The total amount of energy consumption in Sweden was 630TWh in 
the year of 2005, of which near 40% (241TWh) was consumed by the 
residential sector. Thus, the residential sector is the biggest energy consumer, 
followed by 231TWh in industrial sector and 112TWh for transport, as the 
Figure 11 illustrates below. The total amount of losses accounted for 184TWh, 
in which 137TWh losses were taken place in nuclear power plants [23]. This is 
the whole situation for energy demand in 2005. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
From the illustration above, it is apparent that the energy demand in industry 
has been increasing at a slow rate during 1970 and 2005, which has to 
attribute to the fully development that Sweden has obtained, so that the living 
standards do not go hand in hand with energy demand. The standpoint has 
been proved in Chapter 3.1.2. However, the energy demand by residential 

Figure 11: The Total Energy Demand in Sweden by Sector from 1970 to 2005.
Source: Swedish Energy Agency, 2006 
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service was increased by 30%, from 186TWh in 1970 to 241TWh in 2005. One 
of the most important reasons for this phenomenon is the population growth, 
which has risen by 11%. Additionally, the development of nuclear power 
technology is another contribution to the increased demand for electricity in 
Sweden, because a large amount of electricity is needed to have many 
operators run together. About the total energy use by transport sector, it has 
increased by 80% since 1970. For the industrial sector, variations in energy 
use annually are mainly due to economic conditions, while for the residential 
and service sector they are partly due to differences in climate. 
 
Having a specific insight into each energy carrier, although the consequent 
environmental concerns and high oil prices, crude oil was widely applied for 
84% of total energy demand in Sweden in the transport sector 40 years ago 
and it is still the main raw material used for producing transport fuels today. In 
STEM’s statistics, it is said that the use of biofuels, excluding space heating 
and power generation was 66TWh in 2005. The amount of biofuels use for 
space heating production was 36TWh. Biofuels used for power generation was 
6TWh and the sum of these values is 105TWh in 2005 [23]. What’s more, 
attentions have also been paid to electricity as well as biofuels. Advantages of 
electricity are the more efficient and fewer losses compared with crude oil. Due 
to these advantages, electricity is regarded as a prior substitution for crude oil 
that can also provide energy not only for residential requirements, but also for 
transport as well. The move away from crude oil to electricity has transferred 
some of the losses to the supply side in Swedish energy system, but the total 
energy use by the transport sector has largely increased. Concerning biofuels 
utilization, the minimized GHG emissions are the greatest contribution for 
environment. As a result, technologies in application of electricity and biofuels 
have been largely improved during recent periods. 
 
3.3.3 Developing Processes 
 
Despite increasing industrial output, the booming crude oil market has shrunk 
since 1970, instead by electricity. Moreover, improvements of energy efficiency 
resulted in decline of crude oil usage. Generally, this trend started in the earth 
of 1970s when the oil crises took place all over the world. The oil crises at that 
time resulted in aiming at reducing the use of oil in terms of the high oil price. 
As a result, the use of oil has also fallen from 48% to 13% during that period. 
Therefore, electricity has replaced the use of oil and became the main energy 
carrier. One reason for this is the high cost of fossil fuels. The overall use of oil 
in industrial sector has fallen, but the use of oil products increased by almost 
24% between 1992 and 2005. Contributory factors included increased 
industrial output coupled with changes in energy and CO2 taxes, etc. What’s 
more, biofuels are the main energy provider in paper industry and in the wood 
products industry today. Between 1970 and 2005, the proportion of biofuels 
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has increased from 21% to 33% in total energy use within industry. 
 
The change from oil to other energy carriers, particularly to electricity, is 
reflected in the specific use of oil and electricity per unit of output value. 
Additionally, oil crisis, the energy prices rising, improvements in the energy 
infrastructures and investment policies together have encouraged the shift 
from oil to other energy carriers. In 2005, total use of fossil fuel in space 
heating was 18.3TWh, less than the consumption in 1970, which was 
118.6TWh. Much of this reduction is due to a move away from the use of oil to 
electricity and biofuels. Because of these reasons, the specific use of oil fell by 
81% between 1970 and 1992, while specific use of electricity increased by 
23% [24]. Changes in the economy between 1992 and 2005, coupled with 
changes in the energy taxation of industry, are reflected in changes in specific 
energy use, which has continued to fall in Sweden. Generally, the reduction in 
specific energy use is due to the increasing in production values. Therefore, a 
continued fall in specific energy use can be expected. And finally, the needs for 
specific energy will be reduced by technical development and structural 
changes in a long term. 
 
3.3.4 Capacity Simulation 
 
According to the research by Swedish Energy Agency, the energy demands in 
2020 have been illustrated in Figure 12 below: 
 

 
From this figure, it is obvious that the end use for electricity does not rapidly 
increase from 1990 to 2020, due to the production diversified. Therefore, not 
only can electricity provide with heating, cooling, etc. but electricity can also be 

Figure 12: Capacity Simulation for Swedish Energy to 2020. 
Source: Swedish Energy Agency, Energy in Sweden Today and 2050
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achieved from other energy supplies, especially from nuclear power. To 2020, 
nuclear power plants will create huge amount of electricity for Sweden. What’s 
more, the demands for oil are still remain the same in Swedish energy supply 
system, from the 120TWh in 1990 to 130TWh in 2020. Several energy policies 
advocate using the efficient and flexible energy sources to the transport sector, 
like the oil from biofuels, LPG and H2, etc. Two of the biggest advantages over 
the conventional crude oil are the high efficiency and low GHG emissions. 
Consequently, crude oil has been substituted by these updated oil productions. 
Finally, consumption of biofuels is increased on a large scale during the 30 
years. As the shortage of other energy carriers, biofuels seem to the first 
alternative. There are 23,400,000 hectares of forests in Sweden, covering 
about 57% of the total area of Sweden. Thus, the large forest areas are the 
greatest presents from the nature, which give rise to 0.12 million tons of 
bio-ethanol in 2005! To 2010, there are approximately 5.75% in share of 
biofuels in transport [25]. 
 
However, with the new circumstances in the near future, there are also some 
challenges that might arise in Sweden, such as the electricity supply for energy 
intensive industry, sustainable mobility and low energy municipal sectors. 
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4. EU ENERGY SECURITY POLICIES 
 

4.1 EU Energy Package 
 
Generally, EU energy package is a complete set of energy policy measures. 
EU Members encounter serious energy challenges concerning sustainability, 
GHG emissions as well as security of energy supply, etc. What’s more, the 
energy imports dependence, the competitiveness and effective implementation 
of the internal energy market are also addressed by the EU energy package, 
which is acknowledged as the most effective response to these challenges. EU 
intends to lead a new industrial revolution and create a high efficiency of 
energy economy with low GHG emissions. The EU energy package mainly 
aims at 7 significant targets, which have been summarized below. 
 
To Establish a Competitive EU Energy Market 
 
In order to establish a competitive EU energy market, a clearer separation 
between the management (such as electricity supply networks) and production 
or sales activities should be existed in the whole energy chain. There is a 
serious risk of discrimination and abuse if the management of networks as well 
as production or sales is under control by an exclusive company because a 
vertically integrated company is not interested in increasing the network 
capacities. As a result, monopolization gives rise to a high energy price without 
any market competitions, and the energy supply security can not be achieved. 
Therefore, a separation between the management of networks and production 
or sales encourages companies to invest more in networks, thereby promoting 
the entry onto the market of new arrivals and increasing energy supply security. 
This separation may either be achieved through the establishment of an 
independent system operator that responsible for the maintenance, 
development and operation of the supply networks, which remain the 
properties of the vertically integrated companies or through full ownership 
unbundling. 
 
To Achieve an Integrated and Interconnected EU Energy Market 
 
The internal EU energy market is essentially dependent on cross-border trade. 
However, this trade is often difficult because of the differences between 
national technical standards and differences in network capacity. Consequently, 
effective regulation on a community level is required. The competences and 
independence of energy regulators need to be harmonized, their collaboration 
should be reinforced and they must be obliged to take into account the 
community’s objective, including realizing the internal energy market, defining 
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regulatory and common security standards that are required by cross-border 
trade. With the goal of making the network into reality, the priority 
interconnection plan highlights the importance of financial and political support 
for implementing the infrastructures, which are regarded as essential and of 
nominating EU coordinators to monitor most problematic projects. 
 
To Reduce GHG Emissions 
 
The GHG emissions are one of the most severe environmental problems 
around the whole world. Statistics show that energy is the root of 80% GHG 
emissions in EU Members. Therefore, to reduce the GHG emissions involves 
using energy more efficiently and using more clean energies. Determined to 
fight against the climate change, EU Members are committed to reducing the 
own emissions at least by 20% until 2020. Moreover, developed countries are 
obliged to reduce their GHG emissions by 30% until 2020. In the framework of 
this agreement, EU Members would set a new objective for reducing their own 
emissions by 30% compared with the requirements in 1990. 
 
To Develop Renewable Energies 
 
The use of renewable energies includes wind power, solar, photovoltaic energy, 
biomass as well as geothermal energy, which undeniably contributes to limiting 
the climate change. Furthermore, it plays part in energy supply security and 
creating employment in EU, thanks to the increase in the production and 
consumption of local energy. Renewable energies, however, remain on the 
fringe of the energy mix because they cost much more than traditional energy 
sources. To increase the use of RES, the objective has been set that to 
increase the proportion of renewable energies in energy mix by 20% to the 
year of 2020, which requires progress to be made in the 3 main sectors where 
renewable energies are mainly used: 
 
● Increasing the production of electricity from RES and allowing the 

sustainable production of electricity from fossil fuels, principally through the 
implementation of CO2 capture and storage systems; 

 
● Biofuels, which should represent 10% of vehicle fuels by 2020; 
 
● Finally, district cooling and heating is also an important aspect that is worth 

to be carefully taken into consideration. 
 
To Keep Energy Technologies Updated 
 
Energy technologies play a crucial role in offering both competitiveness and 
sustainability in energy sector and increasing energy supply security. They are 
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likewise vital for attaining the other energy objectives. EU is the global leader 
in the renewable energy sector, who intends to consolidate the position and 
play an equally leading role in the rapidly growing market for low carbon 
energy technologies. Therefore, EU Members must develop new technologies, 
in particular those devoted to energy efficiency and renewable energies. 
Investment in these emerging technologies will directly contribute to the 
community strategy for increasing employments. The commission proposes an 
outline for the EU Strategic Energy Technology Plan that covers the entire 
innovation process, from which 50% increase in spending on research in the 
energy sector along with the Intelligent Energy for Europe Program can be 
achieved. 
 
To Implement a Common International Energy Policy 
 
EU is not able to achieve the objective of secure, competitive and sustainable 
energy alone. Therefore, EU requires the involvement and cooperation from 
both developed and developing countries, energy consumers, producers and 
countries of transit. EU will be a driving force in the development of 
international energy agreements, in particular by strengthening the EU Energy 
Charter, taking the initiative in an agreement on energy efficiency and 
participating actively in the Kyoto climate change scheme. What’s more, EU 
relations with consumer countries (such as the United States, India, Brazil and 
China), producer countries and countries of transit are of prime importance 
from the perspective of geopolitical security and economic stability. EU will 
thus strive to develop energy partnerships with these countries which are 
transparent, predictable and reciprocal. Finally, EU Members are committed to 
helping those developing countries to implement decentralized energy 
services that are low cost, reliable, secure and sustainable. These developing 
countries are encouraged to immediately invest in renewable energies and the 
new generation of clean energy technologies. 
 
To Ensure EU Energy Supply Security 
 
To minimize the vulnerability about the imports, shortfalls in EU energy supply, 
possible energy crises and uncertainty concerning the further supply is another 
indispensable aim for the EU energy package. The new energy policy 
emphasizes the importance of measures that guarantee solidarity between EU 
Members of the diversification of energy supply sources and transportation 
routes. Measures supporting strategic oil stocks must be reinforced and the 
possibilities for improving the energy supply security must be further confirmed. 
Finally, the increased the electricity supply security must also be guaranteed. 
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4.2 EU Directives 
 
In Chapter 4.2, necessary information will be collected towards establishing a 
general overview on related EU Directives, which strongly impact on the whole 
EU energy chain, such as policies, measures and strategies. Thereafter, 
attention will be paid to EU Directive for electricity supply. Several measures to 
guarantee the EU electricity supply security have been listed. 
 
4.2.1 Directives for EU Energy Security 
 
In this subsection, EU Directives for EU energy supply security will be 
introduced. Focus will strongly put on the aims of each mentioned Directive. 
Some important EU Directives in the whole energy supply system will be 
discussed in the first part. Secondly, necessary measures according to EU 
Directives in order to achieve energy supply security, to improve the energy 
efficiency during transmission and to regulate the EU energy market will be 
summarized at the end. 
 
The Main Directives for EU Energy Security 
 
EU Members need a secure energy supply system that can be depended on, 
which is stable, continuous and sustainable. Moreover, it should also be able 
to provide satisfactory service for EU citizens. Additionally, environmental 
friendly and competitive in the whole EU energy market should also be 
achieved. As a result, the final objective for EU energy supply security is to 
contribute energy supply systems that can efficiently as well as safely deliver 
energy to each household and give rise to a higher living standard for EU 
citizens. 
 
In order to complete this goal, several related EU Directives have been strictly 
implemented, from which the whole EU energy market in each country could 
be under control. One of the most significant Directives is related to the natural 
gas supply, Directive 98/30/EC, by which monopoly of natural gas provider has 
been ended and all consumers have the rights to choose their natural gas 
suppliers. Thanks to this Directive, a fully competitive natural gas supply 
market has been established in year of 1998 within several EU Members. 
Thereafter, not only the gas quality and prices, but security in natural gas 
supply can also be achieved. In addition to this, concerning common rules for 
EU internal market in natural gas, aimed to designate one or even more 
competent bodies with the function of regulatory authorities that are totally 
independent of the interests of the gas industry, Directive 2003/55/EC, came 
into force by European Parliament on 26th of June, 2003. It supervises the 
integration and compatibility of the regulation throughout region and making 
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recommendations to the competent regulators with respect to the 
strengthening of the independence of state energy regulators. More details 
about this Directive have been put in A1. What’s more, another indispensable 
policy that has to be discussed when it comes to talking about EU energy 
supply is COM (2000) 769, which plays a key role for further strategy in Green 
Paper supply around year of 2030. 
 
Moreover, the objective of sustainable competition also needs to be achieved 
by internal market. This is closely related to EU environmental commitments in 
order to control the emissions of GHG. Specifically, the goal has been 
constituted in the Kyoto Protocol that the GHG emissions should be reduced 
by 8% below the 1990 level at the end of 2012. For this goal, some policies 
from EU countries are of importance, including constrains growth in demand 
through energy efficiency, the initiative to reduce emissions from the power 
plant and also to introduce common rules for the taxation of energy products. 
 
Eventually, it must be ensured that the EU energy market develops in a way 
that provides energy with the best quality and energy supply security for EU 
citizens and industries. Therefore, two elements should be guaranteed, which 
are system security as well as adequate network capacities in the medium 
term and in the long term. 
 
Necessary Measures to Achieve Efficient and Secure Energy Supply 
 
Addition to related EU Directives, there are some actions that should be taken 
to achieve the EU energy supply security. Actually, the required measures 
have already been examined and adopted by the EU Commission, which 
supervise supply system for several energy forms and carriers. Particularly, 
COM (2000) 769, draws attention to a number of key considerations for the 
energy industry over the further 20 years for the Green Paper supply security. 
With this Directive, debates launched among several control demands, like the 
requests for strategy based on demand management, implying a reasonable 
use of accessible cross-border capacities, the attraction of competitive 
markets for effective competition and also reinforcing the competitiveness of 
EU financial system, etc. It is obvious that a significant reduction in demand 
could be made through relatively simple efforts to avoid unnecessary energy 
consumption. Many case studies on projects in different EU Members show 
that typical energy performance projects often have approximately 15% to 
35% of energy savings. Furthermore, responses to the Green Paper of the 
Commission on EU energy supply security gave rise to some indispensable 
contributions to format the EU energy strategies that will be more beneficial for 
the EU further energy plans. 
 
Similarly, COM (2001) 775 was the first examination for the key position of 
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investments to maintain the development of the EU energy market. The 
Barcelona Summit in 2002 authorized the aim for EU Members to achieve a 
level of electricity interconnection to 10% of the installed production capacity 
by 2005. Thirteen proposed actions in this Summit have been in process of 
being concluded. Extra completed actions include an agreement on removing 
excess charges of cross-border electricity exchanges, publication of 
cross-border gas capacity as well as the new accepted regulations. With the 
Commission, an organization to supervise the development of energy policy 
for the enlarged EU Members has come into existence. This widely ranged 
consultation showed a need for necessary measures in the future. Basically, it 
provides a prior scheme for EU Members to achieve the energy supply 
security, which is related to all the objectives of the community, whether to do 
with supply security, sustainability or the internal EU energy market. 
 
These measures can be summarized as the 3 aspects. Firstly, concerning the 
EU competitive market, there is a basic requirement for a regulatory frame for 
the whole energy market that ensures the continuing balance between energy 
supply and demand, which includes both the demand management and 
necessary investments in energy generation. Managing demand, the heart of 
the Community’s approach, has 2 significant advantages, which is inexpensive 
and efficient. However, several new investments are expected to take the RES 
as substitutions and distributed small scale CHP (Combined Heat Power) 
generations. Energy supply security also involves investments in internal EU 
transmission networks. Additionally, long distance gas transport must also be 
maintained. Above all, a consistent regulatory framework and streamlined 
procedures for the approval of new projects is required in EU Members. 
 
On the second place, environmental issue is another facet that is related to 
energy supply. Concerning the EU environmental objectives made in Kyoto 
Protocol, some new challenges about energy infrastructure and reducing the 
GHG emissions have to be faced! In order to fulfill these objectives, 
consideration is to shut down several environmentally damaging plants, which 
still exist in EU today. The final aim of these measures is to create a 
sustainable energy chain and to promote investments for environmental 
protection, especially to reduce the GHG emissions. Addition to this, an extra 
range of actions have to be taken at the same time, including financial and 
other economic measures to improve efficiency of each plant so that the 
emissions can be reduced to an acceptable level. Conversely, adequate 
infrastructure is another necessary to make these measures implemented. 
Take the utilization of wind power for example: wind turbines should be built in 
off-shore sites so that much wind power can be available and the generation 
process is also in an environmental friendly way. 
 
Last but not least, a greater level of interconnection between each EU Member 
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is crucial for consolidation of competition within EU internal market. In contrast, 
without more interconnection, the functioning of competition in EU internal 
market will be constrained. It is also recognized that the competition in energy 
market in some EU Members is still quite smooth because high market shares 
are held by only one or a few companies, which results in low energy quality 
and inefficient energy supply system due to the low level of market competition. 
Thus, all the EU Members should try best to achieve a great level of 
interconnection between them. Besides these actions above, EU Members are 
still wondering whether any other specific measures need to be implemented, 
either to encourage general investments or to encourage a faster demand 
response to emerging imbalances. 
 
To sum up, inter-related questions of system reliability, the generation 
adequacy and transmission investment, energy market design as well as to the 
priority given to managing energy demand are all relevant to the objective of 
EU energy supply security. Hopefully, updated EU Directives might be 
implemented in the near future according to the ever changing of energy 
society in EU Members. 
 
4.2.2 Directives for EU Electricity Security 
 
First of all, there are several vulnerable spots in EU electricity supply system, 
like the imbalance supply and demand, blackout, other emergencies and 
man-made disturbances, etc. Therefore, EU Directives are needed to deal with 
these problems, to improve the situations from worse to better. In this section, 
significant Directives in this field will be summarized. From the beginning, 
Directive 2003/54/EC was the first policy, which came into force in Brussels on 
26th of June 2003, to regulate EU electricity market. Common rules for 
electricity market were emphasized, aiming at encouraging positive 
competitions in order to keep balance between electricity supply and demand. 
To have insight into more details about this Directive, please check A2. 
However, with the changes of EU electricity situations, new circumstances 
emerged. As a result, EU Parliament Commission improved this Directive in 
July 2004, in order to make it adapt to the new situations, the improved edition 
was IEM Directive that has been cited in A3. In this Directive, taxation of 
electricity has been taken into consideration and emissions during electricity 
generation processes have been strictly controlled. Thereafter, in order to 
establish measures to guarantee the electricity supply security and an 
adequate network capacity, the ‘Security of Electricity Supply and Electricity 
Infrastructure’ has been published, from which a general guide about using 
electricity in an efficient way has been released. More details about this policy 
can be found in A4. Additionally, A5 is the EU discussion on the ground of 
electricity supply security by INFORSE together with some corresponding 
environmental concerns. 
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However, only these Directives are not access to the EU electricity supply 
security, to analyses real factors that lead to these problems are necessary for 
problem solving. Basically, various interruptions in EU electricity supply system 
result in these following 3 aspects into existence. Firstly, integration in terms of 
organization and regulation is created. Secondly, high level of cooperation 
between network operators is also indispensable. Finally, a strong emphasis 
on the management of demand for electricity is quite important for supply 
security. To sum up, concerns from these 3 incidents that are particularly 
relevant for the EU are that: 
 
● Co-ordination between transmission system operators in different EU 

Members and neighboring countries must be enhanced. A lack of 
co-ordination was a key factor in incidents, such as blackout; 

 
● Concerns of supply demand balance cannot be neglected. Although there 

were no blackouts due to supply-demand issues, extreme weather 
conditions in Nordic countries in winter lead to some emergencies. As a 
result, demand growth should be controlled on a reasonable level. 

