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Abstract  This paper deals with the discussed nuclear phase-out 
with focus on Germany. We debate the reasons for the resulting 
ambition to shut down some atomic reactors by mentioning 
advantages and disadvantages of atomic energy. Additionally we 
consider the financing possibilities of the occurring energy lag 
attributable to the phase-out.  

nuclear phase-out; atomic energy; bad bank; renewable 
energies; energy lag 

I. THE NUCLEAR PHASE-OUT FOR GERMANY 

 

A. History 

 
The term "nuclear phase-out" includes the political decision of 
the Federal Government of Germany to finish the production 
of nuclear power. The term has its origin in the anti-nuclear 
movement and is required since the mid-1970s. 
 
The phasing out of nuclear power began with the decision of 
the red-green federal government and the four large nuclear 
power operators in 2000. Two years later, the agreement was 
legally protected by amending the Atomic Energy Act. This 
includes the prohibition to build new commercial nuclear 
power plants as well as the limitation of its useful life to 32 
years since the commissioning of the existing power plants. 
Based on this, in November 2003 the power plants Stade and 
Obrigheim were finally shut down (Vereinbarung zwischen 
der Bundesregierung und den 
Energieversorgungsunternehmen vom 14. Juni 2000, 2014: 
online).  
 
In 2010, however, the Atomic Energy Act was modified by a 
lifetime extension for the power plants again. Those facilities 
which were built in 1980 received an additional 8 years and 

the power plants which were built after that date received an 
extension for a further 14 years. 

B. The change in the policy 

 
Due to the Fukushima nuclear disaster in 2011, there was a 
change in energy policy in Germany. The nuclear moratorium 
caused a safety review of all 17 German nuclear power plants 
and a shutdown of the seven oldest power plants for three 
months. In addition, it was decided to leave off the non-
running systems. This political decision was confirmed by a 
representative survey of the population in the fall of 2011, in 
which 82% of the Germans considered a nuclear phase-out to 
be right (Taz.de 2014: online). 
 
On June 8, the government decided the closure of eight 
nuclear power plants and a gradual phase-out of nuclear power 
until 2022. Due to the weather dependence of alternative 
energy, in certain seasons there is the possibility that there will 
be shortage of energy supply. Therefore, three nuclear power 
plants must remain in operation until 2022 as a safety buffer. 
Moreover they serve as a security if the energy revolution will 
not proceed as planned. The decided lifetime extension of the 
power plants in 2010 was thus overridden. Already in 2012 the 
proportion of power from nuclear energy has fallen to 16.1%, 
which was still at 22.4% in 2010 (DIE Welt 2014: online).  
This value is comparable with the share of electricity from 
renewable energy sources. Thus the lignite and hard coal is 
currently the most important source of energy for power 
generation. The following graph shows the production areas 
for power generation in 2013 (Hetzke, Günter 
Deutschlandfunk 2014: online). 
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Figure 1: (Source: Own illustration, based on Wilson 2014: online)  

 
C. Background 

 
 

In 2013 Germany is still one of the largest nuclear power 
producers in the world. 
 
Due to significant events in the last few years, particularly 
Fukushima, the confidence in this technology has decreased. 
In the past, people, technology or the environment caused 
unpredictable deviations from normal operation, which had 
disastrous consequences. The accidents at the nuclear power 
plants Harrisburg, Chernobyl and Fukushima demonstrated 
that not only technical problems but also human mistakes and 
environmental disasters are able to cause catastrophes. Thus 
the controllability of this technology remains questionable 
(Ministerium für Energiewende, Landwirtschaft, Umwelt und 
ländliche Räume (MELUR) 2014: online).  
 
From an economic perspective, nuclear power plants are no 
longer viable. Responsible for this development are the 
declining electricity prices and new tax burdens. According to 
the International Economic Platform for Renewable Energies 
(IWR) Germany and the energy companies will save 82 billion 
in costs due to the nuclear phase-out (Internationales 
Wirtschaftsforum Regenerative Energien (IWR) 2014: online).  
In March 2014 the German Institute for Economic Research 
(DIW) announced, that nuclear power is a discontinued model 
due to a lack of profitability and that the exit is economically 
viable in the long run (DIW Wochenbericht 2014: online). 
 
 
 
 
 
 
 

II. ADVANTAGES AND DISADVANTAGES OF A NUCLEAR 

PHASE-OUT 

 
 

A. Advantages 
 

Three catastrophic nuclear accidents in the past indicated that 
nuclear power implicates a certain danger. Threats like health 
risks and environmental damage from uranium mining, 
processing and transport, the risk of nuclear weapons 
proliferation or sabotage and the unsolved problem of 
radioactive nuclear waste are arguments, which bring up the 
question, whether this kind of energy sourcing is worthwhile. 
Proponents of the nuclear phase-out do not believe, that new 
technology will reduce the risk of conducting reactors due to 
the complexity of these machines.  
They argue that when all the energy-intensive stages of the 
nuclear fuel chain are considered, from uranium mining to 
nuclear decommissioning, nuclear power is not a low-carbon 
electricity source.   
As a contribution to the debate of the occurring energy lag, 
they say that the lag is compensable, because renewable 
energies are more fertile than expected. 
  

B. Disadvantages 
 
However opponents of the nuclear phase-out argue that the 
risks of storing waste are small and can be reduced due to the 
latest technology. Furthermore nuclear power is a sustainable 
energy source which reduces carbon emissions and causes no 
air pollution in contrast to fossil fuel. Especially in Germany 
you can observe, that there is far more brown coal mining 
since the shutting down of some nuclear power plants. 
Additionally the phase-out would increase the energy 
dependence for many countries.  
 
 

III. BAD BANK 

 

A. The Plan 

 
The nuclear phase-out is a process that will take a long time. 
Until the final shutdown of the power-plants (inclusive storage 
of nuclear waste) it will take more than 20 years. That means 
to tear off all of the 18 remaining power plants, it requires 
billions of euros.   
To financially achieve the nuclear phase-out the big three 
German energy-enterprises are planning to transfer their whole 
nuclear business to the state.  That would mean that the entire 
risks of the exit are ultimately up to the taxpayer. 
Specifically the plan provides that the nuclear power plants go 
into a public foundation whose owner is the German 
federation. In this context it is intended that the foundation 
operates the power plants until 2022 and additionally is 
responsible of the billion-euro demolition and storage of 
radioactive waste (Spiegel Online 2014: online).  
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To support the procedure the electricity suppliers offered to 
participate with 35 billion euros. Money from reserves they 
had to set aside for the demolition and storage to this day. 
Since that amount of money are only reserves and not retained 
earnings that could mean that at least a part of the reserves 
would be gone, if one of the companies goes bankrupt.  
So, to accept the proposal the government would at least 
protect oneself for the case of insolvency of an energy-
company at a later stage. In return it is additionally speculated 
that the companies
billion-euro claims for damages against the German 
federation. Though, these demands are regarded as unjustified 
by many politicians anyway (Aischmann 2014: online). 
 

B. The role of electricity suppliers in our system 

 
This development reflects parallels between electricity 
suppliers and banks. Like financial institutions the energy-
companies are considered systemically relevant, in other 

.  
This means the state is forced to safe them. Against this 
background stock brokers are calling the planned foundation a 

-enterprises. If one agrees with this 
perspective it seems necessary to reflect on the possibility of 
transferring the nuclear business to the German government. 
Even if outside of the energy companies this plan has mainly 
led to criticism (Mussler 2014: online). 
 

C. Valuation  

 
On first glance the intended project appears to be a smart 
solution for both. The German government would be protected 
of both, an insolvency of one of the suppliers and their billion-
euro claims. The energy-enterprises on the other hand could 
get rid of their worries about the incalculable disposal costs.  
Experts and politicians, however, see things a little differently. 
They refer to the fact, that the companies bear responsibility 
for their business as well as for the dismantling and the 
associated risks (Diekmann 2014: online). 
In the end that debate reflects the last chapter of nuclear 
power. Now that the phase-out is decided there remains the 
important question of who will pay the bill. The companies are 
trying to transfer the risk of incalculable costs to the 
government. The government, however, rejects the assumption 
of that kind of risk.  
The argumentation that electricity suppliers are solely 
responsibility for their nuclear business is understandable. 
However, there is the possibility that companies go bankrupt 
which would mean that the 35 billion euro reserves already 
formed cannot be used. This could possibly lead to an even 
more expensive phase-out for the taxpayers. Against the 
background of these problems it has to be carefully considered 
what might be the best solution.  
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Abstract For a long time the engery industry was dominated by  
a few big concerns.  But government-sponsored competition and 
the nuclear phaseout put down the power of E.ON, RWE, 
Vattenfall and EnBW. Solar energy plants of individual 
consumer  and wind farms for medium-sized companies 
increased in the recent past its shares. How big is the power of 
the four big players of energy industry yet? 

 

I. INTRODUCTION (HEADING 1) 

The turning point for germany energy corporations was the 
nuclear disaster in fukushima. In March 2011, the government 
imposed a moratorium for several nuclear power plants. 
Several reactors go permanently from the net and the German 
Bundestag decided the final phase out nuclear power by the 
end of 2020.After the political reforms RWE lost 25% of their 
profit in 2011. E.ON even recorded a loss of 1.9 billion euros 
to the previous year. Not only the quiescence of nuclear power 
plants but also the new nuclear fuel tax as well as losses in the 
gas business and the recession in southern Europe contributed 
to the profit declines in the big four. In subsequent years, the 
significant losses which could follow the structural changes in 
the energy sector by billionaire austerity programs provide 
deletions and are collected by enormous share disposals 
partially.  

II. MAIN COMPONENT 

 

On the retail market but the big companies have already 
fallen by new competitors since 1998 under strong pressure. 
With campaigns against the " nuclear companies " won four 
providers of green power one million households as customers 
and a market share of 2.5 percent. local powerplants expanded 
their distribution on neighboring communities, some have 
electricity or gas now even nationwide on . Since 1998, as well 
as numerous private providers have established . In 2011 there 
were , according to the consulting firm AT Kearney 50 
independent electricity and 55 gas companies. 

 

 

The sales figures of E.ON , RWE, Vattenfall and EnBW 
have decreased accordingly since liberalization . Company-
owned distribution companies and municipal utilities with 
majority participation of the big four supplied 2008 according 

to the Federal Network Agency , 52 percent of end users. 
Because customers changed and the energy companies sold 
shares, they provided only 42% in 2011. 

 

 

 

 

 

The importance of the power companies will continue to 
fall , not only because of the ongoing competition. Every third 
company checks due to rising electricity and heat prices to 
enter into their own power , a survey conducted by the German 
Chamber of Industry and Commerce day resulted in the fall of 
2012. For home owners power is from our own solar system 
now cheaper than the reference for a cheap provider , business 
establishments with their more favorable wholesale prices , the 
cost parity in a few years also achieve . 

 

 

Own consumption and a new generation of providers have 
the potential to be the next revolution in the energy market . 
Companies in the wind energy sector are already 
experimenting with the supply of green electricity without 
having to take development funds . "I am convinced that our 
market share in Germany is mandatory and sustained decline. It 
is not possible that we hold in a more decentralized energy 
world the same market share ," said John Teyssen , CEO of 
E.ON , 2012 in an interview. 

 

 

In the ongoing development of renewable energy , E.ON , 
RWE, Vattenfall and EnBW have held back a long time. The 
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energy giants are specialized in part to capital-intensive large-
scale power plants. On the other displace Renewable especially 
expensive electricity from natural gas plants from the market. 
Flexible peak load power plants with coal and gas as a fuel are 
also used less frequently because noon mass- flow solar power 
into the grid . Solar energy reduces then to the power exchange 
the price which was particularly high earlier due to the high 
demand at lunchtime. Therefore, the operator of fossil power 
plants have made it increasingly difficult to refinance 
investment from building their reactors . 

 

E.ON in 2011 reached only a 13 percent share of green 
electricity in its power mix , lagging behind the national 
average of 20 percent. RWE even came only to a green 
electricity share of 2.6 percent. Most green electricity 
generating companies with up to 100 years old hydropower 
plants. In wind energy, photovoltaic and biomass they have 
hardly any own plants . The windmills of E.ON correspond 
only 0.7 percent of Germany's installed wind power capacity.  

 

 

 

 

A U-turn Vattenfall has announced. After the Swedish 
government had lowered the return required for the state-
owned company, the company announced in late 2012 to invest 
only in renewable energy. The same applies to the German 
subsidiary. In the Federal Republic, however, the company 
plans to finish building by 2020 half a dozen approved gas and 
coal power plants.  

 

 

  E.ON has promised to invest up to 2016 at least 1.2 billion 
euros per year in renewable energy. Thus, the Group would 
remain at the level of previous years, the vast majority will also 
flow abroad. RWE intends to increase the share of renewable 
energy in its capacity by 2020 to 20 percent internationally. 
EnBW has to spend the goal is to build about 3,000 megawatts 
of green power plants by 2020. This corresponds to the 

performance of all modules, which were Germany's newly built 
in the first half of 2012. 

III. CONCLUSION 

 

 

If the four groups do not increase greatly their investments , 
they will play only a marginal role for the energy turnaround in 
Germany . Because of high debt , however, RWE and E.ON 
lack the capital for major investments , EnBW is struggling due 
to the elimination of two of its four nuclear power plants since 
2011 with particularly high revenue losses . 

 

E.ON tries , especially abroad, to grow and can choose for 
his investment , unlike the medium- drivers of the energy 
transition states with the most attractive conditions. Offshore 
wind farms build E.ON and RWE , especially in Great Britain, 
because the plants there not have to be built so far from the 
coast as in the German North and Baltic Seas. Due to the 
attractive remuneration hold the four energy companies but 
also concessions for offshore wind farms off the German coast 
. The contribution of the four power companies to the energy 
transition is expected to be greatest in this capital-intensive 
technology. 

 

How much profit do the corporations future with a further 
increase in green electricity share in the net even with their 
fossil fuel power plants , depends primarily on political factors 
. Ambitious climate protection would increase emission and 
mainly make the lignite unprofitable . In the next few years, the 
Federal Government and the European Commission will have 
to decide also whether and to what extent electricity from fossil 
fuel power plants should be promoted. E.ON pointed in 2012 to 
the closing of unprofitable gas power plants. If even the last 
nuclear power plants shut down, generation capacity could be 
missing for the times in which too little green electricity is 
available. A rapid expansion of electricity grids would facilitate 
the situation of corporations : the lines are faster and more 
developed , the more easily they can sell their electricity to 
neighboring European countries. 
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Abstract Zero-energy buildings are grid-connected buildings 
which provide a high standard of energy efficiency. This paper 
introduces the zero-energy building as one type of energy saving 
buildings. The construction and use of zero-energy buildings, as 
well as a comparison of advantages and disadvantages of zero-
energy buildings are being explained. 

Keywords: zero energy building, sustainability, renewable 
energy, energy prices, solar energy, operating expenses, 
sustainability, energy efficiency 

I.  INTRODUCTION 

Due to the increase of energy prices in the last years it 
became very expensive to maintain the standard of living. In 
particular, the oil price has experienced a sharp increase as it is 
shown in figure 1. 

[1] 

Figure 1.  Oil price development 

It means that the heating of buildings will be more 
expensive, too. Hence a new opportunity to save energy is 
needed. Old buildings have a huge loss of heat, which is caused 
by bad insulation. Thus there is a big potential to save energy. 
Therefore the research started to develop buildings, which do not 
need external energy sources, because they have the ability to 
save their warmth and produce additional needed energy by 
themselves. 

Another reason for developing low energy houses is the goal 
of the Federal Government of Germany to decrease the energy 
consumption to reduce greenhouse gases. 

This paper describes different types of low energy buildings 
and explains the functionality of zero energy buildings. 
Furthermore pros and cons of zero-energy buildings will be 
discussed. 

II. CLASSIFICATION  

In the last few years, the development of low energy 
buildings has been increasing rapidly. This is why the energy 
consumption of buildings decreases intensively. This brought 
out various types of buildings with different external 
requirements of energy. 

Figure 2 is showing the development in research and 
building practice. There are also given the minimum 
requirements in accordance with the Energy Savings Ordinance 
(Energieeinsparverordnung, EnEV). 

[2] 

Figure 2.  Developments in research and building practice 

It is shown that the building practice is different to the 
current research. This results mainly from the high investments 
for energy saving buildings, because of the materials that are 
used. 

A. Solar buildings 

Most buildings are dependent on external energy sources to 
heat the housing and conduct electrical devices. Houses, which 
will be supported by solar cells or solar collectors to reduce the 
external required energy, are called solar buildings. [3] 

B. Low-energy buildings 

A building, which has a very efficient insulating, loses fewer 
warmth and needs less energy to keep the indoor heat. Therefore 
these buildings are called low-energy buildings. [4] 
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C. Three-liter buildings 

Three-liter buildings are low-energy buildings, which only 
need the energy of three liters oil per square meter to heat the 
housing. To reach this goal, a much better insulation is needed. 
[5] 

D. Zero-heating buildings 

Low-energy buildings, which generate their needed energy 
to heat the housing by themselves, are called zero-heating 
buildings. They receive their thermal heat from solar collectors 
and geothermics. The heated up water is used for radiators and 
daily use. In addition, electrical energy from solar cells is fed 
into the grid to compensate cold winter when extra energy is 
needed for heating. [6] Note: Zero-heating buildings are not 
self-sufficient. 

E. Zero-energy buildings 

A zero-energy building (ZEB) is an extension of the zero-
heating building, which in addition produces its used electrical 
energy. To sum it up it is an energy efficient building which 
generates as much energy as it consumes [7]. The additional 
required energy for electrical devices is sourced from additional 
solar panels or a small wind turbine. 

F. Energy-plus buildings 

Energy-plus buildings are zero-energy buildings which have 
an energy surplus. This energy is fed into the grid to earn money 
and pay back the loan for the building. That can be realized by a 
much better insulation and more solar cells. [8] 

G. Energy self-sufficient buildings 

Low-energy buildings like mentioned above are not able to 
operate without grid connection due to the missing of storage. 
Therefore buildings can be equipped with possibilities to save 
heat and electricity. These buildings are independent and are 
called self-sufficient buildings. [9] 

III. CONSTRUCING A ZERO-ENERGY BUILDING 

For the construction of a zero-energy building, the 
combination of four factors very is important [2]: 

1) Optimized building envelope 
The building envelope is one of the most important 

components for an energy-optimized building.  

To decrease the heat transfer between the interior and 
exterior, due to differences in temperature, the building envelope 
requires a thermal insulation. This thermal insulation controls 
the heat, air and moisture flow. Therefore various layers of 
material, with very low thermal conductivity, are being added to 
the building envelope. Furthermore the ZEB is hermetically 
sealed because of the insulation. As a result the convective heat 
transfer decreases. Additionally airtight windows and doors are 
being used, to reduce the number of air leaks in the building. 

The building exterior surface of zero-energy buildings, like 
building facade, windows, foundation, etc. should provide a low 
thermal transmittance or U-value. A low U-value stands for a 
high thermal insulation. This U-value has to be less than 0.6 
W/ m²K for zero-energy buildings. 

The ratio of surface to volume, significantly influences the 
heating energy demand of a building. A ZEB should have a 
small surface area to reduce the heat exchange and save energy. 
[10] 

2) Efficient construction and technical building service 
system 

Ventilation systems and heat recovery provide fresh 
tempered air inside the building. Energy efficient heat recovery 
supports radiators during heating period. In winter terrestrial 
heat can be used to warm up water and air used in the building. 
However, in summer it is used to cool down the inside air. This 
leads to a significant decrease of the energy demand for heating 
in ZEBs. Besides the integration of heat recovery in the 
ventilation system, heat recovery should be included in the 
drinkable water system, too. 

Low-exergy systems are defined as a heating or cooling 
system. The process of heating or cooling is being supported by 
the system through air- or liquid-circulation to provide a 
temperature close to the room temperature. This way the heat is 
transferred into the room. [2] 

3) Integration of renewable energy 
The development of renewable energy plants is a key to 

improve energy efficiency of ZEBs. The on-site energy 
production is mostly a combination of different technologies. 
Common on-site renewable energy technologies for the 
generation of thermal heat are solar collectors, heat exchanger 
for fresh air and near surface geothermal power.  

To generate electricity solar cells and wind turbines are 
being used. It is also possible to use heat for generating 
electricity with fuel cells. Hereby, most of the electrical and 
thermal energy can be provided. [11] 

4) Optimized operation of integrated systems in 
conjunction with the defined use 

In addition to the use of high efficient technologies and 
constructions, a ZEB requires an optimized operation of the 
integrated systems. To provide thermal comfort inside the 
building, hermetically sealed constructions and connections 
have to be applied. Furthermore thermal bridging on exterior 
surfaces such as windows should be avoided.  

Ancillary to the integration of heat recovery, into the 
ventilation and water system, demand-controlled heating- and 
ventilation-systems are useful to avoid oversupply and losses. 

Another point which can be optimized is the lighting. Large 
window areas with south exposure can be applied to reduce the 
heating energy and light demand by using daylight. Additionally 
to daylight, efficient lighting like energy saving lamps can 
reduce the energy demand. [7] 

IV. PROS AND CONS 

Energy-optimized buildings like ZEBs unite a various 
number of advantages. Zero-energy buildings enable many 
options for energy generation and savings. Due to their high 
energy efficiency ZEBs are more economical than normal 
buildings. This is an approach to protect the environment and 
climate. [12] 
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Nevertheless ZEBs obtain energy from fuel grid power to 
compensate weak solar days. Hence ZEBs receive electrical 
energy from energy sources which generate greenhouse gases 
during the transformation. But in terms of figures ZEBs are 
emission-free, because they produce their needed energy by 
themselves with renewable power plants. As a consequence 
there is a reduction of greenhouse gases. [11] 

Another benefit of ZEBs is the fact of saving energy costs, 
 [13]. But ZEBs should 

be considered critically when it comes to costs, because of the 
higher energy which has been used for building the house. This 
is also known as embodied energy and has not been included to 
the zero-energy calculation. That means the energy payback 
time of a ZEB, the time until energy can be actually saved, is 
significantly longer. 

The high investment for construction and installation of 
ZEBs is a throwback for this sustainable solution, because it 
scares potential investors to invest. [11] 

V. CONCLUSION 

The usage of low-energy buildings reduces the energy 
demand from the grid. By better insulations, heat can be saved 
inside the housing. Different technologies of renewable energy 
provide warmth and electricity for the residents. Thereby costs 
can be reduced. 

Another reason for zero-energy buildings is the reduction of 
fuel needed power because they generate their needed energy 
through renewables by themselves. In absolute terms, ZEBs are 
greenhouse gas free. 

Because of extensive insulation and different technologies 
for generating and control energy, the investment is very high. 
Therefore the payback time is very long. 

For environmental aspects it is not sure if ZEBs are 
sustainable in the long run. This is due to the materials used for 

the insulation and solar cells. Therefore further research and 
calculations should be done. 
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Abstract For two centuries renewable energy gains 
more and more in importance. Looking forward to the 
future the role of renewable energy is even getting more 
relevant. For example, the European Government sets 
their targets that they want to achieve till 2020. Some 
goals apply the climate change and sustainable 
development. The reason why renewable energy is 
getting significant is that the usage of fossil fuels is 
limited. Furthermore renewable energy resources are 
replacing the fossil fuels over the years. Biofuel is going 
to be used instead of fossil fuels. But to do that, Biofuel 
needs to be produced first, for example made out of 
biomass.  Biomass as the new energy source?  

Keywords-biorefinery biofuel; renewable energy resources; 
climate change; sustainable development; biomass, UPM 

I. INTRODUCTION  

 European Government 
has set many goals. Several goals concerning the climate 
change and sustainable development were defined in that 
concept. They plan to reduce the greenhouse gas emissions 
about 20 % in comparison with the emissions in 1990. In 
plus until 2020 the energy efficiency is planned to grow 
about 20 % and the percentage of renewable energy shall 
increase to 20 %. Several projects are already ongoing to 
raise the percentage of renewable energy. One of renewable 
energy producer is the biorefinery. The interest lies in the 
usage of waste and by-products, which are transformed 
afterwards in biomass. This biomass can be converted into 
biofuel, power and heat. The consideration will be lying 
explicit on the transformation of biomass into biofuel. [1][2] 
 

II. UPM 

 
Figure 1 UPM Logo 

UPM is a finish paper, pulp and timber manufacturer. This 
biofore company announced on February 2012 to build the 
first biorefinery for the production of biofuel made out of 
the by products in the paper industry in Finland. 

stands for sustainable solutions and environmental 

position at the forefront of the development. Their biofuel, 
named UPM BioVerno, should also reduce the greenhouse 
gas emissions. The reduction of the greenhouse gas 
emissions follows the concept of the term biofore. For 

main raw material is untreated tall oil, which is a residue of 
chemical pulp production, mainly generated in the 
production of sulphate cellulose from softwood. A 

principles of sustainable forest management, chain of 
custody and forest certification. By further processing crude 
tall oil UPM is able to utilize the wood it uses for its pulp 
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production in a more efficient way without increasing wood 
harvesting. [3][4] 

III. FACTS AND FIGURES 

UPM invested 150 million EUR in total for the first 
biorefinery, which is still under construction. In the course 
of the year 2014 the build of the refinery should be finished. 
The annual amount, which the biorefinery should produce, 
is 100.000 tons of renewable diesels, equating to 120 
million liters. With this build approximately 200 jobs are 
created. March 2013 UPM won the sustainable biofuel 
awards in Rotterdam for their innovation BioVerno.UPM 
also stands in corporation with the Technical research center 
of Finland VTT and the Auto-Group VW to test the biofuel. 
Results has shown that BioVerno reduces the greenhouse 
gas emissions by 80 % compared to fossil fuels and can also 
be mixed with other fuels, unlike the first generation of 
biodiesels. For another future project in Strasbourg, France 
the European commission has awarded UPM a grant of 170 
million EUR for a solid wood-based biorefinery. This grant 

for the support of innovative renewable energy 
technology.[5][6] 
 

 

IV. PRODUCTION 

Biofuel is produced from biomass conversion in several 
complicated proceedings. Depending on the desired biofuel 
there has to be used different precursors and conversions. 
Distinguished in first and second generation biofuel every 
end product has its own assets and drawbacks. 
The first generation fuels are based on the extraction of 
sugar, starch and vegetable oil[7]. Enzymes and 
microorganisms are the producer of the most commonly 
alcohol ethanol through the fermentation of sugar, starches 
or cellulose. In comparison, the substrates of the second 
generation fuels are lignocellulosic biomass or woody crops, 
agricultural residues or waste [8]. Even a third and new 
generation is defined, that contains sea weeds and algae. 
Both bioethanol and biodiesel are the most common forms 
of biofuel and distinguished in the first two generations. 
 

A. BIOETHANOL 
Two main reactions, hydrolysis and fermentation, are the 
keys to understand how biomass is converted to bioethanol.  
 

a. HYDROLYSIS 
Hydrolysis is the chemical reaction where the complex 
polysaccharide in the raw feedstock is converted to simple 
sugar, which would be processed later in the fermentation. 
[9] 

 
Figure 2 Hydrolysis of polysaccharides to glucose 

b. FERMENTATION 
The most common produced alcohol worldwide, ethanol, is 
produced by the action of microorganisms and enzymes 
through the main reaction fermentation of sugars or 
starches, or cellulose[10]. 
In the biology, fermentation is the anaerobic process of 
extracting energy from organic compounds. A conversion 
from sugar to ethanol (1).  
 
C6H1206   2 C2H5OH + 2 CO2  (1) 
 
In industrial terms, fermentation is the process of 
derivatization of organic materials to new products by 
means of enzymes. Even in the traditionally nutrition 
manufacturing it is possible to see this process (e.g. beer and 
bread). 
The fermentation processes have just gained importance in 
those situations where high productions exist. It is quite 
costly because of the low concentration of the desired 
product, which needs efficient cleaning and concentration 
procedures. Even it is necessary to work under sterile 
conditions, so that other enzymes or microorganisms do not 
interfere with the desired product scheme.  
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Figure 3 Fermentation process ( Source:[11]) 
 

c. UPM 
UPM´s fuel would base on the renewable raw material from 
wood-based tall oil to produce the biodiesel. Cellulose the 
principal component of wood is used in the UPM 
biorefinery. It is a polysaccharide like glucose. [12] 
 

 
 
 
 
 
Figur 4 UPM´s process to manufacture BioVerno 

 
d. PRETREATMENT 

The refinery will realize the manufacturing of the biodiesel 
from commercial and industrial waste, such as paper, 
cardboard, wood and plastic. A part of the waste would be 
used for generating ethanol and a part for generating energy. 
The solution makes it possible to manufacture cost-effective 
second generation biofuels for traffic in Europe without 
endangering the raw material supply of the forest industry. 
[13]  
The pines grow in Short Rotation Forestry (SRF) in 
northern Scandinavia where UPM owns 1.1 million hectares 
of wood. [14]  
SRF are sustainably managed forests. 
The tall oil, also called "liquid rosin", is an oily, resinous 
mixture of rosin acid (33-47%), fatty acids (42-55%), 
sterols, unsaponifiable, colored and odorous material.  
Crude tall oil is gained as a result of the separation process 
of fibrous material from wood. It is a residue of the Kraft 
process in the paper pulp manufacturing from wood. The 

after the separation, whereby the crude soap is salted out 
and collected. In the pretreatment water, salts, impurities 
and solid particles are removed s so the tall oil becomes 
almost 100% pure.  
The production of one ton of paper yields 30-40 kg of 
tall[15]. 
 

e. HYDROTREATMENT 
In this chemical engineering process hydrogen is used to 
remove the impurities and sulfur in the pretreated crude tall 
oil. The reaction converts the complex polysaccharides in 
the raw feedstock to simple sugar. Enzymes and acids are 
used to catalyze the reaction. Even it is important to remove 
the remaining sulfur from the biofuel before it goes on to the 
refining[16]. 
 

f. FRACTIONATION 
Fractionation is based on a process of separation. The 
process includes a certain mixture of gas, solids, liquids and 
isotopes. Furthermore the different kinds of elements are 
getting divided in a number of smaller amounts, the so 
called fractions. The content of the mixture varies according 
to a gradient. 
The challenge is to find a perfect match between the 
fractions and the desired purity. Fractionation is a common 
technique, which can seperate more than two elements in 
one proceeding.[19] 
 
At least the finish produced renewable biodiesel is suitable 
for all diesel engines. 
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Figure 5  Chemical basic reaction in the hydrotreatment (Source:[17]) 

 
 

B. ANOTHER PROCESS OF BIODIESEL 
 

a. THE MAIN REACTION TRANSESTERIFICATION 
 

In comparison to ethanol, biodiesel is commonly produced 
by the transesterification.  
Only this reaction of alkyl esters of oils or fats with an 
alcohol leads to the product called biodiesel. The most 
commonly used ester is the methyl ester because it´s basic 
material methanol is the least expensive alcohol in the 
production.[18] These reactions are often catalyzed by the 
addition of an acid or base catalyst. The reaction can also be 
accomplished with the help of enzymes (biocatalysts) 
particularly lipases. Even the chemical reaction 
esterification is adaptive in the production. 
 

 
 
Figure 5 The transesterification reaction. The alcohol used for producing 

3) (Source[20]). 
 

V. ADVANTAGES AND DISADVANTAGES OF BIODIESEL 

Ideal for heavy engines, like heavy rails, trucks and marine 
engines, some companies are testing the biodiesel as fuel at 
present, like UPM does for cars. But it could not be used as 
jet fuel because it´s freezing point is too high for those 
heights.[21] 
In General biofuels cause less greenhouse gas emissions 
than fossil fuels. But they also stay in conflict with the food 
production due to their requirement of big areas of 
cultivable land. In comparison with Bioethanol Biodiesel is 
more expensive to produce and the production methods are 
more difficult. In return in the automobile industry the 
compression-ignition engines do not need a modification for 
diesel engines. [22]  
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Abstract The various component Energy production 
based on renewable energies is one of the fundamental 
methods for energy generation in the 21st century. The 
solar chimney power plant is a simple solar thermal-
wind power plant that is capable of converting solar 
energy into electricity. This paper explains solar chimney 
performance and its ability to produce electricity in 
future. Mathematical modeling of collector is done and 
equations are considered. Moreover some efficiency, 
environmental and economic challenges is discussed. 
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I. Introduction 

energy demand is increasing remarkably. At this 

rate. In addition, due to the technology development, 
the need of energy for each person is rising 
continuously. Therefore, the amount of energy 
consumption of the world will be multiplied many 
times over. On the other hand, the main current 
resources of energy, including oil, gas and coal are not 
renewable and will be depleted in near future. 
Moreover, these fossil resources influence the 
environment intensively. One of the most substantial 
consequences is the global warming phenomenon. All 
the challenges mentioned above, have caused a 
tendency to supply energy with renewable and clean 
resources, of which solar energy can be counted. 
Because of being widespread and available in most 
countries, this source of energy has attracted the 
attention of many researchers around the world to find 
methods for utilizing sun radiation.  

In 1903, Isidoro Cabanyes, a colonel in the 
Spanish army, proposed a solar chimney power plant 
in the magazine La energía eléctrica.[2] Another early 
description was published in 1931 by German 
author Hanns Günther.[3] Beginning in 1975, Robert 
E. Lucier applied for patents on a solar chimney 
electric power generator; between 1978 and 1981. 

     In 1982, a small-scale experimental model of solar 
chimney power plant was built under the direction of 
German engineer Jörg Schlaich in Manzanares, 
Ciudad Real, 150 km south of Madrid, Spain; the 
project was funded by the German government. About 
four years after his research, construction of a solar 
chimney pilot plant was started in Manzanares, Spain. 
The chimney had a height of 195 meters and a 
diameter of 10 meters with a collection area 
(greenhouse) of 46,000 m² (about 11 acres, or 244 m 
diameter) obtaining a maximum power output of about 
50 kW. However, this was an experimental setup that 
was not intended for power generation. Instead, 
different materials were used for testing such as single 
or double glazing or plastic (which turned out not to 
be durable enough), and one section was used as an 
actual greenhouse, growing plants under the glass. 
During its operation, optimization data was collected 
on a second-by-second basis with 180 sensors 
measuring inside and outside temperature, humidity 
and wind speed. 

      This pilot power plant operated for approximately 
eight years but the chimney guy rods were not 
protected against corrosion and not expected to last 
longer than the intended test period of three years. So, 
not surprisingly, after eight years they had rusted 
through and broke in a storm, causing the tower to fall 
over. The plant was decommissioned in 1989. [4] 

 
Figure 1- a solar chimney power plant, in 

Manzanares, Spain 
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       Scale-up study of the experimental results of 
Manzanares to large solar chimney power plants 
was done by Schlaich et al. (1990). Yan et al. 
(1991) exploited practical correlations used for 
deriving equations of air flow characteristics, to 
make a modified analytical model of a solar 
chimney. Padki and Sherif (1992) explained the 
influence of dimensions and operating conditions 
on the solar chimney performance. For the first 
time, a numerical modeling of plant with a collector 
equipped by a water storage system was presented 
by Kreetz (1997) who indicated that a solar 
chimney can operate around the clock, even at 
night. Pasumarthi and Sherif (1998) performed an 
experimental and theoretical analysis on a pilot 
plant constructed in a college.  

Solar energy is quite simply the energy produced 
directly by the sun and collected elsewhere, normally 
the Earth. The sun creates its energy through a 
thermonuclear process that converts about 
650,000,000 tons of hydrogen to helium every second. 
The process creates heat and electromagnetic 
radiation. The heat remains in the sun and is 
instrumental in maintaining the thermonuclear 
reaction. The electromagnetic radiation (including 
visible light, infra-red light, and ultra-violet radiation) 
streams out into space in all directions. [1]  

Only a very small fraction of the total radiation 
produced reaches the Earth. The radiation that does 
reach the Earth is the indirect source of nearly every 
type of energy used today. The exceptions are 
geothermal energy, and nuclear fission and fusion. 
Even fossil fuels owe their origins to the sun; they 
were once living plants and animals whose life was 
dependent upon the sun.  

     The total solar energy absorbed by Earth's 
atmosphere, oceans and land masses is approximately 
3,850,000 exa joules (EJ) per year. In 2002, this was 
more energy in one hour than the world used in one 
year. Photosynthesis captures approximately 3,000 EJ 
per year in biomass. The technical potential available 
from biomass is from 100 300 EJ/year. The amount of 
solar energy reaching the surface of the planet is so 
vast that in one year it is about twice as much as will 
ever be obtained from all of the Earth's non-renewable 
resources of coal, oil, natural gas, and mined uranium 
combined. Solar is one of the most talked-about 
alternative energy sources in the world today.[4]  

 Enough energy comes from the sun in one 
hour to power the global population for a 
year.  

 Sunlight is a totally renewable resource, 
unlike oil, coal and natural gas.  

      Solar chimney is one of the most innovative plants 
designed and constructed for exploiting solar energy. 
This instrument makes a natural convection of air 
flow which is capable of driving wind turbines located 
in the air flow path. Generators coupled to wind 
turbines make electricity as the output energy.  
 

II. Solar chimney structure  
 

Solar chimney is a powerful instrument for 
exploiting the energy of Sun in order to generate 
electricity. This plant consists of three main parts: a 
surface for collecting solar radiation called 

, a closed space for making greenhouse 
effect called  and a long tubular structure 
for leading air flow called . Fig.2 indicates 
the mechanism of a solar chimney performance.  

 

Figure 2. Schematic illustration of a solar chimney 
power plant. 

III. System description  
 

As seen in Fig.2, solar radiation is the running 
energy of the system, which illuminates to the plant. 
At the beginning, this radiation arrives at collector 
which is a transparent cover with high transmissivity 
and low conductivity. The sun radiation includes high 
energy electromagnetic spectrums having short 
wavelength, which easily pass the collector and reach 
the absorber. Absorber is a surface with high 
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absorbency which is selected as dark and rough as 
possible. Being dark and black, increases absorptivity 
and roughness reduces the reflectivity remarkably. 
When absorber obtains radiation, warms up gradually 
and its temperature increases. The air near the absorber 
and soil under the absorber start warming. Increasing 
absorber temperature causes emitting an IR spectrum. 
Infrared waves, because of having long wavelength, 
possess low energy and cannot pass the collector. 
Hence, the heat absorbed on the absorber traps in an 
enclosure which has been provided by the collector. 
This phenomenon is named the greenhouse effect. Air 
in the enclosure warms up moreover due to the 
greenhouse effect and heat accumulation causes heat 
penetrating into soil. Increasing the air temperature 
causes density decrease and density gradient occurs in 
the air flow body. Density gradient results in appearing 
buoyancy forces and the warmed air in the vicinity of 
the absorber starts climbing. The collector has trapped 
the air and there is no way for escaping except the 
chimney entrance. Chimney, which is located in the 
center of the collector, is like a long pipe and lets 
warmed air rises. When this warm air rises, the 
ambient air comes into the collector due to ventilation 
and fills the empty space made by the rising air. Thus, 
a flow of air enters the collector, warms and rises in 
the chimney. If some turbines would be located in the 
air flow passage, the energy of this flow can be 
converted to electricity by coupling generators to the 
turbines. [5]  
 

On the other hand heat, which has penetrated into 
soil, is stored little by little in the levels of the ground. 
Just the upper levels of the ground, with a depth of 
lower than five meters, are influenced by the surface 
temperature changes. The ground temperature with a 
depth of more than five meters remains constant and 
unchanged in both summer and winter seasons. Fig. 3 
shows the stated declaration.  

 

Figure 3- Temperature changes for different depths 
of the ground [5] 

     The amount of output energy is dependent on the 
air volume flow rate. Since dimensions are constant, 
the amount of the output energy is only on the air 
velocity. This means that more velocity magnitude 
results in more electricity output. Therefore, a region 
in which solar radiation provides more velocity 
magnitude in the air flow will be the best and the most 
efficient place in terms of power production.  

IV. Mathematical modeling of collector 
  

Considering the steady flow of air in the 
collector, the temperature distribution can be obtained 
as a function of collector radius. Air warms while it 
passes through collector inside. Convective heat 
transfer occurs from absorber to air and also from air 
to collector simultaneously. By considering a 
differential control volume in the collector, the energy 
balance can be expressed as:  

pdT = [hab(Tab  T) + hc(Tc  T)]dA                   (1) 
 

(c: coleector, ab: absorber)  

Which dA equals to . Furthermore, it is important 
to notice that heat transfers from the absorber to air 
and air to collector roof accordingly. Therefore the 
energy balance equation can be written as follows:  

  

p ab(Tab  T) + hc(Tc               (2) 
                                                         
       The temperature and heat transfer coefficient of 
both absorber and collector are not constant. As a 
primary approximation, these quantities (Tab, Tc, hab 
and hc) can be assumed constant. By this 
simplification, temperature distribution is expressed 
as:  

 

                                                                                                
       Mass flow rate can be calculated by quantities of 
density, velocity and area at the chimney throat 
(chimney entrance):  

thVthAth                                         (4) 

approximation can be used:  

a a a)]           (5)                                                  
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 is the thermal expansion coefficient which is defined 
by  for an ideal gas. Thus, a a and 

 

th a  a(Tth  Ta)]                                           (6) 
                                                   

Ath is simply defined by ch
2  and Vth can be 

measured by an anemometer fixed in the chimney 
entrance. [5] 

V. Why use solar chimney technology?  

Also, because of the heat retaining material within 
the greenhouse, solar chimney can maintain constant 
upward draft and therefore energy generation for 
nearly 24 hours.  This is different from wind farms, 
which can only generate electricity on an intermittent 
basis. The inside of the tower and greenhouse will be 
a forgiving enough environment to allow maintenance 
crews to enter it while it is operating.  This is different 
from many types of plants, especially nuclear, that 
need to be shut down during maintenance. Finally, 
unlike photovoltaic cells, the greenhouse can heat air 
using both direct and diffuse sunlight, which is 
important for countries that often have cloud cover. [6] 
Besides it, there are several advantages of using solar 
chimney power plants.   

 Power generation without fuel consumption. The 
plant does not require any non-renewable fuels in 
order to, so the plant would never have to deal with 
Fluctuation in electricity price and the costs can be 
kept constant for a long time.  

 Do not require water. Solar chimney power plants 
require no cooling water, this is very important 
especially for arid regions.   

 No environmental pollution. The solar chimney 
power plants generate electricity without polluting 
the air and do not produce harmful toxins in the air 
when fossil fuel power plants pollute their 
environment by consuming oil, gas or coal. 
Nuclear power plants produce radioactive nuclear 
waste that are dangerous and pollutes the 
environment and creates huge problems for the 
planet.  

 Ability to supply small grids  

 Low Depreciation and long life. The plant has a 
long operating life approximately 65-70 years 

while fossil fuel power plants operate for 15-30 
years.  

 Low maintenance cost.  

 The plant operates using simple technology. The 
technology of a solar chimney power plant will not 
become out-dated easily. Solar chimney power 
plants require no professional specialists except for 
possibly the turbo-generator, and can be applied 
automatically. While in other kind of power plants 
high level specialists have been required and these 
devices permanently need to have special care.  

 The ground (soil) underneath the collector of a 
solar chimney power plant acts as a natural energy 
storage mechanism, which allows the plant to 
generate power at night.   

 Construction materials that are used (mainly glass 

and concrete) for such a plant, are relatively 

inexpensive and readily available.  

 Low maintenance cost.  

ar 
chimney power plant. Some secondary advantages of 
the construction of such a plant would include job 
creation during the construction period and boosted 
tourism to the area. 

 The main disadvantages of solar chimney, 
which generally limit the use of these plants, 
are as follows:  

 The efficiency of converting solar energy 
into electrical energy is very low.  

 The accession to power with fossil fuel 
backup system is impossible.  

 Large amount of construction materials and a 
wide flat field is required.  

 A very high chimney is required to achieve 
high level of electrical power.  

 
VI. Environmental challenges  

  
Obviously, the tower releases no greenhouse 

gases such as CO2 or methane.  By generating 200 
MW from a solar tower and not a fossil fuel, 830,000 
tons of CO2 per year could be kept out of the 
atmosphere.  However, there are several 
environmental problems associated with solar towers.  
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The first is that they will be placed in the middle of the 
desert.  The desert areas of the planet have a high 
albedo and currently reflect 35-45% of the sunlight 
they receive.  Dark glass paneling, such as would 
compose the greenhouse of the solar tower, would 
reflect less of the sunlight and absorbing more heat.  
While the change is albedo is probably not large 
enough to significantly affect the albedo of the earth, 
it may have an effect on local climate.  

Another heat problem is associated with the 
thermal plume that will come from the top of the 
tower.  Air will be spewing out of the top of the tower 
at around 60 degrees Celsius, about 50 degrees warmer 
than the surrounding air at 1 KM high. Normally, air 
that is cooling will start to fall and release its moisture 
as it descends.  Because of winds, this precipitation 
will land in areas closer to the poles than the deserts.  
However, with superheated, dry air streaming into the 
atmosphere above deserts, it will take longer for the air 
to cool and descend.  Depending on the location of the 
solar towers, this could cause desertification in the 
areas near the deserts.  

Solar towers, because they would dramatically 
heat large portions of air, might contribute to this 
problem.  However, one wonders whether the lack of 
greenhouse gasses emitted from these towers might 
counterbalance the effects of the heat which they are 
producing, as opposed to a fossil-fuel burning power 
plant that produces both heat and greenhouse gas. 

 
A more local problem is that of ecosystem 

degradation.  The area around Buronga is mostly state 
land, pretty rural.  Most solar towers would probably 
be placed in rural areas, and since they take up almost 
32.5 KM squared it will have a pretty significant 
impact on local ecosystems.  Road building and 
turbine noise will also cause problems.  Also, these 
towers, at 1 km high, will be able to be seen from very 
far away. [6]  
 
VII. Efficiency challenges   
  

The solar updraft tower has a power conversion 
rate considerably lower than many other designs in the 
(high temperature) solar thermal group of collectors. 
The low conversion rate is balanced to some extent by 
the lower cost per square meter of solar collection.   

Model calculations estimate that a 100 MW plant 
would require a 1,000 m tower and a greenhouse of 20 
square kilometers. A 200 MW tower with the same 
tower would require a collector 7 kilometers in 

diameter (total area of about 38 km²). One 200MW 
power station will provide enough electricity for 
around 200,000 typical households and will abate over 
900,000 tons of greenhouse producing gases from 
entering the environment annually. The collector area 
is expected to extract about 0.5 percent, or 5 W/m² of 
1 kW/m², of the solar energy that falls upon it. 
Concentrating thermal (CSP) or photovoltaic (CPV) 
solar power plants range between 20% to 31.25% 
efficiency (dish Stirling). Overall CSP/CPV efficiency 
is reduced because collectors do not cover the entire 
footprint. Without further tests, the accuracy of these 
calculations is uncertain. [4]    

     A solar updraft power station would require a large 
initial capital outlay, but would have relatively low 
operating cost. As with other solar technologies, some 
mechanism is required to mix its varying power output 
with other power sources. Heat can be stored in heat-
absorbing material or saltwater ponds. Electricity can 
be cached in batteries or other technologies. [4]  

VIII. Economic challenges  
  

However, since the towers are rather interesting 
looking there could be a lot of revenue to be had from 
tourism. In fact, almost 35 jobs in the solar tower 
would be dedicated solely to tourist maintenance.  Not 
only would people come to see the tower itself, thereby 
generating income for EnviroMission itself, the people 
would increase visitation to nearby towns and pour 
money into them.  Wentworth Shire, where the 
Australian plant is to be located, is glad to have it near 
them for the tourism. However, there could be a 
negative impact as far as outdoors-type tourists are 
concerned.  People who want to go hiking in the desert 
are going to avoid areas where they can see a 1 km tall 
tower looming above them. However, there probably 
will be many more people interested in seeing such an 
enormous structure than want to hike or camp in 
pristine desert areas.  Also, solar towers will likely be 
placed close to cities and not out in the wild so that 
there is not much energy loss in transferring electricity 
to cities, where it is needed. Since solar towers do not 
generate greenhouse gases and are cheap to maintain, 
they seem like a very real alternative to fossil fuel 
energy.  There is no information available as to the 
competitiveness of solar tower energy, since it is not 
yet being produced.  One can imagine that for the first 
ten years the companies will suffer losses due to the 
large building expense.  However, as they pay off that 
debt, and as green energy becomes more in demand 
(especially in Australia, with is governmental 
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mandate), the returns from a solar tower could be quite 
high, and the price could become very competitive.  It 
is a good thing that the government of Australia is 
taking an interest in this technology, since it represents 
renewed commitment to the pressing problem of 
global climate change. 

IX. Conclusion  

Solar chimney converts solar energy to electricity 
using direct and diffuse solar radiation. It works on a 
simple principle. As thermodynamic efficiency 

y must 
be large to generate electricity at a competitive cost. 
Constructing larger power plants require a lot of costs, 
in the other hand it can creates many of new works for 
people. Solar chimney reduces the emissions which 
can be produced by fossil fuel power plants and this is 
great benefit for our environment. The construction of 
solar chimney needs simple materials which is already 
available in everywhere, as it mainly consists of 
concrete and glass. They produce energy from a 
sustainable source of energy.  

     At the end, for decision that whether this kind of 
plants should be practically constructed or not, one 
must compare all the benefits to our planet against 
negative effects. 
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Abstract  The energy transition creates new challenges for the 
German electricity system: More renewable and less 
conventional energies, insufficient storages and the nuclear 
phase-out are some reasons for that. With Demand Side 
Management, the consumers can support grid stability. Germany 
has a large unused potential for that. However, suitable 
regulations are missing yet. 
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I.  INTRODUCTION (HEADING 1) 

Due to energy transition, Germany faces a continuously 
increasing share of renewable energies in the electricity system. 
The amount of conventional capacity drops. This development 
involves new challenges. In order to balance generation and 
demand, storages are used and conventional power plants 
adjust their production to the feed-in of renewable energies. 
However, existing storages like pumped storage hydro power 
stations are not sufficient yet. Furthermore, investments into 
conventional power plants are less profitable because of a 
decline in exchange electricity prices. Because of the location 
of renewable energies (e.g. wind energy mainly in Northern 
Germany), existing power lines are not sufficient anymore. 
This is why, in an electricity system with an increasing share of 
non-dispatchable generation and a decreasing share of 
conventional generation, it is important to think of additional 
ways to stable the system. Demand Side Management can 
support the stability of the electricity system by involving the 
demand side.  

This paper investigates a possible contribution of Demand 
Side Management (DSM) to the German energy transition. For 
that reason, the situation and development of the German 
electricity market is described in the next Chapter. Following 
this, some characteristics of DSM are explained (Chapter III). 
DSM can support or replace some existing regulations like 
control power or redispatching. The functionality of these 
regulations is shown shortly in chapter IV. Finally, possible 
sectors for DSM (chapter V) and an economic view (chapter 
VI) are considered. 

II. NEW CHALLENGED OF THE GERMAN ELECTRICITY 

MARKET 

most ambitious countries trying to establish a sustainable 

energy supply in the sectors of electricity, heat and mobility 
[1]. Basic aims are the reduction of risks, such as nuclear 
catastrophes, climate protection, the reduction of use of fossil 
fuels and the encouragement of local energy production. 
Therefore, different laws and regulations, such as the EEG, 
were implemented. The rising amount of renewable energy 
supply, the nuclear phase out in 2022 and a more decentralized 
energy feed-in create fundamentally changes of the electricity 
system [2]. The share of different technologies in the German 
electricity production as well as the development of fossil, 
nuclear and renewable sources in the last three years can be 
seen in figure 1. 

Figure 1.  Share of different technologies to the relative gross electricity 
production in Germany (on the basis of [4]) 

Photovoltaic and wind power are characterized by 
fluctuating and non-dispatchable feed-in. The rising number of 
on- and offshore wind parks, as well as installation of 
photovoltaic increases power fluctuations. In an electricity 
system, demand and supply have to be equal every time. 
Otherwise frequency fluctuations emerge and the stability of 
the power grid is endangered. For that reason, conventional 
power plants and pumped storages hydro power stations 
(storage) adjust their production to the feed-in of renewable 
energies. This situation is shown in figure 2 by means of the 
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electricity demand and generation in Germany during an 
exemplary week in autumn. Conventional power plants (gray 
area) have to cover the so called residual load, which is the gap 
between load (red line) and renewable generations (colored 
areas). As illustrated with the white arrows, the residual load 
can differ strongly from day to day. 

Figure 2.  Electricity demand and generation in GER (14.-20.10.2013) [11] 

Since renewable energies are subsidized by the German 
Renewable Energies Act (EEG), a rising share of these 
technologies leads to a drop of electricity prices at the 
electricity exchange. Hence, the profit of conventional power 
plants decreases (especially in case of gas turbines). That is 
why the share of conventional generation decreases [3]. 

An additional solution for balancing fluctuating renewable 
in-feed are storage systems. Pumped storage hydro power 
stations are able to consume electricity in times low demand 
and produce electricity in times of high demand. As mentioned 
earlier, the storage capacity in Germany is not sufficient. Due 
to long planning and building periods, resistance in the 
population and financial difficulties, this lack is going to 
continue [4]. 

Another challenge is the location of generation and 
demand. While the rising amount of wind energy is generated 
mainly in the windy north part of Germany, big industrial 
consumers are located in the southern part of Germany. This 
situation causes shortages in the existing power lines. New 
power lines (high voltage direct current transmission) are in 
construction, but not finished yet. The nuclear phase-out in 
2022 will amplify this effect even more, since a lot of nuclear 
power plants are located in southern Germany. This is why 
Transmission System Operators (TSO) are more often forced to 
short-term power plant scheduling, which is also called 
redispatching (see Chapter IV) [1].  

III. CHARACTERISTICS OF DEMAND SIDE MANAGEMENT 

One of several approaches to balance the electricity 
demand, avoid power fluctuation and ensure a stable 
transmission network is DSM.  

DSM describes flexible control of electric consumers for 
the optimization of own electricity delivery or 
superordinate use in energy grids. 

Consumers in the sectors of industry, commerce and 
households can increase or decrease their demand of electricity 

on enquiry of Transmission System Operators. Thus, DSM can 
help to balance between generation and demand. As well as 
conventional power plants increase their output in times of 
undersupply, large consumers can decrease their consumption. 
Both approaches lead to the same result [5]. 

DSM can have following advantages: 

 Decrease differences between peak and valley load 

 Flatten load curves 

 Improve the utilization rate of power generation, 
supply and consumption equipment 

 More consistently production of thermal power plants 

 Avoided new constructions of thermal power plants or 
storages 

 Savings in grid expansion [6] [13] 

DSM can be divided into a direct and indirect mode. Direct 
load management allows transmission grid operators (TSO) to 
control terminal user load during peak power consumption 
periods [5]. Indirect load management allows consumers to 
control and regulate their load. In this way, firms can avoid 
higher prices for their maximum power consumption demand. 
Price signals can motivate consumers to accomplish peak load 
shifting autonomously [6]. 

To achieve a load curve adjustment different methods can 
be used: 

 cooling energy and heat storage technologies, 
compressed air reservoir, other storages such as 
compressed gas, silo and pump storage should be used 
(see figure 3) 

 Industrial consumers should adjusting the production 
and work procedures 

 Developing consumers with flexible load 

 Time-of-use price should be implemented 

Figure 3.  Examplary flexible process with storages [5] 

IV. USE OF DEMAND SIDE MANAGEMENT 

As mentioned before, DSM can support the stability of the 
grid by reducing imbalances of electricity production and 
consumption. In Germany, there are different regulations for 
that reason. Mostly, these regulations refer to power plants 
(influence of production side). They can also be, at least partly, 
fulfilled by the electricity consumers (demand side). Hence, 
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DSM can participate in these regulations or replace a part of it. 
In these chapter, the different regulations are described shortly. 

A. Control Power 

Control power can be described as an instrument to 
maintain frequency in case of deviations in the balancing group 
(mismatch of production and demand). The German TSO  
tender three kind of Control Power with the following 
characteristics: 

 Primary control (PC) - activation within 30 sec. and at 
least 15 min. in action 

 Secondary control (SC) - activation within 15 minutes 
and at least 15 min. in action 

 Tertiary control (TC) - activation within 15 min. and 
up to 1 hour in action 

Power supply companies bid for the control power. The 
cheapest bidder wins. They receive a price for the provided 
capacity and additionally a working price, if the control power 
is really needed [7] [8]. These services are basically applied by 
fossil fuel power plants and limited by its quantity. As a 
consequence of the rising share of renewable, fossil fuel power 
plants became less rentable, which leads to a reduction of 
possible balancing power sources [9]. 

DSM can complement Control Power. Instead of an 
Increase of electricity production there can be a decrease of 
electricity demand or vice versa. 

B. Redispatch 

Redispatch is a regulatory intervention in case of power 
line overloads. Energy suppliers prepare production schedules 
for their power plants in order to optimize their profits. These 
schedules have to be sent to the TSO until 14:30 of the 
previous day. The TSO analyses the schedules and tries to 
detect shortages in the grid. In this case, the TSO is authorized 
to alter the schedule. Power plants in front of the shortage have 
to produce less and power plants, which are located behind 
have to produce more. Affected by these regulation are power 
plants with a capacity of 50 MW or higher. Power plants that 
increase their production receive the fuel costs and power 
plants that decrease their production have to pay the saved fuel 
costs to the TSO. In this way, the profits of energy suppliers 
are not influenced by redispatching [7] [10]. 

DSM can help to reduce the need for redispatch by 
reducing the electricity demand behind the power line 
shortage. 

C. Reduction of Company Peak Load 

A third aspect that can be fulfilled by DSM is a reduction of 
the peak load in the production facility. Industrial Consumers 
with high electricity demand pay not only for used kWh but 
also for high load peaks. Therefore it is useful to smooth the 
demand in order to reduce electricity costs. This approach is 
already used by many companies. Even though a reduction of 
load peaks can support security of supply, this method is 
oriented towards a company level [5]. 

DSM can help to reduce a company peak load and save 
electricity costs. 