 
Details about both of these factors for electricity supply security are discussed 
in the following 2 subsections below. 
 
Security and Reliability Rules 
 
Undoubtedly, demands of the transmission network are encouraged from 
market competition, especially those that across national borders. Therefore, 
quantity of cross-border electricity transactions is largely increased, which 
releases a true fact that not only the infrastructure, but also the related rules 
and mechanisms to support market competition are quite crucial for EU 
electricity supply security. Because of this, the UCTE (Union of Co-ordination 
of Transmission of Electricity), that at the strong request of the ‘Florence 
Electricity Regulation Forum’, has commenced the meaningful task on 
Operational Handbook, which targets at binding security and reliability rules for 
electricity supply in UCTE network, from which the existing agreements 
between system operators have been consolidated. This network reinforces 
the standards for binding security and the electricity supply security can be 
benefited in the long term. 
 
Regulations on cross-border trade of electricity provide the possibility for the 
use and operation of the network, including the guidelines on congestion 
management, common rules on minimum safety and operational standards, 
etc. Additionally, it is essential that EU Members ensure that the TSO 
(Transmission System Operator) complies with the detailed guidelines. 
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Supply and Demand Balance 
 
Imbalanced electricity demand and supply always brings about some negative 
consequences. Theoretically, a minor imbalance may lead to an interruption 
on a large scale, because every individual transmission cables are connected 
to the whole electrical network. All of these failures result from the lack of 
plenty reserve for generation capacity. Currently, EU Members are trying to 
provide citizens with peak demand and the electricity supply system is 
periodically maintained. However, requirements for adequate network capacity 
and demand constraints are still obvious in some regions, which is a key 
problem that should be solved as soon as possible. Similarly, as cold and dry 
atmosphere always gave rise to low electricity reservoir levels, Nordic 
countries were also obliged to investigate potential crisis, especially during the 
cold and long winter period. Therefore, related Directives both on the demand 
side and the supply side of electricity are quite necessary for EU Members in 
order to avoid serious incidents. 
 
The electricity supply and demand in EU Members has been supervised by 
these related electricity Directives. What’s more, it is also a requirement by 
these Directives to provide an option to use tendering in order to acquire new 
capacity. Greece and Ireland have already made use of this possibility to 
achieve a balance in electricity supply and demand. Tendering should be 
regarded as an absolute resort, from which purely electricity supply could be 
achieved. Of course, to keep a balance between electricity supply and demand 
is not a mission for some individual countries, but it should be guaranteed 
under efforts from all of EU Members. 
 
Actions Proposed 
 
The sections above highlighted the main measures that should have been 
taken by EU Members to achieve the balance between electricity supply and 
demand. This objective is highly related to the improved system operation, the 
need to support appropriate investments in transmission and to ensure an 
ongoing balance between electricity supply and demand. Therefore, the 
Commission proposes a community framework in this subject, which will 
ensure these objectives that are met with the minimum distortion to the EU 
internal electricity market through the following measures. 
 
● Require EU Members to have a clearly defined policy towards the electricity 

supply and demand balance, which allows for targets for reserve electricity 
capacity to be set; 

 
● Require EU Members to have defined standards to be met relating to the 

security of electricity transmission and distribution networks; 
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● Require that each TSO submits an annual investment strategy to its national 
regulator, and feedbacks from the national regulator should be back to TSO 
in order to improve the investment planning; 

 
● Require regulators to submit a summary of these investment programs to 

the Commission for consultation with the EU Regulators Group on Electricity 
and with account having been taken of the Trans EU Energy Networks Axes 
of Priority European Interest; 

 
● Include a right for regulators to intervene to accelerate the completion of 

projects and, where necessary, to issue a call for tender on certain projects 
in the event that the TSO is unable or unwilling to complete the projects 
concerned. 

 

4.3 Further Strategies 
 
In this section, the EU further strategies, relating to the whole energy system 
and the electricity supply will be briefly introduced, in order to provide some 
reasonable imaginations for the EU energy policies in a long term. 
 
Essentially, for the sake of energy utilizations in scientific ways, there are 2 
strategies that come up with by EU Parliament, which are energy efficiency 
improvement work coupled with enlargement of the RES. To achieve both of 
the goals, EU energy supply system must rapidly progress on these following 4 
aspects, including advanced forms of energies as well as technology 
improving: 
 
● The efficient conversion and use of energy in all sectors of the economy, 

coupled with decreasing energy intensity; 
 
● The diversification of the energy mix in favor of renewable and low-carbon 

conversion technologies for electricity, district cooling and heating; 
 
● The decarburizations of the transport system through switching to efficient 

biofuels; 
 
● Full liberalization as well as interconnection of energy systems, incorporating 

'smart' information and communication technologies to provide a resilient 
and interactive (customers or operators) service network [26]. 

 
Above is the vision of EU further strategies with a thriving and sustainable 
economy, with world leadership in a diverse portfolio of clean, efficient and 
low-carbon energy technologies for the whole energy chain. Considering the 
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electricity supply particularly, methods to develop electricity production and 
transmission also need to be identified in these 4 items [27]: 
 
To Continuously Increase the Electricity Demand 
 
In contrast with expected stagnation or even decline in use of other energy 
carriers in the primary energy supply, the demands for electricity will continue 
to increase in EU Members, which will continue to show significant growth in 
the next 10 years, although the electricity share will be at a lower rate than the 
previous decade. Over the time horizon from 2005 to 2030, the highest growth 
is projected in the first 10 to 15 years. 
 
Shift towards More Unconventional Generation 
 
While the majority of electricity generated in EU Members still originates from 
power plants using conventional technology, whether it is based on nuclear, 
coal or gas, an increasing amount is produced by more unconventional 
technologies, using CHP generation and RES, such as wind power and 
hydropower, but technologies for generation of electricity from RES is still 
under development. 
 
Shift towards More Decentralized Generation 
 
A shift towards the use of more unconventional technologies comes, to a 
certain degree, together with more decentralized electricity generation. 
Generation from both CHP and RES units are often connected to lower voltage 
transmission networks instead of high voltage. Amongst the notable 
exceptions are the large-scale hydropower and wind power units (especially 
for the wind along seaside) and the CHP units located at industrial sites. These 
actions that have been largely taken into practice contributed to the processes 
of decentralized electricity generations. 
 
Shift from National Perspective to EU Perspective 
 
The large number of proposals for new interconnections and reinforcements of 
existing interconnections indicates a major electricity system development, 
namely: the transition of national self-sufficient electricity systems towards a 
pan-European electricity system. It encourages the shift from national 
electricity system to system that is based on EU level. Consequently, large 
capacity transmission through long distance can be achieved. 
 
Last but not least, except the economic and technical point of view, there are 
also some strategies, from which all of the energy customers will be taken into 
account. Recent EU legislation for energy supply means that, from July 2007 
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at the latest, all consumers will be free to shop around for energy suppliers. 
The current supplier will no longer be the only one choice for customers, if they 
were not satisfied. As a result, those energy supply companies that have the 
highest efficiency for energy distribution, among others, while also have the 
lowest price, will be chosen by majorities. It is good for competition in EU 
energy market to achieve high energy efficiency. Simultaneously, work is also 
underway in each EU Member on improving the existed energy infrastructure, 
like the transmission networks. Moreover, updated regulations have also been 
established to ensure that all of the energy suppliers and network companies 
operate correctly and provide the services promised to their customers. The 
EC is monitoring closely the market identifying obstacles and shortcomings [28]. 
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5. EU ENERGY SUPPLY SYSTEM 
 

5.1 Overviews 
 
5.1.1 EU Energy Supply System 
 
Basically, the energy supply systems are quite varied due to different regions 
in Europe. According to large numbers of literature surveys, the Western 
Europe put much more focused on the energy security than energy supply. 
While, CEE (Center and Eastern European Countries) are going through 
different development with regard to energy systems, due to specific social 
status and special energy targets. 
 
Definitely, the Western Europe will be strongly paid attention to when it comes 
to talking about EU energy supply security. The following issues will be 
discussed in this Chapter, separately: an external policy for EU energy security, 
promoting indigenous energy supply, EU internal energy market and energy 
supply network, which are facing and are going to face in EU Members in the 
future. 
 
An External Policy for EU Energy Security 
 
Growing energy demand within EU Members is mirrored in regions throughout 
the whole world. Growth in China and India has added considerably to global 
energy demand, as has rising population growth and economic modernization 
in Latin America, Africa, even in the energy-rich Middle East. Facing this strain 
on limited supplies, EU must compete for existing and new energy sources. 
Projections for EU energy consumption indicate that one of the most significant 
challenges for energy supply in EU over the next 20 years will be the ability to 
diversify energy sources imports. 
 
EU Members have together authorized by the EC to promote a collective 
international energy policy. Nonetheless, while acknowledging that EU might 
be in a better position to determine what leverage could be used to advance 
the collective interests of the Union as a whole, all Members have been tried to 
not sacrifice the individual rights to independently pursue external relations for 
energy supply security. The energy relations between EU and Russia clarify 
the tension between calls for a collective external energy policy and support for 
individual national policies. Several new EU Members in CEE appear skeptical 
with regards to Russia’s reliability as an energy provider, and therefore call on 
EU Members work collectively to prevent Russia from exploiting long-term 
dependencies for political purposes. At the same time, other EU Members 
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continue to pursue long-term bilateral supply contracts with national energy 
companies from Russia, in order to increase the energy and some political 
dependence on Russia. 
 
Promoting Indigenous Energy Supply 
 
While efforts to develop a coherent external energy policy remain a top priority 
in EU Members, there are broad agreements that EU should also pay attention 
to determine how its dependence can be mitigated by indigenous energy 
supply. Specifically, EU has taken steps to increase the production, to use of 
alternative and RES as well as to invest clean coal technology. These 3 main 
efforts are aimed at both increasing the energy independence and addressing 
growing public and political concerns on the ground of energy consumption on 
global climate change. Accordingly, current initiatives are focused on the 2 
sectors that together account for a significant majority of EU total CO2 
emissions: power and heat generation (39% of total carbon emissions) 
together with transport, which accounts for 26% of the overall emissions [29]. 
Energy consumption in the transport sector is overwhelmingly fueled by 
imported crude oil. About one third of EU power generation comes from coal 
burning plants, and some other amount from nuclear power plants. 
 
The mix of energy supply in EU Members is largely determined by national 
governments and energy companies. As a result, energy mix varies widely 
across each EU Member, influenced by a number of factors ranging from 
resource cost and availability to political factors, such as legislation curbing 
nuclear energy production. In France, for instance, nuclear power accounts for 
over 70% of all electrical generation, while Germany and Spain have enacted 
laws to phase out the use of nuclear power; while in Poland and the Czech 
Republic coal is the dominant fuel. 
 
Nonetheless, decisions regarding national energy mix are increasingly 
influenced by EU and international agreements to reduce GHG emissions. 
Under the 1997 Kyoto Protocol, EU is obligated to reduce its carbon emissions 
by 8% of 1990 levels by 2012. In order to achieve this collective target, EU 
Members have agreed to individual ‘National Action Plans’, with heavily coal 
reliant and less economically developed Members such as Poland committed 
to less stringent targets than countries with more developed renewable energy 
portfolios. Moreover, EU Members will take the same approach to realizing the 
EU most recent goals of reducing emissions by 20% of 1990 levels by 2020. 
 
The ability to reduce the import dependence while mitigating negative 
environmental effects in EU Members will depend largely on each individual 
decisions regarding energy mix. European efforts are expected to focus on 
promoting renewable energies and clean burning fuels, developing clean coal 
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technology, increasing energy efficiency and reducing the overall energy 
consumptions, etc. Take nuclear plants for example, due to the low carbon 
emissions, some experts and government officials advocate an increase in 
nuclear power generation. Others, on the other hand, site safety and 
proliferation concerns in opposing a rise in nuclear power generation. 
 
● Coal 
 
Over one third of the total electricity generation in EU comes from coal 
gasification. As with other energy sources, coal’s production varies among EU 
Members. Coal burning accounts for the bulk of electricity production, such as 
92% in Poland, 65% in the Czech Republic, 62% in Greece and around 50% in 
Germany, but has been almost completely phased out in countries like France, 
the Netherlands, which relies largely on nuclear power. Despite the fact that 
coal burning accounts for close to 25% of the EU total CO2 emissions, but the 
proved coal reserves in EU is close to 40 billion tons, the abundance leads 
most analysts to believe that coal will continue to play a significant role in 
energy make-up [30]. Given continued reliance on coal, EU has moved to invest 
in technologies, such as CO2 capture and sequestration, which will enable the 
clean coal burning. Current technology is thought to enable efficiencies of well 
above 60%, but the majority of EU older and even most recently built plants 
have efficiencies from 30% to 43%. 
 
EU Members have endorsed Commission efforts to foster technological 
advances in the area of clean coal burning and to bring 12 sustainable fossil 
fuel power plants by 2015. Nevertheless, the ability to meet their commitments 
to reduce CO2 emissions, the potential for using renewable energy, the price of 
natural gas and the cost of installation of clean coal burning technologies will 
likely dictate whether coal can remain as a viable alternative energy source for 
EU Members in the long term. 
 
● Nuclear 
 
Although nuclear power accounts for roughly one third of EU overall electricity 
generation, pronounced differences in national nuclear energy policies have 
prevented the EU from developing a common nuclear energy policy. There are 
approximately 175 nuclear reactors in operation in Europe today. However, 
while nations such as France, Finland, Sweden and the United Kingdom rely 
heavily on nuclear power, others oppose it on the grounds that it is dangerous 
and creates difficult waste disposal concerns. Germany and Spain, for 
instance, have committed to phasing out all of their nuclear reactors over the 
next several years and replacing those with gas powered facilities. Due to 
political pressures, these decisions have to be reconsidered, or at least extend 
timetables for the phase out is reportedly growing in Germany and Spain. 
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Nonetheless, given the substantial costs of putting a nuclear reactor on line 
and the controversial nature of nuclear waste, it appears unlikely that EU will 
see a renaissance of new nuclear reactors in nations where nuclear power 
does not already play a role. At best, those nations that already utilize nuclear 
power could be expected to either replace or upgrade existing reactors. On the 
other hand, advocates of nuclear power generation appear to be gaining favor 
given the fact that nuclear power generation emits virtually no GHG emissions. 
 
One promising alternative may be found in the ITER (International 
Thermonuclear Experimental Reactor) Program. The EU has joined the United 
States and several other nations in an effort to produce electrical power from 
nuclear fusion, which does not generate dangerous waste. 
 
● Renewable Energies 
 
Hydro, wind, solar and biomass energy currently account for just fewer than 
7% of the total energy consumption in EU and 15% of its electricity generation. 
In March 2007, EU Members agreed to a legally binding target mandating that 
20% of overall EU energy consumption be fueled by RES until 2020. EU 
Members are also expected to negotiate individual national targets to realize 
the EU wide goal by the end of 2007. Countries with advanced renewable 
energy sectors like Austria, Sweden and Denmark are expected to set 
significantly more ambitious targets than new EU Members in CEE. 
 
Although there is predominant support for renewable energies in EU Members, 
individual Members renewable energy portfolios vary. For instance, Austria 
and Latvia promote hydropower, while the Czech Republic and Portugal have 
committed financial support to large solar energy facilities. Germany, Sweden 
and the UK are home to major wind turbines off their coasts. Biomass and 
biofuels programs are becoming more attractive. Given that EU oil-dependent 
transport sector accounts for roughly a quarter of the total carbon emissions, 
the EU has mandated that biofuels make up a 10% share of all transport fuel 
by 2020. 
 
Whether EU meets its renewable energy targets will likely depend on cost of 
production and the extent to which Members are willing to subsidize their 
development on a large scale. As noted earlier on March 2007, it was 
estimates that EU Members will need to invest approximately $1.5 trillion in 
new technologies over the next 14 years in order to reduce their GHG 
emissions and accompanying renewable and energy efficiency targets. It 
appears that the Commission, the European Investment Bank, and individual 
countries are poised to substantially increase their investments in these 
sectors, although specific amounts are difficult to be estimated. Some EU 
Members have announced programs to subsidize and provide low-interest 
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loans to fund research and developments on renewable energies, with 
countries like Germany hoping to create the industrial capacity to supply what 
German officials believe will become an increasingly lucrative global market for 
renewable energies [31]. 

 
Providing Energy Security through an Internal Energy Market 
 
The EC has long argued that EU Members could substantially increase energy 
supply security, network and cost efficiency by integrating national gas and 
electricity markets into EU single market [32]. However, despite reforms to 
liberalize markets in some Members, national energy markets remain largely 
under state control. As energy security considerations have risen to the 
forefront of the EU agenda, debate over energy market liberalization has 
increased. The Commission and some EU Members contend that market 
integration and liberalization will increase energy security by forging network 
connectivity and EU wide interdependence as well as diversifying energy 
supply sources, while others argues that continued national protection is 
important to guarantee stability, supply security, distribution and to protect 
consumers from fluctuations in an unpredictable free energy market. 
Commission proposals to develop a Europe wide internal market for gas and 
electricity transmission and distribution continue to stoke debate. EU Members 
are not expected to take concerted action in this area before 2008. 
 
The Commission launched its efforts to create a competitive gas and electricity 
market began in the 1990s by issuing a series of Directives focused on 3 
primary objectives: 
 
●  To implement the single market for energy by promoting competition, 

efficiency in the production as well as the delivery of gas and electricity; 
 
● To lower energy prices and give all EU customers the opportunity to choose 

their own energy supplier by 2007; 
 
● To improve the environment and to enhance energy supply security. 
 
However, most Members appear to regard energy policy as too important to 
their own economic development to give up national controls, arguing that in 
Europe, nationalized industries have provided stability in the energy market. In 
fact, the dominant position of energy industries in some countries has led 
some national governments to take measures to protect their industries, even 
while ostensibly subscribing to the theory of open market competition [33]. 
 
Over the past years, the Commission has increased efforts to promote EU 
guidelines to determine ownership and access to electricity grids, pipelines 
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and emergency energy storage facilities. The Commission’s most recent and 
controversial proposal would reduce the power of state-owned energy 
companies by obligating them to split up ownership of generation and 
distribution networks. The Commission contends that dual ownership blocks 
competition and allows for price manipulation. However, opposition to 
unbundling from Germany, France, and Spain leads analysts to predict that the 
Commission will seek to allow national energy industries to continue to operate 
both generation and distribution facilities, but subject them to oversight from an 
independent European regulatory body. The Commission is expected to 
announce its formal proposal in autumn 2007. 
 
The internal EU market for electricity is by no means complete. Despite 
continued apprehension in some EU Members and the numerous obstacles to 
be overcome, the Commission contends that by increasing competition, a 
more open energy market will diversify energy supply, thereby mitigating the 
effects of individual dependencies and bolstering EU energy security. Indeed, 
the open markets and competition can guarantee a certain level of security if 
competitive forces are successful in providing energy from a variety of 
sources. 
 
Network Interconnection 
 
As progress to a liberalized EU energy market, discussion on energy security 
is expected to be achieved through the internal market’s ability to deliver 
energy supplies through interconnected pipelines and electricity grids and to 
provide infrastructure security and emergency supply. 
 
The EU power transmission grid is divided into 7 regional ‘pools’ that are only 
weakly connected. Cross-border energy exchanges have increased recently. 
For example, in July 2006, the French electricity sector purchased additional 
power from Germany to offset the demand in France brought on by a heat 
wave. However, in 2005, only about 10% of the currently installed electrical 
generation capacity could be delivered across national borders in EU. 
Although there are examples of successful cross-border cooperation, 
especially in regions such as the Nordic pool, many contend that a wave of 
blackouts in 2005 and 2006 were caused by vulnerable spots between power 
grids, poor coordination between national and regional power markets and 
insufficient generation capacity. As a result, the EU has increased efforts to 
encourage investments in the construction of cross-border electricity grid 
connections and extending this kind of activity to new energy supply systems. 
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5.1.2 EU Electricity Supply System 
 
First of all, some collected information will be addressed to the origin of 
electricity in the world before 1910, to have an insight into the general main 
processes for electric invention. Historically, large-scale of electric power 
distribution began on August 26th, 1895, when water flowing over Niagara Falls 
was diverted through a couple of turbines, which connected to 2 horsepower 
generators. Bulk of the electricity produced at 2200 volutes and used locally for 
the manufacture of aluminum. But in the following year, a portion was raised to 
11000 volutes and transmitted 20 miles away, where it was used for lighting 
and street cars. This remarkable achievement was made possible by a series 
of inventions during the preceding 2 centuries, involving generation and 
transportation of electrical energy. In the case of producing electricity, practice 
came first; then the concepts followed. However, in the beginning of the 18th 
century, there was an agreement among a group of experimenters that rubbing 
various materials to create a condition that would be called for electric. 
Moreover, an association with this condition was sparks and properties of 
attraction and repulsion. A British man, Stephen Hales, demonstrated that this 
condition could be conducted over wet threads or metal wires. In the 1740s, 
the German invention of a machine that rotated glass spheres so that they 
could be more easily rubbed and much easier to generate electric condition. 
And the discovery in Leyden, of a means that apparently accumulated 
electricity in a jar, made it possible to store electricity for future use and even to 
be carried from one place to another. Unburdened by some of the earlier ideas 
of his European contemporaries, his experiments with glass friction generators 
and Leyden jars led him to the concept of an electric fluid that in some 
unknown ways attracted materials lacking the fluid. Thereafter, Franklin's 
conceptual formulation allowed for an easy understanding of the process of 
conduction and for the operation of the friction machines and the Leyden jar, 
which continues to serve for the whole society today in the basic descriptions 
of electric phenomena. This was the situation before the year of 1910 and the 
processes that how electricity came up. After these initial periods, relatively 
advanced skills to generate electricity have been acquired by humans, so that 
electricity could be produced on a large scale [34]. Emphasis will be put on the 
development of EU electricity development and supply system in the following 
paragraphs. 
 
Developing Procedures of EU Electricity Supply System 
 
Conceptually, there were 3 historic eras during the development of EU 
electricity supply, which were: Accidental Cooperation, European Network 
within National Institutional Boundaries as well as Crossing Institutional 
Boundaries, like the Figure 13 shows on page 56. Each era will be briefly 
introduced, respectively. 
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Figure 13: Three Historic Eras Developments in EU Electricity Supply System. 

Source: Long-term Electricity Supply Systems Dynamics by Eindhoven University of Technology
 
● Accidental Cooperation 
 
This era occurred between years of 1915 and 1950, which was the earliest 
stage of EU electricity supply system. It initially started in Switzerland. Due to 
the connections with Germany, France and Italy together with the abundant 
availability of hydropower, electricity supply system was established from the 
early 20th century. Then, the number of international connections gradually 
increased before the World War_Ⅱ. However, the systematic electricity supply 
networks that could connect much more countries were not emerged in this 
era. 
 
What’s more, the earliest international organizations concerning electricity 
supply were established in this period. A symbol for this era was the first World 
Power Conference in London 1924 (the name was changed to ‘World Energy 
Council’ in 1971), which was the first of a still existing series of international 
conference today. The EU electricity supply networks on national level were 
started to design during this conference. Additionally, engineers also 
discussed possible plans to build high voltage electrical transmission cables. 
Moreover, Germans had started to construct cables between Germany, 
Belgium and the Netherlands to increase reliability of the German electricity 
supply system and to acquire extra capacities. 
 
● European Network within National Institutional Boundaries 
 
This era occurred between years of 1950 and 1990. After the first step 
commencement, international cooperation became one of the hottest topics in 
1950s. OECD (Organization for Economic Co-operation and Development) 
took the initiative for creating UCPTE (the Union for Coordination of the 
Production and Transmission of Electricity) in 1951, which aimed at improving 



Chen Xu, EU ENERGY SITUATIONS AND SUPPLY SECURITY                         2008-03-31 

 57/128

the interconnections between European countries, to gradually participate in 
the evolved European electricity network. Other related organizations were 
involved in the process of adjusting and improving the international 
connections, including international conference for high voltage electricity 
supply systems, the International Federation of Industrial Self-Consumer 
Producers of Electricity such as Nordel, which was formed by the 
Scandinavian countries in 1963. 
 
These organizations succeeded in creating an informal system for electricity 
exchange. An agreement was achieved on 380 KV transmissions as the 
standard for main interconnections in Western Europe. New exchange 
agreements on interconnections were established with connecting France with 
Spain and Portugal, with southeastern Europe through Yugoslavia, the 
Eastern Europe through Austria and with Nordel and Finland through the 
Soviet Union. However, amounts of electricity exchanges were small in 1950s. 
 
In most Western European countries, consumption doubled between 1960 and 
1973. As a result, plants were designed to satisfy these challenges. Large 
nuclear power plants were taken into consideration because the standard 
380kV to 400 kV connections started to look insufficient in the perspective of 
the industry and the organizations involved. Options were even higher voltage 
of electrical cables during long distances transmission. 
 
Generally, the transnational electricity network was a product of a combination 
between transnational organizations and representatives of national 
organizations together with local governments. Building electrical network in 
Europe became more controversial and complicated after 1970s. 
 
● Crossing Institutional Boundaries 
 
This era started from 1990. Crucial point in the this era was the fact that 
although the European electrical network was more intensively used, national 
boundaries still provided barriers for international cooperation in production 
and transmission. Each government had to work within their own national 
institutional regime. The usual way to control electricity exchange was by 
means of contracts between specific partners. The international organizations, 
constituted by national representatives, could only mediate between partners 
without real negotiations. 
 
Impact on the development of electrical cables was still uncertain in this period. 
On one hand, the large scale introduction of distributed generation, both with 
co-generation and RES, could push for balancing electricity demand and 
supply on lower level, reducing the role of high voltage transmission cables. 
On the other hand, increasing exchange of electricity, exploiting differences in 
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the availability of resources, economies of scale and favorable market 
conditions could be a factor that pushing for sustaining and expanding 
electrical networks. Undoubtedly, the current transmission could become 
unstable if it was used for long distance with high volume! EU has selected and 
financially supported several projects for the reinforcement and expansion of 
electricity connections in specific regions, in order to increase electricity 
interconnection capacity and to develop the infrastructure. 
 
The Current EU Electricity Supply System 
 
EU electricity supply system has been liberalized. Therefore, several incidents 
paid attention to issues of electricity supply security. Although neither the 
blackouts of 2003 nor financial shocks to the system, the scheme of EU 
electricity supply system deserves to be addressed. In this Chapter, different 
parts in the system and the working principle between each other as well as 
the further situation will be briefly introduced. The EU electricity supply system 
is divided into commodity system and physical system. Goals of the system 
are to balance supply and demand in market together with to efficiently and 
safely distribute electricity from producer to end-users. 
 
Basically, there are 7 components that are centered in this system, from which 
electricity can be transferred from industrial areas to the end-users. The 7 
components are: large power producer, TSO, DSO (Distribution System 
Operator), DGO (Distributed Generation Operator), energy supplier, wholesale 
market together with the end-users. The overall scheme has been illustrated in 
Figure 14, which shows different paths to transfer electricity from large power 
producer to end-users. 

 
Figure 14: Schematic Overview on the Current EU Electricity Supply System. 

Source: Optimal Design of Future Electricity Supply System by Jeroen de Joode, 2005 
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Electricity is generated from large power producer (It is often a big factory or a 
nuclear power plant) and it is firstly transmitted to TSO. Then, the TSO and 
DGO together contribute electricity to DSO, from where the exact amount of 
electricity can be distributed to different end-users by local electrical cables. 
DSO is the real ‘control center’ in this whole system because almost 
determinations are made here, such as the amount of electricity that should be 
supplied to each household, the voltage during transmissions or even the 
exact time to supply. Cables between DSO and end-users are always across 
natural areas without any monitoring actions, the environment is also another 
factor makes transmission insecure. A large amount of accidents happened in 
this step, so that vulnerabilities regarding supply security could be found 
between DSO and end-users. At last, the wholesaler in electricity market is 
another extra provider for all end-users, besides the electricity collection from 
DGO, large power producer and energy supplier. In return, the wholesale 
market also offers electricity for energy supplier as well. 
 
This is the EU electricity supply system. However, the liberalization process 
gave rise to a more complicated situation than before because it happened at 
the expense of security supply! In the following Chapter, attention will be fully 
paid to the vulnerabilities that are existed in EU electricity supply system. 
 

5.2 Vulnerabilities 
 
5.2.1 General Worldwide Overviews 
 
Energy supply security is a recurrent concept in national energy supply 
systems on worldwide level. In November 2000, the EC issued a green paper 
policy towards the EU strategy on energy supply security, which carried a 
strong warning about EU dependence on imported energy that may increase 
from 50% in 2000 to 70% in 2020 to 2030. Moreover, the EU Parliament and 
the Council passed their agreements, stressing the importance to minimize the 
risks of dependency by all the EU members. Since then, terrorist attacks, 
storms, accidents, blackouts, fluctuations of energy prices are threatening 
directly energy security. In August 2005, hurricane named ‘Katrina’ in the Gulf 
of Mexico brought a new dimension to energy supply security. Unlike the Gulf 
crisis in 1990, Katrina includes natural gas production, oil and gas transport, 
refineries and electricity in one of the most energy intensive zone in the world. 
The whole tightly interconnected energy system has been hit. 
 
On the world level, the more visible energy hunger by the world population 
raises some problems about energy security. Concerning the peak oil demand, 
sources of fossil fuels are physically limited that price ultimately guarantees the 
balance between supply and demand. Basically, the United States, China, 
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India and other countries are fighting for secure access to crude oil and gas 
sources, while oil and gas rich countries strengthen the control over their 
domestic sources. The increasing US demand for imported natural gas 
disrupts the world gas market. All of these elements bring new threats for EU 
energy supply security and could give rise to the higher energy prices. On the 
other hand, the climate change is more considered as a very serious challenge 
due to which the pattern of energy consumption should be improved. This 
general situation of uncertainties and tensions are providing new reasons to 
consider the energy supply security and envisage actions for improvements. 
 
Energy supply security is a broad concept that multiform as encompasses the 
whole physical and non physical supply chain. The time and space dimensions 
should also be taken into account. A reliable energy supply should be defined 
as several possible choices both for primary energy sources and geographical 
suppliers, which ought to be as plentiful as possible within a competitive 
framework in order to reduce the energy dependence. Diversification of 
primary energy sources and suppliers is a key factor to ensure the supply 
security. Secondly, the energy supply security should also indicate a reliable 
distribution and delivery to the final customer. Energy ought to be efficiently 
delivered to the final customer according to particular time and quality standard 
without any discrimination. What’s more, reasonable price over a continuous 
period means the marginal cost reflective. 
 
The time dimension of supply security is also quite an important issue. In short 
term, a sudden unexpected disruption may happen in the electricity, natural 
gas, oil and coal supply. It can be caused by a variety of reasons, such as 
accident, sabotage, strike and other social demonstration and even unusual 
climate events. In the very short term, such disruption may be alleviated by 
rapid repair, military or police intervention, using available storage, price 
adjustment, etc. For electricity, a sudden disruption might be caused by an 
insufficient available capacity, in which case neither storage nor price may 
provide an adjustment. The concept of supply security involves technology, 
politics, economics, investments planning and weather conditions. In a long 
run, energy supply security is threatened by long lasting political or social 
instability and lack of available fuel sources. Space dimension points out that 
disruption in energy supply may have local, national as well as international 
causes and implications. Some components of supply are exogenous or 
storms, but some are endogenous related, for example, to the organization of 
the energy industries, to security standards or storage obligations. Finally, it 
has also to be recalled that energy supply security has a significant military 
dimension. Energy supply is crucial for military forces that are heavily 
dependant on oil products (particularly on jet fuel) for their national and 
international military activities. More details about energy supply security will 
be explained in the following 5 aspects. 
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Climate Change and Environmental Policies Uncertainties 
 
Climate change is now considered a reality, but it is much more difficult to 
affirm the coming short and long term consequences of the phenomenon, the 
needed actions and related policies. The Emissions Trading Scheme has been 
launched in 2005 and the price for CO2 is a new element to be taken into 
account for investment decisions. If damages to the environment prove to be 
more destructive than anticipated, effective measures to be taken: policies for 
taxes and new forms of action might be taken on various levels (EU, nations, 
municipalities and local communities). The possibility of such actions 
increases the energy market risks in term of price and volume. In addition, the 
opening of new sites for building energy facilities is increasingly difficult. As far 
as CO2 is being regarded as a high social cost, diversity of fuel use will be 
encouraged, which results in the reduced oil share and increased gas share. 
 
Geopolitical Uncertainties 
 
Geopolitical uncertainties have been aggravated according to the processes of 
energy diversification, especially in the large oil and gas exporting countries. 
The increasing amount of imported fuel comes from producing and transit 
countries that are confronting to unstable political and social situations. In 2003, 
the interruptions of exports from Venezuela, considered as one of the most 
reliable supplier since the World War_Ⅱ, removed more oil from the world 
market than the cessation of Iraqi supplies did. These tensions are key drivers 
for higher energy prices, tight market and price volatility. 
 
Regulatory Uncertainties 
 
Aim for EU process of energy market liberalization was expected to bring 
competition, liquidity, to encourage fuel substitution and therefore to enhance 
energy supply security. However, the road to competition, in fact, is longer and 
more complex than it was anticipated. New forms of combination between 
market mechanisms and public regulatory interventions have to be 
implemented. For energy investors, the risk of regulatory changes has to be 
taken into consideration. 
 
Some Unexpected Accidents 
 
Within and besides the different forms of uncertainties, there are also a 
number of events that are almost unpredictable. In recent years, the world 
experienced a number of unexpected incidents including terrorist attacks, civil 
unrest, wars, heat waves, hurricanes, earthquakes, tsunami, and even the 
SARS (Severe Acute Respiratory Syndrome) in China in 2003, etc. Some 
unexpected events seriously disrupted conditions of energy consumption and 
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supply. Hurricanes have made several energy disasters on a scale that has not 
been noticed before, the consequent impact on energy prices and dislocation 
will roll across the entire economy. However, energy facilities, networks and 
infrastructures were not designed to resist the unexpected when it happens. 
Generally, there are 3 different kinds of threats over energy systems. One is 
attacks on energy systems. The second is an attack by an energy system for 
instance, using a power plant cooling tower to disperse chemical or biological 
materials. The last one is attack through an energy system, such as spreading 
chemicals through underground conduits. 
 
Global Energy Supply Security 
 
The energy dependence of a given economy can be measured by energy 
intensity, which is defined as the necessary amount of energy to produce one 
unit of GDP (Gross Domestic Product). In the past 30 years, energy intensity 
was reduced by about 35%, reflecting a substantial improvement in energy 
efficiency and also profound structural changes in production. However, 
energy efficiency in transport sector improved drastically with regular decrease 
of consumptions by cars. However, part of the gain is offset by a shift to larger 
and heavier vehicles. Finally, the energy total consumption increases 
substantially, following the share of the sector in GDP. 
 
Another concern related to energy supply security is the share of imported 
energy over the total consumption of primary energy. On that point, imports are 
unnecessary if cheap and abundant energy is available on world markets. The 
growth of the Japanese economy has been founded upon imported energy. A 
premium on domestic production may be considered but very frequently large 
amounts of subsidies for maintaining domestic productions are not 
economically founded although socially demanded. In addition, the domestic 
contribution to energy consumption does not necessarily guarantee energy 
supply security. In Scandinavia and Spain, the occurrence of a very dry year 
reduces considerably the contribution of hydro electricity, calling for 
substitution or power imports. In 2005, hurricane Katrina devastated part of the 
Gulf of Mexico energy complex that constitutes US most important domestic 
energy asset. 
 
5.2.2. Vulnerabilities in EU Energy Supply System 
 
Generally, EU energy supply security is a vital issue for all of EU Members and 
residents, which closely has to do with environmental concerns, energy 
infrastructures and the most important drivers for energy policies. With regards 
to energy supply security, there is a wide discussion concerning green paper, 
the emphasis on RES and efficiency of energy conversations. 
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Regarding the simulations of future energy consumption, it should include own 
target for RES and energy efficiency in the analysis of the baseline, maybe 
with 2 baselines respectively with and without these 2 targets. However, it 
seems that the current baseline still does not capture the multitude of national 
measures currently under implementation to fulfill these EU targets, which 
gives rise to a key vulnerability to EU energy supply security. Compared with 
the baseline presented, fulfillment of these 2 targets would reduce the 
problems in further EU energy supply. 
 
What’s more, necessary energy tax is indispensable for energy supply security. 
Regarding the proposal for energy taxes, lack of analysis of the potential for 
coordinating energy taxes for all the EU Members is another vulnerability that 
needs to be improved. Given that EU has not been able to agree to even 
modest increases in the minimum taxes in mineral oil, it does not seem likely 
that energy taxes with more than marginal effects on demand will be agreed 
among all EU Members. On the other hand, an increasing number of EU 
Members have already introduced comprehensive energy tax schemes. 
Harmonization, fully or partly, among those countries could improve the 
efficiency of these national tax schemes. 
 
Concerning the proposals for renewable energy development, only financial 
measures (aids, tax deductions and financial support) would not achieve the 
ambitious objective. For successful development of RES, financial measures 
must be supplemented with a number of other measures, like: 
 
● Priority access to the grids of RES; 
 
● Mandatory targets for increasing electricity productions from RES; 
 
● Blocking of imports of dirty and cheap electricity from the third world. 
 
In terms of the proposal for completion of the internal energy market, the 
completely lacks of analysis to effect of the internal markets on energy 
consumption and also on the energy supply security is another problem. 
However, even a completion of the markets is proposed, but there is no 
analysis that could indicate the increasing supply security. Experience from 
Norway and UK shows that liberalized energy markets can decrease 
investments in energy efficiency, leading to increased energy demand. 
 
About nuclear power, it is necessary to make an analysis for effect of nuclear 
power on energy supply security and on climate change in EU Members. It is 
important that the analysis includes all aspects of nuclear power, concerning 
the inherent problems about supply security with technology, nuclear fusion, 
reactor designs as well as crisis managements. Nuclear research and 
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development should focus on a safe decommissioning of reactors and the 
safest possible disposal of nuclear wastes. 
 
Regarding cooperation with CEE, the energy dialogue is more than welcome, 
but EU energy-related technical assistance to these countries should not be 
given to production or transport of fossil fuel, including natural gas. These 
technologies have already received enough public subsidies and now such 
investments must be done entirely within the private sector. In addition, care 
must be taken that new investment in CEE does have serious adverse effects. 
Environmental concerns from oil and gas investments in the very vulnerable 
Caspian Sea have released. 
 
With reference to the proposed electricity import from CEE countries, it will not 
contribute to supply security or to a friendly environment, which has been 
regarded as a significant vulnerability by EC. The eventual import will have the 
effect that an increasing fraction of electricity supply will come from unsafe 
nuclear power plants and from fossil fuel power plants with low efficiencies 
together with low environmental standards. The additional transmission from 
this import can also contribute to decrease the electricity supply security from 
this import. Because of this, EU funds, loans and guarantees should be used 
for transmission infrastructure to facilitate an increase of electricity import. To 
address the problem of electricity production from sub-standard power plants, 
imported electricity should come from power plants, where the environmental 
and safe standards can be guaranteed. 
 
To sum up, EU Members play the role of the world leaders in the technological 
development for renewable energies and energy efficiency technologies. 
Therefore, in the future EU Members will consume a decreasing share of the 
worlds energy supply. The role of EU as suppliers of higher energy efficiency 
as well as renewable energy technologies will be of increasing importance to 
reduce worldwide consumption of finite energy sources, and finally to give an 
invaluable contribution to energy supply security. 
 
5.2.3 Vulnerabilities in EU Electricity Supply System 
 
Limited Primary Energy Sources 
 
Table 2 on the page 65 shows the electricity sources in some EU Members in 
2005. From the table, it was obvious that nuclear power plants as well as coals 
were the biggest sources of electricity. On an average level, electricity 
generation from nuclear power was 33% in that year. As the year of 2006, 
there were 442 licensed nuclear power reactors operating in 31 different 
countries in the world to produce electricity. Together, the production was 17% 
of the world's total electric power. However, producers and end-users have to 
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run risk for less primary energy sources of electricity and catastrophic blackout 
due to the uncertainties in operation of nuclear power plants. Nevertheless, 
frequency of this accident from nuclear power plant in EU Members is fairly low, 
which means it is quite a small possibility for nuclear power plants’ broken 
down. However, all the people should aware of the fact that extremely horrible 
accidents would happen if there is something wrong with nuclear power plant. 
Therefore, the potential risks behind nuclear power should be emphasized. 
 

 Nuclear Coal Petroleum CH4 Hydro and Wind Biomass Others
Germany 30% 50% 1% 11% 6% 1% 1% 
France 77% 0 0 0 14% 1% 8% 
UK 23% 34% 2% 37% 2% 1% 0 
Spain 27% 30% 10% 10% 21% 1% 1% 
Sweden 48% 1% 2% 1% 46% 2% 0 
Netherlands 4% 25% 3% 62% 1% 4% 0 
Belgium 58% 12% 2% 23% 2% 1% 1% 
Finland 31% 23% 1% 16% 18% 11% 0 
EU Average 33% 25% 6% 17% 15% 2% 2% 

 
In nuclear power plants, one reactor is controlled by several binds of 
control-rods. Large amount of energies can be produced from turbines and 
then transformed into electricity. The generator is connected with the high 
voltage transmission cables together. The high voltage electricity is 
transformed into relatively low voltages by different sized transformers. 
End-users will receive exact voltage of electricity from local transformers. 
Conclusion can be made that highly depends on nuclear power plants give rise 
to the insecurity in EU electricity supply system! 
 
An example has been taken to show an electricity power-off, which caused by 
the worst accident in nuclear power plant in history. The accident happened on 
the 26th of April, 1986 at Chernobyl, a small town located 110 km to Kiev in 
Ukraine. An experiment was designed to simulate nuclear emergency in 
Chernobyl Nuclear Power Plant, which was the main electricity provider for the 
neighboring regions. However, due to the bad management of control rods 
together with violation of the regulation and weakness of nuclear reactors 
designs, reactor power was increased by 120 times than normal condition. As 
a result, a fearful blast happened and all of electricity generators were 
completed destroyed. To make things worse, the second catastrophic 
explosion occurred again. Thereafter, the nuclear power plant had been totally 
shattered; the electrical cables that connected generator to end-users were 
completely destroyed by this accident, as Figure 15 shows on page 66. Local 
residents around 130 thousand km2 in this area had to live without electricity 
for quite a long time. 

Table 2: The Electricity Sources in Some EU Members. Source: Eurostat, 2005
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Although this kind of catastrophe rarely happened in history, it can provide 
human being with excellent illuminations that it is quite dangerous to regard 
nuclear power plants as main source of electricity as a small trivial mistake in 
operation of nuclear power plant could result in big troubles for electricity 
generation and supply! Therefore, potential substitutions for nuclear to 
generate electricity are needed in the near future. 
 