V. POSSIBLE SECTORS FOR DEMAND SIDE MANAGEMENT 

In general, DSM can be applied by the sectors industry, 
trade and commerce and households. Figure 4 provides an 
overview of these three sectors with different fields of 
application. In the sectors of households and trade and 
commerce, a rising potential is predicted until 2020. The 
potential that is already used is still small in these sectors. 
However, this is only one possible segmentation. In the 
following, so called cross-sectional technologies, heat pumps 
and electrical storage heating are considered separately. 

Figure 4.  Potential of DSM in different sectors until 2020 [3] 

A. Energy-intensive Industry 

A big potential for the supply of DSM lies in the energy-
intensive industry. A current study by order of the German 

contribution of DSM to cover the peak load demand in the 
southern part of Germany [11]. As a result, they identified a 
potential of 2 GW within the observed area, whereof the half of 
this potential can be covered by energy-intensive industry. 
Since there is a distinction between technical, economical and 
actually usable potential of DSM, the authors of [11] conducted 
interviews as well as online surveys with companies and 
energy suppliers.  

The cement industry is energy-intensive and can realize 
DSM. The use of cement mills can be postponed for 4 hours 
with a preannouncement of 30 minutes. Additional suitable 
processes can be found in the paper industry (e.g. wood 
grinder) and chemical industry (e.g. chlorine electrolysis). In 
both cases, it is possible to postpone or interrupt these 
processes for 2 hours. The electric steel industry is part of the 
energy intensive industry. Factories are able to lower their 
electricity consumption for 2 hours [11]. 

These industries are able to participate in the tender for the 
so called detachable load (in German: Abschaltbare Lasten). 
This law from 2012 enables electricity consumers to receive a 
remuneration when reducing their consumption after a request 
of the transmission system operator (see chapter VI). A 
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requirement to participate is a direct connection of the facility 
to the high voltage grid (at least 110 kV) [12]. 

-potential of 
German industry in 2010. The result is shown in figure 5. The 
following effect can be observed: the shorter the shutdown 
time the higher the potential. Note, that this is only a technical 
potential, not an actual usable potential from an economical or 
practical point of view [13]. 

Figure 5.  DSM-
potential of German 
industry in 2010 [13] 

B. Cross-
sectional 
Technology 

There are 
further fields of 
application for 
DSM in the 
industry. Cross-
sectional 
technologies mean 
e.g. pumps, 

compressors or ventilators. These devices are often used 
consistently and they are spread over the country, which allows 
a more efficient support of grid stability. These devices are 
only usable for DSM, if a temporary postponement of 
operation does not lead to any negative effects for the 
productivity of the company.  

The potential of this group for DSM depends on several 
points like the operating time or the size of storages. This is 
why, the potential is rather high on weekdays and comparable 
low on the weekend. For South Germany, [11] detected a 
DSM-potential for that group of 240 MW at Sunday and 480 
MW during the week. The survey showed that this group of 
DSM is mainly usable for a short time frame and therefor 
suitable for control power.  

C. Heat Pumps and Electrical Storage Heating 

In addition to industry, households can perform DSM, if 
they are heated by heat pumps or electric storage heating. Both 
systems consume electricity instead of natural gas. In this 
sector, some limitations have to be considered. Heating 
systems are working mainly in winter. During summer, only a 
small amount of the capacity is needed in households for hot 
water preparation. Hence, DSM-potential can be found mainly 
in the cold months [11]. 

VI. DEMAND SIDE MANAGEMENT FROM AN ECONOMICAL 

POINT OF VIEW 

To guarantee a stable electricity supply in an electricity 
system with a high share of volatile feed-in, a couple of market 
linked arrangements have been installed. Control power and 
redispatch are two of these arrangements (see Chapter IV). A 
new alternative next to these two is DSM. This can also be 

government implemented a new energy law which created a 

to handle frequency balancing and congestions. 

To understand how DL will be dealt on a market base and 
used on a daily basis, the DL market is compared with the 
control power market. As described earlier, there are three 
control power markets (PC, SC and TC). For the DL there are 
two markets, the first for immediate detachable load (IDL) and 
a second one for fast detachable load (FDL). DL offers another 
possibility on the control power market, so it faces similar 
regulations which are specified in the German energy law. Due 

second, while the FDL has to be active within 15 minutes. The 
time of utilization can range from one to eight hours. While 
control power has to be available for the whole time of the 
proposition, DL has to be available only 16 hours per month. 

Control power and DL are bid on their equivalent markets. 
DL is bid monthly while PC and SC are bid once per week and 
TC is bid on a daily basis. The minimum load which has to be 
supplied in case of DL is 50 MW. The TSO chooses the control 
power based on a merit order, according to the price the 
specific load was bid. While the suppliers of the control power 
can determine the price of their load on their own, the DL is 

market for DL was starting to work in June 2013. Since than 
the maximum load of DL offered during this period was 
ranging between 251 MW of IDL and 550 MW of FDL. 
Because of the lack of supply, every offered load was accepted, 
that means that so far no real competition took place. This had 
an effect on the price, as which the load was offered. He ranged 

owed price 
defined in the law. In comparison to the price which where bid 
on the already existing and working control power market, the 
prices generated on DL market are no real competition. The 
average price for the TC 5% of the 
TC bids were lower than the DL bids, and the price for SC was 

erage. That means that every SC bid was 
lower than the bids on DL. Observing the first months of the 
DL market, you come to the conclusion, that applying DL is 
only cost-efficient if almost all of the Control Power is already 
in use [7]. 

Similar results appear if an actual control power supplier, 
such as a gas turbine, is compared with the potential of DL. If a 
company want to supply DL, you have to invest in some 
control and communication technology. This investment cost 
can easily reach the mark of a couple of thousand euros, 
consisting of additional personal costs and costs of material. 
Now a gas turbine used for control power and DSM are 
compared. The DL-act only allows a demand of DL for 208 
hours per year. It allows guarantees a compensation of 30,000 

, 
This results in an accumulated compensation in the amount of 
50,800 up to 113,
hours. As shown in the consideration of the DL market, it can 
be expected that DL has only limited demand hours. Based on 
10 hours of demand a compensation in the amount of 31,000 to 
34  
gas turbine (different investment costs) with the DL-
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compensation (straight lines DL, dashed lines different gas 
turbines) [11]. 

Figure 6.  Comparison of the annual cost per MW of an gas turbine and the 
compensation due to AbLaV [11] 

This figure shows that DSM has a good potential in the 
range of low demand hours. So DSM can be an excellent 
alternative for peak load covering, which will make it 
dispensable to hold units like gas turbines, just for high demand 
hours. Taking these results and the consideration of the control 
power and DL market into account, you can come to the 
conclusion, that there are chances for DL respectively DSM. 
But if you want to achieve a bigger role for DSM on the 
market, you have to use the potential of small and medium 
companies. At this point, a new service provider enters the 
mar  His scope of duty is to 
identify, concentrate DL and bring it all on the market [14]. 
Doing that, DSM could have a significant contribution to the 
control power market and could be a cost-efficient alternative, 
especially in the range of TC. 

VII. SUMMARY AND OUTLOOK 

This Paper revealed DSM as an additional approach to 
support the stability of the German electricity sector. The rising 
share of renewable energies complicates the maintenance of 
grid stability. The share of conventional power plants, which 
play an important role in balancing the electricity system, 
decreases. A possible approach to that problem is a stronger 
integration of DSM into stabilization of the grid. DSM can 
partly replace control power as well as redispatch. Different 
studies show, that the potential of DSM in Germany is not 
utilized yet. The energy-intensive industry (e.g. cement or 
chemical industry), cross-sectional technologies (e.g. pumps, 
compressors) and households (heat pumps and electrical 
storage heating) can participate. 

Even though DSM is already used in industry (the German 
detachable load act finances DSM), it is connected with an 

additional effort. The necessary technical equipment like 
measurement and communication techniques are not yet 
installed in the households. Regulations and strategies to 
support DSM in the sector of households are missing. The 
already existing financial incentives by the detachable load act 
are not sufficient for a broad field of application. Furthermore, 
the uncertainty towards future revenues from DSM hinders the 
development. Additional planning effort or opportunity costs 
for companies can be further disadvantages [3]. That is why, it 
is not possible to forecast, if DSM will support the stability of 
the German electricity system efficiently in the future. 
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Abstract  A fuel cell is a new and promising propulsion 
technology that has been a major topic of discussion 
since several years. Many car manufacturers are 
devoting hundreds of millions of dollars on research 
projects to develop consumer-affordable fuel cell systems 
and for many, it is considered to be the future of green 
mobility. But is it a pioneering innovation? 
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I. What is a fuel cell? 
 
The automobile has become one of the most important 
means of transportation since the past century. 
However, a significant feature has remained 
unchanged since the first car was manufactured up to 
the current Formula-1 racing cars: the internal 
combustion engine. The ICE produces mechanical 
energy by combusting a fossil fuel that sets the wheels 
of a gasoline vehicle in motion. Yet a combustion 
engine generates unreasonable amounts of pollutive 
gases that could be dangerous for both humans and 
environment  and the risk of pollution should not be 
underestimated. This raises the vigorous discussed 
question on whether it is possible to manufacture 
vehicles with alternative propulsion systems. A 
solution that seems to be worth considering is the 
propulsion by fuel cell technology. In general terms, a 
fuel cell is an electrochemical, pollution-free device 
that generates electricity through the conversion of 
chemical energy from a fuel such as hydrogen (H2) 
with an oxidizing agent or oxygen (O2)  it is the 
reverse process of water electrolysis [1]. A fuel (e.g. 
natural gas) is been transported to the reformer, where 
it is converted into hydrogen (H2). At the anode, 
hydrogen decomposes in electrons (e-) and protons 
(p+). A fuel cell contains a polymer electrolyte 
membrane (approximately 0.1 mm thick) that is 
permeable for protons, but not for electrons. Due to 
the presence of the polymer electrolyte membrane, the 
electrons flow through the external circuit until they 
reach the cathode side of a fuel cell. At the cathode, 
oxygen (O2) absorbs protons and electrons forming 
water (H2O) [2]. Water vapour and heat are the main  
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emissions from a conventional fuel cell and those by-
products could be harnessed and used for other things.  

 
Figure 1: Schematic of fuel cell operation [20] 

operate according to  they operate 
according to the Nernst Principle and hence higher 

. 
(Figure 1) shows a simplified schematic of a fuel cell 
operation. A single fuel cell generates approx. 0.6 V; 
this correlates to an electrical power of approx. 100 
W. In order to increase the voltage of a fuel cell, 
several hundred cells are connected in series to form a 
fuel cell stack which is commonly referred to as a fuel 
cell unit. As the size of a fuel cell determines the 
performance of the vehicle, the sizes of the hydrogen 
tanks determine the range [1]. Fuel cells are different 
from batteries. Since batteries are closed energy 
storage systems, fuel cells can operate for infinite 
periods of time if inflows are constantly maintained 
[3].   
 

II. Production of hydrogen 
 
The production of hydrogen means in the general term 
the provision of molecular hydrogen (H2). To be able 
to produce hydrogen (H2), raw materials such as 
natural gas, biomass, hydrocarbons and hydrogenous 
compounds are needed. There are various methods for 
generating industrial hydrogen, however currently the  
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dominant technology for direct production is steam 
reforming from hydrocarbons. In the context of this 
paper, three different methods of hydrogen production 
will be highlighted [4]. 

1. Steam Reforming  
This technique is considered to be the most common 
and the least expensive with an efficiency of 
approx.75%. Using this process, industrial hydrogen 
can be produced in two stages: At temperatures 
starting from 700°C up to 1100°C, methane and steam 
undergo a strongly endothermic (consumes heat) 
chemical reaction to yield hydrogen and carbon 
monoxide [4]: 
                     CH4 + H2O 3H2 + CO              (1) 

In the second stage, additional hydrogen can be 
recovered through a mildly exothermic (produces 
heat) water gas shift reaction, carried out at about 
360°C [4]:  
                   CO + H2O  CO2 + H2                          (2) 

2. Partial Oxidation 
The chemical reaction of the partial oxidation can be 
performed when a sub-stoichiometric mixture of fuel 
and air is partially combusted in a reformer 
(exothermic reaction), producing a hydrogen-rich 
synthesis gas. Possible reaction products are carbon 
monoxide and hydrogen. Idealized example reactions 
for heating oil and coal [4]: 

                C12H24 + 6O2    12CO + 12H2               (3) 

                C24H12 + 12O2  24CO + 6H2                 (4) 

Notice that the above mentioned processes of 
hydrogen production generate carbon monoxide (CO) 
as a by-product. 

3. Electrolysis of Water  
In this method (Figure 2), water (H2O) is decomposed 
in oxygen (O2) and hydrogen (H2) in an electrolytic 
cell due to an electric current passed through the 
water. Two electrodes or metal plates which are 
placed in water are connected to electrical power. 
Anode is positively charged (+ve) and cathode is 
negatively charged (-ve). On the passage of electric 
current, water dissociates into hydroxyl ions and 
hydrogen ions. At the cathode, the positively charged 
hydrogen ions are discharged as hydrogen atoms that 
form hydrogen molecules. At the anode, the 
negatively charged hydroxyl ions are discharged that 
form water and oxygen gas. The amount of hydrogen 
generated is double the amount of oxygen [5].  

Overall reaction:     2H2O  2H2(g) + O2(g)                    (5) 

 
Figure 2: Scheme of water electrolysis [21] 

To produce industrial hydrogen that can be used for 
powering fuel cell vehicles, demanding technical 
procedures are required in order to isolate it from 
other compounds. Therefore the provision of 
hydrogen continues to be expensive and time-
consuming to generate. Moreover, unlike oil that can 
be sent via pipelines, the transportation of hydrogen 
seems to be challenging, making it unsuitable for 
numerous functions. Until the technology of hydrogen 
production advances, hydrogen energy will continue 
to be unaffordable for the vast majority of people [6]. 
 

III. Toy  
 
The FCV (figure 3) and (figure 4) is a practical 
concept of a hydrogen-powered vehicle that Toyota 
plans to introduce in 2015 as a pioneer in the 
development of cars powered by alternative energy. It 
is equipped with an efficient down-sized fuel cell 
system realized through an arrangement beneath the 
car seats, which converts hydrogen into electric 
energy for an onboard electric motor [7]. The 
generated electricity drives the electric drivetrain of 
the limousine; this concept car shares the same 
components 
such as the Prius. 

complete alternative-energy vehicle that utilizes 
hydrogen as a fuel [8]. In addition, the vehicle has an 
approximate cruising range of 500 km (310 mile) with 
an electric drive motor enabling powerful 
acceleration refuelling 
time of just three minutes, nearly the same time as for 
a gasoline car.  Much of the smart thinking behind this 
concept car can be seen in the interior packaging. The 
vehicle is 4,870 mm (191.7 in) long, 1,535 mm (60.4 
in) high and 1,810 mm (71.2 in) wide  a mid-size 
family sedan that can accommodate up to four 
occupants. The two 700 bar (70 MPa) high-pressure 
hydrogen tanks and the lightweight fuel cell stack 
placed beneath the specially designed body evoke the 
major characteristics of this vehicle. The hydrogen 
tanks were redesigned to increase the tank capacity 
and improve the cruising range. Moreover, the fuel 
cell unit -efficiency 
boost converter. The FCV promises a top speed that is 
about 160 km/h (100 mph) and has double the power 
density of previous vehicles, generating 3 kW per 
litre. [7, 10]. The estimated purchasing price is 
between 36, 73,373 9]. A new a feature of 
this concept vehicle is that when it is fully fuelled, it 
provides enough electrical power to meet the daily 
needs of an average Japanese home for about a week 
[11].  

 
 next-generation hydrogen vehicle [7] 
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Figure 4: The FCV  -energy  

vehicle [22] 

Pictured below (figure 5) is the propulsion system of 
the FCV. 

 
Figure 5  

How does the hydrogen fuel cell of the FCV produce 
electricity? Hydrogen is supplied to the negatively 
charged side of the fuel cell, the (anode). When the 
hydrogen molecules are activated by the anode 
catalyst, they release electrons. The electrons move 
from the positively charged side of the fuel cell, the 
(cathode), creating an electrical current. The electrons 
that were released by the hydrogen molecules become 
hydrogen ions and travel through the membrane to the 
cathode side. Oxygen bonds with hydrogen ions and 
electrons on the cathode catalyst to form water. The 
electrical power that is generated by the fuel cells is 
directed to an onboard electric motor to deliver motion 
to the car. Recovered energy can be stored in a 
secondary battery that enhances power from a fuel cell 
by providing additional power to the electric motor 
[12].  
The new developed fuel cells can utilize more than 
60% of the power generated if hydrogen is directly 
converted to electrical power. In the absence of pure 
hydrogen, the efficiency drops to 30-40%. Meanwhile, 
vehicles powered by an internal combustion engine 
utilize about 25% of the generated power  primary 
loss is due to wasted energy = exhaust. The 
comparison proves that fuel cells are efficient, reliable 
and the cleanest of the current energy options [13]. 
Alongside Toyota, other companies are working to 
develop methods that might exploit the potential of 
hydrogen as an efficient source of energy for use in 
road vehicles. As of 2013, demonstration fleets of 
hydrogen powered vehicles are undergoing field 
testing including the Hyundia ix35, Honda FCX 
Clarity, the B-Class F-Cell from Mercedes-Benz and 
the Chevrolet Equinox Fuel Cell [14]. The GM 
hydrogen vehicle has a fuel cell unit consisting of 440 
cells and an output of 93 kW.  The high-pressure 70  

MPa hydrogen tanks contain 4.2 kg of hydrogen, 
which can last for nearly 320 km. The mid-size 
crossover SUV has an acceleration from 0 to 100 
km/h in 12 seconds and the maximum speed is about 
160 
variety of safety features such as a traction control 

service, which offers drivers information on nearby 
hydrogen refuelling stations as well as advice on how 
to operate t
assessed as nearly the same as that of a 3.6 litre 
gasoline powered SUV [15].  

 
Figure 6: Chevrolet Equinox Fuel Cell [15] 

 
IV. Summery 

 
For more than two decades, giant car manufacturers 
and renowned research institutes have been working 
to develop innovative propulsion systems based on the 
fuel cell technology.  ambitions into 
fuel cell technology began as early as 1992 and the 
culmination of its development toward green mobility 
can be seen in the FCV Concept. The benefits of a fuel 
cell are numerous: it is pollution-free with near-zero 
emissions, giving off only electricity, heat and water. 
Due to the absence of combustion processes in a fuel 
cell, the conversion of fuel to electricity can occur 
more efficiently compared to other propulsion systems 
available today. Since there are few moving parts in a 
fuel cell stack, the maintenance of fuel cells is 
technically simple to realize. The presence of the few 
moving components make a fuel cell operate quitter 
and is more reliable than a generator. In addition, 
hydrogen is a renewable source of energy, which 
means that hydrogen can be generated continuously 
on demand, unlike non-renewable energy sources 

finitely produced. However, similar 
to anything else in the world, hydrogen is not a perfect 
substance. Despite the achieved technological 
advances, the fuel cell technology faces serious 
limitations: The hydrogen infrastructure needs to be 
developed; in fact there no existing infrastructure for 
the production, distribution, storage and refuelling of 
hydrogen [16, 17]. Technologies are being developed 
to provide transportation, distribution and storage 
methods of hydrogen fuel. For instance, the state of 
California has a 200 million USD grant that gives 
Toyota the opportunity to put hydrogen refuelling 
stations in California  starting from South California 
and expanding up to the northern regions of California  
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100 hydrogen refuelling stations all across Japan. As 
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support the development of hydrogen refuelling   
stations for an efficient and sustainable use of mobility 
[18]. However, this very promising technology faces 
further challenges. One major obstacle is the 
production of economical, efficient and robust fuel 
cells has become complicated since some fuel cells 
use high-cost materials [13]. Furthermore, the starting 
time of a hydrogen-powered vehicle is longer, and the 
driving range is shorter than in a gasoline car and the 
production of industrial hydrogen is technically 
challenging and not clearly environmentally friendly  
CO2 is an undesirable by-product [19]. Even though 
hydrogen is a renewable energy source with minimal 
impacts on environment, further non-renewable 
sources such as natural gas, oil and coal are needed in 
order to split it up from other substances. Several less 
harmful technologies are being developed but they are 
still years from being perfected.    
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Abstract The extremely profitable extraction of shale gas in the 
United States of America has convinced politicians and 
economists worldwide to ask whether there are reserves of this 
unconventional fossil fuel in their homelands, among others in 
Poland. The first estimated amount of shale gas resources in 
Poland has met with an enthusiastic response in the society and 
has started a debate about potential benefits for the Polish 
economy. However, legal and infrastructural difficulties 
associated with the shale gas exploration caused earlier optimism 
to decline. This paper concentrates on the case of Poland in order 
to examine the chances for commercial extraction of shale gas 
and its possible influence on the energy security in this country. 

Keywords-shale gas; unconventional gas; extraction; 
resources; Poland; energy security; diversification  

I.  INTRODUCTION 

The first attempts of shale gas extraction took place at the 
end of 19th century. The industrial technology of exploitation 
was developed in the 1980s, and the large scale extraction 
started in the 1990s in the United States of America [1].  

Shale gas is a natural gas occurring in underground 
resources of sedimentary rocks. It belongs to one of three types 
of gas from unconventional deposits. Because shales ordinarily 
are characterized by low permeability, gas from shales has to 
be produced using more complex and advanced technologies 
compared to conventional natural gas.  

Exploration techniques in use today are horizontal drilling 
and hydraulic fracturing. The process of shale gas extraction 
starts with performing a horizontal borehole (horizontal 
drilling) in the sedimentary rock in order to get the direct 
access to deposits of this raw material which are located upon 
the depth range of 3000 3500m. After that, exploitation pipes 
are installed and cement grouting is pumped in order to seal the 
space between the exploitation pipe and the rock. During the 
next step of shale gas extraction, which is called hydraulic 
fracturing, the mixture of water with chemical additives and 
sand is pumped under high pressure into shale rock layers. This 
process causes cracking of rocks which leads to a more 
efficient exploitation (Fig. 1) [2].  

The United States of America are actually a global leader in 
the development and production of shale gas [3]. Estimated 
technically recoverable shale gas resources in that country 
amount to 18.8 trillion m3 [4]. The exploitation of this fuel has 
become increasingly substantial source of natural gas in the 

USA over the past decade. Shale gas increased from 1% of 
natural gas production in the United States in 2000 to over 20% 
by 2010. The Energy Information Administration predicts that 
the shale gas production will amount to 46% by 2035 [5]. 

Figure 1.  Exploration strategies [2] 

According to the report of the American Energy 
Information Administration from the year 2013, China owns 
the biggest shale gas resources worldwide which reach 31.6 
trillion m3. Significant unconventional gas reserves may also 
be found in Argentina (22.7 trillion m3), Algeria (20.0 trillion 
m3), Canada (16.2 trillion m3), Mexico (15.4 trillion m3) and 
Australia (12.4 trillion m3). Considerable resources (18.1 
trillion m3) of this fossil fuel are also waiting for extraction in 
Europe. Poland possesses the largest deposits (4.2 trillion m3) 
on this continent. Moreover, it is regarded as a pioneer in the 
field of exploration projects of shale gas (Fig. 2) [4, 6]. 
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Figure 2.  Shale gas resources in the world [4] 

II. SHALE GAS IN POLAND 

Availability of unconventional natural gas accumulated in 
shales has been one of the leading topics emerging in the 
Polish media. The prospect of 
in Poland started a discussion between supporters and 
opponents of shale gas extraction who bring forward a lot of 
arguments to confirm their theses. Optimists attempt to 
convince the public that shale gas could significantly improve 
the Polish energy security and influence diversification of 
energy sources. Some experts say that we have to deal with 
twenty-first century gold rush. [7] 

A. Resources 

The first drillings concerning the exploration of non-
conventional gas in Poland began in the 1950s. Present 
geological studies have shown that shale gas can be found on 
the Sudeten Foreland, in the Lubelskie regions, in  Mazovia, 
Podlachia, Pomerania and in the Polish economic zone of the 
Baltic Sea. These terrains form the so-called  
covering an area of 37,000 km2 which is equal to about 12% of 
the territory of the whole country (Fig. 3).  

Figure 3.  Prospective areas of shale gas in Poland [8] 

Some estimates indicate that recoverable reserves of shale 
gas in Poland amount to 1 trillion m3, other increase this value 
to 3 billion m3, while the U.S. Energy Information 
Administration (EIA) in April 2011 calculated that Polish 
deposits reach 5.3 trillion m3. According to the Polish 
Geological Institute (PGI) the amount of shale gas resources in 
Poland is in the range of 0.34 trillion m3 to 0.76 trillion m3. 
Data provided by PGI are currently the most cautious, but the 
most reliable. In June 2013, the EIA published a new report 
which estimates that the size of unconventional gas deposits in 
Poland is 20% lower compared to projections for 2011. 
Differences between the highest and lowest estimates are very 
large, so it is difficult to say how many resources of shale gas 
are actually available in Poland. This issue is however the most 
important in terms of assessing the impact of shale gas on the 
energy security in this country. It should be emphasized that 
the estimated amount is not necessarily extractable in its 
entirety. Shale gas resources are subject to further verification. 
Accurate information about the quantity, quality and 
profitability of shale gas will be available around 2017, after 
series of 309 exploration boreholes. However, in the case of 
Poland, even if it would be possible to use only 1% of 
estimated reserves, it would be enough to cover the demand of 
the country for more than four years [2, 9, 10]. 

B. Potential benefits for the economy 

Optimists and supporters of shale gas extraction believe 
that the shale success achieved in the United States of America, 
could be repeated in Poland. 

The first benefit should be an increase in financial income 
for the national economy, because: 

 the country will have profits from gas sales, license 
and supplies fees, as well as taxes, 

 the use of transmission and distribution networks 
increases, improving the efficiency of public 
investments, 

 exploitation of shale gas will lower the price of gas and 
energy, improving the purchasing power of citizens 
which will contribute to the development of other 
sectors of the economy. 

 exploitation of shale gas reduces the need to import 
this fossil fuel, and it improves the balance of 
payments of the country, 

 a country that obtains experience in exploitation, can 
export this knowledge and specialists, 

 lower gas prices will improve the competitiveness of 
the home energy industry, 

 the country receives more options for the distribution 
of gas, improving the efficiency of the industry, 

 development of the shale industry will attract foreign 
investors, 

 a decrease in gas prices as well as a growing supply of 
gas will accelerate the modernization of the energy 
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sector and will lead to the technological leap 
countrywide. 

The second advantage could be a development of local 
communities, because: 

 shale gas enables the development of local enterprises 
around mining areas, 

 the labor market will increase, providing employment 
for local communities - experts estimate that each year  
from 33,000 to 115,000 new workplaces could arise, 

 with the development of production comes the 
necessity to develop the infrastructure that will remain 
in the region after the completion of extraction. 

In addition to the above-mentioned positive effects, equally 
important benefit for the national economy could be significant 
independence in gas supply from the very limited number of 
suppliers [10, 11]. 

C. Hurdles 

Opponents of shale gas extraction argue that Poland will 
not repeat the success of the United States where the large 
territory and unpopulated space allow unhindered performing 
complex drilling works using large quantities of water and 
chemicals. Researchers also point out that the situation in 
Poland does not necessarily have to develop as in the United 
States, because all shales can differ from one another. 
Furthermore, the geology as well as lithology of rocks in 
Poland is different. They assure the public that the potential 
extraction is expensive and its positive impact on the economy 
is not quite sure, and moreover: 

 it is not known what quantities of gas can be obtained, 
and whether it is worthwhile to invest public funds in 
this venture, 

 shale gas extraction is a completely new sector of 
industry in Poland, therefore this country cannot rely 
on their own experiences and technologies in this field, 
but on the expertise and capital of foreign firms, in 
particular from North America, 

 unconventional gas deposits extend between 
Pomerania and the Lubelskie regions where the 
transmission infrastructure is underdeveloped, 

 the European Commission has so far not taken a clear 
position on shale gas and constantly explores the 
influence of extraction on the environment, 

 government supervision over activities associated with 
the development of the shale sector can significantly 
burden the state budget, 

 development of shale gas extraction can reduce the 
value of real estate in the region where mining 
operations would be conducted [10, 12, 13]. 

D. Influence on energy security 

Energy security means ensuring coverage of the current and 
prospective demand for energy, taking into account economic 

factors, technical capabilities and environmental protection 
requirements. The priority of the country's energy policy is to 
ensure stable and uninterrupted supply of energy in the 
required quantity, quality, time and at a fair price, or obtaining 
these materials on its own territory. Energy security is mainly 
connected with the need to diversify energy sources and 
directions of supply of natural gas. Diversification of directions 
of supply in Poland is very difficult to achieve, among others, 
due to the lack of transhipment port which would allow the 
import of gas from other suppliers by sea. This forces Poland to 
bring gas from a limited number of suppliers, mainly from 
Russia (54.2%) (Fig. 4) who provide this fossil fuel in the not 
always favorable price relations (Fig. 5). 