Network Capacity and Inadequacy 
 
Network capacity and inadequacy, covering both transmission and distribution 
together with cross-border interconnections, has been defined as the 
availability of sufficient network infrastructure to meet the high electricity 
demands in EU Members. 
 
The network capacity and inadequacy is one of main contributions to blackout. 
On one hand, EU electricity supply network was established around the year of 
1950, and the designed capacity in that period was not always enough for 
current demands, especially during the period of peak load. Wide areas of 
power-off may occur when limited amount of electricity is required for all 
end-users. On the other hand, the multi-functioned network is also a 
contribution to inadequacy. Electricity might be provided for residential areas, 
factories and even for military purpose at the same time. It is essential to note 
that the primary function of electricity network is to enable each household 
locates within the area to be supplied. Undoubtedly, the network adequacy can 
not be guaranteed if it is used for other purposes than it was initially designed 
for. For instance, household areas need an exact amount of electricity 
everyday, if the consumption from factories is larger than usual, blackout will 
happen because electricity network can not transfer more extra capacity than 
the initially designed. 

Figure 15: Destroyed Nuclear Power Plant and Consequent Power-Off. 
Source: Chernobyl Accident ‘Truth and Myth’ by Prof. Vladimir Kutcherov
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As a result, in the long run, electricity network should be enlarged to increase 
the amount of electricity capacity that can be transferred. Further more, this 
kind of restriction should be avoided by an appropriate network design or other 
market-oriented measures. 
 
High Voltage Electricity Transmission through Residential Zones 
 
The high voltage transmission through residential zones is another potential 
vulnerability in EU electricity supply system. 
 
First of all, it is a big possibility to catch fire due to the mix of electricity cables 
and natural gas. Almost the natural gas pipelines are designed underground 
the residential areas in order to conveniently provide residents with cooking, 
heating, etc. In case of natural gas leakage, combustion happens under the 
exact circumstances that the volumetric proportion between natural gas and 
oxygen is 1:2. There is enough oxygen in air and the natural gas’s high density 
will be lowered due to wind blows. As a result, natural gas burns with oxygen 
when the exact volumetric proportion is achieved, the electricity cables play 
role of catalyst in this reaction. 
 
In terms of high voltage electricity 
transmission in long distance 
through residential zones, the 
coaxial-cable is always adopted. 
The coaxial-cable’s profile has 
been illustrated in Figure 16. The 
wire is in the center of the cable, 
surrounded by copper mesh (it is 
also conductor) and 2 insulation 
layers. The material of outside 
insulation is PVC (Poly-Vinyl 
Chloride) and it might be eroded 
during a long time by heavy wind, 
acid rains, oxygen and dusts, etc. 
 
The potential reason for accident is the erosion of the outside insulation. Then 
the copper mesh inside has to exposed freely to the atmosphere, especially in 
the place of connection-points between transformers and cables. The released 
flammable gases together with oxygen in air can catch a big fire with the help 
of electrical cables. The latest example is that on 26th of July, 2007 near St 
Petersburg in Russia. A huge fire erupted after a break of a natural gas 
pipeline, and then the natural gas at large contacted with electricity supply 
system. The fire was burning within 2 hectares and lasted for a long time. The 
consequent blast left a large crater at the site, where a large force of 
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firefighters and police were attempting to bring the blaze under control. Many 
lives were claimed and numbers of residents injured [35]. 
 
Secondly, electrical cables’ aging is another risk for EU electricity supply 
security. Almost cables were designed during 1950s. Old cables and high 
electricity demand in each household may give rise to short circuits, which can 
bring about fire-catching or even blast spontaneously. What’s more, the 
dilapidated cables may occasionally fall onto ground and these laying high 
voltage cables are a serious threat for lives. At last, local residents’ activities 
outside may also result in risk for the electricity supply system, such as 
kite-flying. Without any doubt, these kinds of sports are good for health, but it is 
a big possibility to create more severe accidents. Therefore, to keep away from 
electrical cables when taking part in these outside exercises might be a good 
solution. 
 
Other Vulnerabilities 
 
● Lack of Periodic Maintenance and Refurbishment for Energy Facilities 
 
The maintenance backlog on the distribution level is a real and immediate risk 
to the supply security for the largest number of individual residential customers. 
This risk is already manifesting itself as nuisance tripping and actually curbing 
the real demand for electric power by disabling parts of the distribution 
infrastructure at times of high demand. This not only presents a risk of 
commercial losses for businesses but also to the generators and distributors of 
electric power as a loss of opportunity for electricity sales. 
 
● Vandalisms, Thefts and Criminal Connections to Distribution Network 
 
Vandalisms and thefts on distribution level leads to the electric power supply 
insecurity. It carries the same commercial risk for losses by businesses as well 
as the electric power generators and distributors. This is supported by scrap 
metal dealers buying stolen copper from cables and other installed 
components. What’s more, the illegal connecting the households’ electrical 
cables to the whole distribution network should be also strictly forbidden. 
Ammeters could not record the amount of consumed electricity, so that the 
end-users could illegally escape from the utility fees and energy tax that they 
should pay. However, this illegal behavior gives rise to potential risks, such as 
fires and short circuits. 
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6. SWEDISH ENERGY SECURITY POLICIES 
 

6.1 Leadership 
 
Actually, the Swedish energy history should be traced back to the year of 1850, 
but investments and decisions that have been taken after 1970 were more 
important, some of which are still being discussed today. In spring 1973 when 
the nuclear debate started in Sweden, the following 5 political tendencies were 
represented in Parliament: the Communist Party, the Social Democratic Party, 
the Liberals, the Agrarians and the Conservative tendencies [36]. Each of these 
5 tendencies was represented by the Five-Party system that has formed the 
main leaderships in Swedish energy policies: 
 
● Communists Party; 
● Social Democratic Worker’s Party; 
● Center Party; 
● People’s Party; 
● Moderate Unity Party. 
 
The Five-Party system had been shaped since universal election and a 
parliamentary system of Swedish government were introduced at the end of 
the World War_Ⅰ. In Swedish history, the energy leadership above was 
frequently called the breakthrough of democracy [37], and the Swedish 
Five-Party system was largely consolidated and further developed along a 
fundamental conflict dimension, which was the left-right axis that has been 
illustrated in Figure 17 below. 

Figure 17: The Swedish Left-Right Political Spectrum in 1973. 
Source: Building Sustainable Energy System. ISBN: 91-7332-961-4 
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6.1.1 The Fundamental Left-Right Dimension 
 
The fundamental left-right conflict dimension was the first significant dimension 
within Swedish energy leadership, which was constructed as a model of 
ideological differences. Simplistically, the left-wing ideologies, as the Figure 17 
shows, supported socialism, while the right-wing supported capitalism. 
Additionally, the former recommended the use of government to hinder what 
was considered to be economic exploitation of the blue collar and white collar 
workers, so as to strengthen the position of consumers against producers as 
well as sellers, and further to ameliorate lot of tenants in relation to their 
landlords. The latter maintained that the government intervention should be 
limited because it prevented the smooth operation of market forces, reduced 
the freedom of individuals and inhabits their incentive to work, all of which 
damaged growth and the pursuit of common well-being. The ranking order of 
the five established parties represented in the Parliament in the early of 1970s 
was also illustrated in Figure 17, according to the left-right dimension. 
 
Closest to the left were the Left Party Communists, which was able to attract 
about 5% of votes in general elections. It was followed by the Social 
Democratic Party, a giant with always more than 40% of the electorates and 
through various partnerships, continuously in power since 1932 [38]. Closest to 
the end of spectrum were the Conservatives, followed by the People’s Party. 
These 4 political tendencies are still common in most western EU Members 
today. Addition to this, the Swedish Five-Party system also featured the Center 
Party in the middle of the scale. There was also a tendency that the parties 
would group themselves into 2 large constellations, the Socialist blocs as well 
as the Capitalist blocs. 
 
6.1.2 The Subsidiary Center-Periphery Dimension 
 
The Swedish Five-Party system was also frozen around an old 
center-periphery dimension. This less important and basically urban-rural 
conflict line distinguished the Agrarian Party from the others. In this respect, 
the Swedish political structure resembled that of other Nordic countries, where 
farmers, agrarians or Center Parties had played important roles. 
 
Initially, the Center Party tended to promote the interests of farmers, rural 
dwellers and preserved ‘a living countryside’. In the beginning of the 1960s, 
the leadership made efforts to change its rural profiles to a more 
comprehensive organization that was fighting for decentralization, regional 
balance and protection of the environment. This seemed to have inspired 
others, including Social Democrats, to demonstrate an interest in 
environmental issues. In 1967, the new Environmental Protection Agency 
brought together in one body of all other state agencies that had previously 
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dealt with environmental concerns [39]. It was the first state environmental 
agencies in the whole world. Only 2 years later, the Parliament passed an 
environmental protection law that was the strongest and the most rigorous 
legislation. Many looked at Sweden and its pragmatic reformism as an 
exemplar in the new environmentalism. Sweden was on the verge of becoming 
a model for others to emulate also in the environmental field. As a testimony to 
this, Stockholm was chosen as the site of the UN Conference on the Human 
Environment in the year of 1972 [40]. 
 
Around 1970, not only the Center Party but also the Left Party Communists’ 
leadership began actively searching for environmental issues to strengthen 
their new profile. Initially, among these issues was the environmental damage 
caused by electricity generation. From that time, energy issues have occupied 
a predominant place on Swedish political scene. The first electricity conflict 
concerned the harnessing of the remaining unexploited rivers in the north of 
Sweden. After being compelled to abandon the plans to exploit the Vindel 
River in 1970, the Social Democrats were forced to retreat also on the 
Kalix-Kaitum River issues. 
 
The twin defeat on hydropower development was difficult for the Social 
Democrats. Firstly, the Swedish model of consensual labor market relations, 
full employment and a large public sector was firmly founded in a practice of 
sustained material growth. The opposition to hydropower development 
threatened to slow down this growth. Secondly, the Social Democrats 
dominance of the executive since 1932 had been based on an open and tacit 
support for the Center Party as well as for the Communist Party. However, on 
the Kalix-Kaitum River issues, the Social Democrats were beaten by an 
unexpected alliance of the Left Party Communists and the 3 nonsocial parties. 
 

6.2 Sustainable and Secure Energy Supply Policies 
 
Energy policy played a prominent role in Swedish political agenda for several 
decades. However, environmental policy was often not clear whether a 
particular proposal or measure filled within the energy policy, environmental 
policy and other related policy fields. Rules, regulations, taxes together with 
subsidies are the key elements in a mature energy policy system. Generally 
speaking, rules and regulations directly affect decisions on resource allocation; 
while on the other hand, taxes and subsidies affect decision on resource 
allocation indirectly via economic incentives for producers and consumers. 
Among the rules, regulations, taxes and subsidies were faced by energy 
producers and consumers, only those that were directly motivated by political 
concerns and cost or energy consumption could be classified as energy policy 
measures. 
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About the cases in Sweden, the overall aim of the 1997 policies was new. The 
expressed objective was to create a sustainable and energy security [41]. The 
parliament resolution was based on a new agreement on Social Democrats 
with the traditional antinuclear parties: the Center Party, the Left Party, and the 
Left Party Communists. 
 
The new purpose of the Swedish energy policies was to accomplish an 
ecologically and economically sustainable and energy supply security through 
renewable energy carriers. The aspiration was to supply Swedish industry and 
society with electricity in an environmental and secure option from RES with 
internationally competitive and reasonable prices. This entailed a restructuring 
of Swedish energy supply system. The expressed ambition is to be a leader in 
the creation of an ecologically and economically sustainable energy supply. 
 
Not surprisingly, the politically disputed issue of the 1997 policy concerning the 
nuclear energy security. The year 2010 as the final date for decommissioning 
the last reactor was abolished. At the same time, the redirection away from 
nuclear and further towards the RES was started immediately. According to the 
1997 policy decision, 2 nuclear reactors delivering a total of 8TWh electricity 
should be shut down. The first reactor should be shut down in July 1998 and 
the second in July 2001 [42]. However, the shut down was a condition on the 
availability of generation from other energy sources and decrease in 
consumption to compensate for the production loss from these 2 nuclear 
reactors. The 8TWh electricity produced by these 2 reactors should be 
replaced by more efficient energy use and supply from other energy sources in 
more secure alternatives. 
 
Towards this end, an annual ‘SEK 3-billion Program’ was launched [43]. 
Economic support would be given to measures aimed at conversion and power 
reduction in houses with direct electric heating as well as increased connection 
of houses to space heating systems. Subsidies should be given to new 
electricity production from RES. Electric boilers in space heating systems 
would be replaced by other energies. Municipal efforts to educate and provide 
advice as well as to disseminate information for house-owners and other 
consumers were to be supported by national government funds. 
 
Finally, long term program would annually cost SEK 6-billion [44] for a period of 
7 years. It would concentrate on support of new technologies for biofuels, 
ethanol, wind, solar power, etc. and research relating to used products and 
processes involving updated technologies. The current situation can be 
described as the follows: an evaluation has shown that only 5TWh of electricity 
from the 2 reactors scheduled to be decommissioned has been replaced, 
instead of the 8TWh stipulated in the 1988 decision. The Swedish National 
Energy Administration has indicated that it is, nevertheless, possible to shut 
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down the second reactor because the additional 3TWh could be imported [45]. 
However, the social democratic government has not shown preparedness to 
proceed with this action, so that the formal decision has not been taken into 
practice on this issue yet. 
 

6.3 Impacts from Energy Policies 
 
In this section, the development of the energy sector and the Swedish 
economy as a whole will be discussed against the energy policies pursued 
during the post-war period. Generally, the time span will be distinguished from 
2 different phases during the evaluation of the impact from specific energy 
policies in Sweden. 
 
Phase 1: Period between 1950 and 1970 
 
During the first decade after the World War_Ⅱ, the conditions were quite 
favorable for a supply oriented energy policy in Sweden. There was a 
considerable amount of unexploited hydroelectric energy sources, and the 
Swedish industry was at the technological frontiers of hydroelectric power 
generation and power transmission. At that point, the employment generation 
effects of hydroelectric power exploitation were considered more significant 
than the negative environmental impacts and risks. Moreover, the initial steps 
to the creation of a domestic nuclear power industry were successfully taken, 
in preparation for the transition from hydroelectric to nuclear power. Meanwhile, 
growing real incomes made it possible for an increasing number of households 
to own private cars, so that the use of wood fuels had been replaced by crude 
oil. What’s more, the exploitation of domestic hydroelectric power, combined 
with increased imports of crude oil became key ingredients in Swedish energy 
policy. Even if other factors have affected the energy sector, these were the 2 
major factors in the development of the energy supply patterns in Sweden up 
to the beginning of the 1970s. 
 
It was obvious that energy supply grew rapidly during 1950 and 1960. This was 
also a period of dramatic changes in the structure of energy supply. In 1955, 
coal played a significant role in the total energy mix, while oil accounted for 
less than half of the overall energy supply. Until the year of 1970, coal had 
already been replaced by oil, which accounted for almost 75% [46] of the total 
energy supply to companies and households in Sweden. 
 
The rapid growth of energy supply was a reflection of an equally growing of 
energy demands. This was a result of the rapid growth of production and real 
incomes in Swedish economy. Between 1950 and 1970, Sweden’s GDP grew 
on average by more than 3% [47], annually. The growth of energy demands also 
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reflected on a big favorable decline in energy prices. The retail electricity 
prices, including taxes, declined by 4.6%, while the corresponding prices of 
heating oil and petrol were declined by 3.6% and 1.8% per year, respectively. 
 
It is difficult to determine the specific economic impact from the increased 
supply of low-cost energy during this phase. But undoubtedly, the energy 
intensive industries experienced a rapid growth in output in the 1950s and 
1960s. Falling electricity prices in real terms contributed positively to the 
international competitiveness of the energy intensive industries and thus to the 
growth in output. The abundant supply of low-price heating oil and petrol had 
probably more direct impact on the economic conditions of households than on 
industries growth. It contributed to a lower cost for living, and made dramatic 
changes in the domestic heating and transport sectors. It goes without saying 
that the lower price of oil paved a way for increasing the welfare for Swedish 
citizens. 
 
To make a conclusion, the Swedish supply oriented energy policies in Phase 1 
greatly supported the rapid industrial and economic growth that the Swedish 
economy has experienced between the 1950s and 1960s. Concerning the 
environmental effects of the exploitation of hydroelectric energies and the 
energy supply security, more comprehensive policies should be take into 
practice. But these concerns did not affect the basic trends of energy supply 
and energy consumption in Sweden during these periods. 
 
Phase 2: Period between 1970 and 2000 
 
The legacy of Phase 1 was a very significant dependence on imported oil, 
primary oil and large amounts of nuclear power capacities. Initially, the nuclear 
power plan should include 24 reactors, but due to the decrease demand for 
electricity and concerns for nuclear safety, numbers of nuclear reactors were 
scaled down to 12. Still, it was an investment program that would make 
Sweden to become one of the most nuclear power dependent countries in the 
whole world. 
 
The goal of energy policies was to achieve more efficient energy using as well 
as to guarantee the energy supply security. Therefore, annual growth of 
energy consumption was reduced to 2% between 1975 and 1985, and further 
to zero by 1990 [48], so that the target for the initial 10 years was achieved. 
Between those periods, the average rate of energy consumption growth was 
close to zero. On the other hand, zero growth was not attained after 1990 even 
if the rate of energy consumption growth between 1990 and 1998 was quite 
slow. 
 
In terms of the development of energy consumption in different sectors of the 
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economy, the picture was more puzzling. While the goal was to concentrate on 
the energy conservation efforts in the residential and transport sectors, while 
the energy conservation actually took place in the industrial sector. Residential 
energy demand, to a large extent, depends on weather conditions and varies 
quite significantly from year to year. However, energy demand for the 
transportation purposes exhibited a relatively rapid and steady growth. 
 
Major changes were also accomplished in the total energy mix of the Swedish 
energy system. It was a big success for the implementation of oil substitution 
strategy outlined by the Swedish government in 1975. The share of oil was 
decreased significantly, particularly between 1975 and 1985. Moreover, the 
North Sea became the main oil supplier for Sweden. This was conceived as a 
major improvement from the point of energy supply security. 
 
However, in spite of the apparent achievements, it is obvious that the changes 
in energy sector in Sweden were not induced only by energy policy measures. 
The slow growth of energy demand coincided with slow growth of GDP. 
Between 1975 and 1990, the average rate of GDP growth was 1.8% annually, 
and the corresponding rate between 1990 and 1998 was only 0.5% [49]. These 
low figures compare with the 3.7% annual GDP growth between 1950 and 
1975, certainly had a dampening impact on the energy demand. Thus, it 
seems that the slow rate of growth in energy consumption was brought about 
the economic recession in particular rather than by domestic energy policies. 
Doubts about the efficiency of energy conservation policies were strengthened 
when energy consumption began to increase again in the 1990s, while 
economic growth was particularly slow and a host of energy conservation 
programs were implemented. 
 
Another problem is that the massive transition from oil had taken place in 
conditions of high oil prices, expectations of even higher oil prices and fear of 
oil supply interruptions. Oil substitution was the easy part of task assumed by 
energy policy makers, which was only a matter of supporting the regular 
market forces. The difficult part was the transformation of the electricity sector. 
The entire period from 1970 to 1998 turned out to be a period of rapid growth 
of electricity consumption, massive expansion of nuclear power generation 
and only a marginal introduction to other energy technologies for electricity 
production. The low electricity made unprofitable for investments in additional 
electricity generation capacity. In fact, the extra capacity could be justified only 
in existing nuclear power plants. At the same time of the 1980 referendum, the 
12 reactors that had been taken into operation were expected to add up to 
overall 58TWh more electricity generation per year. As a result of the extra 
capacity, the actual production turned out to exceed 70TWh [50]. Therefore, 
although the market forces strongly supported the oil substitution policy, the 
same market forces turned out to be the main obstacle to electricity 
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conservation and the introduction to technologies of unconventional electricity 
generation. However, the energy policy measures in some sectors may have 
had a more significant impact. The key issue was the impact from nuclear 
power policies, which were somewhat contradictory in combination of 
considerable production increases with political agreements about phasing out 
a part of the existing nuclear power capacity. As what has been mentioned, the 
increase in nuclear power capacity and production in the 1980s led to declining 
electricity prices, while the decommissioning plans created expectations of 
high electricity prices in the future. Low electricity prices contributed positively 
to the competitiveness of the electricity-intensive industries, but the 
expectations of high electricity prices held back investments in these industries. 
The net effects on growth and structural change could not easily be estimated, 
but a few comments could be made on the basis of the 1995 long-term 
economic survey. 
 
The period between 1970 and the early 1990s was a period of significant 
structural change in Swedish economy. While the labor-intensive sector 
experienced negative growth, the knowledge intensive industries and the 
service sector grew faster than the capital intensive sector. Since fast growing 
service industries, such as consulting, financial services and law firms were 
knowledge intensive business, etc. Sweden’s comparative advantages have 
changed during the last few decades. The loss of comparative advantage in 
labor intensive industries was the most prominent, but there was also a 
remarkable shift from capital intensive to knowledge intensive industries. 
 

6.4 Further Strategies 
 
Swedish energy policies from the oil shocks to the turn of the millennium can 
be understood only against the background of nuclear power in the party 
politics. The 2 oil price shocks in 1973 and in 1979 have played a role, but 
nuclear power has always occupied on center stage in Swedish energy 
policies. Both energy savings and using nuclear energy characterized Swedish 
energy policies from 1975 landmark decision up until 1997 decision. The 
energy conversion separated when the program developed unambiguously. 
The main goal for total energy supply was successfully achieved. The 
residential sector has been subject to more stringent energy savings than 
transport sector. This tendency has been gradually strengthened. 
 