Figure 4.  Dependence on Russian natural gas [14] 

Figure 5.  Prices of Russian natural gas in Europe in 2013 [15] 

The commencement of production of domestic shale gas 
resources would create a new quality in the field of energy 
security and thereby contribute to diversification of energy 
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sources in Poland and abroad. If the expected size of shale gas 
deposits were confirmed, proven reserves of natural gas should 
be sufficient to cover the needs for the next 60 years. 
According to the International Energy Agency (IEA), using 
unconventional gas resources, this period could be extended up 
to 250 years. Some experts voice opinions that energy based on 
shale gas may be an alternative to nuclear energy which meets 
in Poland with a strong public resistance, as well as to 
renewable energy. 

Therefore, in order to strengthen the energy security of 
Poland, there should be used all available resources - not only 
shale gas reserves. Unconventional gas extraction could help to 

. 
The priority in obtaining the total energy security should be 
diversification of energy resources and raw material supply [2, 
9, 10]. 

III. CONCLUSION 

This paper shows that shale gas extraction will not only 
influence the energy security of the country or region, but 
could also significantly affect the development of the Polish 
economy.  

Shale gas is a chance for Poland, but also a challenge due to 
complex geology which requires the use of modern technology, 
expertise and experience. Understandable is the optimism and 
enthusiasm that accompanied the start of exploration of 
unconventional gas reserves. However, attention should be 
paid to challenges and barriers that may stand in the way of 
exploration success. One of the major challenges is to create 
innovative technology to extract shale gas in Poland without 
any problems. 

Shale gas extraction in Poland could enable energy from 
additional sources and would also be a strong argument in 
negotiations for better conditions for the import from the 
current dominant supplier. If the predicted size of 
unconventional gas deposits confirm and Polish business 
entities obtain the participation in exploitation, shale gas could 

play an important role in this country. Unconventional gas 
extraction could contribute to cover the energy deficit, achieve 
energy independence and lead to diversification of energy 
sources in Poland. 
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Abstract LNG (Liquefied Natural Gas) is natural gas converted 
into its liquid form to ease transportation. With only a 1/600th 
part of its volume it is easier to transport, former unused reserves 
can be exploited and new trade routes become viable. Due to 
these promising properties it is often named as an alternative to 
Russian natural gas. This paper inquires into the structures of 
gas markets and whether a shift towards more LNG is a 
promising way to diminish the political connected with Russian 
gas. 

Keywords: russian gas; ukraine conflict; market design; LGN; 
political markets; security of supply 

I.  INTRODUCTION 

The Russian-Ukrainian gas conflict is a number of disputes 
between Russia and the Ukraine and their respective gas and 
supplier companies, which resulted in the current deep crisis. 
The dependence on Russian gas, rising prices and political 
dependence up to disputes about territorial issues struck the EU 
and its members with surprise and let to two issues that 
attracted a big audience within the European public within the 
last months. Is the EU dependent from Russia? How safe is the 
security of supply [1]? Thus we want to inspect and analyse the 
situation, dissect single problems, evaluate the economic, 
technical and political views involved the problems and try to 
find out how these problems can be solved or anticipated. We 
start off with a brief historical review the political parties and 
their actions that led to the current situation. In a second step 
we turn to the economic aspects and conclude with the 
technical side to estimate whether LNG can become a key 
factor.  

II. A BRIEF HISTORICAL REVIEW OF THE RUSSIAN-
UKRAINIAN GAS CONFLICT 

In the last 10 years a number of conflicts emerged and 
evolved in Europe, involving countries bordering the EU or in 
its near proximity. The conflicts concerning the Ukraine have a 
special quality, because although members of the European 
Union are not actually part of the current conflict, they suffered 
and may suffer severe economic damages through it. The 
conflict started in 2005 after the Russian side stepped back 
from its old trade patterns which meant taking back discounts 

he Russian side
both the mainly state-controlled company Gazprom as well as 

the government, because they act as one entity and formulated 
several times economic as well as political offers and demands 
in this conflict. The Ukraine used up to 80 billion cubic meters 
natural gas each year in this time [2], which made it the fourth 
biggest import country in the world. These numbers date back 
before the conflict. Due to its highly inefficient usage  
compared to its GDP Ukraine has the highest natural gas 
consumption  it is highly dependent on Russian gas deliveries. 
At the same it is one of the most important transit countries for 
gas towards the EU. From 80% before the commissioning of 
Nord Stream (see Fig. 1), a gas pipeline from Russia through 
the Baltic Sea towards Germany, today still 50% of the gas 
addressed to members of the EU has to be channeled through 
the Ukraine. At the time gas prices within Russia were more 
expensive, than the gas delivered to Ukraine [3]. After the 
demands for new contract negotiations were rejected from the 
Ukrainian government, the Russian side stopped the 20% 
natural gas sent to Ukraine meant for the Ukraine, while still 
pumping the other 80% destined mostly for countries of the 
European Union into the Ukrainian grid. Several countries 
reported drops in their deliveries, ranging from 10 to 40% [4]. 
This first issue which had a direct impact on the EU was 
resolved within days, as Gazprom stabilized the network. The 
next part of the far more detailed conflict that had impacts on 
EU countries happened in 2008 after Russia demanded money 
for gas they delivered to cope with disturbances from the 
Caucasian gas fields. Both sides presented different 
calculations of the debt and they could not find a common 
ground especially against the background of threats of ever 
more raising prices from the Russian side. Two ultimatums 
expired and the Russian side stopped delivery on the 1st of 
January 2009 which resulted into a total stop of the deliveries 
to Turkey, Bulgaria, Greece and Macedonia for a week and 
thereby to closure of school imports 
decreased to 10%, but the country could cope better with the 
consequences due to her higher gas storage capacities [5].  

III. POLITICAL ASPECTS 

Although the Russian side stresses always the economic 
side of the problem, there are several connections to political 
aspects, too. The start of the conflict coincided with the end of 
the Orange Revolution in Ukraine, which led to a shift of the 
country towards Western Europe. The second big incident in 
2008 matched the political negotiations between Ukraine and 
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NATO for closer ties between the two within a Membership 
Action Plan. The last incident, the cancelation of the Ukraine-
European Union Association Agreement, was announced by 

consequence of Russian sanctions, which included the gas 
price [6]. 

Arguments from the Russian side focused on the economic 
dimensions and stated that the former cheap gas prices would 
equal a subsidy for the Ukrainian Economy. If we compare the 
prices for Russian gas in several countries for 2006, we see that 
the Ukraine paid 230$ for 1000 square meters natural gas while 
other states such as Armenia, Georgia, Moldavia and the Baltic 
States paid 110-125$ and Belarus 128$ per 1000 square meters 
natural gas. The price for natural gas delivered to Ukraine has 
risen to 480$ in 2014. With this rather basic analysis we 
consider the gas price a politically influenced price. 

With this we have political means and economic means that 
are intervened to achieve political and economic interests.  

IV. THE ECONOMIC PERSPECTIVE 

The gas market is a unique market and natural gas a unique 
commodity. Although natural gas is a perfect energy source 
with a high energy density and compared to other fuels 
excellent firing properties there is, however, one problem. Due 
to the high transportation costs roughly 150 to 170 billion cubic 
meters natural gas get burned every year even if trey are 
extracted for free as a byproduct from the oil production [7]. 
To transport gas there are effectively only two options: 
Pipelines  the transport via a network of pipelines  and LNG 
 (Liquefied Natural Gas), that is natural gas converted into its 

liquid form with only a 1/600th part of its volume. Both require 
an enormous initial starting investment for compressor stations 
and pipelines on the one hand, LNG-ships and terminals on the 
other and in addition to that the high energy consumption of 
the compressor stations (10% of the natural gas every 4700km) 
or the liquidation process of LNG (10-25% of the natural gas 
once) must be taken into account [8]. The last possibility is the 
conversion to methane using Fischer-Tropsch process, which 

 further in this paper. 

These special requirements lead to a difficult investment 
decision. To set up the required infrastructure, a huge 
investment sum is needed and economic changes in demand or 
prices are risk factors that add up to political risks. 

 Long-term contracts between countries, then, seem to be 
an effective and appropriate modus operandi, which would 
reduce the political risk and split the risk between both parties 
according to the phrasing in the contract. This is another reason 
why we will assume gas as a directly politically influenced 
good and view both, the company and the country it belongs to 
as one. Examples of long-term contracts are the first 12 year 
contract between the Soviet Union and West-Germany in 1970 
[9] and the recent 30-year-contract between China and Russia 
[10]. A recent development is shorter contracts in West and 
Central Europe to ensure competition. An example for that is 
the recent ban on long-term contracts by the German 
Kartellamt (Monopolies and Merger Commission) [11]. 

If we model the market applying game theory we have, 
depending on the perspective or regarding the ownership, two 
to three players. The first is the exporting country, in our 
example Russia, the importing country or countries, in our 
example Germany or the members of the EU and, if existing, 
the transit country, in our example the Ukraine. To make things 
easier we assume that all governments have direct access to or 
control over their respective firms or act in accordance with the 
interests of their firms and the other way around. All three 
countries have a monopoly in the short run regarding their role: 
demand, supply and transport. If all countries would act 
rationally and only based on economic interests we could 
predict their behavior. Given a utility matrix where for every 
party we have two alternative actions  Halt the trade and 
continue the trade  they would continue trading. If one 
country halts the trade, all three parties have a negative 
outcome. Only if all three participate and have a positive utility 
of the pipeline, like gas, revenues or the pipeline rent covering 
their respective payments, we achieve a Nash equilibrium. 

Like many infrastructure projects, this seems to be a natural 
monopoly at first. But because there is no market to begin with, 
there is no equilibrium price [21]. The only conditions to make 
all three parties agree is that the rent of the pipeline is above 
the capital costs of the pipeline, the gas can be sold for the gas 
price charged in the importing country and the gas price covers 
the excavation costs of the exporting country. With no market 
mechanism the outcome of the negotiations or in short  the 
price  is up to the market power or, especially in our example, 
the political power of the participants.  

This leads us to contract theory. Two parts of this theory 
are interesting for us. First the outcome of a negotiation is 
based on the bargaining power of both parties, which can be 
understood as the sum of market power and political power in 
our case and secondly, although rarely practiced, there has to 
be a mode to enforce the contract [12]. But this did not happen 
between the Ukraine and Russia. Every time Russia raised the 
prices it stated that the old contract has expired and Ukraine 
could not do anything against it. Without a balance in market 
and political power, short bargaining power, or some 
mechanism like an institutional framework, the contract 
depends only on externalities and secondary effects like the 
preference of the stronger party towards his own reputation.  

In our specific case, Russia could use both, its market 
power as a big trade partner of Ukraine as well as her political 
power to push the price within 10 years from 2004 and 50$ per 
1000 square meters natural gas up to 480$ in April 2014.  

The member states of the EU have the market power to 
enforce contracts. One interesting question that cannot be 
covered in this paper, is whether a stronger separation between 
economic interests of firms and political representation in 
European countries especially Germany and the newfound ban 
on long term contract for German gas suppliers weaken the 
bargaining power on the German side, leading to higher prices 
for gas in the consequence. 
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Fig. 1: Major Russian gas pipelines to Europe, Open Source License 

V. TECHNICAL AND ECONOMIC FACTORS 

If we look into the security of Russian gas supply for 
European member states there are several technical numbers 
we have to look into for each state. 

The first big difference is the relative and absolute 
difference of the Russian gas imports and self-sufficiency. 
While 100% dependence on imports sounds much, it could 
have far less negative consequences if a country has own 
deposits, filled gas storages and a small absolute gas 
consumption in comparison to a country where these other 
factors are not met. In general we can say that countries further 
in the east and that are well implemented into the gas network 
as shown in fig. 1 are more dependent such as Finland, Estonia, 

Latvia, and Lithuania, which import 100% of their imported 
gas from Russia, while having no own production. Poland 
(82.6% of the imports are Russian gas), Czech Republic 
(79.3%), Slovakia (92.7%), Hungary (81.4%), and Austria 
(61.8%) are less dependent [13], especially because some of 
them are partly gas producers as well (Poland 34.3%, Austria 
21.1% and Hungary 21.6%) [14]. Germany with an import rate 
from 39% of its total consumption is in absolute numbers the 
biggest importer with 30 billion cubic meters of the total sum 
of 129.1 billion cubic meters exported by Russia into the EU.  

Gas storage capacities in Europe are insufficient, as stated 
in a CEER (Council of European Energy Regulators) interim 
report from November 2013, with many countries with next to 
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Fig. 2: Gas prices in the US, Germany, the UK and Japan [13]  

no storage capabilities. The incentive to build is only given due 
to the difference between market prices in summer and winter 
or to security of supply based on a steady political background. 
Especially a few of the Balkan countries can uphold the gas 
pressure only for hours. Germany has with a capacity of about 
27% or 20 billion cubic meters of its yearly consumption the 
highest absolute storage volume [16], while Austria with 7 
billion (bn) square meters has in reaction of the crisis in 2006 
the highest relative storage volume of 86.1% [15].  

With LNG as a possible solution we have to state, that with 

the exception of Italy not a single country that imports Russian 
gas imports gas via LNG as well. The total Import into the EU 
with LNG was 69.3 bn square meters in 2012, compared to an 
import of 130 bn square meters from Russia [13]. This has 
effectively two reasons. First of all, if there is an existing 
working infrastructure that fits the needs investments into 
additional infrastructure are not promising unless the difference 
in prices covers the costs without any risk. Leaving out any 
other risks, like environmental risks, there is a strategic risk. 
The owner of the pipeline can always just lower the price 
below the other price, assuming that he paid his capital costs, 
because his investment amortized already. The second point is 
that pipelines are cheaper. Although the costs are hard to gasp 
even with given numbers, transport via pipeline from Russia is 

German supplier RWE [24]. The costs for a pipeline from 
Russia were a huge investment, but now done the cheapest way 
to supply East and Central Europe with gas. LNG would need 
to get delivered from the Middle East and West Africa. LNG 
is, there are economists and technical specialist in accordance, 
the more expensive technology given the geographical 
disposition. Another point is the availability. LNG for East and 

Central European countries would mean investments for ships 
and terminals, taking at least 5 years to construct and 
implement into the gas market [15]. 

The idea to lower the percentage of Russian gas imports for 
Europe as a whole by lowering consumption and efficiency or 
to decrease imports by better usage of gas deposits within the 
EU are also not going to work. Several prognoses for gas 
consumption say that within the EU and Germany gas 
consumption is likely to go up and grow at a steady pace of 1-
2%. In addition to that are the estimated reserves in the North 

Sea not able to take over the supply of Russian gas. 

VI. RESULTING POLITICAL-ECONOMIC ISSUES 

Following our considerations so far we can formulate the 
problems more concrete, such as the following, and ask which 
political, economic and technical solutions might be viable: 

(1) Russia might be able to raise prices for natural gas for 
EU countries. 

(2) Russia might use its gas deliveries to exert political 
power. 

(3) Ukraine could exert its control over its pipelines and 
stop the transit. 

(4) The conflict in the Ukraine could escalate more, 
resulting in an environment, where the pipelines are no 
longer safe. 

Before looking in possible solutions, we should notice 
some properties about these problems. (1) has an immanent 
effect but can be solved with a long-term solutions. (2) and (3) 
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are short-term problems, meaning that the effect comes without 
a warning and long-term solutions cannot be applied. (4) has an 
immanent effect and could be both less than a year or longer. In 
difference to the other problems are both conflict parties 
interested to keep the pipelines, which secure income and 
supply for the Ukrainian side and income for the Russian side. 

The problems differ not only regarding the time, but also 
regarding quantity and price. Problems (2) up to (4) include a 
reduction or stop in the quantity delivered. Problem (1) and 
possibly (2) are likely to include a rise in prices. 

The real problem in (1) is not the security of supply, but the 
price and the properties of the market as already mentioned. 
The supply is guaranteed, as long European Countries are 
willing to pay. The question is, whether this is a likely 
scenario. Our argumentation so far was that Russia wants to be 
slightly cheaper or around the same price as the next 
alternative, to make an investment in LNG for example 
uninteresting and to prevent to lose market share on markets 
where it has to compete with other sources, like we have seen 
in Italy, Germany and Austria. The same logic can be applied 
to countries, where they deliver 100% of the imported gas, 
because these countries are more likely to buy gas on the 
Central European markets if the price is cheaper. As we can see 
in Fig. 2 are the prices between the Germany and United 
Kingdom, a country that does not import Russian gas but can 
trade with Germany, always only slightly above or below their 
respective counterpart. An example for an East European 
country that bought gas from the Central European gas market 
is the Ukraine in April 2014 [19]. If we state that the Russian 
gas price is defined by our alternatives, one might say that we 
simply have to finish the South Stream pipeline that goes from 
Turkey to Greece and finally to Italy. This would connect the 
European gas market with Caspian, Egyptian and possibly Iraqi 
gas. But this might not change the price for Russian gas, just its 
market share, if the best strategic approach is charging 
marginal costs of the last unit in the gas market. 

We conclude the first problem and come to the following 
results: 

- Russia provides a market share of the European gas 
market and has due to its low cost an equally high 
economic incentive to do so. 

- Although supply cannot be replaced short-term Russia 
has an interest not to charge monopoly prices to keep 
its market share in the long term. 

- The usage of political power to achieve economic ends 
in the long term is restricted. If countries have different 
ways to buy gas, Russia is going to behave as any other 
competitor. 

Problem (2) cannot be solved like shown with problem (1). 
The difference is the difference in time. While alternative 
transportation routes can only be explored and constructed 
within years, the political and economic pressure exerted by 
Russia in the gas conflict where always within days or month. 
If we model Russia as a rational actor we can state that the 
political power given by the means of the gas market 
outweighs the costs. This perspective might not be a good to 
model political power or gains, but we can estimate how much 

it costs. Given a model situation of two countries where both 
countries own the pipeline on their respective land and a 
transmission party does not exist. The costs for a production 
stop are at least the lost profits from the gas, which was not 
sold in the time of the embargo. This is actually a special case, 
in which the importing country cannot use its market power or 
political power (Bargaining PowerImporting Country << Bargaining 
PowerExporting Country) or is refraining from doing so. The costs 
from gas not sold are dependent of the time. Costs for the 
Exporting country through exerted market as a reaction from 
the Importing Country are a function from the time as well  
they might stop or inhibit other trade flows and a longer time 
makes it more likely that they do it  and as already stated the 
Bargaining Power. The higher these costs are, the unlikelier is 
that the exporting country will exert its market power for 
political purposes. 

The costs for the Importing Country depend as already 
stated from the importance of the imported gas. Can the gas be 
substituted on short notice with other fuels  for example in 
power generation  or is the industry structured in a way, in 
which the production processes in many other industries have 
to stop? How big is the market share of Russian gas regarding 
the import and the consumption? Are there gas storages and 
how long can they guaranty the gas level? If missing gas leads 
to closing schools and factories within days, like seen in 2009 
for the Balkan Countries the respective costs for the importing 
country are high and the usage of market power is more likely 
to yield results, to a point where the gas has not even to be 
stopped to get the preferred results. In both formulas, the costs 
for the Importing as well as the Exporting Country the 
determining variable is time. And the only way to change the 
time component in favor of the Importing Country is gas 
storage. To compare it to LNG for example we have to find a 
storage capacity that covers political risk, as well as the risks 
stated in question (3) and (4). LNG would replace Russian gas 
and with would diminish the risk attached to it completely. 
Keeping in mind how much the Russian markets suffered 
through the latest sanctions a time of 1 year for the sake of a 
small calculation seems acceptable. If we simplify the numbers 
for Germany we have 10% self-supply, 40% Russian gas and 
50% gas imported from other countries. With a consumption of 
75 bn square meters natural gas it would equal a need of 30 bn 
square meters storage volume. The plus of storage is that it 
offsets the market power for political purposes only for the 
price of the storage, while still being able to use the existing 
infrastructure and prices. We compare this to a complete 
replacement with LNG or a replacement of the market share of 
consumption that cannot be covered with the existing storage. 

We have to pay the price difference for the gas of the 
replaced market share between Russian pipeline gases to LNG, 
which includes huge investments and a transition time larger 
that the time needed to build the storage. This price difference 
can be expected to be large. Japan has a large rise in demand 
after the nuclear catastrophe in 2011 and paid about 50-80% 
more for its LNG [13] in the last 2 years compared to Germany 
and before the crisis (see Fig. 2).  

For a short rough estimation we assume the following. The 
more LNG is needed, the more expensive it is. The 
consumption in Japan went up by 20bn square meters natural 
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gas which equaled 50-80%. A conservative estimate for the 
price increase will be 50%. We calculate in additional costs per 
bn square meters of Russian gas that has to be replaced or 
where the risk has to be secured, which make this calculation 
applicable for all countries. Although it is hard to estimate a 
price for the following years based on the volatile prices in the 
last years a price of 266$ for pipeline gas and 400$ for LNG 
seems supportable. This would equal costs of 133 million $ per 
billion square meters additional costs for LNG. The costs for a 
storage facility are exemplary calculated with the pore storage 
in Rheden. In 2002 the costs per billion square meters where 91 
million $ [20]  
our simplified example calculation a single year of price 
differences is enough to pay the storage as a whole.  

Not included in this calculation is the lower risk of storage 
due to its faster implementation [15] and the possibility to earn 
money with storage by buying and selling gas counter-cyclical 
for example between summer and winter.   

VII. CONCLUSIONS 

This excursus into the east European gas market showed 
the importance of services that are needed to cover risks but are 
not provided by the market itself and therefore have to be 
provided by the state and its national energy agencies. Both 
technologies LNG and storage will not develop by itself 
without an intervention [17][22] to diminish the risk, although 
LNGs market share is prognosed to rise. Whether this growing 
market share only replaces decreases production and supports 
the market or reduces the market share of gas fraught with risk 
without being fraught with risk is another open question. 

The answer to the question if LNG is one of the key factors 
to tackle the named issue is no. We see no efficient way to 
implement LNG more than the normal growth rate and it is no 
appropriate response to the problems formulated.  

The perspective chosen for this paper is not a national, but a 
European perspective. A successful strategy has to take the 
same approach. Investments into the grid in one country can 
have a key role in securing the supply in many. Countries 
approaches as well as political obligations regarding the 
building of storage are as different [18] as the geological 
conditions to do so. Germanys storage would not be enough to 
cover the 1 year gas storage guideline set in this paper, yet 
Denmark and Sweden plan to use German storage in case of an 
emergency. There is no common guideline regarding the risk 
management and needed capacities, and no European approach 
to estimate possible political risks and possible problems like 
congestion or the structure of the grid. 

For these reasons the most important recommendation is a 
risk management that coordinates national energy agencies, 
that considers possible technical as well as political risks and 
implements guidelines comparable with the ones of the IEA. 
These guidelines demand for example that every country has 
enough oil and oil products for 90 days [25] to counteract 
disturbances on the oil market, as seen during the Liberian [23] 
crisis. Further research questions include a more detailed 
modeling that includes the overall structure of the network and 
a more detailed risk analysis to improve the rather crude 
assumptions.  
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1.Introduction 
The development of modern technology requires more 

and more electricity. Scientists are searching for new 
methods to satisfy the demand. Electricity production is 
mainly based on fossil fuels or nuclear energy and  power 
sector is considered the main cause of environment 
pollution. However, more and more attention is paid to 
renewable energy sources.  

 
2.Solar radiation 

The Earth is the third-most distant planet from the Sun 
which seems to be an inexhaustible resource of renewable 
energy. When the light strikes an object the energy converts  
into heat. But when the light strikes suitable materials the 
energy changes  into electrical current, which  can be used 
to generate  power. It is estimated that the Earth receives 
174 petawatts (PW) of incoming solar insolation at the 
upper atmosphere [1]. 
Some sunlight is scattered and some is either absorbed or  
reflected by objects at ground level. About 30 per cent  of 
the solar radiation is reflected back to space. The rest is 
absorbed by atmosphere, oceans and land. 

 

 

 

 

 

 
Diagram 1: Energy from Sun 
Source: http://en.wikipedia.org/wiki/Solar_energy 
 
 

                                                           
[1] http://en.wikipedia.org/wiki/Solar_energy 
 

The radiation at the Earth's surface differs  due to a 
region, pollution, the season  and the time of day, 
atmospheric effects such as absorption and scattering and 
local differences  including water vapor or clouds 
in the atmosphere.  

It is assessed that the solar radiation energy  is adequate 
to produce an average 1.700 kWh (kilowatt)  of electricity 
every year per square meter of ground [2].  

Solar radiation can be turned into electrical current by 
the use of semiconductors that exhibit the photovoltaic 
effect. This method to generate electrical power is called 
photovoltaic (PV)[3].  

 
3. How do Photovoltaics Work? 

The photoelectric effect was first perceived by Edmund 
Bequerel  in 1839. He realized that certain materials could 
produce small amounts of electricity when exposed to light. 
Later Albert Einstein described the photoelectric effect. 
However, Bell Laboratories built the first photovoltaic 
module in 1954.  

 

 

 

 

 
Diagram 2: A basic photovoltaic cell 
Source:http://science.nasa.gov/science-news/science-at-
nasa/2002/solarcells/ 
 

Diagram 2 illustrates the operation of a basic 
photovoltaic cell, the building block of solar panels, which 
can convert sunlight into direct current (DC). Solar cells are 

                                                           
[2] Mirjana Golusin, Stevan Popov, Sinisa Dodic, 

Sustainable Energy Management, Elsevier Science,  2013, 
p.244. 

 
[3] http://science.nasa.gov/science-news/science-at-
nasa/2002/solarcells/ 
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made of semiconductor materials. A thin semiconductor 
plate is used to form an electric field. It is positive on one 
side and negative on the other. During the process light 
energy strikes the solar cell and electrons are released. If 
electrical conductors are linked to the positive and negative 
sides, forming an electrical circuit, the electrons are caught 
as electricity. A single cell of the photovoltaic panel  
generates a current of approximately 4 A at 0.5 V(voltage).  
  

3.1.Present technology 
A certain number of solar cells combined electrically 

and installed in a frame form a photovoltaic module. 
Multiple modules that are wired together form an array,  the 
complete power-generating unit. The bigger the area of a 
module or array, the more electricity can produce. The 
amount of current depends on how much light strikes the 
module. 36 cell modules are the standard for large power 
production. 

Silicon is widely used by photovoltaic designers. There 
are three types of them[4]: monocrystalline silicon 
(efficiency 12-19 per cent), polycrystalline (10-18 per cent) 
and amorphous (5-10 per cent). Efficiency means the 
material's ability to process solar energy into 
electricity.  Amorphous silicon has some economic 
advantages over other materials. It is the least efficient but 
the cheapest of all used.  

Some research on multijunction cells is based on gallium 
arsenide as one of the component. Such cells are more 
effective than other materials.  Their effectivness reaches 35 
per cent under concentrated sunlight. There are more  
materials studied for multijunction devices including copper 
indium diselenide. 

Photovoltaic panels (usually up to 10 kW) are installed 
on roofs to generate electricity for a farm or a household. 
Larger installations must be installed directly on the ground. 
Three types of installations can be distinguished[5]: on-grid, 
off-grid and mixed. PV system attached to the network is 
called on-grid. Electricity produced by PV panels is 
converted into the alternating current in an inventor 
according to the requirement of the power network. PV 
installations that are not attached to the network are called 
off-grid system and they can work regardless of the 
network. They are used as small power plants in remote 
areas for example a mountain hostel. Such systems, 
however, require energy to be stored in batteries. Finally, 
the third type of PV panels are mixed PV systems. They 
produce electricity mainly for their owners' use, for example 
on farms. But, in case power supply is insufficient, the 
battery is empty or in the event of failure, it is possible to 
receive electricity from another resource. 

                                                           
[4] John R.Wilson and Griffin Burgh, Energizing our Future 
- Rational choices for the 21st Century, Hoboken, New 
Jersey 2008, p. 252. 
[5]http://issuu.com/boell/docs/poradnik_maloskalowe_oze_   

 

The cost per kilowatt-hour of energy consists of the 
capital cost and running cost[6]. The former includes the cost 
of PV modules and balance system (BoS), interconnection 
of modules to form an array, the array support structure, 
land foundation (if not on a roof), inventors, cabling, charge 
of regulators, switching, metering and the cost of connection 
to the grid or storage batteries. On the other hand, the 
running costs are low in comparison with those of other 
energy systems. 

There are many producers worldwide but a few of them 
are the largest[7]. Sharp Corporation is the main cell 
manufacture with 198 MW of production. Kyocera 
Corporation is the second but it focusses on residential off-
grid solar systems, communication systems and water 
pumping applications. BP Solar manufactures 20 per cent of 
the world's solar electric panels.  

Producing electric energy from solar power does not 
destroy the natural environment, which is its main 
advantage over the traditional energy production[8]. No 
gaseous or liquid pollutants or no radioactive substances are 
emitted during the production or usage. In addition to this, 
PV modules have no moving parts and they are safe and 
noiseless. The photovoltaic modules should survive 25 years 
and after that they can be recycled and reused. However, 
with electrical equipment there are some risks of electric 
shock. But this electrical hazard is the same as in other 
electrical installations. PV arrays have some visual impact 
as they are visible from distance and may not be regarded as 
attractive in the landscape. 

. 

3.2.PV in Numbers 
PV is, after hydro and wind power, the third most 

important renewable energy source in terms of globally 
installed capacity[9].  In 2012 PV was the principal 
electricity source in terms of newly installed capacity in 
European Union. It covers 2.6 per cent of the electricity 
demand and 5.2 per cent of the peak electricity demand in 
Europe now. 