Concerning energy substitution, it is the main trend to replace oil by nuclear 
power. According to 1975 decision, a nuclear power strategy was adopted. 
The relative oil dependence would diminish through considerable investments 
in electricity generation from nuclear power plants. Other fuels would also 
contribute to oil substitution. In spite of the outcome of the 1980 referendum, 



Chen Xu, EU ENERGY SITUATIONS AND SUPPLY SECURITY                         2008-03-31 

 77/128

the nuclear expansion has been carried on. 
 
In the 1980 referendum, the Swedish electorate voted for the long-term phase 
out of nuclear energy. Immediate after the election, the Parliament decided 
that the phase out would be finalized in 2010. No starting date was set. After 
the Chernobyl accident (that has been introduced in Chapter 5.2.3) in 1986, 
the Parliament decided to start the phase out in 1995 by decommissioning 2 
reactors. In 1997, the phase out option became practical policy again. One 
reactor should be decommissioned by July 1998 and another by July 2001. 
The decommissioning of the second reactor was made contingent up the 
availability of electricity from other energy sources to replace 8TWh of the 2 
decommissioned reactors or on increased energy efficiency. To introduce a 
sustainable energy system in Sweden, the 2 large investment programs were 
taken place, which would support more efficient energy use, conversion, 
ethanol, wind power and solar energy [51]. 
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7. SWEDISH ENERGY SUPPLY SYSTEM 
 

7.1 Overviews 
 
As has been mentioned previously, Swedish energy supply system started 
around 1850s. Nevertheless, some discussions from that period are still 
developing and being used today, such as policy infrastructures together with 
related environmental concerns. Take the total energy chain as a whole: 
electricity production in Sweden is always fossil-free. Approximately half 
amount of electricity generates from hydropower and the remainder is 
provided by nuclear power plants. Despite of the rising industrial output, the 
use of oil has fallen down from more than 70% of the total energy supply in 
1970 to around 30% today [52], which is mainly due to diversification of 
renewable fuels and more efficiently energy uses. The share of RES in 
Swedish energy supply system has increased rapidly during the past decade, 
from 22% of the total energy supply in 1994 to 28% today [52], in which biomass 
accounts for the greater part of the increase. Wind power increased from 
negligible in 1994 to 1TWh today. What’s more, Sweden has an extensive 
space heating sector, which accounts for about 40% of the heating market in 
energy supply system. The change in the fuel mix was dramatic: compared 
with the situations in 1970 when oil was the main fuel that accounts for only a 
few percent today because more than 62% of space heating fuel today is 
biomass [53]. A remarkable drop of sulfur emissions and a steady decrease of 
nitrogen oxides (NOX) emissions have been achieved. Thanks to these 
achievements, Swedish energy supply system among early world pioneers 
demonstrated the first technological solutions for flue gas desulphurization. 
 
Generally, concerning the electricity supply system, Sweden should continue 
to be based mainly on indigenously production. The most important task is to 
provide a feasible framework. The state ownership of around half of the 
electricity production capacity through Vattenfall AB is an important asset. The 
main task for Vattenfall AB is to, with due regard to commercial principles, 
contribute to a Swedish electricity supply, which is ecologically and 
economically sustainable and provides industry and the rest of society with 
electricity with competitive prices [54]. The National Grid Company has the 
system responsibility for the Swedish electricity supply. Sweden also owns the 
major part of the international inter-connectors and has coordinating 
responsibility for foreign electricity trade. This company has the main tasks to 
monitor the significance of foreign trade for Swedish electricity supply security 
and to mitigate imbalances in electricity trade between the open Swedish 
energy market and closed markets in rest of the EU Members. Sweden 
liberalized their electricity sectors relatively early, combined with other Nordic 
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countries. To further integrate the Nordic energy supply system, great deals of 
efforts are going to improve the efficiency of electricity transmission. In a word, 
electricity can transform to and be transformed from several forms of energies 
due to its high flexibility. Therefore, it is a good alternative to achieve energy 
savings through improving the transmission efficiency. 
 
Finally, the following 2 main actions, green certificate coupled with bio-energy 
and wind power, have been taken for improving the efficiency of energy uses 
and for promoting sustainable energies in Swedish energy supply system. 
 
7.1.1 Green Certificates for Promoting Renewable Electricity 
 
On May 1st 2003, a new supporting system for renewable electricity production, 
based on trading in electricity certificates for renewable electricity was 
introduced to bring a greater proportion of electricity from RES into the 
Swedish energy supply system. All electricity end-users, with the exception of 
manufacturing processes in energy intensive industries, are required to 
purchase electricity certificates, corresponding to a certain percent of their 
electricity consumption. From the Figure 18 below, it is clearly shown that great 
benefits could be gained for environment and energy market through the 
promotion of RES. And finally, the environmental benefits could also improve 
the Green Certificates in return. 

Figure 18: The Model of Green Certificates in Sweden 
Source: http://www.esdb.bg/images/services/figure1_s.jpg 

 
7.1.2 Bioenergy and Wind Power for Sustainable Future 
 
The proportion of bioenergy used in the Swedish energy supply system has 
steadily increased from a little over 10% of the overall energy supply in the 
1980's to about 16% (corresponding to 100TWh) until 2004. Variety of the 
increase has been attributed to industry and space heating plants. The biofuels 
that are used in Swedish energy supply system mainly consist of wood fuels, 
black liquors and tall oil pitches as well as ethanol. To a large extent, the 
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expansion of biofuels comes from an ambitious policy on renewable energy 
supply. To make things better, Swedish government is determined to continue 
pursuing this policy in following years. Investments in bioenergy will contribute 
to a secure and sustainable energy supply as well as growth and job creation. 
Besides the bioenergy, wind power accounts for less than 1% for the electricity 
production, but wind power potential is substantially large in Sweden. 
Therefore, the expansion rate for wind power has increased rapidly during the 
past few years. A national target has been set for creating the conditions for 
annual wind power production of 10TWh by the year of 2015. 
 

7.2 Vulnerabilities 
 
In this section, some potential disadvantages and vulnerabilities from nature 
(especially the bad weather conditions) as well as from sabotages that exists in 
Swedish energy supply system will be briefly introduced. 
 
7.2.1 Abnormal Weather Conditions 
 
Vulnerabilities from bad weather conditions in Nordic countries, especially in 
Sweden, include the low temperatures, heavy winds as well as lightning. All of 
these natural phenomena result in several disadvantages and vulnerabilities 
for energy supply security. In general, extremely low temperatures give rise to 
the more primary energy consumption and affect local energy distribution 
systems. Heavy wind affects energy supply system directly through wind 
damage for electrical grids and indirectly through downed trees. What’s more, 
wind turbines are always destroyed by thunderstorms. All of these weather 
conditions and consequent impacts will be introduced in the following sections. 
 
Extreme Low Temperatures 
 
● More Energy Consumptions 
 
Sweden locates in the Northern Europe and the specific geographic location 
determines that the outside temperature is quite low during winter periods, 
especially in several northern cities, like Kiruna, Umeå and Östersund, etc. 
Statistics shows that the average outside temperature in those three cities 
from November to February was -10.4°C, -5.2°C and -5.4°C, separately [55]. 
Nevertheless, energy consumptions per year in these low temperature zones 
are much more than energy consumptions in the south, where the ambient 
temperature is higher. Basically, there are larger amount of energy that is 
needed to provide for space heating and electricity in cold areas, compared 
with relatively higher temperature zones, which have been shown in Figure 19 
on page 81. 
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Within Figure 19, the 4 Temperature Zones in Sweden are divided by different 
colors: the annual average temperature is ever increasing from Zone 1 to Zone 
4, which means the temperature in Zone 1 is the lowest, especially in winter. 
Oppositely, energy consumption in this area is much higher than any other 3 
Zones. It is obvious that the averaged energy consumption in Zone 1 in 2006 
was 147 KWh/m2, which is 28 KWh/m2 higher than the energy demands in 
Zone 4. Additionally, if specific energy is applied, the amount of energy 
consumption is also higher than those in southern zones, like statistics show 
as oil, space heating, electricity and gas consume, etc. Therefore, conclusion 
can be made that low temperature is one of a disadvantage for Swedish 
energy supply because low temperature zone consumes much more energies 
than other areas with normal temperatures. 
 

● Difficulty in Drilling for Getting Heat Sources from Underground 
 
The extremely low ambient temperatures in winter can also strongly influence 
on space heating. The fundamental 4 components in house heating system is 
evaporator, compressor, condenser as well as expansion valve, which has 
been shown in Figure 20 (A) on page 82. Function of evaporator is to get heat 
energy as much as possible from external heat sources: for example, ground 
water and ground soils together with rocks are frequently used as heat sources, 
which can heat up the refrigerant flowing through evaporator. And the heated 

Figure 19: Relations between Energy Consumptions and Ambient Temperatures. 
Source: http://www.scb.se/templates/AlphaIndexStatic-en.asp#E, Swedish Statistics, 2006
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refrigerant will be continuously compressed in compressor, then it will be 
gasified and a higher temperature can be achieved. Eventually, the refrigerant 
with very high temperature (always between 40°C and 60°C) will flow through 
condenser to provide with heat energy to houses. Therefore, people will not 
feel cold in house even in winter because the inside house temperature can be 
kept on a comfortable level. This is the basic working principle of the space 
heating system. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
However, the potential problem within this system is that temperature of 
external heat sources might be more or less lower than the temperature of 
refrigerant. As a result, the refrigerant can not gain any heat energy from heat 
sources, so that the space heating system will be broken down and it doesn’t 
work at all. To make things even worse, if ground water from a lake is chosen 
as a heat source, it will be frozen when temperature is below zero (Actually, 
temperatures in Sweden are always below zero especially in winter). Basically, 
there are 2 ways to prevent the heat sources from being frozen. The first 
approach is to gain the heat sources on a deeper level underground. The earth 
itself is a big amount of heat source, and the highest temperature locates at 
the core of the earth. Therefore, temperatures are getting higher and higher 
with increase of the underground depth. But on the other hand, economic 

Figure 20 (A): The Basic Principle of Space Heating System in Nordic Countries in Winter; 
(B): Insulation Layers are Required to Prevent Heat Flows from Being Frozen. 

Source: Exercises from Course of Applied Refrigeration and Heat Pump Technology at KTH, 2007
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factor is a big obstacle for this improvement. To drill a deeper hole is more 
costly. Generally speaking, to start up drilling requires a start up cost of about 
SEK 50,000 in Sweden no matter how deep it is required. And after starting up 
phase, to drill a hole with a diameter of around 115mm costs SEK 250 per 
meter, including hoses and secondary refrigerants. The maximum depth for 
this price with a pneumatic drill is 250m. After this depth, other rotating drilling 
techniques are indispensable, which always requires access to get rid of large 
amount of fresh water for deep drill [56]. 
 
Therefore, it is not easy to drill a quite deep hole for getting heat because more 
funds and technologies are required under this circumstance. Secondly, to add 
one or even more insulation layers for the pipelines before evaporator can 
significantly decrease the overall heat transfer coefficient (U Overall), further to 
decrease the heat losses and temperature drops, as the Figure 20 (B) shows. 
After some insulation layers being added, the overall heat transfer coefficient 
could be improved as the equation below: 

∑
n

1=i iOverall α
1

+
U
1

=
U

1
, where U mean to the previous heat transfer 

coefficient of naked pipes without insulators and iα  is the heat transfer 

coefficient in the i-layer of insulators. It is obvious that U Overall is smaller than 
the original U. 
 
To sum up, low temperature is another disadvantage for Swedish energy 
supply system because it makes difficult to get heat sources from underground, 
especially in winter when the ambient temperature drops below zero. 
Economic factor is an obstacle to drill a deeper hole, and the frequently used 
method is to add necessary insulation layers for pipe, so that a relatively higher 
temperature of heat flow inside pipe could be maintained. 
 
Hurricanes 
 
Heavy winds happen in Sweden from time to time, which always play a role of 
vulnerability to local energy supply security. The losses caused by a landfall 
hurricane are a function of the storm’s strength, path, the area’s population 
and energy supply facilities. Hurricanes are always accompanied by torrential 
rains. Winds can exceed the design of a total structure or its components and 
cladding, or cause hazards from windborne debris. The winds also produce 
disastrous sea surges and waves. A large proportion of the damage to coastal 
areas is caused by the storm surge, an influx of high water accompanying the 
hurricane. Other hazards include flooding of streams induced by the heavy 
rainfall and accelerated coastal erosion [57]. 
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In Sweden, most hurricane damage occurs in the western as well as southern 
coastlines of the Baltic Sea. The trend is toward fewer deaths due to improved 
storm warning and management, like the hurricane occurred in 14th January, 
2007 in the south, only 2 lives were claimed. However, property losses and 
damages to local energy supply systems are ever increasing because of 
greater economic development [58]. 
 
Firstly, heavy winds can blow down young trees, which further to cause 
damage to high voltage transmission electrical cables. High voltage electrical 
cables fall onto the ground, which is a main potential risk for fires and residents 
lives. Secondly, hurricanes can also directly affect electricity supply system. 
Heavy winds can damage or uproot electrical poles that would also fall down 
when soils become water saturated by accompanying torrential rains. Take the 
accident happened on the 3rd of December, 1999 for instance. Hurricane 
happened around 19:00, also located in the southern part of Sweden. 
Statistics showed that the wind speed was as high as 45 m/s so that 4 
electrical grids of 400 KV were broken down. The horrible scene has been 
illustrated in Figure 21. 

Thereafter, the 
Swedish electricity 
supply system was 
damaged to a 
large extent as 
more than 100,000 
people [59] were 
hopelessly left 
without power for 
several weeks. To 
make things even 
worse at that time: 
due to the high 

wind speed and its 
tremendous power, 
a large amount of 

seawater was brought to sky from Baltic Sea, so that salt pollution rains 
followed! 
 
From these discussion above in this section, conclusion can be drew that the 
Swedish (Nordic) energy supply system takes serious risks because of 
hurricanes, which are able to breakdown the energy supply system, especially 
for electricity supply! What’s more, due to the close geography to the Baltic 
Sea, seawater can also be taken into sky by heavy winds with high speeds, 
which always result in salt rain pollutions! 
 

Figure 21: Damages after Hurricane in Sweden in 1999. 
Source: http://www.fswater.gov.cn/sfzl/jufeng/200509080013.htm 



Chen Xu, EU ENERGY SITUATIONS AND SUPPLY SECURITY                         2008-03-31 

 85/128

Thunderstorms 
 
Generally, renewable energies have been strongly developed during the latest 
decade in Sweden. Therefore, wind power plays a significant role. Vattenfall 
made the decision to build a wind power park at Lillgrund in year of 2005. 
Thereafter, 48 wind turbines were installed, totally 7 kilometers from the coast 
of Skåne to the southeast of Öresund Bridge. Lillgrund represents the largest 
investment in wind power in Sweden, which has a maximum capacity of 
110MW. Vattenfall has also acquired the rights to develop the Swedish part of 
Kriegers Flak, which is an area in the southern part of the Baltic Sea where 
there is the opportunity to build one of the world’s largest wind power farms 
with a total numbers of 100 to 150 wind turbines, providing a generation 
capacity of about 1.6TWh, annually [60]. 
 
However, the other vulnerability due to bad weather condition in Sweden is 
thunderstorm, which strikes and damage wind turbines, occasionally. One of 
the cased of wind turbines failed in spectacular fashion following a lightning 
strike happened in Lichtenau, Germany, as Figure 22 shows below. 

Figure 22: The Damaged Wind Turbines after Lightning Strike in Lichtenau, Germany. 
Source: http://www.darkroastedblend.com/2007/01/wind-power-in-stormy-waters.html

 
All the blades disintegrated, hurling debris at speeds approaching 200 miles 
per hour. A whole blade weighing over 1 ton became detached from the turbine. 
Basically, wind power is always transformed into electrical power so that 
almost wind turbines are connected to electrical grids. Therefore, electricity 
provides was also strongly influenced after this horrible accident. Although this 
kind of accident has not happened in Sweden, it was also a potential risks for 
the whole energy supply system. Much attention should be paid to a feasible 
solution to prevent the similar accident from happening again. 
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7.2.2 Man-Made Disruptions 
 
Besides several risks from the nature, there are also some accidents that were 
caused by humans, such as man-made disruptions and vandalisms. In this 
section, attention will be briefly paid to 3 main negatives factors, which are 
ground sink, chemical spills and energy facilities stolen, respectively. 
 
Ground Sink in Kiruna 
 
Kiruna, a small town locates in northern part of Sweden, is famous for the 
northern-lights in winter and the underground iron mine. The famous 
underground iron ore mine is the biggest one in the whole world, which is 
4km’s long, 80m to 120m’s thick and reaches a depth of 2km. The ore contains 
a quite pure magnetite-apatite mix. Containing more than 60% iron, the ore is 
of extremely high quality; this rare feature of the ore was used hundreds of 
years ago to make the first compasses [61]. As a result, much benefit has been 
achieved from the ore mine in Kiruna for Sweden, annually. 
 
However, an article states [62] that geological forecast says that several fissures 
spreading from the mine in Kiruna have happened. To make things even worse, 
when some sinking holes opened they were as large as half a football ground 
and hundreds of meters deep. Nowadays, some of them are at least 3 times as 
big as before, but exact sizes are impossible to measure because they are still 
increasing. The rock mechanics at mineral company is photographing these 
holes daily to learn for the future about the trend of expansions for these 
sinking holes. Although nothing abrupt has occurred, the fear is that these 
holes are in constant going bigger and bigger, says Christina Dahnér, in Rock 
Mechanic Engineer Company. The key attribution for these expansions is 
ongoing loading deep down in the mine under these sinking holes so that the 
whole Kiruna town center is undermined by the mining activities everyday and 
there are more and more fissures in the ground in many places. Thus, it is 
afraid that the whole Kiruna town will totally disappear into the mine 
underground within the further 20 years. Consequently, residents and some 
companies in Kiruna will have to be moved to safer places within the coming 
15 years before the real accident happen. 
 
From the simple instance above, it is impossible to continuous utilizations of 
the ore mine in Kiruna in long term due to excessive explorations by humans. 
The overmuch demand from nature may deal with some trivial difficulties, but 
the long term development of energy system and social stabilities have already 
been undermined by this man-made disruption. To sum up, the ground sink in 
Kiruna in Sweden is quite an educational example, and the sustainable 
development seems more significant not only good for humans ourselves, but 
also for the nature as well. 
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Chemical Spills 
 
Chemical spills are another big threatens for energy supply and distribution. 
Big volume of wasted water that are discharged from industries or chemical 
laboratories contains much polluted chemical elements, which can heavily 
contaminated underground water, such as phosphor, sulfur, NOX, NO3

- and 
even SO4

2- or SO3
2-, like Figure 23 illustrates. 

 
Figure 23: Chemical Spills from Industries to Nature without any Disposal.

Source: http://feww.files.wordpress.com/2007/10/water-pollution.JPG 
 
Discharged chemicals flow into main stream, then the all river can be heavily 
polluted, and the ecology along the river will also suffer from pollutions. 
Moreover, polluted water can continuous filter into underground water supply 
systems, which will extremely influence city’s water supply systems. 
Sometimes, drinking water supply might be interrupted if underground water 
supply system has been heavily contaminated so that local residents have to 
lead tough lives without tap water supplies. Nevertheless, due to the lack of 
water sources on the earth, a considerable amount of funds should be 
allocated for purification of this polluted water. Therefore, this mad-made 
disruption, chemical spills, has several negative aspects, especially for water 
system. 
 
Facility Stolen 
 
Without any doubt, as one of severe problems for energy supply systems, 
facility stolen is a big concern for every county around the world. The most 
common criminal is the electrical cable stolen that always occurs at quiet and 
silent night. Firstly, to bring about breakdown for the entire electricity supply 
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system is the worst consequence. Local people are not able to use electricity 
in following days, and related repair works always take 2 or 3 working days. 
Secondly, there is also a big chance to spontaneously catch fire because 
electrical copper wires will exposed to atmosphere at the stolen spots, large 
volume of O2 in the air meeting with high voltage electricity, which always gives 
rise to fire. Thirdly, to steal electrical cables are dangerous for the thief. 
Thieves are often untrained and unskilled, electrical shocks are frequently 
happening due to misoperations. Moreover, there is another way of electricity 
stealing that is to slightly change the public electro-circuit so that his/her own 
house can use the public electricity and it will be free of charge. This illegal 
behavior may result in short circuit in the whole electrical transmission cable. 
To sum up, stealing electrical cables will result in some negative effects for 
electricity supply system; on the other hand, it is also dangerous for the thefts 
themselves. 
 
Other Disruptions 
 
● Smoking at Gas Stations 
 
Gas stations along highways should be paid attention. Drivers always want to 
have a good rest and to enjoy a cigarette around gas stations after several 
hours’ driving. However, this kind of unintentional behavior is extremely 
hazardous. The natural gas (CH4) will fiercely burn when it mixes with 
flammule, then a terrible explosion followed. 
 
● Terrorists 
 
What’s more, terrorist attack is another potential risk for energy supply and 
distribution systems because one of the terrorism’s aims is to cut down the 
energy sources in order to make domestic chaos. Although almost terrorists 
happened in United States of America as well as Britain (it has never occurred 
in Sweden and Nordic countries), it is a real task for Swedish government to 
prevent in the future. 
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8. RESULTS 
 
First of all, the energy supply security in this project has been finally defined as: 
stable energy supply processes that result from good infrastructure, delivery of 
energy sources, carriers and services, which are sturdily controlled by effective 
energy policies. Prices of energy supply system are also maintained on a 
reasonable level over a continuous period thanks to the efficient crises 
assessment and management. The final definition of energy supply security 
could be clearly illustrated as Figure 24 below. 

Figure 24: Definition Scheme of Energy Supply Security 
 
In order to get the final definition above, necessary surveys and investigations 
have been experienced. And thereafter, results for this whole project can be 
summarized below. 
 
With development of economy, industry and humans’ living standards, almost 
all kinds of energy carriers are playing an indispensable role in the whole world. 
Not only are conventional primary energies (coal, crude oil and natural gas) 
commonly used, but approaches to take advantage of RES as well as nuclear 
powers have also been taken into consideration. However, these conventional 
energy forms still account more than 80% in total energy supplies and 
demands today. Being regarded as a main energy carrier, coal’s generations 
and consumptions in developing world account for a big proportion. As a result, 
the consequent GHG emissions give rise to the negative effect of global 
warming. And thereafter, the annual earth surface temperature increases 1°C 
in the past century. Situations of crude oil is not optimistic, the global level of 
proved recoverable reserves is only 160 billion tons at the end of 2005, which 
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will be run out shortly so that oil prices go higher and higher every year. 
Compared with coal and crude oil, situations for natural gas are much better 
because it is relatively environmental friendly and its estimated reserves could 
be used for about 200 years. It is a paradox for these three main primary 
energy carriers that an increased living standard does not necessarily go hand 
in hand with increased energy demands, especially when a country has 
obtained a certain standard. Oppositely, both in developing and developed 
world, electricity consumptions are ever increasing smoothly. Electricity has 
always been regarded as a flexible energy carrier because it can transform to 
and also can be transformed from several energy forms. As a result, it heavily 
influences the whole energy chain, but a big transmission loss is the main 
obstacle for electricity uses. According to this project research, to increase the 
transmission voltage is a feasible way to decrease the electrical losses. 
 
In terms of the energy shortage in the whole world, diversification of energy 
supply sources seem to be a practicable alternative. Nevertheless, because of 
the complexity of energy policy-makings, energy sources, infrastructures of 
energy leadership and updated technologies, the whole time span for total 
processes of energy source diversification can be up to more than 30 years 
from the very beginning to the end because complicated investigations for 
adapted policy are required before the real starting of new energy supply 
sources. Therefore, to diversify energy sources is a real drudgery that might be 
achieved during a long time. 
 
Thereafter, attentions will continuous narrow down to the EU Members’ energy 
situations: the high energy price due to world energy shortage is a big trouble 
for EU residents. Although governments are trying best to advocate new 
energy carriers and updated technologies, more than one third of electricity is 
still provided from coals. The heavy coal dependence obliges EU Members to 
make effective policy in order to keep CO2 emissions on an acceptable level. 
Kyoto Protocol clearly mentioned that emissions of CO2 must be reduced by 
8% at the end of 2012 in EU and penalties for excess discharges will be €100 
for each ton. But anyway, it is a main trend that coal will be replaced by some 
other clean energy sources in coming years. Opposite to coal, crude oil as a 
versatile energy carrier can not be easily replaced because more than 4000 
petrochemical products and several sub-products are derived from it. The 
crude oil import to EU Members was 548.5 million tons, corresponding to 4004 
barrels, annually. However, majority of EU crude oil from British oilfields in the 
North Sea is gradually running dry due to excessive oil demands. That is to 
say EU Members will have to import oil in the future, especially from Middle 
East and Russia. Situations for crude oil are almost the same as natural gas, 
EU could provide near 60% of natural gas for domestic uses before 2002. 
Conversely, this indigenous supply amount will sharply decline by 40% around 
2020 and the imported amount will be increased to 70% in total until 2030. In 
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terms of electricity, the flexible energy carrier has well displayed in EU society. 
Average electricity consumption in single house was 4098KWh in 2004; 
industries consumed the largest proportion of overall electricity (41.1%), which 
was followed by 28.8% in households. Therefore, there are big electricity 
demands each year, but this large amount is still increasing rapidly year by 
year: assumptions have been made that the total EU electricity demands will 
be sharply increased to 156TWh in 2010. In the future, consumption for 
primary fuel-mix will be rather stable until 2020, then development of RES 
accelerates and nuclear energy might revive in EU Members. The total energy 
consumption in EU increases from annually 1.9 billion tons today up to 2.6 
billion tons in 2050. Essentially, for the sake of energy utilizations in more 
scientific and efficient ways, there are two strategies that come up with by EU 
Parliament, which are energy efficiency improvement work coupled with 
enlargement of the RES. To achieve these goals, improvements in three 
aspects should be followed, which are: continuing increase in electricity 
demand; shift towards unconventional and decentralized energy generation; 
shift from national perspective to European perspective. 
 
General speaking, there are several vulnerabilities that give rise to instability in 
EU energy supply systems. Firstly, the existing EU baseline for energy supply 
system still does not capture the multitude of national measures currently 
under implementation to fulfill EU energy targets. Then lack of analysis for 
energy taxes within all the EU Members is another problem. What’s more, 
simplex financial analysis without any other accessorial measurements for EU 
internal energy market results in the incomprehensive understanding of the 
whole EU energy supply markets. Last but not least, strong attention is also 
deserved for the safety in nuclear power plants. Additionally, concerning EU 
electricity supply system, high voltage electricity transmission through 
residential zones is the biggest problem that can severely threaten residents’ 
lives. Besides this one, it takes a potential risk for heavily depending on 
nuclear powers due to limited availability of primary energy sources. Moreover, 
another drawback is the inadequate network capacity, which contributes to the 
power-off within large areas. What’s more, lack of periodic maintenance and 
refurbishment together with the vandalisms, thefts and criminal connections to 
distribution network are also negative for the security of electricity supply. 
 
Besides the world and EU energy situations, focus is also taken on the current 
Swedish energy markets as well. The total energy supply in Sweden amounted 
to 630TWh in 2005, not including a net export of about 8TWh electricity. 
Although crude oil should not be the first choice for transport in Sweden 
recently due to its ever increasing prices and related environmental problems, 
it was really widely applied for 84% of total energy demand in transport sector 
40 years ago. Optimistically, renewable energies are greatly developing in 
Sweden so that energy supply from crude oil and oil products has smoothly 
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fallen down. But oil demands will not be sharply decreased in the future. 
What’s more, nuclear power plays more and more significant roles in energy 
supply and demand; 69TWh of electricity was generated from nuclear power 
plants in 2005. In terms of energy demand, 40% of total energy was consumed 
in residential sector, followed by 231TWh in industrial sector. Anyway, total 
energy demands go higher and higher from 1970 to 2005. The further energy 
strategy in Sweden is to move away from using non-renewable primary 
energies (coal and oil) to electricity and biofuels. In a long run, specific energy 
uses will be reduced by advanced technologies and improvements of energy 
markets’ structures. To year of 2020, bioenergy will become a main energy 
source and provide 5.75% in share of transport sector. According to the bad 
weather conditions in Sweden, the extreme low ambient temperature in winter 
period result in more energy consumptions and difficulty in getting heat energy 
from natural heat sources. Moreover, hurricanes bring about big potential risk 
to cut down trees, and further to damage the whole electricity supply system; 
sometimes hurricanes also have the ability to create salt pollutions. Besides 
these negative aspects, wind turbines may also be struck by thunderstorms: 
the accident happened in a wind power park at Lillgrund in 2005 was a 
convictive example. Finally, man-made disruptions are also happening in 
Sweden and other Nordic countries that directly lead to the fail of energy 
supply system. The ground sink in Kiruna is a good lesson for humans that 
excessive energy extorting from nature will give rise to even more severe 
accidents, exploration in sustainable ways seems more meaningful not only for 
humans ourselves, but also for the nature as well. Besides ground sinking, 
chemical spills will damage ecology and make the groundwater system 
contaminated; energy facilities stolen could result in breakdown of entire 
energy supply system. Additionally, some trivial behaviors (like smoking at gas 
station in highways) and terrorist attacks should also deserve attentions. 
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9. DISCUSSIONS 
 
Basically, the Discussions Chapter mainly targets at 2 purposes. The first one 
is to explain the meaning of the results from the whole research to the report’s 
readers. The second aim is to explain for all readers the merits of the final 
results. Within this Chapter, the main outcomes, research limitations as well as 
several suggestions for further research in this area are addressed. 
 

9.1 The Main Outcomes 
 
Findings from this research should be divided into 2 aspects. First of all, 
secure energy supply systems have been appropriately defined. Secondly, 
based on careful study on energy situations in different aspects, EU Directives, 
energy infrastructures combined with policy-making procedures, EU energy 
supply systems and Swedish energy supply system, several vulnerabilities that 
are existing in EU energy supply systems and Swedish energy system have 
been discovered in Chapter 5.2 and Chapter 7.2, including limited primary 
sources, capacity inadequacy, risk to residents, lack of periodic maintenance, 
bad weather conditions as well as man-made disruptions, etc. All of these 
findings together are really perfect suggestions for improvements in the future. 
That is to say although EU Directives and Swedish local energy policies have 
been working well, there are still some drawbacks that need to be improved in 
energy supply systems within EU Members, in order to achieve the goal of 
energy supply security. Although these findings are not much comprehensive, 
they are of importance not only for the research itself, but also for the practical 
improvements as well. It is well known that all processes of energy generations, 
supplies as well as distributions are heavily depended on the local energy 
policies, which are also based on local energy situations (or energy market). 
Therefore, it is impossible to directly deal with the vulnerabilities without these 
soft issues, which are the basics to deal with, or at least to improve, these 
vulnerabilities that are existing in different energy supply systems. That is why 
strong attention has been paid to aspects of energy policies, energy markets 
or infrastructures, etc. in this research. 
 
However, results from this research are also quite different from other 
energy-related studies. First of all, differences in the specific criteria used to 
define ‘Energy Supply Security’ vary widely: it has been defined by the World 
Economic Forum as an umbrella term that covers many concerns linking local 
history, economic growth and political power. With this concept, it is obvious 
that the author’s focus might heavily put on how these soft issues influence the 
energy supply security. What’s more, secure energy supply has also been 
regarded as the ability of the energy supply system to provide adequate and 
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safe energy to the end-users with updated technologies and specified levels of 
continuity and quality in sustainable manners, defined by Inge Pierre. From 
this definition, it is clear that there should have more words to explain technical 
skills in the report. However, from the definition in this report (Chapter 2.3), it is 
apparent to notice that updated energy technology and soft issues are also 
indispensable for dealing with vulnerabilities, which means one of these two 
factors can not work well without the other. In a word, reasons for these 
differences between each definition highly depend upon concentrations and 
perspectives in the whole energy value chain, according to different purposes. 
Besides the definition, the energy strategies between most of western and 
eastern EU Members are also fairly different, which could also guide to 
different results. Generally speaking, Western EU countries pay more attention 
to energy supply security, while Eastern ones always concentrate on energy 
resources, like primary energies, renewable energy and so on. To sum up, 
different study aims and perspectives will lead to different attentions, which will 
further give rise to different strategy as well as results. Therefore, due to the 
discussion above, conclusion can be made that results from this research 
might be different if attentions have been paid to dissimilar definitions, 
locations and perspectives. 
 
Last but not least, it seems that situation of energy shortage in the whole world 
is getting more and more severe, which is largely influenced energy society. 
But oppositely, the so-called energy shortage is never in existence because all 
kinds of energies come from the sun, an eternal energy source, from which the 
earth receives more amount of energies everyday than energy consumption. 
As a result, it is the best alternative to increase the efficiency of energy 
conversions from thermal energy (the initial energy form that the earth gets 
from the sun) to other forms. If relatively higher conversion efficiency could be 
achieved, thereafter the so-called energy shortage would be entirely solved. 
 

9.2 Research Limitations 
 
Generally speaking, there are 3 main limitations in this report, including the risk 
assessments in EU energy supply systems, the history backgrounds of 
Swedish energy supply system together with differences of energy strategies 
between Western Europe and Eastern Europe. 
 
First of all, much deeper investigations should be taken on the vulnerabilities in 
EU energy supply systems in Chapter 5.2.3. The limited primary energy 
sources, network capacity and inadequacy, and the insecurity in electricity 
distribution are the three main findings. Actually, it is good, but much deeper 
insight into technological skills and updated technologies in the whole energy 
chain are expected. Additionally, processes of energy diversifications, reasons 
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for long time spans and functions of energy markets in detail are also need to 
be studied in broader and deeper perspectives, because these issues could, to 
some extent, determine potential ways to deal with vulnerabilities in energy 
supply systems and how efficient the improving works are. 
 
Secondly, the Swedish energy system has a long history, which should trace 
back to year of 1850. However, attentions in Chapter 6.1 were only paid to 
periods after 1973 because there are several energy-related policies that play 
important role today come from these periods. Oppositely, a few policies and 
decisions that are still working today were implemented before year of 1973. 
Therefore, some significant events might have been neglected in this research. 
And of course, it worth thinking carefully about how far the research should go 
forward into the history of Swedish energy system. 
 
Finally, different strategies in energy supply have been somehow disregarded. 
Basically, Western EU countries pay heavier attention to the security issues in 
energy supply systems then Eastern countries, while Eastern ones always 
take more concentrations on energy sources than Western countries. As a 
result, these two different regions could not be considered together if 
extremely accurate outcomes are expected. That is to say, when it comes to 
talking about the whole energy supply systems within EU Members, energy 
situations (or energy strategies) in Western and Eastern EU Members should 
be surveyed separately. 
 
Nevertheless, due to the inadequacy of the author’s knowledge background 
and the limited time span, these 3 main factors above have been studied, more 
or less, in superficial ways, which might be largely improved by further 
investigations and researches in order to get more accurate results, hopefully. 
 

9.3 Further Studies 
 
In the end of the Discussion Chapter, some suggestions for further studies in 
this field will be shortly mentioned. Undoubtedly, these unsolved problems in 
Chapter 9.2 should be heavily focused. And another important subject that still 
remains to be explored is the security in crude oil supply from Russia to EU 
Members. As far as results from some studies, crude oil will play indispensable 
roles in energy chains in the future. There are several pipelines for oil 
distributions from Russia to EU countries, but with the bigger demands for oil in 
Europe in the future and the ever increasing of oil prices in the world, there 
must be some serious problems (vulnerabilities) happened, concerning these 
oil pipelines between Russia and EU Members, such as the secure volume for 
oil supply per time unit, the maximum pressure that the oil pipelines could 
endure, man-made sabotage to pipelines, crude oil stolen and even terrorist 
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attacks. All of these issues were not considered in this research, but it might be 
a perspective guide and a necessary direction for further studies. Thirdly, with 
development of energy technologies and new energy sources, previous 
energy-related policies might be improved more or less, so as to keep pace 
with updated energy situations. Therefore, necessary case studies about how 
new energy policies assist to deal with problems in energy supply systems are 
strongly recommended, in order to aid readers to well understand the working 
principles of these new energy policies. 
 
To sum up, above are the 3 main suggestions for further studies. However, 
according to scales of research in this report, conclusions for the whole 
research will be expressed in the following Chapter (Chapter 10). Finally, 
recommendations about how to achieve energy security on different levels will 
be summarized in Chapter 11. 
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10. CONCLUSIONS 
 
Although some negative influences have been recognized by several countries 
around the world, primary energy still accounts for a big proportion in overall 
energy supplies and demands today. As a result, GHG emissions are the most 
severe consequent problems that may not be easily dealt with. Then, global 
warming is a following inevitable phenomenon, which makes increasing of the 
sea level and the higher global temperatures that strongly threaten humans’ 
lives. Therefore, the International Community is trying to find potential 
substitutes for these primary energies that suffer from high level of GHG 
emissions. However, as the discussion in Chapter 3.1.3, the processes of 
energy sources diversifications will take a long time span. But anyway, it is the 
whole trend that primary energy will be replaced by new energy carriers, which 
should be clean, environmental friendly and widely available, including wind 
power, hydropower and even geothermal, etc. What’s more, nuclear power 
was regarded as a dangerous energy, but it might revive in the future because 
it is highly depended by large amount of energy consumption, electricity 
generation as well as military industry. 
 
Concerning the energy supply security, some countries have recently been 
aware of its importance. All the countries and governments are concentrating 
on effective actions to achieve energy security, especially in EU Members. It is 
never too late to turn around although some accidents have already happened. 
To sum up, there are 3 aspects that make energy supply insecurity. First of all, 
almost energy policies are out of date. Take Sweden for example, the first 
Swedish energy supply system has to trace back to 100 years ago, so that 
situations have totally changed. However, the problem is that some old policies 
without any improvements are still working today under circumstances of 
updated situations. Secondly, different energy carriers have different physical 
and chemical characteristics. To supply and distribute different energies with 
more or less the same method will result in a big possibility of accidents and 
disruptions. In another word, some chemical-positive energies that easily react, 
or volatile should be treated differently. Finally, technologies or actions for 
defending natural disasters are still not matured. Thus, all energy supply 
systems seem to be quite fragile when they are exposed to natural disasters, 
such as hurricanes, lightning, earthquakes, etc. 
 
To make a long story short, these three negative aspects are the main potential 
threats for energy security that strongly need to be improved. Therefore, 
suggestions for achieving energy security have been put in Recommendation 
section from 4 perspectives, which are global perspectives, EU perspectives, 
Swedish perspectives along with the individual perspectives. 
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11. RECOMMENDATIONS 
 
11.1 From Global Perspectives 
 
Independence of Different Energy Carriers Supplies 
 
To enhance the independence of different energy carriers is crucial to energy 
supply security, which means attention should be paid to keep distances 
between different types of energy carriers, to the largest extent. It is a big 
possibility for different kinds of energy carriers to disrupt each other and then 
to make terrible accidents. Take Chapter 5.2.3 for example, natural gas can 
not be supplied together with high voltage electricity because consequent fires 
and explosions may happen when they meet each other with appropriate 
volumes. Besides natural gas and electricity, there are also some energy 
carriers that can not be generated and supplied together, such as crude oil and 
natural gas, crude oil and electricity, electricity and H2, etc. 
 
However, it is a small possibility to create severe accidents when utilize these 
energy carriers in household. The energy density or the electricity voltage has 
been sharply decreased before distributed to the end-users. That is to say, 
potential risks exist during supply procedures when energies have been 
condensed and have high densities. That is why it is better to keep distances 
between different energies’ supply. 
 
To Enhance International Cooperation 
 
The international community should take joint efforts to ensure global energy 
security. In order to achieve this, a new energy security concept that calls for 
mutually beneficial cooperation, diversified forms of development and common 
energy security through coordination should be developed and implemented. 
While global energy security is crucial to the economic growth and people’s 
livelihood around all countries, the world peace and stability and common 
development, few countries can achieve energy security without joining in 
international cooperation. With this regard, efforts should be made in the 
following three priority areas [63]: firstly, cooperation should be enhanced for 
mutual benefit in energy development and utilization. To ensure global energy 
security, it is important to strengthen dialogue and discussion between energy 
exporters and consumers as well as among major energy consumers. The 
international community should strengthen policy coordination and improve 
mechanisms for monitoring the international energy market as well as 
responding to energy emergencies. Secondly, a system for research and 
development and extension of advanced energy technologies needs to be 
taken in practice. International cooperation should be promoted in research 
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and development of key technologies in renewable energies, hydrogen power, 
nuclear power and other energy resources. What’s more, energy-saving 
technology should also be promoted. Last but not least, efforts should be made 
to maintain a sound political climate favorable to energy supply security and 
stability. All countries around the world should join hand in hand to safeguard 
stability of energy-producing countries and regions, the Middle East in 
particular. Energy issues should not be politicized, still less countries are still 
willfully resort to force in tackling energy issues today. 
 
To sum up, the international cooperation should be aimed at giving high priority 
to energy conservation, rely mainly on domestic supply, develop diverse 
energy resources, protect the environment, step up international cooperation 
of mutual benefit and ensure the stable supply of economical and clean 
energies, etc. Every country should make proper use of the international 
energy market and strengthen win-win cooperation with other energy 
producers and consumers on the basis of equality and mutual benefit to jointly 
safeguard global energy security. 
 
Periodic Assessments and Inspections 
 
Necessary assessments and periodic inspections for energy facilities are 
indispensable contributions to energy supply security. First of all, assessments 
are compulsory before energy explorations and establishing new supply 
systems. It is too late to realize mistakes when the environment has already 
been damaged, such as exploration of the coal zone in Kiruna in Sweden. The 
main aim of assessments is to analyses possible benefits as well as potential 
risks before real starts, so that decisions could be made in a scientific way. 
Secondly, periodic inspections are also of significance. Energy supply system 
normally traces back to more than 100 years ago, especially in developed 
countries, so that equipments or facilities have worked for a long time span. 
Therefore, it might have been undermined by some unnoticeable factors, like 
man-made disruptions, erosions by nature and drawbacks from lightning, 
which might be detected immediately by periodic inspections. 
 