The overall resource available from PV is enormous[10]. 
If PV modules of 10 per cent average efficiency were 
installed on 0.1 per cent of the Earth's surface they would 
produce enough electricity to supply all of the world's 
current energy requirements.  

                                                           
[6] Godfrey Boyle, Renewable Energy - Power for a 

sunstainable future,  Milton Keynes, 2004,  p. 92. 
[7] John R.Wilson and Griffin Burgh, Energizing our 

Future - Rational choices for the 21st Century, Hoboken, 
New Jersey 2008, p. 260-261. 
[8] Godfrey Boyle, Renewable Energy - Power for a 
sunstainable future,  Milton Keynes, 2004,  p.95. 
[9]http://www.epia.org/fileadmin/user_upload/Publications/
GMO_2013_-_Final_PDF.pdf  
[10] Godfrey Boyle, Renewable Energy - Power for a 
sunstainable future,  Milton Keynes, 2004,  p.98. 
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24 GW (gigawatts)[11]. It was 40.7 GW a year later and in 
2011 - 71.1 GW. In 2012, more than 100 GW of PV was 
installed overall. This represents about 70 per cent of the 

PV capacity. It is believed that 110 
TWh (Terawatt) of electricity can be produced every year. 
This volume is enought for over 30 million European 
households to cover their annual needs.  

Based on the capacity installed and connected to the grid 
at the end of 2012, PV can currently provide roughly 2.6 per 
cent  of the electricity demand in Europe, up from 1.15 per 
cent at the end of 2010 and 2 per cent at the end of 2011. 
Globally, PV represented at the end of 2012 roughly 110 
TWh of electricity or 0.6 per cent of electricity demand and 
1.2 per cent of the peak power demand.  
 

4.Pasive and Active Solar Systems 
Two solar systems are distinguished depending on the 

way they capture, convert and distribute solar energy: 
passive and active[12]. Passive solar systems rely on direct 
heating or conversion to preserve or convey thermal energy 
from the Sun. These systems use the architectural design or 
absorptive structures of the building to absorb energy. The 
building itself can work as a storage device. A big window 
placed on the sunny side is an example. Similarly, flat plate 
collectors on a roof can heat liquid in tubes which supply a 
house with hot water. Gravity convection loops are used to 
transfer hot water into storage areas located above 
collectors. There are three types of thermal collectors. 
Formed thermal collectors consists of formed panels or 
tubes. Water circulates through them and it is heated by the 
Sun radiation. Flat plate collectors are composed of a thin 
black absorber sheet supported by a grid or array of fluid 
tubing. An insulating casing with a plastic or glass cover 
encloses the collector. Fluid is revolved through the tubing 
to move the heat from the absorber and transfer it to a heat 
exchanger or an insulated water tank. Vacuous tube 
collectors are the third kind of thermal collectors. Each tube 
contains its own collector, mainly of painted or coated 
copper with two glass tubes, which hold a partial vacuum. 
Fluid is circulated inside the collector through two tubes, 
which power a collector and circulate to the hot water 
storage tank. When the hot water is below the solar panel 
active hot water systems are used. Mechanical aids such as 
air blowers, circulation pumps or sun tracking systems are 
employed to increase the amount of energy gathered every 
day. They are usually powered by electricity and may 
require additional electronic controls. An active solar hot 
water system can contain pumps, flat-plate collectors, 
valves, remote storage tanks and heat exchangers to 
discharge thermal energy into the building at night. Apart 
from providing hot water, large active solar systems can 
work as a solar ventilation system that  can be used to 

                                                           
[11]http://www.epia.org/fileadmin/user_upload/Publications/
GMO_2013_-_Final_PDF.pdf   
[12] John R.Wilson and Griffin Burgh, Energizing our Future 

- Rational choices for the 21st Century, Hoboken, New 
Jersey 2008, p. 248-253. 

preheat air when it comes into a property. This heat from a 
collector can be used to cool a building too. Direct-gain 
systems use focussed mirrors to create intensive heat. It can 
generate steam or mechanical power to run a generator and 
create electrical power. Focused systems include dishes,  
towers or troughs to concentrate light energy. Towers 
provide light concentrations of 600-2000 times incident 
levels and reach temperatures of 1500 degree of Celsius 
which allows the use of high temperature steam turbines to 
generate electric power. 

5. Solar energy in Poland 
The history of solar energy production in Poland has 

been short. Solar energy is used to small extend in solar and 
photovoltaic installations to heat water for domestic 
purposes and produce electricity.  

 
5.1.Solar radiation 

Although the reserves of solar energy in Poland are 
relatively high, their utilisation is not easy because of high 
irregularity of solar radiation. The average annual insolation 
in Poland is 990 kWh/m2 a year  [13].  

It is relatively equal in different regions  of the 
country[14]. The best radiation is in Podlaski and Lublin 
region, due to frequent influx of dry air masses from 
Ukraine. It is estimated as 1048 kWh/m2 a year.  

The central part of Poland receives  1022-1048 kWh/m2 
a year. The atmosphere in coastal areas is the most 
transparent and this part of the country is also privileged in 
terms of solar energy. The lowest level of the solar energy 
can be observed  in the most industrialized parts: around 
Warsaw, Silesia and near the borders  of 3 countries: the 
Czech Republic, Germany and Poland. Apart from the 
pollution or weather conditions (cloud cover) periodic 
changes in insolation can be observed. 

The littlest radiation was recorded in Suwalki - 833 
kWh/m2 a year, and the largest value of 1199 kWh/m2 a 
year at Kasprowy Wierch[15]. 

Distribution of solar radiation is uneven annually. There 
is approximately 80 per cent of the total annual solar 
radiation in the spring-summer period (April-September). In 
Poland, the annual average amount of sunshine is 1600 
hours[16].  

 

                                                           
[13] http://www.tomi-solar.eu/informacje/energia_sloneczna 
_w_polsce.html 
[14] http://www.giwk.pl/files/186/168/204/4_rozdzial.pdf 
[15] http://www.tomi-
solar.eu/informacje/energia_sloneczna_w_polsce.html 
[16] http://www.enis-pv.com/en/insolation-in-poland.html 
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Diagram 3: Yearly radiation in Poland 
Source: http://www.geni.org/globalenergy/library/renewable-energy-
resources/world/europe/solar-europe/solar-polandbig.shtml 
 
 

5.2.Solar Power in Numbers 
An increase in the installed capacity of renewable 

energy has been observed since 2005, when a certification 
system to subsidize renewable energy production was 
introduced. The total renewable energy sources of electricity 
installed in Poland in 2012 equalled 4.4 thousand MW[17]. 
This was an increase of 1.3 thousand MW compared to the 
previous year. The amount of energy Poland  receives 
from  renewable sources was 11.5 per cent in 2012. The 
largest installed capacity was reported in wind power - 
approximately 2.5 thousand MW. Next, there are 
hydropower plants (966 MW), biomass power stations (876 
MW), biogas plants (136 MW) and finally photovoltaic 
installations (about 1.3 MW). 
 

5.3.Solar Collectors 
In 2010 the total area of solar collectors used in Poland 

amounted 0.46 million m2, while in Germany it reached the 
value of 9.7 million m2[18].  

In 2012 1.2 million m2 of solar collectors were installed 
and used, which corresponds to 848 MW capacity. Poland 
was ranked second in sales of solar collector installations 
among European countries that year. According to European 
Solar Thermal Industry Federation (ESTIF) the market is 
going to grow to reach 20 million m2 installed collectors in 
2020 (which gives 0.5 m2  per a person)[19].  

                                                           
[17] http://www.forbes.pl/niedobory-mocy-w-polsce-mozna-
uzupelnic-energia-sloneczna-,artykuly,147193,1,1.html 
[18] http://www.carsev.eu/en/PV_In_Poland 

http://www.oze.pl/energia-sloneczna/energia-
sloneczna,9.html# 

 

Currently there are 74 companies producing and 
distributing solar, more than half of them are distributors of 
foreign companies. Buying solar collectors seems to be 
fashionable in recent years. More and more newly built 
houses have solar installations. In 2010 a nationwide 
subsidy program for individuals and communities started. It 
provides a grant of 45 per cent of costs. Thanks to the 
program 141 thousand m2 of solar installations were 
installed. 

 
6. Photovoltaics in Poland 

Polish people associate the use of solar energy with solar 
collectors. Grants for the purchase and financing loans 
supported the development of  this part of energy. 
According to the Energy Regulatory Office, at the end of 
2011 the total output of photovoltaic cells in Poland 
amounted to only around 2 MW with less than ten entities 
producing more than 20 kW[20].  

The biggest land installation in Poland, the photovoltaic 
farm in [21], was build in 2012. It has the 
power of 1.0 MW, but it will reach 10MW in future. 
Another examples are: Upper Silesia Waterworks in Ruda 
Slaska (311 kW), a company CCC S.A (previously NG2 
S.A.) in Polkowice (100 kW), Voivodeship Specialist 
Hospital in Lodz (82 kW), Frost Company in Bydgoszcz 
(0.5 kW), a church  in Jaworzno (71.76 kW), Center for 
Photovoltaics at the Faculty of Environmental Engineering, 
Warsaw University of Technology,  Law and 

 kW) and Embassy of 
Japan in Warsaw (20 kW). The total photovoltaic power 
connected to the grid in Poland was about 1.290 MW in 
2012.  

Electricity generators and suppliers which provide 
electricity to customers are obliged to acquire a certain part 
of the energy from renewable sources[22]. They are given so 
called certificates of origin or green certificates.  If they do 
not fulfill a specified quota,  they pay a replacement fee 
which goes to the National Fund for Environmental 
Protection. On 01.07.2012 the number of green certificates 
available on the market was 6.65 TWh. The demand in the 
photovoltaics market is now at a low level due to huge cost 
of investment and a small income in relation to the earlier 
cost. The participation of the solar radiation in energy 
production at 0.008% in relation to other sources of 
renewable energy is very small, but it shows its fututr 
capability.  

More than a hundred businesses offer sale and 
installation of solar photovoltaic systems and sell their 

                                                           
[20] http://www.carsev.eu/en/PV_In_Poland 
[21] http://en.wikipedia.org/wiki/Solar_power_in_Poland 
[22] http://ris.slaskie.pl/files/zalaczniki/2013/07/10/137 
3465824/1377176785.pdf 
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accessories[23]. More than half of these companies provide 
the assistance, installation and service. There are ten home 
businesses specializing in the production of  photovoltaic 
panels exported to many places in the world. Many panels 
on the Polish market are produced in China  (28 per cent), 
Germany (24 per cent), Canada (17 per cent) and Japan (9 
per cent). 

When an investment is considered to be a small 
photovoltaic power plant mounted on a top of a building, it 
is not necessary to report the construction[24]. Larger 
installations require the permission of the construction and 
other documents, such as: an extract from the land reference 
register, the decision on building conditions, a project map, 
technical documentation. The investors are obliged to 
comply with the study of conditions and directions of 
development, a local master plan. The local spatial 
development plan or the planning permit is necessary to 
apply to the regional grid operator for grid connection 
conditions. Other important documents include a building 
permit, a usufruct permit and a decision on the 
environmental conditions. If investors want to sell 
electricity to the network, they have to apply for a 
concession in Energy Regulatory Office.  

Transfer grid operator named PSE Operator and the 
operators of major distribution grids  Enea, PGE, Tauron, 
Energa, and PKP Energetyka  have to balance the 
electricity and transfer this duty onto the current 
producers[25]. Balancing is necessary for the installed 
capacity above 5MW. Solar power producers are required to 
inform and coordinate the powering of the solar energy into 
the grid. Central mechanism for balancing of energy allows 
to correct the planned energy amount that will supply the 
grid an hour before its production. Fees for balancing the 
energy including the risk of balancing by domestic grid 
operators amount to up to PLN 15 per MWh. It is necessary 
to sign a supply contract with the grid operator, a testing 
phase agreement and register green certificates. Finally the 
producer receives  a license of a renewable energy source.  

7. Future Outlook 
The fast PV growth is expected in the world. It is 

estimated that till 2015 there will be 180 GW, and in 
Europe100 GW PV installations[26]. It is possible to reach 
350 GW in the world production by 2020. A huge increase 
is expected after 2040 year (see: Diagram 4)[27]. The 
diagram shows that solar energy will be one of the 
fundamental types of renewable energy in the future. In the 
last five years the price of PV decreased by 40 per cent. It is 
expected that till 2015 it will fall by further 40 per cent.   

                                                           
[23] http://www.oze.pl/energia-sloneczna/energia-
sloneczna,9.html# 
[24]http://issuu.com/boell/docs/poradnik_maloskalowe_oze_ 
[25] http://www.greenreal.eu/uploads/files/psef_przewodnik. 
pdf s 13-14 
[26] http://www.giwk.pl/files/186/168/204/4_rozdzial.pdf 
[27]http://www.sharp.eu/cps/rde/xchg/eu/hs.xsl/-
/html/photovoltaic.htm 

 

To make solar power competitive in comparison with 
electricity from other sources the installed cost per peak 
watt needs to drop. The price of 'green' electricity should be 
lower, similar to average retail electricity prices. The key 
lies in mass production. Secondly, the overall annual 
conversion efficiency of the PV arrays needs to increase. 
Thirdly, the 'balance-of-system' (BoS) costs need to be 
reduced because today they are three-quarters of the module 
costs.  

 

 

 

 

 

 

 

 

 
Diagram 4: The global prognosis till 2100 
http://www.sharp.eu/cps/rde/xchg/eu/hs.xsl/-/html/photovoltaic.htm 
 

An increase in the installed capacity of renewable 
energy is expected in Poland too.  It should produce more 
than 30 TWh in 2020, in order to meet the European Union 
quota obligation[28]. As in 2020 the share of energy from 
renewable sources is expected to be 15 per cent share of 
energy from renewable sources in gross final consumption 
of energy[29].  

It is believed that solar energy will be more and more 
accessible and cheaper in Poland. The  reduction of the 
prices is expected due to an increase in the production and 
development of technology[30]. In order to develop the solar 
energy market in Poland significant changes in the  
government policy are required, such as the introduction of 
feed-in-tariffs, simplifying the law and adapting it to the 
small distributed systems, the possibility to finance 
investments from the European Union and governmental 
programs, creating the target of 1.8 GWP installed capacity 

                                                           
[28] http://www.greenreal.eu/uploads/files/psef_przewodnik. 
pdf  
[29] http://www.forbes.pl/niedobory-mocy-w-polsce-mozna-

uzupelnic-energia-sloneczna-,artykuly,147193,1,1.html 
[30] http://www.enis-pv.com/en/photovoltaics-in-poland.html 
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in 2020 and 10 GWP in 2030, running the research program 
on future-oriented photovoltaic technologies.  

Poland aims at reducing carbon dioxide production and 
increasing the amount of electricity produced from 
renewable energy is the only solution. Poland's government 
approved a long-awaited draft law in April 2014 which 
would introduce feed-in tariffs with different rates for 
different technologies and capacities. The tariffs for solar 
PV are going to be very attractive. The Polish Act on 
Renewable Sources of Energy is expected to be approved in 
2014. In 2050  a reduction of carbon dioxide emissions 
should be at 80-95 per cent in European Union so it is 
necessary for Poland to start generating electricity by means 
of photovoltaic cells on a large scale. 
 
8. Conclusions 

Polish power supply is 90 per cent based on lignite and 
mineral coal combustion and causes too much pollution. 
Producing electric energy from the solar power does not 
destroy the natural environment and should be encouraged. 
Solar farms can be constructed even on protected areas, 

landscape parks or habitats of birds. However,  the use of 
the solar energy potential in our country is still not 
sufficient. The support system that exists in Poland now 
does not allow small power producers to achieve real 
benefits. Solar energy is regarded to be expensive but if the 
health and environmental costs of coal or natural gas were 
included in their prices, solar power would prove to be 
cheaper. The ongoing development of technology gives 
hope that in the near future more effective solutions will be 
available. The development of photovoltaics is also delayed 
due to legal and political obstacles. They need to be 
eliminated, otherwise Poland will stay behind other 
European countries. Thus, taking into account an enormous 
natural potential and a little scale of solar energy, there is no 
doubt that the prospects of  the Polish solar market are 
enormous. 
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Abstract—Geothermal  energy  has  the  potential  to  produce
independently  of  daytime,  season  and  weather  heat  and
electricity in an ecofriendly way. Because of enormous heat which
is saved and created in the earth it is an inexhaustible source of
energy.  Due  to  worldwide  efforts  of  reducing  emissions  and
creating  a  sustainable  and  renewable  energy  supply  the
geothermal  energy gets more  and more  attention.  In Germany
the use of geothermal is supported by the government to increase
the power supply  by  renewable  energies.  However,  geothermal
energy is still a small business compared to wind or solar energy
there  is  a  steady  increase  especially  in upper  level  geothermal
heat supply of buildings.

Keywords-geothermal,  risks,  advantages,  renewable  energy,
potential  of  Germany,  heating,  power  supply,  “Geothermie
Unterhaching”

I.  INTRODUCTION

Geothermal energy is based on the natural heat of the earth
used for power generation and heating. The use of this kind of
renewable energy began thousands of years ago by hot springs
or other spots where geothermal water reached the surface [1].

The  energy  saved  in  the  earth  has  theoretically  enough
potential  to  ensure  the  global  energy  supply  for  the  next
100.000 years  [2].  The use of this  high potential  for energy
supply was  low noticed in Germany until  2000. In 2000 the
EEG  (“Erneuerbare-Energien-Gesetz”)  was  published  which
raised the interest in this technology at many locations [1]. The
EEG has the purpose to support the development of renewable
energies in Germany to reach a minimum percentage of 30% in
2020 [3]. Moreover geothermal energy is the only renewable
resource which can operate independent of the sun. In contrast
to wind and solar energy geothermal energy is able to provide
the base load of energy without great variations of the energy
level [1].

II. GEOLOGICAL PRINCIPLES

Geothermal  energy  describes  the  use  of  geothermal  heat
generated  by  geological  processes  of  the  earth.  In  order  to
evaluate  the  potential  of  geothermal  energy  an  accurate
contemplation of the geological conditions is essential.  There
are  two  processes  responsible  for  the  genesis  of geothermal
heat.  Residual  heat  of  the  formation  of  the  planet  outgoing
from earth's core creates 30-50%. 50-70% of the heat are based
on radioactive decay located in earth's mantle [4].

Geothermal  resources  are  separated  in  upper  and  lower
levels  [5].  Furthermore  lower  level  geothermal  areas  are
separated in high-enthalpy, medium-enthalpy and low enthalpy
fields. Those fields include hot water and steam or consist of
hot rocks [6].

High-enthalpy fields are characterized by water and steam
with  a  temperature  above 180 °C in  a  low depth.  They are
connected with high volcanic or tectonic activity. These areas
have  the  greatest  potential  for  geothermal  power  generation
[1,6].

Medium-Enthalpy  fields  contain  resources  with  a
temperature  between  100-180  °C.  Those  areas  are  not
necessarily connected to regions of volcanic activity. Potential
for power generation is still existing [6].

Low-Enthalpy field's  resources have a  temperature  under
100 °C. They can be used for heating systems but they are in
most cases not utilizable for power generation [6].

The use of upper level resources is based on a maximum
depth of 400 meters. In this area the temperature is about 25 °C
in average which still allows a limited use for heating devices
[7].

III. HEAT AND POWER GENERATION

There are  three  common ways  to extract  the heat  of the
ground  for  heating  or  power  generation.  Heat  pumps  are
generally  used  for  heating,  exploiting  the  upper  level
geothermal potential [8]. The advantage of heat pumps using
low temperatures is the possibility of a small and off-centered
use even in private households to supply heat and hot water [9].
Two different systems are used in lower level geothermal. On
the  one  hand  geothermal  systems  up  to  a  depth of 4500 m
working with  hot  water  resources  and on the  other  hand  so
called “enhanced geothermal systems” up to a depth of 5000 m
which  are  working  independently  of  water  occur.  These
systems using energy stored in hot rocks. Both systems have
the ability of power generation [8].

IV. ADVANTAGES

Geothermal energy has a lot of advantages over other forms
of obtaining thermal or electrical energy. The most important
one  is  the  high  environmental  sustainability.  In  contrast  to
fossil and nuclear energy sources geothermal energy has almost
no  environmental  impacts  in  transport,  preparation,
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decomposition and storing of fuel [10].  Building Geothermal
power plants is the most polluting point of them. During their
application  are  no  appreciable  consequences  for  the
environment existing [1]. 

Furthermore, geothermal energy has a low carbon dioxide
content and an ecological high quality. The potential savings of
carbon dioxide are about 100 %, if the production of power
changes from the conventional way to deep geothermal energy.
Its only condition is, that the geothermal water circuit has to be
a closed system and that the power plants do not release gas. In
Germany are only geothermal power plants built based on this
principles.  Geothermal  energy  produces  power  in  an
environmentally sensitive way [10].

In addition, geothermal energy is very reliable. It does not
depend on seasons or the weather like solar or wind energy and
it is usable all the time. This means a constant energy supply,
which retains a fundamental provision. According to the latest
technology geothermal energy can be used nearly everywhere
[11]. Compared to wind and solar energy, geothermal energy
produces among electricity also heat. This illustrates the many
possibilities of using [12]. Another point is that it belongs to
the renewable energy sources. The use of geothermal energy
does  not  destroy  the  geothermal  fields.  Moreover  after  a
deconstruction of a geothermal power plant are no irreversible
damages like the problem of radioactive waste storage [1].

In relation to the output of energy geothermal power plants
are  very  space-saving  [12].  Most  of  the  plant  is  located
underground.  Another  positive  effect  is  the  low noise  level,
which is enabled by a good isolation and special technologies
[1]. 

From  an  economic  point  of  view,  geothermal  energy  is
characterised  by  price  stability.  In  Germany,  the  EEG
guarantees  a  high  security  of  investment.  The  electricity
suppliers have the duty to take the energy of renewable power
and to remunerate the plant operators with a fixed price [13,3].
The compensation for geothermal energy is 25 ct/kWh and if it
is generated utilising lower  level petrothermal technology 30
ct/kWh [14]. 

V. RISKS

The risk potentials of geothermal systems distinguish a lot
between  near-surface  and  deep  geothermal  energy.  A  wide
experience of near-surface geothermal projects minimizes the
risks of its using. Attention must be paid to a certain distance
between  two  adjacent  plants.  One  risk  is  an  inadvertent
pressure  balance  because  of  bores  through  different
groundwater reservoirs. The requirements of a safety plant are
that it has to be properly planned, checked and maintained [1].

Deep  geothermal  systems  bear  a  lot  of  more  risks.  The
geological ones differ in earth tremor, land elevation and land
settlement. Hydraulic fracturing could be one reason for earth
tremors. Some geothermal energy systems only dehumidify the
rock without injecting the steam back, which could cause land
settlement. Different chemical reactions could produce calcium
sulfate which has a 60 % scale up volume. The result could be
a land elevation [1].

The  prospecting  risk  is  the  most  important  point  of
exploitation of deep geothermal systems. A high feed rate of

geothermic  water  and  a  high  reservoir  temperature  are
necessary for a successful geothermal power plant [15].

Geothermal power plants are associated with high financing
costs.  The operational  risk  implies  the  unexpected  problems
because  of  e.g.  corrosion.  The  outcome  of  this  could  be
economic inefficiency [1].

Figure 1 recaps the different risks and their relevance. 

Figure 1. Risks of (deep) geothermal energy systems (Source: GtV [16]) 

VI. POTENTIALS

Germany  is  not  a  country  characterized  by  volcanic  or
tectonic activity. In fact of that no high-enthalpy resources are
available.  Although  medium-enthalpy  and  low-enthalpy
resources are in place. The temperature in Germany increases
by an average of 32 °C per 1 km.  In some areas there is a
higher geothermal gradient up to 100 °C per 1 km [17].

 

Figure 2. Temperature in Germany in a depth of 3500 m 

(Source: LIAG [18])        
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The  most  important  areas  for  geothermal  use  for  heat
supply and power generation are “Norddeutsches Becken” in
the  north,  “Oberrheingraben”  in  the  southwest  and
“Molassebecken”  in the south of Germany.  In this  areas the
geothermal  resources  have  temperatures  above  60 °C which
can be used for heating. Moreover there are some reservoirs
with a temperature above 100 °C. These can be used for power
generation [19].

In figure 2 the underground temperature in a depth of 3500
m  in  Germany  is  shown.  The  biggest  area  of  geothermal
potential  is  the  “Norddeutsches  Becken”  in  the  north.  The
“Oberrheingraben”  in  the  southwest  is  characterized  by  the
highest temperatures.

VII. GEOTHERMAL IN GERMANY

For lower level geothermal energy an amount of 280 MW
of electric capacity in 2020 is aimed by german government.
This  would  lead  to  an  annual  electricity  production  of  1,8
million  kWh.  Furthermore  an  annual  amount  of  8,2  billion
kWh of heat is assumed. An electric capacity of 850 MW shall
be reached in 2030 [20].

At  the  moment  there  are  27  facilities  using  lower
geothermal  energy for heat  production working in Germany.
The total  thermal  capacity is  248,4  MW. At seven locations
combined  heat  and  power  generation  is  existing  with  a
combined  electric  capacity  of  31,31  MW  and  0,025  TWh
provided electricity in 2013. About 48 projects are in process
of planning or already under construction [21].

The  upper  level  geothermal  energy  is  used  by  about
318.000 heat pump devices in Germany in 2013. Those have a
thermal capacity of 3.983 MW. 21.100 new heat pump devices
with  a thermal  capacity  of 230 MW were  installed  in  2013
[21].

The combined thermal capacity of upper and lower  level
geothermal  devices  was  about  4.200  MW  with  8  TWh  of
provided heat in 2013 [21].

Figure 3. Development of installed upper level geothermal heat pumps in   
    Germany (Source: BMU [8])

The development of installed heat pumps for upper level
geothermal  use  is  presented  in  figure  3.  There was  a  small
increase till the year 2005. A stronger growth is recorded since
2006  which  reflect  the  increased  expansion  of  geothermal
energy.

VIII. PROJECT  “GEOTHERMIE UNTERHACHING“

In  2004  the  construction  work  for  “Geothermie
Unterhaching” started. A geothermal power plant for heat and
power generation in Unterhaching in the south of Germany was
planned [22].

For the extraction of hot water in the ground two boreholes
were created. The first one reaches a depth of 3.350 m with a
water temperature of 122 °C. The second one reaches a depth
of 3.580 m with a water temperature of 133 °C. Both boreholes
have  a  flow  rate  of  150  liters  of  water  per  second.  The
maximum  capacity  is  38  MW  of  heat  and  3,36  MW  of
electricity [23].

In 2007 the heat  supply started with  a first  output  of 20
MW. Power generation started in 2009 [22]. In the first year of
combined heat and power supply 4.069.775 kWh of energy and
51.934.000 kWh of heat were produced with a total saving of
16.708 tons of CO2 emissions [23].

Since  2009  the  produced  amount  of  energy  and  heat
increased  annually  to  6.872.000  kWh  of  energy  and
107.582.000  kWh  of  heat  and  generated  sales  of  about  9
million  euros  in  2013.  29.159  tons  of  CO2  emissions  were
saved by use of geothermal energy in 2012 [23].

The  project  “Geothermie  Unterhaching”  developed  to  a
successful  usage  of  hydrothermal  heat  energy  and  is  an
excellent  example  for  the  realization  of  combined  heat  and
power production [1].

IX. SUMMARY

The use of geothermal energy is part of the opportunities to
create a sustainable and renewable heat and power supply by
its features. With this technology of heat and power generation
it can make a contribution to the goals of german government
to reach a minimum amount of 30 % of renewable energies for
the  german  power  supply  till  2020  [1,3].  It  offers  many
promising advantages compared to only a few calculable risks.
Geothermal  energy  is  based  on  thermal  heat  which  is
inexhaustible and in contrast to other renewable energies like
wind  or  solar  energy  independent  of  fluctuating  climate
conditions  [11].  The  possible  risks  can  be  reduced  to  a
minimum  if  the  geothermal  facility  is  well  planned  and
frequently controlled [1].

In Germany there is a good potential existing for the use of
geothermal energy for heating and power generation which is
used by 27 facilities producing thermal energy and 7 of them
with  a  combined  heat  and  power  generation  [19,21].  The
influence on energy supply of geothermal in Germany will rise
by  about  48  projects  in  the  process  of  planning  or  under
construction [21].  The project “Geothermie Unterhaching”  is
an example for the use of energy stored in the earth producing
heat  and  electricity  in  an  environmentally  friendly  and
profitably way with the ability of reliable supply and a steady
growth [1,23]. Additionally the development of installed heat
pumps and a number of 21.100 new installed devices in 2013
which can be utilized for small projects and even for heat and
energy supply in private households display a growing use of
the technology [8,21].
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X. DISCUSSION

In our  opinion the  use  of  geothermal  energy  has  a  high
potential to be part of a sustainable power supply in Germany.
Especially by its advantage of independent and constant power
generation in contrast to the discontinuous of solar and wind
energy.  On  the  one  hand  it  is  a  possibility  of  regional  and
decentralized energy and heat production and on the other hand
it is based on local resources to support the independence of
import of energy sources.