Population Control 
 
Sharply population grow will give rise to energy crisis because bigger amount 
of energy will be consumed by increased population. However, the total energy 
reservation on earth was proved to be running dry. Consequently, the severe 
energy situations will be further suffered from the increasing population. As the 
standpoint in Chapter 3.1.1, China and India are the top three countries for 
coals’ consumptions. The big amount of energy consumptions is more or less 
the result of large domestic population. It is common to hear of concerns about 
the thirst for energy, the growing number of populations, in China, India and 
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other rapidly developing countries, etc. The concerns are indeed genuine, but 
rarely are changes to energy usage or energy efficiency as well as fuel 
consumptions, for it threatens the way of life even though that currently and 
historically has caused far more harm to the earth [64]. Therefore, a big mission 
for developing countries is to make a balance between population growth and 
energy consumptions. In other words, population should be well controlled on 
a reasonable level so that the race could be maintained, which means the rate 
of population growth should not too fast to become an obstacle for economic 
developments and energy balances. 
 
11.2 From EU Perspectives 
 
To Keep High Voltage Electricity Transmissions away from Residential Zones 
 
Residents always take a potential risk from their overhead high electrical 
transmission cables. Electricity is the most indispensable energy carrier today, 
but the high voltage should be decreased for end using (230V) before 
electrical cables going into residential zones. On the other hand, electrical 
transmission cables with high voltage for military and industrial areas should 
wind through natural areas for the sake of people’s safety. 

 
As the Figure 25 illustrates on 
the left, high voltage electricity 
is required to be transferred 
between Point A and Point B; C 
is the residential zones, while D 
instead forest areas. Route 1 
goes through natural areas at 
first, followed by residential 
area and then goes into natural 

area again before arriving at 
Point B. It is a straight line so 
that it enjoys the shortest 
transmission route. As a 

result, this kind of route is preferred, but people’s lives have to be threatened 
by potential risks. Instead, alternative 2 is much better than alternative 1. Of 
course, distance of alternative 2 is longer than alternative 1 so that companies 
have to pay more for this longer distance transmission, but it successfully 
keeps away from zone C, which is residential area. Therefore, the potential 
risks from high voltage electricity transmission could be minimized. 
 
To Increase the Capacity of Energy Supply 
 
To increase the capacity for electricity and crude oil supply is quite necessary 

Figure 25: Sketch Map for Choosing Potential 
Routes for Electrical Transmission Cables. 
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for energy security. As the description in Chapter 5.2.3, the inadequate 
network capacity could give rise to the energy supply shortage and make 
inconvenience for people’s daily lives. For the electricity supply, the network 
inadequacy could be improved through two alternatives. At first, to build an 
extra transmission cable next to the main electrical cables can deal with the 
inadequacy in peak hours, especially in each morning and evening. This 
auxiliary cable is closed, except in rush hours. What’s more, it could also be 
used for the case of emergency, like military aims and hospital emergency, etc. 
As a result, a big area of energy shortfalls and blackouts will not happen again, 
thanks to the extra transmission cable. On the second place, some special 
electrical cables for extraordinary aims should be built, which means electricity 
supply cables for military uses, political uses and hospitals could be totally 
separate from residential cables. As a result, sufficient electricity supply for 
these especial purposes (military, political as well as hospitals uses, etc.) can 
be guaranteed thanks to the increasing of energy supply capacity and the 
constructions of auxiliary electrical cables. Simultaneously, the residential 
supply could not be interrupted also for the sake of these auxiliary facilities for 
emergency. Actually, it is a win-win choice not only for country, but also for all 
local residents as well. 
 
For the crude oil import from abroad, it is different to improve the supply facility 
because it is buried underground. However, to maintain the amount of crude oil 
supply on a relatively stable level could also benefit for energy security. 
However, as a result of the gradually decreasing of crude oil reserves, the oil 
prices would continuous increase in the future. Therefore, international and 
national negations (cooperation) between EU Members as well as oil-export 
countries are quite crucial for the stable oil supply. 
 
To Keep the Original Energy Policies Updated 
 
Some energy policies are somehow old-fashioned, but they are still working in 
EU Members. European energy supply system could be traced back to year 
1910 from Germany. Strong attention has been paid to primary energy supply 
or the electricity supply at that time. However, situations have greatly changed 
because all of EU Members are seeking for safe, clean and environmental 
friendly energy carriers, like RES. Additionally, the energy infrastructures are 
also quite different from previous. Undoubtedly, it is very wrong to use old 
policies to regulate the updated EU energy markets. That is to say these old 
policies can not adapt for the new energy situations, so that they have to be 
updated with the development of energy society together. In a word, some new 
energy carriers should be carefully considered in updated policies, like wind 
power, bio-energy, hydropower and solar energy, etc. At last, energy policies 
should also keep in pace with the updated energy situations in the future in 
order to control the whole energy situations and achieve energy security. 
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11.3 From Swedish Perspectives 
 
To Enhance Abilities to Resist Abnormal Weather Conditions 
 
Abnormal weather conditions in Nordic countries normally give rise to some 
disruptions for local energy supply. In order to guarantee local people’s lives 
and energy security, it is compulsory to enhance the energy system’s abilities 
to resist abnormal weather conditions. In this section, focus was only taken to 
the situation of low temperature because it frequently happens during winter in 
Nordic countries. However, due to development of industry and the increasing 
GHG emissions, warm-winter occurs occasionally, which also quite negatively 
influences the energy supply security, but interruption from warm-winter has 
not been carefully considered in this report. 
 
For the case of high voltage electricity supply, frozen points in cable will lead to 
short circuits and even fires during dry seasons. As a result, antifreeze, always 
deicing salts, could be used in winter periods to prevent high voltage electric 
cables from being frozen. Additionally, pipelines for natural gas supply under 
low temperature should also be paid attention to because it is possible to make 

pipelines broken if 
ambient temperature 
is extremely low. 
Thereafter, leaked 
natural gas with high 
pressure will be 
gasified soon, during 
which much heat will 
be absorbed and the 
ambient temperature 
will be lower and 
lower. The best way 
is to add a layer for 
heat preserving 
around the pipeline, 
so that cold air can 
not be able to 
influence natural gas 
supply, as Figure 26 
shows on the left. 
 

To Investigate RES 
 
To investigate RES is a feasible way to gradually diversify energy sources in 
Sweden. Further more, primary energy carriers, which are always regarded as 

Figure 26: The Pipeline’s Heat Preservation Layer 
Source: http://www.chinapipe.net/product/images/2006710120138.jpg
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the most frequently used energies, will not be highly depended. 
 
First of all, due to the specific geography, solar energy should deserve much 
attention, especially in summer period in Sweden. It is well known that daytime 
span is quite long between May and August each year, so that it is worth to 
capture as much solar energy as possible for electricity generation in Sweden. 
What’s more, the large amount of solar energy that is gained in summer should 
also be used to space heating in private houses. Secondly, wind power is a 
good choice in winter period. As Chapter 7.2.1 shows, hurricanes always occur 
in southern part of Sweden, which have made a big loss. However, every coin 
has two sides. Large account of primary energies could be saved if wind power 
could be properly gained and utilized. Therefore, wind power constructions in 
Sweden started in the middle of 1990s, and there are many wind power parks 
that have been built in the south so far, such as Lillgrund, Kivik and Öland, etc. 
Wind power offers long-term price stability and energy independence so that 
wind power skills are sharply developing in Sweden in the past twenty years 
and it should be further developed in the future. Finally, nuclear power, as one 
of flexible energy, is another alternative for Swedish energy market. It was 
planed to close down all the nuclear reactors that are running now, but due to 
the high dependence on nuclear and its large amount of energy productions, it 
is impossible to shut all of them down, that is to say nuclear power needs to be 
revived in Sweden. Additionally, there are some strong policies that control the 
utilizations of nuclear power in Sweden, which should be also carefully taken 
into consideration. 
 
In a word, there are basic three alternatives for Sweden in order to prevent 
energy shortage, which are to develop solar energy in summer, to investigate 
wind power in winter and also to revive nuclear power in a safe way. 
 
To Develop Heat Pump Technologies 
 
Heat pumps are commonly used to gain heat sources from groundwater, rivers, 
crust or even rocks. As the descriptions in Chapter 7.2.1, the more heat that 
can be gained from ambient, the higher efficiency it is for energy supply 
system for space heating in Sweden. Therefore, to increase the efficiency is 
beneficial for energy supply stability and security, which might be achieved 
through development of heat pump technologies. 
 
Key technical issues affecting the development of heat pumps includes the 
related computer analysis system, COP (Coefficient of Performance), thermal 
and fluid analysis, selection of materials, component designs, component 
integration and the weight of heat pump, etc. Obviously, the whole procedures 
are quite complicated so that a simulation system is highly recommended. As a 
result, to improve the heat pump’s efficiency could be achieved. 
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Last but not least, to increase the financing investigation for heat pump 
development is also a key factor that can not be ignored. Much fund allocation 
means that it is possible to carry on more researches and surveys, or to import 
advanced technologies from abroad. Eventually, heat pump technologies can 
be greatly optimized, which would be a contribution to energy supply security. 
 
11.4 From Individual Perspectives 
 
Taxations 
 
There are several accidents concerning energy supply security that result from 
man-made disruptions illegally, like facilities stolen and devastation that have 
been discussed in Chapter 7.2.2. Unfortunately, some people steal 
indispensable facilities in the whole energy supply system (such as electrical 
cables) to sell because all the facilities are made from iron, copper or other 
kinds of metals, which enjoy a high price. But instead, energy security is 
sacrificed for individuals’ economic benefits. On one hand, it should be a big 
mission for all individuals to monitor these bad behaviors; on the other hand, to 
protect all the energy facilities consciously is also an obligation for every 
citizen in order to create a benign atmosphere, which can greatly contribute to 
energy security. Finally, when it comes to talking about energy security, to pay 
for energy tax regularly is another important issue that has to be mentioned. 
Adequate funds guarantee enough energy provide together with facilities’ 
periodic inspections and necessary maintenances. As a result, the whole 
society can benefit a lot from sufficient energy taxes paid by individuals. To 
sum up, to behave legally by each individual can strongly guarantee energy 
security. 
 
Educations for Energy Security and Energy Efficiency 
 
It is a good way to achieve energy security through educations to enhance 
people’s consciousness. First of all, to educate people how to utilize energy in 
secure ways is quite crucial because some people still do not bear the security 
issues in mind, which is a potential risk for accident. Take utilization of 
electricity for instance, circuitry in corridor for public lighting is always randomly 
connected to private houses, so that residents can use electricity for free. 
However, to change public circuitry by local residents who are not experts with 
electrics may give rise to short circuit, so that electricity supply within the whole 
building will be broken down. To make things even worse, it is also a big 
danger for residents themselves, they may hurt themselves and even be 
shocked to die. Therefore, in order to prevent these sorrowful things happen, it 
is compulsory to educate people to enhance consciousness of energy security. 
 
Secondly, to save energy as much as possible is also attributed to energy 
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security. As has been discussed in Chapter 3.1, the overall energy reserves 
around the world is running dry, which will bring about energy crisis and even 
wars in the near future. The current high oil price is a good example. For that 
reason, it is a good way to avoid energy crisis through largely saving energy 
from each individual. Generally, there are two ways to achieve this, which are 
tax credits system and energy labeling program, respectively. 
 
● A Good Example of a Functioning Tax Credits System 
 
Actually, the idea of tax credits system come up from the United States of 
America in 2006, from which individuals can make energy-conscious 
purchases that will provide tax benefits when filling out their tax returns next 
year. This law provides tax credits for encouraging residents to use energy 
more efficient and to buy certain energy efficient items. At the same time, the 
law also provides credits for various types of alternative energies. 
 
First of all, tax credits system is aimed to achieve more energy efficient homes. 
A recent tax law change provides a tax credit to improve the energy efficiency 
of existing houses. The law provides a 10% credits for buying qualified energy 
efficiency improvements. To qualify, a component must meet or exceed the 
criteria established by the 2000 International Energy Conservation Code 
(including supplements) and must be installed in the taxpayer’s main home. 
Specific criteria are related to insulation systems that reduce heat losses and 
gains, exterior windows including skylights and exterior doors as well as metal 
roofs, which should meet applicable requirements. 
 
Additionally, the new law also focuses on RES (especially for solar energy) 
because it makes a credit available to those who add qualified solar panels, 
solar water heating equipment, or a fuel cell power plant. In general, qualified 
fuel cell power plants are also advocated, which can convert fuel into electricity 
using electrochemical means, etc. Taxpayers are allowed one credit equal to 
30% of the qualified investment in a solar panel up to a maximum credit of 
$2000 [65]. 
 
Therefore, the tax credits system has significantly encouraged people to reach 
energy efficient by their own. Of course, it is also quite beneficial to achieve the 
whole mission of energy security as well. 
 
● Energy Labeling Program 
 
Besides tax credits system, energy labeling program in EU Members is 
another kind of approach to achieve energy efficiency, and further to guarantee 
energy security. Basically, the energy labeling program, to some extent, is a 
guide for consumers to select energy-efficient appliances, like freezers, bulbs, 
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microwave ovens and washing machines, etc. Products are distinguished with 
seven levels, from level A in green to level G in red, regarding the 
energy-efficiency, such as the Figure 27 illustrates. Commodities labeled with 
‘A’ are the most energy efficient that are strongly recommended, although the 
price may a little bit higher than others. Oppositely, stuffs that are marked with 
‘G’ are the worst energy efficient, which means consumers could also buy 
them with relatively lower prices, but much more energy would be consumed 
instead. Obviously, these products with low level of energy efficiency are not 
advocated. Energy efficiency is gradually worse and worse from level B to 
level F. Finally, the big capital letter on the right of different levels indicates 
which level the product belongs to. 

 
Additionally, the other type of label concerning energy saving has also been 
shown on the right of Figure 27 as well, which is the ‘Energy Saving 
Recommended Logo’. Products in market that labeled with this logo should be 
firstly considered by consumers because they are energy saving. 
 
In a word, the energy labeling program, especially in EU Members, is a quite 
educational action for all individuals to save energy. Eventually, people will be 
used to saving energy during the daily lives, and big issue of energy security 
might be achieved in the near future. 

Figure 27: The Energy Labeling Program and the Energy Saving Recommended Logo 
Source: http://www.e-lindsey.gov.uk/environment/energy-efficiency/energy-efficiency-labelling.cfm
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APPENDICES 

 

A1. Directive 2003/55/EC 
 
(1). The internal market for gas, which has been progressively implemented 
throughout the Community since 1999, aims at delivering real choice for all EU 
consumers, whether citizens or business, new business opportunities and 
more cross-border trade, so as to achieve efficiency gains, competitive prices, 
and higher standards of service, and to contribute to security of supply and 
sustainability. 
 
(2). Directive 2003/55/EC of the European Parliament and of the Council of 26 
June 2003 concerning common rules for the internal market in natural gas and 
repealing Directive 98/30/EC12 has made a significant contribution towards 
the creation of such an internal market for gas. 
 
(3). However, at present, the right to sell gas in any Member State on equal 
terms and without discrimination or disadvantages cannot be guaranteed to 
any company in the Community. In particular, non-discriminatory network 
access and an equally effective level of regulatory supervision in each Member 
State do not yet exist, since the current legal framework is insufficient. 
 
(4). The Communication of the Commission of 10 January 2007 entitled "An 
Energy Policy for Europe"13 highlighted the importance of completing the 
internal market in natural gas and of creating a level playing field for all gas 
companies established in the Community. The Internal Energy Market 
Communication14 and the final Report on the Competition Sector Enquiry15 
showed that the present rules and measures do not provide the necessary 
framework for achieving the objective of a well functioning internal market. 
 
(5). Without effective separation of networks from activities of production and 
supply, there is an inherent risk of discrimination not only in the operation of 
the network but also in the incentives for vertically integrated companies to 
invest adequately in their networks. 
 
(6) The rules on legal and functional unbundling currently in place have not led 
to effective unbundling of the transmission system operators. At its meeting in 
Brussels on 8th and 9th of March 2007, the European Council invited the 
Commission to develop legislative proposals for the effective separation of 
supply and production activities from network operations. 
 
(7). Only the removal of the inherent incentive for vertically integrated 
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companies to discriminate against competitors as regards network access and 
investment can ensure effective unbundling. Ownership unbundling, which 
implies the network owner being appointed as the network operator and being 
independent from any supply and production interests, is clearly the most 
effective and stable way to solve the inherent conflict of interest and to ensure 
security of supply. For this reason, the European Parliament in its Resolution 
on Prospects for the internal gas and electricity market adopted on 10 July 
2007 referred to ownership unbundling at transmission level as the most 
effective tool to promote investments in infrastructures in a non-discriminatory 
way, fair access to the grid for new entrants and transparency in the market. 
Member States should therefore be required to ensure that the same person or 
persons are not entitled to exercise control, including through minority blocking 
rights on decisions of strategic importance such as investments, over a 
production or supply undertaking and, at the same time, hold any interest in or 
exercise any right over a transmission system operator or transmission system. 
Conversely, control over a transmission system operator should preclude the 
possibility of holding any interest in or exercising any right over a supply 
undertaking. 
 
(8). Since ownership unbundling requires, in some instances, the restructuring 
of undertakings, Member States should be granted additional time to apply the 
relevant provisions. In view of the vertical links between the electricity and gas 
sectors, the unbundling provisions should apply, moreover, across the two 
sectors. 
 
(9). To ensure full independence of network operation from supply and 
production interests and to prevent exchange of any confidential information, 
the same person should not be a member of the managing boards of both a 
transmission system operator and an undertaking performing any of the 
functions of production or supply. For the same reason, the same person 
should not be entitled to appoint members of the managing boards of a 
transmission system operator and to hold any interest in a supply undertaking. 
 
(10). The setting up of system operator independent from supply and 
production interests should enable vertically integrated companies to maintain 
their ownership of network assets whilst ensuring an effective separation of 
interests, provided that the independent system operator performs all the 
functions of a network operator and detailed regulation and extensive 
regulatory control mechanisms are put in place. 
 
(11). Where the undertaking owning a transmission system is part of a 
vertically integrated undertaking, Member States should therefore be given a 
choice between ownership unbundling and, as derogation, setting up system 
operators which are independent from supply and production interests. The full 
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effectiveness of the independent system operator solution needs to be 
assured by way of specific additional rules. To preserve fully the interests of 
the shareholders of vertically integrated companies, Member States should 
have the choice of implementing ownership unbundling either by direct 
divestiture or by splitting the shares of the integrated company into shares of 
the network company and shares of the remaining supply and production 
business, provided that the requirements resulting from ownership unbundling 
are complied with. 
 
(12). The implementation of effective unbundling should respect the principle 
of nondiscrimination between the public and private sectors. To this effect, the 
same person should not be able to exercise any influence, solely or jointly, 
over the composition, voting or decision of the bodies of both transmission 
system operators and supply undertakings. Provided that the Member State in 
question can demonstrate that this requirement is respected, two distinct 
public bodies could control on the one hand generation and supply activities 
and on the other transmission activities. 
 
(13). Full separation of network and supply activities should apply throughout 
the Community, so that any network operator in the Community or its affiliated 
companies should be prevented from having any supply or production 
activities in any Member State. This should apply equally to EU and non-EU 
companies. To ensure that network and supply activities throughout the 
Community are kept separate, regulatory authorities should be empowered to 
refuse certification to transmission system operators that do not comply with 
the unbundling rules. To ensure a consistent application across the 
Community and the respect of the international obligations of the Community, 
the Commission should have the right to review the decisions on certification 
taken by the regulatory authorities. 
 
(14). The safeguarding of energy supply is an essential element of public 
security and is therefore inherently connected to the efficient functioning of the 
EU gas market. Use of the network is essential for gas to reach EU citizens. 
Functioning gas markets and in particular the networks and other assets 
associated with gas supply are essential for public security, for the 
competitiveness of the economy and for the well-being of the citizens of the 
Community. Without prejudice to the international obligations of the 
Community, the Community considers that the gas transmission system sector 
is of high importance to the Community and therefore additional safeguards 
are necessary regarding the influence of third countries in order to avoid any 
threats to Community public order and public security and the welfare of the 
citizens of the Community. Such measures are also necessary for ensuring 
compliance with the rules on effective unbundling. 
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(15). It is necessary to ensure the independence of storage system operators 
in order to improve third party access to storage facilities that are technically 
and/or economically necessary for providing efficient access to the system for 
the supply of customers. It is therefore appropriate that storage facilities are 
operated through legally separate entities that have effective decision making 
rights with respect to assets necessary to maintain, operate and develop 
storage facilities. It is also necessary to increase transparency in respect of the 
storage capacity that is offered to third parties, by obliging Member States to 
define and publish a non-discriminatory, clear framework that determines the 
appropriate regulatory regime applicable to storage facilities. 
 
(16). Non discriminatory access to the distribution network determines 
downstream access to customers at retail level. The scope for discrimination 
as regards third party access and investment is however less significant at 
distribution level than at transmission level because at distribution level 
congestion and the influence of production interests are generally less 
important than at transmission level. Moreover, functional unbundling of 
distribution system operators became, according to Directive 2003/55/EC, 
compulsory only as of 1st July 2007 and its effects on the internal market still 
need to be evaluated. The rules on legal and functional unbundling currently in 
place can lead to effective unbundling provided they are more clearly defined, 
properly implemented and closely monitored. To create a level playing field at 
retail level, the activities of distribution system operators should therefore be 
monitored so that they are prevented from taking advantage of their vertical 
integration as regards their competitive position on the market, in particular in 
relation to small domestic and non-domestic customers. 
 
(17). Directive 2003/55/EC introduced a requirement for Member States to 
establish regulators with specific competences. However, experience shows 
that the effectiveness of regulation is frequently hampered through a lack of 
independence of regulators from government, and insufficient powers and 
discretion. For this reason, at its meeting in Brussels on 8th and 9th of March 
2007, the European Council invited the Commission to develop legislative 
proposals providing for further harmonization of the powers and strengthening 
of the independence of national energy regulators. 
 
(18). Energy regulators need to be able to take decisions on all relevant 
regulatory issues if the internal market is to function correctly, and to be fully 
independent from any other public or private interests. 
 
(19). Energy regulators should have the power to issue binding decisions on 
gas undertakings and to impose effective, appropriate and dissuasive 
sanctions on natural gas undertakings which fail to comply with their 
obligations. They must also be granted the powers to decide, irrespective of 
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the application of competition rules, on any appropriate measures promoting 
effective competition necessary for the proper functioning of the market; as 
well as to ensure high standards of public service in compliance with market 
opening, the protection of vulnerable customers and that consumer protection 
measures are fully effective. These provisions should be without prejudice to 
both the Commission's powers concerning the application of competition rules 
including the examination of mergers with a Community dimension, and the 
rules on the internal market, such as the free movement of capital. 
 
(20). Investments in major new infrastructures should be strongly promoted 
while ensuring the proper functioning of the internal market in natural gas. In 
order to enhance the positive effect of exempted infrastructure projects on 
competition and security of supply, market interest during the project planning 
phase should be tested and congestion management rules should be 
implemented. Where an infrastructure is located in the territory of more than 
one Member State, the Agency for the Cooperation of Energy Regulators 
should handle the exemption request in order to take better account of its 
cross-border implications and to facilitate its administrative handling. Moreover, 
given the exceptional risk profile of constructing these exempt major 
infrastructure projects it should be possible to temporarily grant partial 
derogations to supply and production undertakings in respect of the 
unbundling rules for the projects concerned. This should in particular apply, for 
security of supply reasons, to new pipelines within the Community transporting 
gas from third countries into the Community. 
 
 

A2. Directive 2003/54/EC 
 
Article 1: Scope 
 
This Directive establishes common rules for the EU generation, transmission, 
distribution and supply of electricity. Rules of relating to the organization, 
functioning of the electricity sector, access to EU market, the criteria and 
procedures applicable to calls for tenders, the granting of authorizations and 
the operation of systems will not be taken into account. 
 
Article 4: Monitor the Security in electricity Supply 
 
Member States shall ensure the monitor the security in electricity supply 
system. Where Member States consider it appropriate, they may delegate this 
task to the regulatory authorities. This monitoring shall, in particular, cover the 
supply and demand balance on national level, which is expected future 
demand and envisaged additional capacity being planned or under 
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construction, the quality and level of maintenance of the networks as well as 
measures to cover peak demand and to deal with shortfalls of one or more 
suppliers. The competent authorities shall publish every two years, by 31st of 
July at the latest, a report outlining the findings resulting from the monitoring of 
these issues, as well as any measures taken or envisaged to address them 
and shall forward this report to the Commission forthwith. 
 
Article 5: Technical Rules 
 
Member States shall ensure that criteria regarding technical safety are defined 
and that technical rules establishing the minimum technical design and 
operational requirements for the connection to the system of generating 
installations, distribution systems, directly connected consumers' equipment. 
Further more, inter-connector circuits and direct lines are developed. These 
technical rules shall ensure the interoperability of systems and shall be 
objective and non discriminatory. 
 
Article 9: Tasks of Electricity Transmission System Operators 
 
Each transmission system operator should take responsibilities for these 
following issues: 
 
●  Ensuring the long-term ability of the electricity supply system to meet 

reasonable demands for transmission; 
 
● Contributing to security of electricity supply through adequate transmission 

capacity and system reliability; 
 
● Managing energy flows on the system, taking into account exchanges with 

other interconnected systems. Further more, transmission system operator 
should be responsible for ensuring a secure, reliable and efficient electricity 
system and, in that context, for ensuring the availability of all necessary 
auxiliary services because this availability is independent from any other 
transmission system; 

 
● Providing to the operator of any other system, with which its system is 

interconnected sufficient information to ensure the secure and efficient 
operation, coordinated development and interoperability of interconnected 
system. 

 
Article 22: Direct Lines 
 
Member States should take the measures necessary to enable all electricity 
producers and electricity supply undertakings established within their territory 
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to supply their own premises, subsidiaries and eligible customers through a 
direct line; any eligible customer within their territory to be supplied through a 
direct line by a producer and supply undertakings. 
Member States should also lay down the criteria for the grant of authorizations 
for the construction of direct lines in their territory. These criteria must be 
objective and non discriminatory. The possibility of supplying electricity 
through a direct line as referred to in paragraph one should not affect the 
possibility of contracting electricity in accordance with Article 20. 
 
Member States may make authorization to construct a direct line subject either 
to the refusal of system access on the basis, as appropriate, of Article 20 or to 
the opening of a dispute settlement procedure under Article 23. 
 
Article 24: Safeguard Measures 
 
In the event of a sudden crisis in the energy market and where the physical 
safety or security of persons, apparatus or installations or system integrity is 
threatened, a Member State may temporarily take the necessary safeguard 
measures. Such measures must cause the least possible disturbance in the 
functioning of the internal market and must not be wider in scope than is strictly 
necessary to remedy the sudden difficulties which have arisen. 
 
The Member State concerned should without delay notify these measures to 
the other Member States, and to the Commission, which may decide that the 
Member State concerned must amend or abolish such measures, as they 
distort competition and adversely affect trade in a manner which is at variance 
with the common interest. 
 
 

A3. IEM Directive 
 
Key Comments 
 
7. Article 3 General Provisions: Clause one of this Article refers to the need for 
Member States to define and publish the role and responsibilities of 
transmission system operators and suppliers in respect of ensuring high levels 
of security of supply. All parties in the supply chain contribute to security of 
supply. TSO contribute to security of supply through the minute by minute 
balancing of generation and load and control of flows on their systems, jointly 
with their provision of transmission infrastructure. This includes their 
responsibility to determine the requirements for additional transmission 
capacity and to invest accordingly. The statement, however, should be 
expanded to include generators, and distributors, as well as suppliers and TSO. 



Chen Xu, EU ENERGY SITUATIONS AND SUPPLY SECURITY                         2008-03-31 

 122/128

Furthermore, given the regulated nature of most markets and the fact that 
Governments set the regulators’ responsibilities, it is also appropriate to 
include Government and Regulatory Authorities in this list. The list as currently 
specified implies, wrongly, that only TSO and suppliers have the responsibility 
for security of supply. 
 
8. Article 4 Network Security: It is in our view appropriate that TSO should 
establish operational standards for the power systems, both in terms of 
operation of the power system and the provision of the physical capacity of the 
transmission system. Compliance with these standards can then be monitored 
by the Regulatory Authorities. The wording of this clause, as currently drafted, 
confuses the responsibilities of Governments, Regulatory Authorities, TSO 
and distributors. To be effective, clear responsibilities have to be recognized, 
as is the case in the IEM Directive, where in Article 9, the responsibility of the 
TSO to provide adequate transmission capacity and a reliable system is quite 
clear. TSO should also establish technical standards for generators and 
distributors in order to maintain consistent operational rules for the power 
system. Compliance with these standards should also be monitored by the 
Regulatory Authorities. 
 
9. Article 5 Maintaining the Balance between Demand and Supply: This Article 
as currently drafted is capable of a number of interpretations. The uncertainty 
revolves around the statement that “Member states shall require transmission 
system operators to ensure an appropriate level of reserve capacity. One 
interpretation of this statement is that the TSO is responsible for ensuring that 
sufficient generating (and demand management capability) is available to meet 
peak demands securely. Such an interpretation would place duties on the TSO 
that would seriously prejudice a market-orientated approach to the provision of 
generating capacity to the market and would run counter to the fundamental 
principles espoused in the IEM Directive and indeed to the Explanatory 
Memorandum to this proposed Directive. It would also run counter to the 
principles that generation capacity should be subject to market forces and that 
TSO should not be actively engaged in the generation market. An alternative 
interpretation is that TSO, in operating the system, should use all reasonable 
efforts to enable sufficient short-term operational reserve is available to it to be 
able to deal with credible faults on the system and uncertainties in forecasting 
demand. Such credible faults would include losses of transmission lines and 
instantaneous losses of generator in-feed. The levels of such losses and 
uncertainties to be covered should be established in the operational standards 
referred to in the comments on Article 4 above, to which TSO have to operate. 
 
This latter interpretation is current industry practice and is an entirely 
appropriate responsibility to place on a TSO. On the basis that the latter 
interpretation is what the Commission envisages then the drafting needs to be 
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clarified to reflect this. If, in the unlikely event that the Commission intends to 
reflect the former interpretation, the majority of ETSO members fundamentally 
disagree with this Article. 
 
10. Article 6 Network Investment: This Article adds little to what is already 
included in other Directives, except to require investment plans of distributors 
and TSO to take into account in their investment decisions the effects of 
demand side management. As a comment, not directly related to TSO matters, 
it is difficult to see how Member States, where the amount of generation is 
determined by market forces, can ensure that demand side management is 
taken into account in investment decisions by generators, who are themselves 
making investment decisions based on their individual interpretations of 
market trends and developments. 
 
11. Article 7 Inter-connector Construction: Clause one of this article implies 
that TSO are the sole body responsible for the provision of cross border 
interconnection capability. This clearly does not represent the position in many 
Member States. This clause and Clause two, which sets out the parameters to 
be taken into account in such decisions, explicitly places a new duty on TSO 
‘to assess an adequate level of cross border capacity’. However, the clause 
does not set out on what basis an ‘adequate level’ should be assessed. In this 
respect, considerable further work is required if this Article is to be put in place. 
 
12. This article also envisages a process where regulatory authorities can 
intervene in and, indeed, potentially determine the investment plans of TSO. 
Furthermore, it suggests a two-stage process for such interventions, involving 
both the national Regulatory Authorities and the EC itself. While ETSO 
supports the initiative of the Commission to attribute a high level of priority 
through a Declaration of European Interest to priority projects and recognizes 
that there should be regulatory involvement in the consideration of planned 
cross border interconnection capacity, ETSO believes that the need for 
possible sanctioning should be confined to the relevant National Regulatory 
Authorities. There may be justification for Commission involvement in the 
sanctioning process of interconnection projects that are identified as being 
Priority Projects of European Interest and which qualify for EU financial 
support, it would be inappropriate to follow the suggested route in the case of 
entrepreneurial inter-connector construction. ETSO considers that the 
requirement for the Member States’ Regulatory Authorities to consult with the 
Commission on all proposed interconnection investments, which in turn 
consult with the European Regulators Group, will introduce unnecessary and 
inefficient bureaucratic delays to investments. In any event, the reference to 
financial penalties on TSO and the issuing of instructions to TSO in clause 6 of 
this Article is inappropriate in the event of delays occurring as a consequence 
of the TSO being unable to gain the necessary approvals for the routing of 
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cables or lines or the construction of sub-stations. 
 
13. ETSO also believes that it is not appropriate for Regulators to be directly 
involved in infrastructure investment decisions by TSO. As already commented 
upon, and as is explicit in the IEM Directive, it is the responsibility of the TSO 
to determine the need for investment in transmission capacity and to invest 
accordingly. A process by which this responsibility is weakened through 
involvement of the Regulator is not helpful to the provision of a secure and 
efficient network. Furthermore, responsibilities will be made even more unclear 
if a two-stage process involving national regulators and the Commission is put 
in place. 
 
14. Overall in respect of Article 7, it is ETSO’s, view that the current draft 
should be deleted and that any replacement Article dealing with 
inter-connectors should concentrate on aiding the processes by which TSO or 
others can gain the necessary approvals for such projects in a timely manner. 
 
15. Article 8 Penalties: This article requires Member States to put in place 
penalties, including presumably on TSO, for infringements of the proposed 
Directive. Given the above comments, it is essential that the roles and 
responsibilities of the various participants, including Governments and 
Regulatory Authorities, are accurately and fully set out before any such regime 
is introduced. Furthermore, any such penalties require duties and obligations 
to be placed on Governments and Regulatory Authorities to provide: 
 
● A stable and feasible regulatory framework; 
 
● Appropriate levels of risk and reward for regulated industry parties; 
 
●  Exclusions where non-performance is outside the control of the party 

concerned. 
 
ETSO Proposals for Inclusion in Revised Directive 
 
16. As set out above, ETSO is of the view that a Directive on Security of 
Supply could enhance the security of the electricity market in Europe and 
could provide additional reinforcement to the IEM Directive. To do so, in our 
view, it would need to include the following: 
 
● A recognition of the roles and responsibilities of Member States, Regulatory 

Authorities, Generators, Suppliers, Transmission System Operators and 
Distribution Network Operators in contributing to the overall security of 
supply; 
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● A clear statement that the provision of sufficient generating capacity to meet 
demand will be via market forces operating in a stable statutory and 
regulatory environment and that, through this process, adequate incentives 
will be provided to generators and suppliers; 

 
● A requirement on TSO to assess the adequacy of generation in its area and 

to report on this to the Regulatory Authorities; 
 
● The role of TSO in matching generation to demand in most member states is 

limited, currently and for the foreseeable future, to the real time balancing of 
the market and the procurement of emergency reserves, as laid down in the 
security standards under which they operate; 

 
●  In respect of network investment by TSO and Distribution Network 

Operators, a recognition that it is the sole responsibility of the network 
operator to invest adequately to meet prescribed standards of security; 

 
● The responsibility of the regulatory authorities to set, in conjunction with the 

network operators, these standards, to ensure that adequate financial 
resources are available to  the network operators to fulfill this obligation by 
way of the regulated revenues of the operators and to monitor the network 
operators’ performance in doing so; 

 
● In respect of investment in interconnection between countries the Directive 

should recognize that: 
 

※ No technical standards currently exist to determine the appropriate level 
of capacity for interconnections between countries; 

 
※ In a number of Member States the TSO has no statutory or license 

obligation to invest in interconnection capacity nor is it required to be the 
owner of such investment; 

 
※ The IEM Directive and Regulation allows for the existence of 

entrepreneurial inter-connectors; 
 

※ ETSO has previously put forward the view that inter-connector capacity 
should be determined on the basis of its economic merits, including within 
this assessment, the potential contribution to security of supply. The 
Directive should, in ETSO’s view, reflect this position; 

 
※ That a major issue with the development of new inter-connectors or with 

proposals to increase the capacity of existing inter-connectors is to gain 
the required approvals for the sitting of lines, cables and substations. 
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Conclusions 
 
17. ETSO and its members have key roles to play in contributing to the 
security of supply of electricity throughout the Community. As such, we support 
all initiatives that help to make supplies more secure. Whist we accept that the 
existing IEM Directive may need to be supplemented in certain respects in the 
context of security of supply, the current proposal has a number of 
shortcomings and errors. Considerable further work is required to overcome 
these. ETSO and its individual members will, of course, be happy to 
collaborate with the appropriate authorities in such work. 
 
 

A4. Security of Electricity Supply and Electricity Infrastructure 
 
The Directive’s purpose is to establish measures to safeguard the security of 
electricity supply, to guarantee an adequate level of generation capacity; to 
guarantee an adequate balance between supply and demand and to set up an 
appropriate level of inter-connection between EU countries. Further, the 
Directive establishes a framework in which the EU countries are to define 
policies on security of electricity supply compatible with the internal market for 
electricity. 
 
The Directive obliges the EU countries to ensure a high level of security of 
electricity supply by setting up a stable investment climate and by defining the 
roles and responsibilities of the various authorities. For operational network 
security, the Directive specifies that the countries must ensure that the 
transmission system operators set minimum operational rules and obligations 
on network security. In turn, the distribution system operators are expected to 
comply with these rules. In particular, the countries shall ensure that 
interconnected transmission and distribution system operators exchange 
information relating to the operation of networks. 
 
For maintaining a balance between supply and demand, the EU countries 
must take appropriate measures to maintain a balance between the demand 
for electricity and the availability of generation capacity. This shall be done by 
encouraging the establishment of a wholesale market framework that provides 
suitable price signals for generation and consumption and by requiring 
transmission system operators to ensure that an appropriate level of 
generation reserve capacity is available for balancing purposes and/or to 
adopt equivalent market based measures. 
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The Directive States that Countries May Take Additional Measures 
 
● That facilitates new generation capacity and the entry of new generation 

companies to the market; 
 
● Remove barriers that prevent the use of interruptible contracts; 
 
● Remove barriers that prevent the conclusion of contracts of varying lengths 

for both producers and customers; 
 
● For the adoption of real-time demand management technologies such as 

advanced metering systems and energy conservation measures. 
 
Regarding network investment the Directive obliges the EU countries to 
establish a regulatory framework that provides investment signals for both the 
transmission and distribution system network operators to develop their 
networks in such a way that they can meet foreseeable demand and that 
facilitates maintenance as well as the renewal of their networks. Merchant 
investments in interconnections should be allowed. However, any such 
investment must be taken in close co-operation between the relevant 
transmission system operators. 
 
To complement the provisions of the Directive, specific reporting procedures 
are specified. EU Members must bring into force all the necessary provisions 
on 24th of February 2008. On 1st of December, 2007, the Member States must 
inform the Commission of the text of the national laws they will adopt to 
implement this Directive. 
 
 

A5. INFORSE-Europe in May, 2001 
 
In INFORSE-Europe we are happy to have the opportunity to comment on the 
Green Paper COM (2000)/769. The issue of security of supply is together with 
the environmental issues related to energy supply the most important drivers 
for energy policies in the EU countries. We welcome the EU-wide discussion 
on the issue based on the green paper, and we certainly support the emphasis 
on renewable energy and energy conversation that is expressed in the paper. 
 
Regarding the analysis of future energy consumption, we find that it should 
include EU own target for renewable energy and energy efficiency in the 
analysis of the baseline, maybe with two baselines respectively with and 
without these two targets. In addition it seems that the current baseline does 
not capture the multitude of national measures currently under implementation 
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to fulfill these EU-targets. Compared with the baseline presented in the paper, 
fulfillment of these two targets would reduce the future security of supply 
problems in EU. 
 
Regarding co-operation with CEE, we welcome the dialogue, but we find that 
EU energy-related technical assistance to these countries should not be given 
to production or transport of fossil fuel, including natural gas. These 
technologies have already received enough public subsidies and now such 
investments must be done entirely within the private sector. In addition care 
must be taken that new investments in CEE do have serious adverse effects. 
We already see environmental problems from oil and gas investments in the 
very vulnerable Caspian Sea. 
 
Regarding the proposed electricity import from CEE countries will find that it 
will not contribute to security of supply, or to a better environment. The 
eventual import will have the effect that an increasing fraction of EU electricity 
supply will come from unsafe nuclear power plants and from fossil fuel power 
plants with low efficiencies and low environmental standards. The additional 
transmission from this import can also contribute to decrease of the security of 
electricity supply from this import. Because of this, we find that EU funds, loans 
or guarantees should be used for transmission infrastructure to facilitate an 
increase of electricity import. To address the problem of electricity produced at 
sub-standard power plants, imported electricity should come from power plants 
that fulfill the same environmental and security standards as power plants 
within the EU. 
 
As a final remark, we would like to point at the role of the EU countries as world 
leaders in the technological development for renewable energy and energy 
efficiency technologies, a role they already have today. In the future the EU-15 
will consume a decreasing share of the worlds energy supply. The role of EU 
countries as suppliers of better energy efficiency and renewable 
energy technologies will be of increasing importance to reduce worldwide 
consumption of finite energy resources, and thus give an invaluable 
contribution to security of supply. 
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 The industrial sector accounts for 32% of the total natural gas consumption, which is the 

largest proportion, compared with the residential sector (22%), and followed by commercial 
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Main Directives Contents 
 

Directive 98/30/EC 
from 1998 

It is aimed at creating a competitive natural gas market through 
ending the monopoly of natural gas provider and instead, all 
consumers have the rights to choose their natural gas suppliers. As 
a result, natural gas providers have to try to provide energy with 
higher qualities with lower prices. 

 
Directive 2003/55/EC 

from 2003 

It supervises the integration and compatibility of the regulation 
throughout region and making recommendations to the competent 
regulators with respect to the strengthening of the independence 
of state energy regulators. 

 
 

COM 769 from 2000 

It plays a key role for further strategy in Green Paper supply until 
2030. Debates launched among several control demands, like the 
requests for strategy based on demand management, implying a 
reasonable use of accessible cross-border capacities, the attraction 
of competitive markets for effective competition and also reinforcing 
the competitiveness of financial system, etc. 

COM 775 from 2001 It was the first examination for the key position of investments to 
maintain the development of the energy market. 

 
 
 
 
 
 
 

The Main Directives for Energy Supply Security 
Source 
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P4.2.2.1 The Main Directives 

Main Directives Contents 
 

Directive 2003/54/EC 
from 2003 

It was the first policy, which came into force to regulate the whole 
EU-25 electricity market. Common rules for electricity market were 
emphasized, aiming at encouraging positive competitions in order to 
keep balance between electricity supply and demand. 

 
IEM Directive from 2004

It was the improvement for Directive 2003/54/EC in order to make it 
adapt to the new situations, from which taxation of electricity has 
been taken into consideration and emissions during electricity 
generation processes have been strictly controlled. 

 
INFORSE 

It was the discussion about electricity supply security by INFORSE 
together with some corresponding environmental concerns. 

 
 
 
 
 
 
 
 
 
 
 
 
 

The Main Directives for Electricity Supply Security 
Source 
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 The original information for making this figure comes from the publication of: 
‘Building Sustainable Energy Systems, Swedish Experiences’ 
Author: Semida Silveira 
ISBN: 91-7332-961-4 
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 The original information for making this figure comes from the course of: 
‘Applied Refrigeration and Heat Pump Technology (4A-1623)’ at KTH 
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