Due  to  its  ecofriendly  and  reliable  characteristics  and
because  of  high  costs  for  research  and  exploration  of
geothermal potential and possible economical uses a stronger
promotion is  required to increase the growth and success of
geothermal business.

Compared  to  other  renewable  technologies  for  power
supply  the  use  of  geothermal  energy  has  a  low  level  of
awareness in public. The public communication of the possible
use of geothermal energy by private households and individual
buildings  by  heat  pumps  and  provided  heat  and  energy  by
geothermal  power  plants  must  be  extended.  With  higher
attention on geothermal energy the acceptance and trust of the
population will raise. This can lead on to faster and stronger
developments of geothermal energy.
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I.  INTRODUCTION  

Experts anticipate that our fossil fuels are going to be 
depleted within the next 50 years. What opportunity 
does humanity have left to receive energy? The solution 
has been found by observing the stars and understanding 
the way how they produce energy. The solution is sup-
posed to be nuclear fusion. Nuclear fusion is a phenom-
enon that has been investigated for more than 80 years. 
Energy that is being produced in one second inside the 
sun would be enough to provide the worldwide demand 
of energy for one million years. That is why scientists 
and probably the whole world dream of being able to use 
that phenomenon and receive an almost unlimited source 
of energy. (1) 

II. HISTORY 

The first time a fusion reaction was observed in year 
1919 when Ernest Rutherford created an oxygen isotope 
by bombarding nitrogen with alpha particles.(2) Ten 
years later in 1929 the first conjectures about the fusion 
of small atomic nuclei being the energy source of the sun 
and other stars were made. These theories were based on 

which were proved by Hans Bethe in year 1938. Ruther-

first deuterium-deuterium- and deuterium-tritium-fusion 
reaction in 1934. Especially these experiments became 
very important for further fusion experiments and future 
nuclear fusion projects. Only one year after Bethe 
proved the theories of Atkinson and Houterman, he and 
Carl Friedrich Weizsäcker were able to give a quantita-
tive description about the entire fusion process inside the 
sun. Theories were proved, experiments were made but 
no one was actually sure whether nuclear fusion is pos-
sible to be used on our planet until the year 1950. The 
development of the hydrogen bomb (H-bomb) - two 
years later the USA fired the H-bomb (with the code-
name Ivy Mike) the first time- made people believe and 
even witnessed that nuclear fusion could be really used 
on earth. But additionally, the H-bomb, an uncontrolled 

nuclear fusion reaction, made nuclear fusion get more 
and more criticized and even almost socially rejected. 

Until year 1958 
most projects 
and labors have 
been kept a se-
cret but after the 
second Geneva 
Conference 
everything 
changed and a 
peaceful utiliza-
tion of nuclear 
energy was 
found. The most 

interest in nuclear fusion were offered by the USA and 
the Soviet Union and even some European countries, 
especially the United Kingdom. (3&4) 

A lot of time passed and some experiments were made 
mostly in vain until the breakthrough in 1991. The first 
power generation by controlled nuclear fusion was 
achieved and an actually at that time appreciable amount 
of energy has been released. Plus, 6 years later scientists 
were able to win an even higher fusion power than years 
before.(5) These days scientists from the United States 
even overcame the breakthrough of 1991. They succeed-
ed a nuclear fusion where the energy balance was differ-
ent than before. It was possible to gain a higher amount 
of energy than the amount that was put into the reaction. 
This progress made people believe in nuclear fusion for 
the future. (6) 

 

III. GENERAL FACTS 

First the question is what is go-
ing on inside the sun and other 
stars that inspired us. Under high 
pressure and a very high temper-

Figure 1: Atomic cloud of Ivy Mike 

- 54 -



ature hydrogen nuclei get clustered and merge to a heli-
um atom while they get pushed into each other. That 
process releases a huge amount of energy and is also the 
reason why the sun and other bright stars radiate energy. 
(7) There are different processes that could happen, for 
instance four protons merging to one helium nuclei. (8) 

So in fact, the process of nuclear fusion is the mer-
gence of two light atomic nuclei (hydrogen) to a bigger 
and heavier one (helium). During this mergence energy 
is being released as kinetic energy of the new nucleus 
and possible further reaction products, for example neu-
trons, or even as electromagnetic radiation (gamma- or 
beta- radiation).(9) Additionally, some interesting facts 
to that process: The common weight of the two light 
nuclei is heavier than the bigger nuclei. Furthermore, the 

bonding forces between the components of their atomic 
nuclei get released.(3) It has been always a goal of inten-
sive foundational research to find out the details of inter-
action forces and to control their including energy in 
order to make use of it for power production in power 
plants. The reason for this is that fusion power plants 
would be an appropriate solution to provide big cities 
and industrial bases with energy. 

These days scientists work on three approaches to re-
alize the dream of using nuclear fusion on earth: 

 Tokamak-System 

 inertial confinement Fusion with the help of la-
sers or electric current  

One of them is supposed to make that dream come 
true one day but having patience is probably most im-

nuclear fusion for the benefit of humanity before year 
2050. (1) 

 

IV. SET-UP OF A NUCLEAR FUSION 

REACTOR(TOKAMAK) 

 A tokamak reactor consists of a torus, which is the 
centerpiece of the power plant. In order to execute a nu-
clear fusion, the fuel (here deuterium-tritium mixture) 
must be converted into the plasma state. In- this state, 
the atoms lose their electrons and move as charged parti-
cles through the room. This effect is used to concentrate 
the several million degrees hot matter in an intangible 
container with the help of magnets that surround the 
torus. Without electrons, atomic nuclei are positively 
charged. Therefore, they only move on the magnetic 
field tracks and do not touch outer wall of the torus, 
which would cool down the Plasma. To put nuclear fu-
sion in motion, the nuclei has to avoid the coulomb wall, 
which ensures that positively charged bodies repel each 
other. For that purpose the ions must come close to each 
other, before a merger can take place. In the sun, this is 

done through a very high pressure of approximately 200 
billion bar and a temperature of 15 million degrees. Such 

because of that the fuel must be heated to high tempera-
tures of over 100 million degrees instead to start a nucle-
ar fusion. To achieve such high temperatures, different 
methods are 
being used: 

 Induc-
tion heating: Solenoids induced electric current 
on the plasma, which heats up to a temperature 
of 30°C. The electrical resistance decreases as 
higher the temperature gets, making a further 
temperature increase not possible with this 
method(1 &  
 

 Microwave radiation: electromagnetic waves 
can stimulate the particles in the fuel and lead to 
additional energy. 

 
 Neutral-beam injection: Neutral loaded particles 

are shot at high speed on the plasma and transfer 
their kinetic energy by shocks. The neutral parti-
cles ionize immediately in the plasma. 

When the fuel reaches the required temperature, it 
starts to merge. The reaction process is simple: Tritium 
and deuterium merge to a helium-5 core, which quickly 
decays caused by instability. This gives rise to a helium-
4 nucleus and a neutron, which move away from each 
other at a very high speed. 

4He + 3.5 MeV + n + 14.1 MeV 

The thermal energy that is released can be used for 
the production of electricity by conventional methods of 
heat exchange as applied in coal or nuclear power plants.  

V. EXTRACTION OF FUEL: 

The necessary fuel for an artificial fusion consists of 
deuterium and tritium, two isotopes of hydrogen. Deu-
terium is contained in seawater and can be obtained 

Figure 2: Main Components of the magnetic 
confinement system 

Figure 3: Profile of the Iter Reactor
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through an enrichment process. Tritium occurs not natu-
rally and must be generated artificially with the help of 
lithium. An atom of lithium-6 or 7 and a neutron is re-
quired for this so-called tritium breeding. Because neu-
trons are set free during the fusion reaction, they work 
on a procedure which allows the production of tritium in 
the blanket (outer shell of a nuclear fusion reactor). Lith-
ium occurs mostly in the form of lithium-7 and lower 
percentage than lithium-6. Both isotopes can be used for 
the production of tritium. But there is an advantage and 
disadvantage of using lithium-7. The advantage is that a 
neutron is released in response to tritium, which can be 
used to react with a lithium-6 to tritium.(9) 

7 - 2.5 MeV (9) 

Disadvantage is that the energy threshold for lithium-

than with lithium-6. For this reason, the latter is pre-
ferred. 

6  4 He + 3 H + 4.8 MeV (9) 

Nuclear fusion alone can unfortunately not deliver 
sufficient neutrons for tritium breeding. Therefore, a 
certain amount of beryllium is being added to the lithi-
um, which is responsible for increasing the number of 
incoming neutrons in the blanket. (9) 

VI. ADVANTAGES AND DISADVANTAGES OF 

THE CIVILIAN USE OF NUCLEAR FUSION 

A. Advantages: 

 Safety: Nuclear fusion is risk-free compared to 
fission. As soon as the conditions for the fusion 
are not available (like the necessary temperature 
or the pressure) the reaction stops by its own. 
So, an uncontrolled further reaction is being 
prevented.(1) 
 

 Environmentally friendly: Nuclear fusion reac-
tors are emission-free and produce no nominal 
values of radioactive waste. Although tritium is 
radioactive and ensures that the components of 
the power plant be subjected to radioactivity 
with the time, tritium has a half-life of only 12 
years. Furthermore, the beta decay of tritium is 
so weak that it cannot even penetrate the human 
skin.(10) 
 

 High energy yield: Theoretically with the merge 
of 1 kg deuterium-tritium you can produce as 
much Energy as there is set free during combus-
tion of 8.596.000 kg crude oil (see oil unit) 
 

 Inexpensive and inexhaustible fuel: the produc-
tion of deuterium and tritium is relatively cheap, 
so that the fuel costs at the low consumption of 
around 100 kg per year in a reactor can be ne-
glected. There are almost inexhaustible quanti-
ties of deuterium in seawater and tritium can be 

produced by using lithium, which also has a 
very high presence on earth. 

B. Disadvantages: 

 No successful generation of energy: Unfortu-
nately scientist succeeded only once to gain 
more energy than needed to apply the nuclear 
fusion until now. The amount of gained energy 
was too minimal to be even worth mentioning. 
(6) 
 

 Expensive research: even just the construction of 
the ITER reactor, which is one of the leading 
nuclear fusion projects will cost 7.3 billion eu-
ros. Other projects are also in the single-digit 
billion range.(11 & 12) 
 

 No civil use in the near future: the research for 
nuclear fusion started in the 1950s, and it is as-
suming that there will be no successful civilian 
use before 2050.(3 & 13) 

VII. CONCLUSION 

Nuclear fusion is a promising source of energy, 
which could someday solve the world's energy prob-
lems. Through its environmental friendliness and its 
theoretical high energy balances, fusion power plants 
could replace other large power plants. The sun is the 
best example to show how much potential nuclear fusion 
has. It is clear that we will reach a point, were all the 
fossil fuels will be depleted, so we have to find a way to 
replace the energy source such as coal, gas or oil. Re-
newable energy sources like solar panels or wind tur-
bines could be an option, but there is a huge amount of 
disadvantages in comparison to nuclear fusion. The in-
frastructure and the capacity of saving energy has to be 
expanded to guarantee a stable energy supply.(16) To 
replace power plant with 2000 MW you would need 
12,5 km² (1750 soccer-fields) of solar panels or 1000 
wind turbines provided that the sun is shining or wind is 
blowing.(14 & 15) The nuclear fusion would be the best 

the reason why so many countries, for instance Russia, 
India, USA, China, Korea, Japan and the EU are sup-
porting and working to pave the way for civil use of nu-
clear fusion. Especially the ITER project is one of the 

a nuclear fusion reactor. When the construction of the 
reactor is completed, several methods will be tested to 
fix the remaining problems. This will take a lot of time, 
but it will be worth waiting for it. 
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Abstract This article examines the present status and future 
plans of the natural gas sector in Iran including existing natural 
gas infrastructure, production, consumption and export/import 
potential. The main objective of this regional overview is to 
describe and analyze the systems of natural gas in Iran as a key 
role in today s world energy sector. 
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I.  INTRODUCTION  

With 28.1 trillion cubic meters of proven natural gas 
reserves (15.5 percent of the world total), Iran has the second 
largest gas reserves after the Russian Federation.  current 
gas production stands at 500 Mcm1/d and it is projected to 
increase to 1480 Mcm/d by 2015.  Although, similar to the oil 
sector, real gas production will be lower than expected [1]. 

II. NATURAL GAS PRODUCTION 

Over the last two decades, natural gas production in Iran 
has been rapidly increased. According to the statistics, the 
production of natural gas has been raised from 25.5 Bcm2 in 
the year 1991 to 153 Bcm in the year 2011. This means that 
Iran is one of the few countries capable of supplying much 
larger amounts of natural gas in the future. 

Gross natural gas production totaled 6.33 Bcm in 2011, 
increasing nearly 2 percent compared with the year prior.  

In 2011, Russia and the United States were by far the top 
natural gas producing countries, with more than four times 
that of Iran, the third largest producer of natural gas due in 
part to the development of the giant South Pars field. 
Meanwhile natural gas production has been expected to grow 
to 240 Bcm in 2030. Although Russia and the United States 
produced nearly the same amount of natural gas, Russia has 
far greater conventional natural gas reserves than the United 
States based on 2011 estimates [2]. 

III. NATURAL GAS FIELDS  

A. Conventional Natural Gas Deposits 

Natural gas can be associated from both conventional and 
unconventional deposits, and is also found in coal-bed 
methane. The total global deposits of conventional NG amount 
to about 198218 Bcm, while the global consumption in 2010 
was about 3398 Bcm, and is projected to double by 2035. In 
Iran natural gas is commercially extracted from oil fields and 

natural gas fields. Gas extracted from oil wells is called 
casing-head gas or associated gas [3]. 

al gas reserves stood at 33074 
Bcm. Over 85 percent of Iranian natural gas reserves are 
located in non-associated fields and have not yet been 
developed. Major natural gas fields include South and North 
Pars, Kish, and Kangan-Nar.  

The most significant natural gas project in Iran is the 
offshore South Pars field, which holds about 47 percent of its 
total natural gas reserves and accounts for about 35 percent of 
its total natural gas production. The field is being developed in 
24 phases [4]. 

B. Main Gas Fields 

As it mentioned above, Iran's main gas fields are 
conventional and the major part is located in south of Iran, in 
the region of Persian Gulf. 

1)   South Pars Gas Field 

The South Pars field is a natural gas condensate field 
located in the Persian Gulf. It is also the world's largest gas 
field, shared between Iran and Qatar. In Iran it is called "The 
South Pars" and in Qatar it names "North Dome" gas field. 
According to the IEA3, the field holds an estimated 51 trillion 
cubic meters of in-site natural gas and some 7.9 Bcm of 
natural gas condensates. The South Pars field accounts for 
about 35 percent of Iran's total natural gas production, with 
sizeable production coming also from the Kangan and Tabnak 
fields. In addition, Gonbadli began producing in June 2011 
and contributed about 708 thousand cubic meters during the 
remainder of the year [5]. 

Total gas field of South Pars (Iran) and North Field (Qatar) 
covers an area of 9700 square kilometers, of which 38% is in 
Iranian territorial waters and 62% is for Qatar. The Iran's part 
is the biggest gas filed in Iran and the country invests much 
for developing production from this gas field. The depth of 
this field is 3000 meters below the seabed and it is in 65 
meters below water [6]. 

 

1. Mcm = Million Cubic Meters  
2. Bcm = Billion Cubic Meters 
3. IEA = International Energy Agency 
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2)   North Pars 

North Pars Gas Field is the second biggest independent gas 
field in Iran and 13th in the world. This field which was 
discovered in 1967 is located south east of Bushehr province, 
in water depths of 2 to 30 meters in the Persian Gulf. The first 
exploration well was completed in the year 1967, by carrying 
seismic test. The total volume of the gas in this field is about 
1.67 Bcm and the recoverable volume of sour gas is 
approximately 1.34 Bcm [7]. 

3)   Kish Gas Field 

Kish gas Field is the third biggest gas field in Iran. It is 
located close to Kish Island in the Persian Gulf. It is one of the 
NIOC4 recent discoveries according to the research carried out 
in the year 2006 and holds 1900 cubic kilometers of gas in 
place of which 1400 cubic kilometers is recoverable. The field 
also holds at least 160 Mcm of condensate gas of which at 
least 52.6 Mcm are recoverable [8]. 

4)   Golshan Gas Field 

The Golshan gas field is one of the NIOC recent discoveries 
which is situated at approximately 180 km south east of 
Bushehr and 65 km offshore the Persian Gulf. It is the fourth 
biggest gas fields in Iran. The volume of gas in place of the 
field is estimated around 1.2 to 1.6 tcm5 [7]. 

IV. NATURAL GAS CONSUMPTION 

Iran is a country with more than 75 million population and 
places in the second rank in terms of gas reserves in the world. 
Natural gas is one of the main energy sources in Iran and the 
consumption is increasing annually. With a review in history 
we realize that Iranians were pioneers in gas utilization. 
Existence of fireplaces such as immortal fires near natural gas 
reservoirs proves this claim.  

Using natural gas as a heating fuel is just one of the 
various usages of this precious fuel. For better understanding 
the fluctuations in natural gas consumption, the first step is to 

know how natural gas is used in Iran and how much gas every 
purpose needs.  
Natural gas is mainly used as the following purposes in Iran: 

 Households (domestic uses) 
 Transportation 
 Industry 
 Power plants 

A. Domestic use of natural gas in Iran 

Natural gas is a powerful domestic cooking and heating 
fuel. In much of the developed world it is supplied to homes 
via pipes where it is used for many purposes including natural 
gas-powered ovens, natural gas-heated clothes 
dryers, heating/cooling, and central heating. 

Compressed natural gas is used in rural homes without 
connections to piped-in public utility services, or with 
portable grills. Due to CNG being less economical than LPG, 
LPG (propane) is the dominant source of rural gas [9]. 

B. Transportation uses 

For transportation normally CNG6 is used in vehicles in 
Iran and it has been replaced by other fuels during a few years 
ago. CNG is made by compressing natural gas (which is 
mainly composed of methane, CH4), to less than 1% of the 
volume it occupies at standard atmospheric pressure. It is 
stored and distributed in hard containers at a pressure of 200
248 bar usually in cylindrical or spherical shapes [10]. 

C. Industrial Uses 

Natural gas has a multitude of industrial uses, including 
providing the base ingredients for such varied products as 
plastic, fertilizer, anti-freeze, and fabrics.  Natural gas is 
consumed primarily in the pulp and paper, metals, chemicals, 
petroleum refining, stone, clay and glass, plastic, and food 
processing industries. These businesses account for over 84 
percent of all industrial natural gas use [11]. 

 

D. Electricity Generation 

Natural gas is a major source of electricity generation. It 
burns more cleanly than other hydrocarbon fuels, such as oil 
and coal, and produces less carbon dioxide per unit of energy 
released. For an equivalent amount of heat, burning natural 
gas produces about 30 percent less carbon dioxide than 
burning petroleum and about 45 percent less than 
burning coal. [12] 

E. Natural gas consumption fluctuations by different sectors 
during time 

Iran   has   the   third   largest   consumption   of natural   
gas in   the   world   after United States and Russia. According 
to the data released by United States EIA7, Natural gas 
consumption in Iran has been increased dramatically and got 
almost doubled and has reached to almost 153.3 billion cubic 
meters. 

For realizing the better use of natural gas and the issues 
due to this fuel in Iran, we should study how much natural gas 
is consumed in different sectors. Comparison of these amounts 

4. NIOC = National Iranian Oil Company 
5. tcm = Trillion Cubic Meters  
6. CNG = Compressed Natural Gas 
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will give us a reasonable result and a clue to reduce natural 
gas consumption in the future. 

Fig. 2 shows natural gas consumption by different sectors 
in 2003. 
 

 
 

Figure 2.  Natural Gas Consumption by Sectors in 2003 
 

After 3 years (in 2006) the same study has done and it 
showed that the percentage of natural gas consumption has 
changed during this 3 years. Fig. 3 shows the percentage of 
gas consumption in different sectors and as we see, residential 
use has increased from 34% to 51% which is a very high rise 
in such a short time. 
 

 
Figure 3.  Natural Gas Consumption by Sectors in 2006 
 

F. Comparison of Natural gas consumption by sectors in 
Iran and a developed country 

According to Fig. 4 which shows gas consumption by 
different sectors in U.S. as a developed country, it is clear that 
the residential and commercial use percentage is quite 
different than Iran (about one fifth of the amount in Iran). This 
can be an alarm for Iranian government for legislation to 

 
Due to energy low price in Iran, consumers do not care 

about how much energy they consume and to solve this 
problem a firm law is really essential. 

 
 
Figure 4.  Natural Gas consumption in a developed country 

V. NATURAL GAS TRANSMISSION AND DISTRIBUTION 

Natural gas transfer from production origins and gas 
processing plants to various consumption points in various 
sectors of gas industry is of high sensitivity and importance. 
The total length of high-pressure gas transfer pipelines in Iran 
is around 32000 km. The pipelines transfer capacity is 
estimated at 500 Mcm/d and based on decisions adopted in the 
framework of the twenty-year outlook, the length of pipeline 
from 32000 km should reach 65000 km. Hence, Iranian Gas 
Transmission Company as one of the subsidiaries of NIGC8 
benefits from all vast executive-logistic facilities and various 
machinery to implement general projects in the realm of 
engineering, basic and detailed designing gas especially in 
relation with designing gas transfer pipelines, supply and 
distribution networks, pressure reduction stations all over the 
country while observing international standards.  

Besides, Iran's integrated and vast gas distribution network 
in home and business sector which consumes a lion share of 
the produced and processing natural gas, there are some other 
sectors including power plants, major industries and 
petrochemicals that consume a significant amount of the 
processing gas. The total consumption of the earlier  
mentioned sectors, at present, has led the share of gas in the 

2 percent 
and is expected to continue to grow. Currently the total length 
of Iran s urban gas distribution network is over 213000 km 
which is responsible for providing gas to 920 cities, 12500 
villages and 40000 industrial plants. At present, 65 million 
persons in the form of 18.2 million households enjoy benefits 
of natural gas [13].  

Fig. 
we can see that there are 11 series of large diameter pipelines 
constructed from gas producing areas in the south of Iran in 
order to transfer natural gas to the consumption centers in 
northern part of the country. These main pipelines are called 
Iran Gas Trunkline (IGAT) [7]. 

7. EIA = Energy Information Administration  
8. NIGC = National Iranian Gas Company 
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Natural Gas Pipelines Grid [14] 

VI. NATURAL GAS EXPORTS & IMPORTS 

third largest producer of 
argest reserves, its 

role in international trade in natural gas is far less significant. 
Iran, like the United States, is both an importer and exporter of 
natural gas. Iran exports relatively small-scale natural gas to 
Turkey, Armenia, and Azerbaijan, but it also receives pipeline 
imports almost exclusively from Turkmenistan. Since 2000, 

(2010). In both 2010 and 2011, Iran accounted for less than 1 
percent of global dry natural gas imports and exports [15]. As 

remain absent from the regional and global markets [16]. 
E

natural gas exports during the period July 2011-June 2012 
were approximately $10.5 million per day, or about 5 percent 
of the estimated $231 million per day in revenues from crude 
oil and condensates exports over the same period. In 2010, 

total export earnings while crude oil and condensates 
accounted for over 78 percent [15]. 
 

A. Iran s Natural Gas Exports & Imports Pipelines 

 natural gas exports are 
through 9 domestic pipelines (IGAT 1-9) from the major gas 
fields in the south of Iran. Turkey receives more than 90 

natural gas exports under a long-term 
contract. Armenia and Azerbaijan have swap arrangements 
with Iran that account for 6 percent and 3 percent of 
natural gas exports, respectively. Azerbaijan repays Iran for 
the natural gas sent to its Nakhchivan exclave by exporting 
similar volumes to northeastern Iran. Iran imports more 

alone exceeded its exports during the July 2011-June 2012 
period.  

 
 
 
 
 

a) Exports 
 

1. Turkey (Since 2001) 
2. Azerbaijan (Since 2005) 
3. Armenia (Since 2007) 
4. Iraq & Syria (Since 2013) 
5. Pakistan (In Progress) 
6. Europe via Turkey (In Progress) 
7. UAE (In Progress) 
8. Kuwait, Oman & Bahrain (In Progress) 

 

b) Imports 
 

1. Turkmenistan (Since 1997) 
2. Azerbaijan (Since 2005) 

 

B. Iran s LNG Exports 

In addition to regional pipeline trade, since the 1970s Iran 
has repeatedly tried to reach the global LNG9 market. But, 
because of the 1979 revolution and the subsequent war with 
Iraq, Iran forced to put its LNG plans aside throughout the 
1980s. Iran has tried to build liquefaction plants after the war.  

Iran LNG is a LNG plant under development at Tombak 
Port, approximately 50 kilometers north of Assaluyeh Port. 
According to NIGEC10, Iran LNG at South Pars has the 
highest priority of all Iranian projects. In June 2012, a South 
Pars official confirmed to the author that Iran stopped working 
on its other projects so as to concentrate all efforts on Iran 
LNG. Having already invested more than US$1.3 billion, Iran 
LNG is planned to construct two liquefaction trains with a 
capacity of 5.4 mtpa. Partly in cooperation with Chinese and 
South Korean firms, Iran LNG made good progress on the 
construction of storage tanks and the utility section. At the 
same time, however, Iran and its Chinese contractors did not 
progress at all with regards to the central part of the project, 
the liquefaction facility. Iran LNG secured a liquefaction 
technology license from German Linde but due to European 
sanctions it is  not possible for this project to go ahead. 
Regardless of this, NIGEC told reporters in April 2012 that 
Iran LNG will be ready by the end of 2014. However, experts 
doubt that Iran can access the latest LNG technology under the 
current sanctions until the announced date. 

In 2010, two other LNG projects related to South Pars, 
Pars LNG and Persian LNG, were cancelled due to the 
international sanctions and political pressure on Iran's 
international partners (Total and Petronas in Pars LNG, Shell 
and Repsol in Persian LNG) [16].  

Iran will start early production of LNG at the Iran LNG 
Plant within the next year in a bid to give a boost to its LNG 
output and exports. Managing director of Iran LNG Company 
said that the project is aimed to produce 10.8 million tons of 
LNG per year. Exporting the product will earn the country up 
to $20 million per day. In October 2011, he told an Iranian 
News Agency that Iran plans to export 30 percent of its LNG 
output to Europe. China and India will be the two major 
markets for Iranian LNG in future. 

9. LNG = Liquefied Natural Gas 
10. NIGEC = National Iranian Gas Export Company 
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VII. SUMMARY 

Iranian gas market is very complicated. All kind of 
challenges encompass the gas trade from Iran to the other 
countries. The demand side has its own obstacles. Iran is in 
developing phase and shifting toward maturing phase is 
essential to mobilize international gas trade originating from 
Iran. Iranian gas market is changing to adapt to the 
requirements of trade. Iran is potentially responsible for 20% 
of global gas trade in 2025 and seeking for restructuring 
energy section including gas industry to comply with 
international treaties. 

For the Islamic Republic of Iran the domestic development 
of natural gas has the same magnitude as its international 
trade. Therefore all kind of regulation will be introduced for 
stabilizing gas supply to consumers. Regional stability, 
financial supporting and international assurance is essential for 
a sustainable gas market. As demand in Iran growth rates 
persist, the potential for shortfalls in natural gas supply grows. 

 gas exports likely will be limited due to rising 
domestic demand, even with future expansion and production 
from the massive South Pars project and other development 
projects. 

However, the present adopted international sanction 
against Iranian regime creates some serious difficulties in 
reaching the mentioned target. That is why it is unlikely Iran 
in the near future will have any substantial surplus natural gas 
to export. 
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Abstract This paper provides an overview about renewable 
energies of the next generation. The ocean is a giant and 
inexhaustible energy source that has not joint much attention 
until today. Furthermore strong winds above the hub heights of 
conventional power plants cannot be used. These are only a few 
examples for unused energy sources. The technologies explained 
in this paper could be the reason. 

Keywords-ocean currents,power generation, tidal currents, 
renewable energies, underwater turbines, wave power, wind power  

I.  INTRODUCTION 

The i IEA 
published in 2012 a scenario regarding the worldwide switch 
to renewable energies until 2050 (figure 1). It is assumed 
under this scenario that power generation by nuclear power 
will be almost completely stopped. Oil-, Gas- and cowl fired 
power plants will supply only 20% of the total worldwide 
energy generation in 2050. The most notable increases will be 
expected in the specific area of the energy supply by solar and 
geothermal energy. Wind power plants will also gain 
importance. There are no signs of a significant change 
concerning the generation of biomass and hydro-electric 
power plants[1].  
  

 
Figure 1: Scenario regarding the worldwide switch to renewable energies until 

2050 [1] 

There are many interesting and innovative concepts for 
generating electricity which not mentioned in scenario above. 
The present paper describes and explains some of the very 

promising concepts. As energy sources can serve wind and 
wave energy as well as tidal and ocean currents. 
According to estimates it is possible to generate about 800 
terawatt-hours by tidal power plants per year. This roughly 
corresponds to 3-4 % of the worldwide annual power 
consumption. The biggest potential exists in the Coastal 
regions with strong tidal currents, for example regions like in 
the UK, Canada, France and East Asia [2]. 

II. MINESTOS EEP GREEN  

The following picture shoes the kite. Deep Green  is 
composed of a wing (1). The wing is conceived to engender a 

necessitates a stiff and lightweight structure with enough 
fatigue and material properties for a durability of 20 years. 
Furthermore the wing contains of watertight compartments for 
lift system, batteries and pressure sensors. [3] 

 

 
Figure 2  

This wing carries the turbine (2) which is directly coupled 
to the generator (3). These components are located in the 
nacelle. The kite is controlled by a rudder (4). The struts (5) 
are directly bound up with the tether (6). The tether´s main 
task is to handle with the high forces created by the wing. 
Hence the tether is a force bearer. Moreover there are lodged 
power and signal cables. To enhance performance the tether is 
engineered for the high hydrodynamic forces and also to 
reduce the water resistance. Those factors raise the electricity 
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joint. The bottom panel serves as an anchor for the system. 
The joint ensures that the tether can move in all directions 
according to the direction of the currents respectively the 
motions of the kite. It´s proposed to connect multiple power 
plants in an array. Such an array can consist of 100 abilities 
and supplies energy for 33,000 households [3]. 
 

The following picture illustrates how the unique principle 
ks. The kite is pushed forward by the 

hydrodynamic lift which forces on the wing (1). The kite is 
directed by a rudder and does an 8-shaped trajectory. Thereby 
the kite´s reached speed is ten times higher than the water 
current speed (2). Because of the movement of the kite, water 
passes through the turbine. The turbine drives a gearless 
generator. The result is electricity (3). The wing is attached to 
the bottom by a tension cable. This cable contains an electrical 
wire for energy transmission to the station at the seabed (4). 
The energy will be transmitted by Sub-sea cables to the shore 
(5) [3]. 

 

 
Figure 3  

listed below: 
 

 it works cost efficient in tidal an ocean currents 

 it´s the only known alternative which can supply 
electricity at flow speed between 1.2 and 2.5 m/s and 
soundings between 60 and 120 meters 

 because of size and lightweight construction the power 
plant only weights seven tons, that is 10 to 25 times 
lighter per MW than other technologies, which are 
built for tidal flows over 2.4 m/s 

 because of size and weight only small boats are needed 
for installation, maintenance and service. 

 modularity enables lean factoring 

 only attachment and detachment have to be done 
offshore, all other important things can be done 
onshore 

 tidal currents can be forecasted by a precision of 100%, 
ocean currents are almost constant 

 it creates fractional environmental and visual impact 

 it operates all the time at least 15m below the mean sea 
level [3]. 

 
For the following years Minesto  sets its sights high. The 

employees are focused on research and a product development 
plan. Already in the year 2016 they will install an 1.5 MW 
array. The next step will be a 10 megawatt array. Endurance 
tests with prototypes of "Deep Green" demonstrated the 
functionality and competitiveness of the technology. Actually 
five prototypes are existing. Those prototypes have been 
tested. The first time they produced electricity was in 2009. 
Only two years later they completed the first tests in authentic 
ocean environment. Nowadays a prototype in a ratio of 1:4 
passes through an extensive endurance test in Strangford 
Lough, Northern Ireland [4] 
 

Also the next described technology gains advantages by 
using the power of tidal currents. Since the middle of 2008 is a 
tidal current turbine in use in Ireland. This turbine is named 

 
 

III. SEAGEN 

of continuous leading research and development experience. 
The SeaGen´s  main features are reliability and efficiency. 
These factors where combined with a solid and conservative 
design. 

This two-rotor power plant has an installed capacity of 1.2 
megawatt. The span of those rotors is 16 meters and sweep 
200 square meters of flow. The rotor blades can rotate 180 
degrees to secure the operation in both the ebb and flood tides. 
The tower of the device is firmly anchored in a maximal depth 
of 38 meters at the seabed. [6] 

In October of the year 2012 the power plant sets two 
 (figure 4) generates 22,53 megawatt-hours 

on one day and after 68 days it has already produced 1 
gigawatt-hour. In the future the installed electrical power of 

will be some changes concerning the rotor. It will receive a 
third rotor blade and the diameter will rise up to 20 meters. 
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Figure 4  [5]  

Design features of the SeaGen  technology: 

 axial flow rotors that drive a generator in combination 
with a gearbox, like a wind turbine 

 to optimize the gain of tidal energy and to minimize 
forces the rotors are pitch controlled 

 in the first third of the water depth the tidal is most 
fast, so the blades where positioned there 

 current speed must be higher than 2.4m/s 

 SeaGen  supplies grid compliant electricity, so no 
external power conditioning is needed 

 turbine can be raised out of water easily  

 
Advantages of the SeaGen  technology: 

 extensively tested 

 guaranteed performance 

 Maximized energy harvest 

 Low maintenance and running costs 

 high availability 

 ecofriendly [7]. 

 
Due to the success of the prototype new projects are 

already planned. The following figure shows the scheme of 
such an intention. The ambitious , 
provides to install 8 megawatt in a narrow strait between the 
Scottish mainland the Isle of Skye (figure 5) [8]. 

 
Figure 5: Scheme of the 8 megawatt project called  [9] 

 data of about 25,000 
operating hours have been obtained. The data serves as the 
ba   
 

A subsidiary company of Siemens, called Marine Current 
Turbines Ltd. (MCT) and Bluewater Energy Services B.V. 
(Bluewater) are engineering a 2 megawatt floating tidal 
current turbine. Its name is SeaGen F  (figure 6). They do 
spadework and install the first one of this type in Canada's 
Bay of Fundy, in cooperation with Minas Energy. The turbines 
are able to supply enough clean and reliable energy for more 
than 1,800 Nova Scotian households. The next step is a multi-

standardized energy conversion system. [2] 
 

 

Figure 6 8] 
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IV. NEMOS 

NEMOS  is an innovative system for energy generation by 
the power of sea waves which is based on recent research 
findings. Waves occur by wind blowing over the sea surface 
on the high seas. There is a transformation from wind energy 
to wave energy. The peculiarity concerning waves is that they 
overcome long distances without losing energy before 
reaching the shore [10]. 
 

It achieves higher efficiency rates than other comparable 
systems. The device can be implemented cost effectively and 
is particularly suitable for the coupling with offshore wind 
power plants. 

In general the system (figure 7) consists of an elongated 
buoyancy, which is anchored to the seabed by three metal 
ropes. This buoyancy is stimulated by the wave motion. 
Therefore mechanical energy can be transmitted to a generator 
which is water-protected attached to the tower of a wind 
power plant. The novelty of this development concerns the 
trajectory of the float. In connection with a new control 
strategy about 80% of the wave energy can be used to drive an 
electric generator. Conventional systems which use simple 
vertical movements can only reach less than 50%. If there is a 
change in the direction of the waves the float will change the 
bearing by itself because of a patented system. The trajectory 
is regulated by the erection of the waves. To protect danger 
against extreme wave loads the system can be saved by diving 
under the water. This is done by the metal ropes [11]. 
 

 

Figure 7: Scheme of NEMOS  [11] 

The fastening of the ropes on the float is designed to 
guarantee its free mobility around the central vertical axes. 
They use the so called swerving by the yaw moment for 
parallel adjusting to the crest of the waves. When a wave 
arrives and hits the float the result is a trajectional movement 
around the anchorage points at the wave faced side. 
Meanwhile a transmission of mechanical power to the 
generator takes place at the wave averted side. The generator 
is positioned for example at any offshore buildings or nearby 
on the shore. The function of the ropes switches by changes of 
the wave direction. So that the ropes at the side avert to the 

waves take the control. The ropes at the waves faced side take 
the function for mechanical transmission to the generator. It is 
a simple, but ingenious system. Through the control of the 
rope kinematics, the trajectory of the float can be temporally 
and spatially adapted to the current wave conditions [11]. 

The system is characterized by: 

 High levels of efficiency because of the optimized 
trajectory and the active control 

 cost efficient construction by the use of the rope 
kinematics with low material input as well as the low 
complexity 

 a great range of effects concerning the elongated, 
across the wave flow direction oriented shape of the 
float  

 the adaptability of changing wave directions 

 low maintenance costs because of the water protection 
of the sensitive components  

 an effective survival strategy by saving the float under 
the surface [11]. 

 
In the coming years the construction of many offshore wind 

parks all over the world is planned. At those regions where the 
implementation is to be carried out, exist an enormous energy 
potential by sea waves. 

 

Figure 8:  [13] 

The effect of coupling both energy forms (figure 8) would 
not only increase the total energy amount but also straighten it. 
The background to this is the fact that the revenue of wind and 
wave power occur at different moments. That means if the 
wind starts to blow it takes some time until waves are formed 
and when the wind stops to blow the waves are s until running 
for a long time. A study by the University of Stanford has 
succeeded this fact at the example of an American region. The 
study reveals that such a coupled energy park under the aspect 
of given power capacity increases the revenue by 20 % in 
comparison to a conventional wind park. In case of common 
use of the infrastructure like sub-sea cables and substations the 
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share of the coasts of energy transmission could be reduced 
[12].  

 

V. WAVEROLLER 

The next technology driven by the force of waves is named 
aveRoller  (figure 9). The unit is positioned in near-shore 

areas. That means round about 0.3 to 2.0 km from the 
waterside. The machine operates in depths of 8 to 20 meters 
[14]. 

 

Figure 9: Scheme of a WaveRoller wave farm [14] 

aveRoller
anchored to the bottom of the sea. The installed power of one 
unit is rated among 500 to 1000kw at a capacity factor of 25 to 
50%. The idea for this power plant results from an observation 
of a diver. The diver noticed how a big part of a ship wrack 
moved forwards and backwards. The Panel of the power plant 
is driven by the motion of under-surface surge of water. 

The unit was tested for some years in Portugal. The 
Prototype had a weight of 280 tons. Only the swinging blade 
weights about 20 tons. The canvas is linked to high-pressure-
pumps, which haul hydraulic-oil into an engine that is coupled 
to a generator. This cycle is hermetically sealed to protect the 
environment. On the assumption of the installation of those 
power plants along the 2730 km of the coast of the Bretagne it 
is possible to reach 80 GW of installed power.  
 

VI. THE OYSTER 800 

The next picked up technology was fund in Edinburgh, 
 is called yster 800 . 

Aquamarine Power's Oyster converts the energy of near-shore 
waves into clean sustainable electricity. All in all, the Oyster 
is a wave-powered pump. The power plant pushes high 
pressured water to drive a hydro-electric turbine onshore. The 

device is a buoyant, versatile hatch which is anchored to the 
seabed at depths about 10 to 15 meters. It´s wide amounts 26 
meters. The device is located approximately half a kilometer 

-  The 
picture mentioned below shows the way of the functional 
principle [10]. 

 

Figure 10: Scheme of functional principle [16] 

The advantages at a glance: 
 

 assembly takes place onshore 

 a small number of underwater moving parts 

 no internal monitoring system and gear unit 

 no flamboyant offshore electronics 

 versatile hatch ducks under largest waves 

 near-shore position  

 resistive offshore structure 

 performs it´s work even in storm conditions 

  

 no significant ecological impact on marine 
environment 

 easy to approach 

 high reliability of the hydro-electric plant [10]. 

 
ional tests of the 

second-generation Oyster 800 . In the same month the first 
electrical power was already feed in the grid. The power plant 
is located at the European Marine Energy Centre in Orkney. 
Oyster´s maximum generating capacity amounts just about 
800kW at any given time. The next step of the development 
team is to install our next- - 
generation Oyster. The devices will be connected to provide the 
onshore hydroelectric power station. This will be the next 
milestone for demonstrate how much effective an array of 
many oysters will operate. It will be called a farm of oysters 
[15].  
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VII. ENERKITE 

Next to the production of energy by the use of oceanic 
forces there are also concepts are being developed on the basis 
of the power of wind. One innovative product is the so called 

K  which has been developed in Brandenburg, 
Germany. Regarding to modern wind power-plants it can be 
noticed that an increase of power is combined with an increase 
of the hub height, because the wind speed depends on the 
height.  inserts hang-gli  to harness the 
resistant and strong winds above the hub heights of existing or 
conventional power plants (figure 11). -glider 

 offer phenomenal potential as shown in the figure [17].  
 

 
Figure 11: Wind speed and heights [17] 

According to the manufacturer, the plant is at the end of the 
development able to generate 90% of the energy perennially. 
Based on a forecast, 4000 full load hours are expected. The 
plants are able to harness the winds up to heights of 100 to 
500m. The enabling factors of the operating efficiency of 
these plants are the efficient material input, the good 
utilisation of the airspace as well as the reliable control and the 
low transport costs. This technology enables the development 
of low-wind locations. Furthermore the costs of the necessary 
grid expansion are reduced. This is based on the fact that these 
plants are not only used for decentralised energy supply they 
also can be used for mobile applications. Measured by the 
revenue, the material input in comparison to conventional 
wind power plants is reduced by up to 95%. The result is a 
reduction of the CO2 footprint by 75%. 

EnerKite two phases. 
In the first phase, which is defined as the working phase, the 
kite is flying across the wind and is rising in extreme heights. 
The kite draws an 8-shaped trajectory. By lifting in these 
heights the winch of the generator is mechanically driven and 

produces energy. The kite is starting over a rotating launcher 
platform which is on top of the ground station. 

The second phase which is defined as rewinding action 
serves to return the kite to the point of departure. Therefore 
the generator winch, which uses in this case exclusively the 
self-produced energy, is also responsible. According to that 
the winch has two main tasks.  

The development of the prototype named EK30 was already 
completed in 2012 (figure 12). Today the second generation of 
the kite called EK60 is in the endurance test operation. This 
plant has a wing surface of about 10m² and an installed power 
of 30 kilowatts. The developers of the  are working 
continuously on a new plant. Regarding the year 2015 the 
presentation of the EK200 is planned. The next generation of 
this kite will have a wing surface of 30m² and an installed 
power of about 100 kilowatts. The masterpiece called EK1M 
is based on a concept with a surface of 125m² and a 
remarkable installed power of 500 kilowatts and will be 
developed until 2017. If it is succeeded the  has to 
be considered as a serious competitor for the conventional 
wind power plants. [17]  

 

 
Figure 12:  prototype EK30 [18] 

VIII. CONCLUSION 

Implementing the turnaround in energy policy is an 
ambitious goal. It is a fact that today´s technologies will 
substantially contribute to achieve this goal. But it will be 
impossible to reach this target by using only conventional 
devices. The described technologies can help to fill this gap. 
The latest research results confirm this statement. It is 
necessary to do further research in this field, so that the power 
plants become more efficient, reliable and cheaper. If this 
problem can be managed, the turnaround is only a question of 
time. 
 
 

- 68 -



IX. REFERENCES 

[1] Deutsche Welle - Anstalt des öffentlichen Rechts. 
Globaler Trend hin zu erneuerbaren Energien. 2014. 
http://www.dw.de/globaler-trend-hin-zu-
erneuerbarer-energie/a-16519172 (Zugriff am 1. Juni 
2014). 

[2] Marine Current Turbines. Siemens, Bluewater and Minas 
to install floating tidal current turbines in Canada's 
Bay of Fundy. 4. April 2014. 
http://www.marineturbines.com/News/2014/04/04/sie
mens-bluewater-and-minas-install-floating-tidal-
current-turbines-canadas-bay (Zugriff am 1. Juni 
2014). 

[3] Minesto. Minesto - Ocean Energy Solutions Deep Green 
Technology. 2013. 
http://www.minesto.com/deepgreentechnology/index.
html (Zugriff am 1. Juni 2014). 

[4] Minesto. Minesto - Ocean Energy Solutions Technology 
Development. 2013. 
http://www.minesto.com/technologydevelopment/ind
ex.html (Zugriff am 1. Juni 2014). 

[5] Subsea World News. kein Datum. 
http://subseaworldnews.com/2012/01/17/uk-seagen-
tidal-turbine-gets-all-clear-from-environmental-
studies/ (Zugriff am 1. Juni 2014). 

[6] Marine Current Turbines. SeaGen S Marine Current 
Turbines. kein Datum. 
http://www.marineturbines.com/SeaGen-
Products/SeaGen-S (Zugriff am 1. Juni 2014). 

[7] Marine Current Turbines. SeaGen Technology Marine 
Current Turbines. kein Datum. 
http://www.marineturbines.com/Seagen-Technology 
(Zugriff am 1. Juni 2014). 

[8] Siemens AG. kein Datum. http://www.intranet.siemens.de 
(Zugriff am 4. Juni 2014). 

[9] Compute Scotland. 29. März 2011. 
http://www.computescotland.com/anglesea-array-
then-kyle-rhea-4156.php (Zugriff am 3. Juni 2014). 

[10] Aquamarine Power. Aquamarine Power - How Oyster 
wave power works. 2011. 
http://www.aquamarinepower.com/technology/how-
oyster-wave-power-works/ (Zugriff am 3. Juni 2014). 

[11] Nemos GmbH. Nemos - Technologie. 2013. 
http://www.nemos.org/technologie/ (Zugriff am 5. 
Juni 2014). 

[12] Nemos GbmH. Nemos - Potenziale. 2013. 
http://www.nemos.org/potenziale/ (Zugriff am 4. Juni 
2014). 

[13] Nemos GmbH. Nemos - Projekt. 2013. 
http://www.nemos.org/projekt/ (Zugriff am 4. Juni 
2014). 

[14] AW Energy Oy. WaveRoller concept. 2012. http://aw-
energy.com/about-waveroller/waveroller-concept 
(Zugriff am 3. Juni 2014). 

[15] Aquamarine Power. Aquamarine Power - Oyster 800 
project - Orkney - wave power project. kein Datum. 

http://www.aquamarinepower.com/projects/oyster-
800-project-orkney/ (Zugriff am 2. Juni 2014). 

[16] Inhabitat. http--inhabitat.com-aquamarine-power-breaks-
ground-on-oyster-wave-energy-farm-in-orkney-. 
2014. http://inhabitat.com/aquamarine-power-breaks-
ground-on-oyster-wave-energy-farm-in-orkney/ 
(Zugriff am 5. Juni 2014). 

[17] EnerKite GmbH. EnerKite - Windenergie neu definiert. 
2011. 
http://www.enerkite.de/Home_files/EK_Broschure_
DE.pdf (Zugriff am 2. Juni 2014). 

[18] SPS-MAGAZIN Zeitschrift für Automatisierungstechnik. 
SPS-MAGAZIN - Flugdrachen für die Windenergie. 
2013. http://www.sps-
magazin.de/?inc=artikel/article_show&nr=70449 
(Zugriff am 4. Juni 2014). 

- 69 -



Green Conscience, Dull 
Neighborhood?

The influence of German energy 
policy on the Polish electricity 
network

 

I. Introduction:

 

In 1882 the first electric light illuminated 
the Kaiserstraße in Nürnberg/Germany [1]. 
With the triumph of alternating current, the 
security of supply as well as the scope of 
this revolution grew. Today, electricity has 
an important role in our society. 
Retrospectively, political and economic 
circumstances influenced the development 
of the production and supply of electricity. 
The liberalization of trade in electricity and 
the climatic changes have a growing 
influence in the field of modern electricity. 
However, these factors lead to a difference 
in goals and interests. It is therefore 
essential to find a common ground 
whereby such differences can be 
minimized. Power always seeks the path of 
least resistance and spares no boundaries. 
Political ideas usually end here.

 

II. The Power Supply

Comparison of Germany and Poland

As narrow as the political relations 
between the two countries seem, the idea 
of the energy transition developed quite 
differently. Poland currently produces 
ninety percent of its electricity from coal. 
The highest priority and future mission is 
self-sufficiency. Therefore, environmental 

protection must give way to the primary 
objective of a safe and independent supply. 
However, both countries are members of 
the requirements of the EU climate 
package 20-20-20. The target is to reduce 
the emissions of greenhouse gases to the 
reference year 1990 levels by twenty 
percent.

The federal government wants to reach a 
value of forty percent. Poland relies on the 
increased expansion of gas-fired power 
plants. In addition, they are planning to 
build the first two nuclear power plants of 
the country by 2030. [2]

 

On the other hand, the German philosophy 
is strongly influenced by the development 
of a regenerative system, for example wind 
power or photovoltaic systems. These 
different views have not only economic or 
environmental impacts, but also have a 
strong effect on the load of the 
transmission systems. A smaller part of 
renewable energy makes the network 
generally less susceptible to fluctuations 
and provides better control. This is 
particularly a problem in Germany since 
the introduction of the EEG (Renewable 
Energy Law). There are two decisive 
factors. According to the second paragraph 
of the EEG, renewable energy sources 
have a priority for input in the German 
grid. In contrast, it means that the current 
is not utilized where it can be produced 
originally. Wind power is predominantly 
produced in the north of the country, 
whereas the greatest need is in the south. 
Five years after the introduction of the 
EEG in 2000, the German Energy Agency 
(DENA) concluded, that a total of 1.1 
billion Euros needs to be invested for the 
network expansion to ensure the security 
of supply in the future. [3]
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III. The European Interconnected 
Grid

 

Europe's most important network for 
connection and exchange of electricity is 
managed by the European Network of 
Transmission System Operators for 
Electricity (ENTSO-E). The ENTSO-E 
was founded in the year of 2009. The 
original name and also commonly referred 
name is UCTE. It includes almost all 
continental European countries. Because of 
technical reasons, the Scandinavian 
countries and Great Britain form an 
independent network provider. They are 
also connected to the ENTSO- E via high-
voltage direct current transmission cables  
(HVDC). A conventional transmission by 
AC would not make sense because of 
economic aspects. This is due to a very 
high capacitive component of such cables 
and the associated enormous reactive 
power. With DC solutions the problem has 
been eliminated. The European countries 
east of the Polish border also form an 
independent network under the name of 
IPS / UPS. These associations have the 
assignment to control and directing their 
independent control loops. This offers 
opportunities as well as problems 
compared to a national regulation. At the 
best, the electricity can be provided to the 
last producer at minimal cost, the reason 
being the control power. In a great network 
loop there are good opportunities to 
balance the control power. It is needed 
because of a imbalance in supply and 
demand. All the members of the ENTSO-E 
are committed to hold back a certain 
percentage of their capacity. This is called 
primary control. The free capacities are 
divided to the percentage of the annual 
production of each control loop. The 

primary control passed into the secondary 
control, where a power plant from the 
affected control area takes over the 
compensation. In the minute reserve the 
connection of a peak load power plant is 
done. The meaning behind this phased plan 
is the most flexible response to fluctuations 
with the fastest possible recovery of the 
most important capacities. The clocking to 
the next level should not exceed a 15 
minute shifts. That supply is of course 
associated with high cost, especially the 
minute reserve strong price fluctuations. 
[4]

The countries management and behavior is 
quite different in the ENTSO-E. There are 
export, import and also increasingly acting 
transit countries.

While the importers and exporters generate 
their profits or losses in the direct trade 
example on the power exchange, the transit 
countries are obtaining usage charges. This 
was a EU decision. In the first way this is 
not a profit based business. Primarily it is 
merely the maintenance and the upkeep of 
the network. The problem is when it comes 
to cross- border power transfer at the 
expense of the security of supply.
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IV. The German wind power and 
their way across Poland

 

After the introduction of the EEG there 
were two misunderstandings on the 
German side. Firstly, the quantity of 
transported current and also the required 
domestic network capacities that is needed 
for a safe transmission was 
underestimated. The current looked for the 
path of least resistance to the south and 
took the way through Poland and via the 
Czech Republic. The problem is that it 
seemed like not only by the high current 
transits the Polish network stability is 
jeopardized, but there was not even 
residual capacity for Polish electricity 
available. On 13/06/2013 German green 
power was booming. Sun and wind 
provided sixty percent of German 
electricity available. That hinted to another 
reason for the Polish dissatisfaction with 
the current situation. Due to the extreme 
variations in supply and still moving base 
load, the stock price fell dramatically. It 
even turned to a negative price, meaning a 
decrease, which made the purchase very 
attractive not only for Germany, but also 
for other countries. The result is a bad deal 
for coal-fired power plants and certainly to 
force a motivation for Poland on a 
solution. Main protagonists in this conflict 
are the North East German network 
operator 50 Hertz and the Polish PSE 
Operator.

To actively solve the problem, there are 
three possibilities, but these are only 
feasible at separate times. The aim for the 
future should be to develop a phased plan. 
This should solve the transit flow to all 
parties optimally with the inclusion of the 
EEG. The first way to reduce uncontrolled 

flows is the so called Redispatch. Initially, 
the Dispatch sets the schedule of the power 
plant for the day. This regulates utilization, 
performance and temporal provisions on 
the daily production. The dispatch for the 
following day is to report by 2.30 p.m. to 
the respective control area. The better the 
schedule is analyzed, the lower are the 
later expenses during the network 
regulation. The problem, however, lies in 
assessing the amount of regenerative 
energy that can be directed into the system. 
A Redispatch is therefore always 
associated with high risks and costs. It is 
also necessary to always keep enough 
facilities of the power plant free. [5]

This harmful solution could now be solved 
by an agreement. On 11th of March, 2014, 
the German and Polish delegates of the 
European Union agreed on the second best 
but also only medium-term solution at the 
conference under the theme "Opportunities 
for co-operation in the electricity sector". 
The introduction of phase-shifting 
transformers (PST) on inter-connectors 
was decided. PSE and 50 Hertz shared the 
costs together. The decision was to conduct 
a test because of the hopeful expectation 
towards the expanding development of the 
electricity trading with the region of 
Central Eastern Europe (CEE). [6]

The basic idea during the (PST) is to 
influence two parallel lines, which will 
minimize the active power flow of one of 
them. The simplest variant of the PST 
consists of a delta-connected three-phase 
exciter transformer and a three-phase series 
winding. The circuit of the PST in the line 
takes place in series. In this case, an 
additional voltage will be induced, which 
displays ninety degrees to the phase earth-
voltage. Due to the impedance of the 
network circuit, the currents, which have a 
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mainly inductive character, are induced. 
This results in a phase angle of 0 or 180 
degrees. These are almost pure active 
power flows, which add themselves to the 
vectorization of the network. Depending 
on whether the auxiliary voltage is in phase 
or in anti-phase, this will increase or 
decrease the load flows.  [7]

The unwanted network will be regulated 
for the first time on the border line 
Mikukowa-Hagenwerder from December 
2015, and at the substation Vierraden from 
October 2017. That this is a perfectly 
viable interim solution could even be 
shown at other European borders with the 
same problem. [8]

Germany is Poland's most important 
European trading partner. That is not only 
from a technical perspective, but also from 
an economic and political point of view - a 
measure for stable trade in the future. A 
final measure can only be the network 
expansion. Particularly problematic is the 
shutdown of nuclear power plants by 2022 
of which Bavaria and Baden Württemberg 
are still dependent to sixty percent. 
Therefore the plan includes an 800 
kilometers long route with the name Süd 
Link, which will run through five states. 
This will be a major technical challenge for 
the network operators. A large number of 
citizens want ecological power in 
Germany, yet many of them do not want to 
live by the consequences, which are 
causing further complication and delays. In 
other words, many people fear the 
destruction of their landscape and therefore 
demand an alternative. The problem, 
therefore, is to convince the citizens of the 
technical advancements. The direct 
installation of cables underground was 
requested by many local residents. [9] 
Though this is more aesthetically pleasing, 

it could lead to economic and physical 
problems could arise. One kilometer of 
underground cables will cost seven times 
the cost of overhead electrical lines. The 
fauna and flora would have to be destroyed 
completely during excavation but could be 
replanted in the long term. Another 
problem lies in the failure analysis and 
physics, i.e. cable defects in the earth are 
difficult to locate and would have to be dug 
up in case of failure. Another point to 
consider is the roughly four times higher 
reactive power in underground cables. In 
order to guarantee a reliable transmission, 
it is essential to install compensation 
systems at intervals of fifteen to twenty 
kilometers. These systems stand over 
ground in fenced buildings. As a result, the 
landscape stands to get disfigured. Whether 
this is actually the aesthetic variant, 
remains doubtful. The impact on 
groundwater, the thermal radiation on 
plants and soil are not yet sufficiently 
researched. [10] What remains to be seen is 
the chosen way for the route and the time 
that it goes into planning. Therefore, 
politicians took up a concealed position in 
order to not lose the favor of their voters. 
But without concrete solutions, the south 
of the country will have serious problems  
they will probably have to rely on 
importing electricity from nuclear power 
plants abroad, after shutting down their 
own power plants from the network. Until 
then, the issue remains  ". 
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Abstract This essay is about a project which is located at the 
Brandenburg University of Technology Cottbus-Senftenberg. It 
contains all the aspects about the part of electric mobility that 
will be analyzed at the e-SolCar project. Components will be 
explained, the idea of all and how it can work in the future. At 
the end a sneak peak of future developments in the project e-
SolCar will be introduced. 

Electric Mobility; eSolCar, energy storage; potentials; 
charging; discharging; bidirectional charging; aggregated 
schedules; save energy; model of future electro mobiliy; network 
integration;  

I.  INTRODUCTION 

The power supply in Germany is changing since the nuclear 
disaster of Fukushima. Proven energy sources or the nearly 
infinite nuclear energy will be regulated in favor of renewable 
energies. The advantages of energy fuels are clear: they are 
available in high amounts for the next few years, but the big 
disadvantage is the increasing CO2 emission. The same 
problems exist with the nuclear power: it is available in high 
amount but the result next to the energy is risky waste. 

Because of this high risks and problems for the 
environment the society demand a more friendly solution for 
the power supply. The solution can be easy: the renewable 
energies. Solar-, wind- and waterpower are the main power 
supplier of the renewable energies. The development for the 
generation of electric power from these environmentally 
friendly resources took a long time. The technology has been 
field tested and proved in the last several years in practice. 
Every energy conversion process have his disadvantages, the 
renewables are no exception. 

The biggest advantage of renewable energies is the fact that 
this energy source is carbon-neutral and renewable. In practice, 
cannot be a pure supply exclusively by solar, wind and hydro 
power, because the time of generating and usage do not match. 
There is a lack of storage technologies that will ensure the 
availability of electrical energy in sufficient amounts, if no 
"clean" energy can be provided. 

A statistic of the Federal Environmental Agency of the 
gross electricity distributed to the primary energy in Germany 

from 2010 provides the following  
Results: 

 

  22.7% of energy from lignite combustion  
 22.5% of energy from nuclear energy  
  18.2% of energy from coal combustion  
  16.9% of energy from renewable sources  
 14.1% of energy from natural gas  
  5.6% of energy from other (oil, refinery gas, waste) 

 

If the generation of electricity from coal burning and 
nuclear power is to be reduced from the energy mix, a energy 
storage technology for renewable energies must be developed. 

The electric mobility in Germany is currently in an early 
development stage. Only when conditions are met, such as 
lower cost, acceptable ranges and a developed infrastructure, 
the market in Germany will grow. The goal is clearly defined: 
zero-emission mobility. 

The mobility is in the focus of political and social interest 
due to the high global fuel consumption and CO2 emissions. 
Therefore, the federal government has set the goal to promote 
electric mobility as an emission-free transportation option. By 
the year 2020, therefore, in Germany according to the plan of 
the Federal Government one million electric vehicles should 
be registered. 

II. PROJECT E-SOLCAR 

A. The idea 

In cooperation with Vattenfall Europe Generation AG, 
German E-Cars Research & Development GmbH (German e-
Cars R & D) and Siemens AG, Brandenburg University of 
Technology Cottbus-Senftenberg wants to research the 
influence to the power grid of electric vehicles, integrated in a 
smart Grid. The project e-SolCar is the key project for electric 
mobility of the Berlin-Brandenburg region. 

One approach to solving this problem is part of the project 
e-SolCar at the Brandenburg University of Technology 
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Figure 1. Devices in charging station 
 

Cottbus-Senftenberg. This project examines whether electric 
vehicles and free battery storage capacities for the provision 
and the use of control power are available and useful. 

By using an intelligent control of the electric vehicle 
power can be loaded into the car battery via the public 
electricity grid, and these are thus used as a storage medium. 
Furthermore, a discharge of the electric vehicle battery into 
the power grid should be possible to the so-called bi-
directional charging (Vehicle to Grid). This is a first step 
towards emission-free mobility and a way to store excess 
energy. 

The project e-SolCar is simulating a possible future idea. 
The project at the BTU campus has a retrofitted vehicle pool 
where 15 vehicles belong. The cars are exclusively made for 
extensively testing during this project. The configuration of 
the vehicles in e-SolCar can get a common solution in the 
future of electro mobility because electric vehicles will be 
purchasable at a lower cost, the infrastructure for electric cars 
will be expanded, a bi-directional energy management can 
form the basis of tomorrow. Electric vehicles will be a part of 
the Smart Grid. 

For the realization of an intelligent charging management 
system requirements had to be created. Basically a charging 
station has to be present, which supplies the electric vehicle 
with energy. Communication-capable electric vehicles are not 
only loaded, but must be linked by a user-specific load 
timetable into the power grid energy storage. The charging 
station must specify the electric vehicle in both cases a current 
value will be the charge and discharge the battery of the 
vehicle. It must also be ensured that there is no time charging 
to dangerous situations. 

 

B. Components in the charging station and network side 

To researching the influence of electric vehicles in the 
power system a so-called micro-grid was built on the campus 
of the BTU Cottbus-Senftenberg. This is intended to represent 
a complete infrastructure. The following resources are installed 
for this project: 

 Photovoltaic system with 116.6 kWp 
 Lead-acid battery storage of 500 kWh 
 15 charging stations for electric vehicles 

In the charging station components of the company 
Siemens were installed (see Figure 1). As the main component 
the charging controller CM-230 of Siemens was included. This 
device monitors the charging of the connected vehicle and 
works according to the current DIN standard DIN EN 61851. 

The second main device is a programmable logic controller 
S7-1215C (PLC) also a product of the Siemens Company. This 
component is needed to build up a superior control because the 
charging controller CM-230 is a standalone charger only. The 
ability to communicate with this charging controller and using 
all the chargers as a group was programmed in the project e-
SolCar. 

The built-in multi-function meter PAC3200 by Siemens 
measures all relevant electrical data, including the actual 
current in all phases, the voltage, power, and the power value. 
The PAC3200 is connected via Ethernet to the network and 
sent via this line all the data to the superior controller. 

To discharge the car there is an additional LIN-
communication-component installed, which was developed by 
the company German E-Cars. This LIN-module communicates 
with the PLC and the superior logic. The ability to 
communicate between the component of German E-Cars and 
the S7-1200 was also programmed in the project e-SolCar. The 
RS232 interface is used, which exchanges data with an 
individual defined data protocol. 

All devices are connected via Ethernet with a network 
switch and combined in the charging station. The network 
switch is connected via star connection to the superior system.  
A public access to this network is not possible. 

With the current structure a three-phase charging of electric 
vehicles is possible. It is designed to provide a total energy of 
20 kW per charging station to charge the vehicle. This 
corresponds to a maximum charging current of 28 A (three-
phase). The charging station network can provide a maximum 
output of 70 kW (100 A per phase) for charging the electric 
vehicle. Due to the maximum power of 70 kW, the charging 
stations will be limited to 6 A, this corresponds to a total 
current of 90 A per phase.  
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As the superior system a software PLC (Siemens 
Microbox) is used, which manage all actions in the park. A 
developed system will get process data of the car and the park, 
calculate and limit the current for the vehicles and generate 
statistics. With the included user interface it is possible to 
monitor every charging station and get real time process data. 

The car can be connected with a type-2 loading plug with 
the available charging socket or with an in Europe used plug 
type F (Schuko-plug). Both possibilities are integrated in the 

, which is provided 
by the charging controller CM-230 during a charging process, 
will secure that the plug cannot be removed. 

 

C. Components in the car 

On the campus of the BTU Cottbus-Senftenberg project, 16 
vehicles are available. It is one Mercedes Sprinter transporter 
and 15 Opel Corsa vehicles. These were rebuilt by the 
company German E-Cars R & D for electric vehicles. Among 
the new equipment in all vehicles include a new all-electric 
drive, a vehicle battery with a storage capacity of 22 kWh and a 
rectifier for charging and discharging of the vehicle battery. 

As a counterpart to the LIN-communication module in the 
charging station an additional module for the vehicle was 
developed by German E-Cars. This module receives internal 
process data (CAN-BUS) of the car and processes it. Through a 
user input relevant data are collected and sent by the module to 
the charging station and the superior controller to charge the 
battery. For this purpose, the data are sent on the normalized 
standard charging cable type 2 to the charging station. 

As well important charging operating data are sent to 
control the charging process of the electric car. An example is 
the maximum charging current of the electric vehicle. This is 
calculated by the superior controller and forwarded to the car. 
Through this information, the automobile can load with a 
defined current, which was calculated as a function of all other 
vehicles in the charging park and thereby ensures the safety of 
the plant. 

The new type of communication between the two German 
E-Cars R&D devices is based on the DIN standard DIN EN 
61851. A pulse width modulated signal is communicated 
between the charging station and electric vehicle. According to 
the standard, this contains only two pieces of information: the 
maximum charging current for the charging station side and the 
charging status of the vehicle. The German E-Cars R&D 
module of the vehicle is modulating further vehicle-specific 
data on the pulse width modulated signal. In this case, for 
example the values for the current battery capacity, the actual 
charging current or the remaining charge time will be sent to 
the charging station and also automatically to the superior 
logic. 

 

D. Integration in the network 

upper superior logic. The overall energy management system 
(EMS  superior logic) is the central control of the charging 

netwok that monitors all the processes, controls and logs. Its 
responsibilities include: 

 Communication with fifteen charging stations, 
 Set current for charging stations 
 Generation of aggregated schedules  
 Visualization of process states  
 Archiving of process and resource data  

 

The EMS was implemented using a Siemens Microbox. 
This consists firstly of a software PLC (WinAC called) and 
secondly of an embedded Windows 7. The visualization and 
archiving run on the Windows environment, while the control 
tasks are executed by the PLC. 

The EMS communicates continuously at any charging 
station and receives the cyclic data, the event-controlled data 
as well as a possible ring buffer after a communication failure. 
The received data is then stored in a global database, where 
they are ready for further processing in other parts of the 
program. 

One of the central tasks is to target current presetting for 
each charging station. In the first case, the total available power 
is evenly distributed to all vehicles.  
In the case of digital communication vehicle user can enter 
departure time and desire kilometers in the system. 
Additionally, process data from the vehicle's battery can be 
retrieved. Then, an algorithm was developed that computes a 
function of the overall situation of the loading parks, the input 
user information and the current battery status of the vehicles 
are used to calculate the target current for each charging 
station, taking into account the sum of timetable. 

For an optimized network operation, it is possible to 
integrate aggregated schedules  in the EMS to be able to 
reduce peak loads, for example at lunchtime. With the 
unidirectional charging, it is possible to reduce the total power 
of the charging station network at peak times. As part of the 
bi-directional loading, it is possible to reverse the power flow 
of the charging stations network to relieve the grid network. 

The archiving of process data has been outsourced by the 
PLC in the Windows environment to ensure quick access for 
further research and evaluation purposes. The data will be 
handed over by the software PLC to an archiving program that 
runs on the Windows environment and then saved 
asynchronously. 

 

E. Pilot project and the participants 

In order to investigate the behavior of the power system 
through bidirectional loading operations, all 15 electric 
vehicles were raffled to employees of the Brandenburg 
University of Technology. Here, always five vehicles were 
distributed to employees with short, medium and wide daily 
commute to the university. The users of the vehicles can and 
should use this vehicle like their private vehicle.  
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Currently, not all vehicles are able to communicate with the 
superior system. They only work according to the standard 
DIN EN 61851. In the coming months all vehicles should be 
able to communicate digital with the charging stations to 
provide their battery information and user input data. The 
users of the vehicles will be able to enter two important data. 
On the one hand it is essentially to know the departure time of 
the vehicle and on the other hand how much energy is needed 
at departure. This data is sent to the EMS and is used to 
compile the aggregated schedule and to calculate the current 
for each charging station. Due to the data input, the user of 
electric cars can rely that their desired range is available at 
departure. 

The driving performance, the power consumption and the 
influence of range per trip can be analyzed.  

 

III. PROSPECT 

The project is constantly evolving. The following new 
developments planned for the project e-SolCar will be 
explained. 

A. Setting up an aggregated schedule 

Through the gathered data about user behavior and the 
associated battery values the EMS is able to create the 
aggregated schedule which is constantly being improved. With 
an improved algorithm for the distribution of electricity, energy 
can be saved. A subsequent integration of other devices in the 
smart grid is done to meet the requirements. 

B. Better user input 

Currently, the drivers of electric cars must make their 
entries via an integrated in the car display. A better user 
experience can be a accomplished by using a smartphone or 
tablet. In order to enable this, you have a new additional 
communication-module, which communicates with the mobile 
device and the car will be developed. Such a module is 
currently being developed and tested within the project e-
SolCar.  

With the help of an app for the major operating systems 
Android and iOS users can input their data. In addition to the 
inputs, the device will also transmit important data of the 
vehicle to the mobile device. The remaining charging time, the 
current amount of energy in the battery and other process data 
can be displayed. Thereby the charging process for the user 
becomes transparent. The module will be developed to 
exchange data using the Bluetooth interface. Both Bluetooth 
Classic and the new Bluetooth Low Energy (BLE, BT 4.0) are 
taken into account. 

C. Simulation of payment system 

An additional function will be a simulated payment system. 
This system will be developed later this year. In combination 

s smartphone or tablet it should be possible to 

battery should be available for use through the power supply 
network or not, the user is available to rents his battery. 

With this simulation, other important behaviors of the 
driver can be analyzed and thus affect a part of the forecasts for 
the success or failure of the entire model e-SolCar.  

D. Extension of the Smart Grid components 

Currently, the smart grid at the University of Cottbus-
Senftenberg consists of the components photovoltaic, battery 
and electric vehicles. A small thermal power station (CHP) 
plant will be added to the network. This adds another energy 
source to the Smart Grid. The entire grid can be operated 
autonomously and thus reflects a possible form of power grids 
in the future. Because of this structure and the autonomous 
operation can be researched on electrical values, for example, a 
short circuit behavior or the development of a protection 
system. 

E. System to the internet 

All user options should be accessible on the Internet. Also 
the input of the two important values of the departure time and 
the minimum range should be accessible there. The 
advantages of a network to the Internet exist, because users 
can make entries or change date from almost anywhere. 
However, a security system must be developed for a public 
solution. The same applies to settings of the entire system. The 
operator should be able to operate this comfortably via the 
internet, but this also needs to urgently protect against 
unauthorized access. 

IV. CONCLUSION 

The project e-Solcar is a unique pilot project in Germany. 
The special feature is the ability of the bidirectional loading. In 
the future, electric cars could serve as temporary storage for 
electrical energy. The project e-Solcar therefore checks 
whether this scenario could be for real in a large scale. Up to 
this point already many ways using the charging stations and 
electric vehicles were identified. With the further planned 
developments creating an autonomous network, which maps a 
real power grid in miniature. The analysis of the gathered data 
and also the users' experience will show whether this kind of 
electricity network and the use of vehicle batteries as a buffer 
have a future in Germany and the world. 
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Abstract With the high integration of renewable 
energies into power systems, incented by governments and 
forced by regulations, more and more change has to be 
done in the old fashion transmission systems to guarantee 
a secure power delivery. Unlike traditional networks with 
concentrated mass generation in optimized selected 
locations, new trend of generation tends to have more 
number of small generation sites mostly far from the load. 
Majority of transmission system operators (TSOs) in 
Europe have plans to install more lines and strengthen 
their grids by any means possible, allowing the power to 
pass through with less risks. One of commonly used 
measures to manage the power flow, enabling system 
operators to work in the safe margins, is Phase Shifting 
Transformer (PST) application. In this paper, after 
investigation the situation, the use and impact of PSTs will 
be studied. Calculation shows that PSTs can play a very 
important role for controlling power flow and enhancing 
the system operation with high penetration of renewable 
energies. 
Keywords: Phase shifting transformers, system security, 
transfer capacity, renewable energies and congestion analysis 

I. INTRODUCTION 

IGH price of fossil fuels, moving toward energy 
independencies from other countries especially other 

continents both from market and political point of views plus 
climate change policies to reduce greenhouse gas emissions 
and global warming impacts led to a huge trend to move 
toward renewable energies. In this movement, Europe is the 
most active player and Germany has the highest ratio of 
renewable energy integration due to the culture and 
government incentives. 

A. 20-20-20 

About 2005, discussions about change in the electricity 
production with conventional methods started in European 
Union (EU) mostly regarding climate change. First policy 
regulation was signed in 2007 by EU members with this goal 
to reduce its greenhouse gas production by 20% of year 1990 
until 2020. This policy was welcomed by majority of members 

 
This paper includes confidential information and data owned by 50Hertz 

and GridLab GmbH presented for the IEEEC course. 

and as numbers are showing, by 2011 the EU reached 17% 
reduction of CO2 emissions (comparing to 1990). This fast 
achievement made the council to change the goal to 30% by 
2023 which was more challenging than the 20-20-20 plan but 
not well seen back then. 

B. Germany movement toward RES 

Following the reactor accident of Fukushima-Japan, 
Germany made stricter regulations regarding renewable 
energies. Decision of turning off all nuclear power plants in 
Germany by 2020 and reaching 80% renewable energy 
production by 2050 by government was a big shock for power 
system operators. The unseen challenge by politicians was the 
fact that power system with high intermittent generation will 
be much more difficult and risky to operate. 
This is a common problem by majority of studies regarding 
the renewable energies to overlook and neglect the stability of 
system and strength of grid by integrating high ratio of 
renewable energies. Studies mostly consider the availability of 
renewable source and business case of the project and since 
government is supporting the act, TSOs should keep up with 
this fast growth of integration. 

II. THE CHALLENGE AND PLAN 

High penetration of renewable energies will lead to a series 
of consequences challenging the system operators: 

 Increased use of renewable energies leading to 
increased intermittency. 

 Increased renewable on remote locations lead to more 
long distance transmission.  

 Increased intermittency leading to increased variable 
load flows. 

 Increased variable flows leading to decreased transfer 
capacity. 

 Decreased transfer capacity leading to increased 
transmission congestion. 

 Congestion results in price differences in different 
zones. 

One of the main results of these consequences is the transfer 
capacity causing congestion in interconnections and interlines 
of transit grids. In Europe, some countries and TSOs are 
mostly consumer of cheap electricity of other TSOs or 
countries (e.g. 50Hertz Germany has a high production and 
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low load profile which will increase even more in the next few 
years by installing more off shore wind turbines and APG 
Austria has a high energy consumption and currently sharing 
the same market with Germany leading to high transit flow 
from north of Germany to Austria through several TSOs). 

 
Figure 1. loop flows and transit flows caused by cheap energy production 

far away from the load [CEPS website] 

To cope with this problem, system operators and grid 
developers tend to apply generation re-dispatch, load 
curtailment/demand response, topological changes and 
installing FACTS devices. 

III. COMMON PST STUDY 50HERTZ-PSE-CEPS 

As explained above, transit flow of unplanned green energy 
may lead to endanger the security of the system. Poland TSO 
(PSE) and Czech R. TSO (CEPS) have been the main path 
flows for the north-west transit flow caused by being 

 
In March 2014, PSE and 50Hertz TSOs agreed to conduct a 

new study to solve the problem of unplanned cross border 
power flows between Poland and Germany based on 
Operation of Phase Shifting Transformers in the 
interconnections with this scope that system security will be 
strengthened and additional capacities between Germany and 
Poland will be available for cross-border electricity exchange, 
thus fostering the European energy market. 

The search for a suitable joint solution for better controlling 
unplanned loop flows between PSE and 50Hertz were initiated 
in mid-2012, leading to a pilot agreement on a virtual Phase 
Shifting Transformer (vPST Pilot) on the German-Polish 
border based on redispatching measures. In the course of the 
vPST Pilot, it became obvious that these measures were 
insufficient: subsequently, both TSOs agreed upon the 
necessity of installing physical Phase Shifting Transformers 
(PSTs) at the German-Polish border. According to the PST 
Agreement, PSE commits to install the P
substation. This will enable the control of power flows on the 

-Hagenwerder (planned December 
2015). 50Hertz will install PSTs in Vierraden substation that 
controls the power flows on the cross border line Vierraden-
Krajnik (planned October 2017). 

The PST Agreement constitutes an important step towards 
the coordinated operation of interconnected system paving the 
way to limiting negative effects of unplanned cross border 
power flows in Central Eastern Europe and increase overall 
security of system operation. PSE and 50Hertz look forward to 
playing an active role in developing future approaches for 
coordinated power system operation and cross-border capacity 
allocation in other European regions. 

 
Figure 2. PST constellation of the project (blue area is 50Hertz control 

area) 

It should be mentioned that none of PSTs have voltage 
regulation (ability to regulate magnitude of voltage) but PST 
tapping will result to voltage drop/rise in busbars. PSTs 
installed in each location have the same parameters and 
characteristics but different from other locations (except 
50Hertz PSTs) Table 1. 

Table 1. main parameters of PSTs 
 

Location 
Rated 
power 
Sr 

Rated 
voltage 
Ur 

Number 
of taps 

Phase 
angle 
regulation 

Voltage 
regulation 

50Hertz 
Vierraden 
Röhrsdorf 

1200 
MVA 

410 
kV 

65 
(±32+0) 

±20  No 

PSE 
(Poland) 

Mikulowa 
1200 
MVA 

410 
kV 

65 
(±32+0) 

±20  No 

CEPS 
(Czech) 

Hradec 
850 

MVA 
420 
kV 

65 
(±32+0) 

±30  No 

IV. PREPARATION OF GRID MODEL, MARKET MODEL AND 

SCENARIOS FOR 2015 

Since the first PSTs will be into operation by end of 2015, 
all the calculations should be done based on progress and 
network of year 2015. The used model for this study has been 
developed by 50Hertz TSO (Grid Dev. Dept.) based on 2013 
actual grid. The update has been done with close cooperation 
with neighboring TSOs (TenneT, APG, PSE and CEPS) to be 
as close as possible to the real status of grid. 

Used market model containing 8760 hours (one year) load 
and production for whole ENTSO-E region, is built up on 
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2007 actual data for 2015. This model contains all 
assumptions of nuclear power plants outages and installed PV 
and Wind generations by 2015 in Germany and other countries 
as well. 

To have a better look to the situation, study was done by 
selecting limited scenarios out of 8760 hours to represent the 
worst case scenarios and have the chance to examine them 
more carefully. Selected scenarios are 8 hours with different 
characteristics in different months of year and different hours 
of days. As can be seen in the table 2, main focuses of selected 
hours are high/low wind, high/low PV, high/low load in 
Germany and high/low exchange in Germany. These hours are 
extracted from 8760 hours by screening the whole year by 
INTEGRAL 7 calculation tools. 

Table 2. selected scenarios: 4 winter scenarios and 4 summer scenarios 

Sce-
nario 

Wind
infeed  
50Hertz 

PV
infeed  
50Hertz 

Exchange 
saldo* 
50Hertz 

DE 
load 

Exch. 
saldo* 
DE 

Concrete hour  
in 2015 

W1a 11895 0 7882 91700 4670 
Thu, 18. Jan, 5-
6 pm 

W1b 6827 0 7073 83800 -8 
Wed, 24. Jan, 
4-5 pm 

W2a 11961 445 12651 60200 12846 
Sun, 14. Jan, 3-
4 pm 

W2b 770 1424 5514 46900 8366 
Sun, 4. Mar, 8-
9 am 

S1a 6044 3296 8653 75600 81 
Thu, 5. Jul, 9-
10 am 

S1b 2031 5130 6564 84100 6727 
Wed, 19. Sep, 
11-12 am 

S2a 6414 2716 7309 55900 6860 
Sun, 9. Sep, 8-
9 am 

S2b 627 6414 5912 60200 10880 
Sun, 19. Aug, 
10-11 am 

* SALDO: IMPORT  = -, EXPORT = + 

V. CALCULATIONS 

Handling of each scenario starts with loadflow of that 
specific hour to monitor the line loadings and bus voltages. 
First focus of any calculation is on 50Hertz control area 
(Figure 3). 

 
Figure 3. 50Hertz grid calculated condition for scenario W2a in 2015 
Available measures to enhance system operational 

conditions are generation redispatch, PST tapping and reactors 
and capacitors in case of low or high voltages. It has been seen 
that redispatch is the most effective approach in extreme 
scenarios. Note that the interconnection between south of 
50Hertz and Bayern part of TenneT is highly overloaded (not 
a faulty result considering high consumption of Bayern district 
and expensive power generation in this region). 

A. Redispatch of conventional power plants 

Redispatch is usually done when export from 50Hertz to 
TenneT is high (due to high renewable/wind generation in 
50Hertz) and therefore to decrease the generation in 50Hertz 
and increase in TenneT. The list of available power plants 
with max and min limits is always considered for this 
procedure besides the overall minimum conventional 
generation limit of 50Hertz (about 4000 MW). 

Another measure which can be taken into account in very 
sever conditions is to curtail the wind generations which is 
more costly and less likely in normal conditions. 

In this scenario, conventional generation of 50Hertz power 
plants has been decreased from 10340 to 6340 This change in 
generation mostly solves majority of 50Hertz internal 
congestions (Figure 4) and even voltage profile. It can be 
shown that sometimes this measure will cause overloads inside 
TenneT grid but in majority of cases it also results in solving 
the 50Hertz-Bayern (RED-RE profile) congestion. 
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Figure 4. 50Hertz grid calculated condition for scenario W2a in 2015 after 

redispatch 
 

B. PST tapping 

After redispatch, PSTs are used to solve (or minimize) 
congestion problems in Poland and Czech R. This PST tapping 
is done in an iterative way by changing the tap position 
asymmetrically to get to the optimum position. The term 

to change the tap position of 
PSTs independently and usually leads to different positions for 
each PST location. The process is done both by considering 
the effect of tapping in each PST on its own line and also on 
the other lines. In Figure 5 you can see that by tapping the 
VIE-MIK PST, loading of all lines will be affected. 

 
Figure 5. effect of changing the tap position in HRD ( + one 

tap toward pushing power) 

Calculations have shown that this change is linear in 
majority of case for a broad range of taps. It should be 
mentioned that in the model, higher + taps indicated pushing 
the power forward and higher  taps will result to blocking 
(and in some cases reversing) the power flow through the PST. 

Fig 6. (a) 

Legend for Fig 6. 

Fig. 6 (b) 
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 Fig. 6 (c) 
Figure 6. loading of 50hertz control area and tie lines load flows a) before 
redispatch and PST tapping, b) after redispatch, c) after redispatch and 

PST tapping for scenario W2a 

It is to be seen that PST tapping is not beneficial to TenneT 
TSO since the blocking is being done to have more security in 
Poland and Czech which pushes more energy to TenneT, 
resulting to congestions inside their internal lines and more 
transit to Austria from southern corridor of Germany. 

It can be shown that Bavaria and Austria are the biggest 
neighboring importers of 50Hertz (northern generation to be 
more accurate) energy causing the main north-south transit 
flow in the Central East Europe. ETSO-E data shows that 
Poland is an energy independent TSO in majority of hours of 
the year but a main corridor for the transit flow in CEE and 
Czech is mostly an exporter of energy and also the following 
path to Austria and Hungary. 

 (a) 

 (b) 
Figure 7. loading of PSE lines a) before PST tapping and 

redispatch, b) after PST tapping and redispatch for 
scenario W2a 

C. Effect of PST tapping of voltage 

Since planned PSTs are big machines (from the power point 
of view) and the current passing through them is considerably 
high in upper tap positions, system will experience a high 
voltage drop in extreme tapping scenarios toward pushing. 
This effect can be more crucial in case of losing one circuit of 
tie lines or the parallel PSTs (n-1) leading to overloading the 
remaining PSTs and higher voltage drops. 

 
Figure 8. Effect of PST tapping in Mikulowa on neighboring busbars 

This effect can be used as a solution during off peak times 
(during midnight and early morning) when low loading of 
system may lead to rise of voltage and PSTs can work as big 
reactors in grid via creating a loop flow in the network. 

D. Resynchronization of interconnection 

Since PSTs can change the phase angle of busbars directly 
in a broad range by tapping, they can be useful for 
resynchronization of interconnections that they are installed in. 
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There are some regulations for resynchronization of two 
systems like voltage difference and angle difference. Current 
regulation for high voltage transmission networks indicated 
that the difference between voltage magnitudes of two systems 
should be less than 40kV and phase angle difference lower 
than 20 degree. It can be easily concluded that in case of 
higher phase angles, PSTs can help in a very efficient way. In 
the following example, it has been assume that the line 
between ROE and HRD has been disconnected. As you can 
see in Figure 9, PSTs in HRA can change the phase angle to 
be able to connect the systems again. 

 

 
Figure 9. Resynchronization between ROE and HRA is possible by PST 

tapping in HRA 

VI. CONCLUSION 

With high renewable generation penetration to EU grid and 
expected to be more and more every year with a high rate, 
TSOs efforts to find the fastest and cheapest way to keep up 
with this trend and ensure a secure operation have resulted to 
move toward both grid extension and use of FACTS devices. 

 Phase shifting transformers are proven to be useful to 
enable the grid to have more strength for welcoming more 
renewable energy integration. They are common used devices 
to increase transfer capacity, higher security level, solve 
congestion problems, improve controllability of network and 

sometimes to change the angle for resynchronization and in 
some cases to create a loop flow to decrease voltage of 
neighboring busbars. 

Experiences in other parts of Europe have shown that 
coordinated PST utilization towards a global optimum can be 
more effective to increase the transmission capacity. 

It easily can be seen that application of PSTs will affect 
different TSOs in the system with different impacts. In very 
extreme scenarios (high wind in north of Germany and high 
consumption in Austria, Italy and Bayern), blocking the loop 
flows by PSTs will lead to higher security level in PSE and 
CEPS but may lead to internal congestions in TenneT lines. 
This might be itself the very main reason to prove that PSTs 
are helpful devices but not the final solutions. Extending the 
grid and installing new lines (e.g. the North-South HVDC line 
in Germany) should be always considered as the real measure.  
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